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Subacute Toxicity of Traditional Medicinal Tripala
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ABSTRACT

Tripala, a preparation of Thai traditional medicine used 10 adjust patient’s element
during summer, is composed of dried fruits of three medicinal plants, namely Terminalia
bellerica. Terminalia chebula and Phy!lanthus emblica at different ratios based on traditional
diagnosis of patients. Pitta formula of Tripala, used to normalize the fire element in summer,
consists of 12 parts of T. bellerica, 8 parts of T. chebula and ¢4 parts of P. emblica. Wata
formula of Tripala, for the treatment of wind element in summer, is composed of 4 parts of T.
bellerica, 12 parts of T. chebula and 8 parts of P. emblica. Samha formula of Tripala, for the
treatment of water clement in summer, contains 8 parts of 7. bellerica, 4 parts of T. chebula,
and 12 parts of P. emblica.

Subacute toxicity studies of water extracts of the three formulae of Tripala were
perforned in Wistar rats. The extracts were administered orally once daily for ten days at the
doses of 0.36, 2.88 and 23.04 g of crude drug/kg BW/day, equivalent to 1, 8 and 64 folds of
therapeutic dose. respectively. It was found that almost all of the groups of animals treated
with Wata and Samha extracts had lower body weight and food consumption than those of the
controls, while only male rats treated with high dose Pitta extract had lower body weight than
the controls. These findings may be the result of a relatively high tannin content present in the
three components of Tripala. Hematological studies showed that all groups of female rats
receiving Wata extract had decreased white hlood cell numbers that were not correlated with
the doses of the extract, while the extracts of Pitta and Samha formulas did not appear to

affect any hematological parameters of the animals.



Biochemical studies of the serum samples indicated that the high dose of the three
extracts caused a significant reduction of total plasma protein and BUN levels in male rats.
Similarly, female rats treated with the high dose of Pitta extract had a reduction of total
protein and BUN levels. The effect of Tripala extracts on these two biochemical parameters is
also likely to be due to tannin. In addition. all groups of male rats treated with Pitta and Wata
extract at the doses of 2.88 and 23.04 g/kgsday also significantly decreased serum globulin
levels in male rats, while similar result was observed in female rats treated with the same
doses of Pitta extract. Both male and female rats receiving 23.04 g/kg/day of Pitta and Samha
extracts had significantly lower serum creatinine levels than that of the controls. In contrast,
the same dose of Wata extract caused a significant increase of serum creatinine levels, Histo-
pathological examinations of liver and kidney tissue specimens indicated that the female was
more susceptible to toxic effects of Tripala extracts than the male. In female rats treated with
23.04 g/kg/day of Pitta extract, the incidence of fauty change of the liver and nephro calcino-
sis was significantly higher than that of the control group, while all groups of female rats
receiving Wata extract had a higher incidence of nephrocalcinosis and hydrocalyx than that of
controls. In contrast, pathological findings of animals treated with Samha extract were not
different from those of the controls. The high content of tannin may account for the observed
hepatotoxic and nephrotoxic effect of Tripala extracts.

Keywords : Traditional medicine. Toxicity, Rat, Terminalia bellerica, Terminalia chebula.
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ABSTRACT

Trikatuk, a preparation of Thai traditional medicine used to adjust patient’s element
during rainy season. is composed of three constituents, namely Zingiber officinale rhizomes
(ginger), Piper nigrum fruits (pepper) and Piper retrofractum fruits (long pepper). Three
formulae of Trikatuk , i.e. Pitta, Wata and Semha, containing different ratios of cach herbal
component are used in rainy season for the treatment of illness due to fire, wind and water
element, respectively. Pitta formula contains 12 parts of ginger, 8 parts of pepper and 4 parts
of long pepper, while Wata fromula consists of 4 parts of ginger, 12 parts of pepper and 8
parts of long pepper and Semha formula is composed of 8 part of ginger, 4 part of pepper and
12 parts of long pepper.

Subacute toxicity studies of water extracts of the three formulae of Trikatuk were
conducted in adull Wistar rats. The extracts were administered orally once daily for ten
consecutive days at the doses equivalent to 0.36. 2.52 and 17.64 g. of crude drug/kg body
weight/day which are equivalent to 1, 7 and 49 folds of therapeutic dose, respectively. The
changes of certain hematological parameters found in some extract-treated groups were not
likely to be caused by the extracts, and were within normal values . The results of biochemical
studies of the serum samples indicated that the groups receiving the extracts of Pitta formula
and Semha formula and Semha formula had significantly higher levels of albumin and total
proteins than the control . Similarly, the group treated with high dose of Wata formula extract
also had higher albumin and total protein levels. The increase of serum albumin in the animals
treated with the extracts may be the result of elevated albumin synthesis in the liver. Histo-
pathological examinations ol the liver and Kidney tissue specimens showed no differences in
pathological findings between the extract-treated groups and the control groups.

Key words : Toxicity, Traditional medicine, Rat, Zingiber ofiicinale, Piper nigrum,

Piper retrofractum
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ABSTRACT

Hedyotis biflora (Linn.) Lamk. is a medicinal plant that has been reported to possess
hypoglycemic activity in alloxan-diabetic rabbits. In order to determine if this plant is safe to
be used as an oral hypoglycemic agent in humans, acute and subchronic toxicity were
performed in mice and rats, respectively. [n acute toxicity study, LDM of water extract of
Hedyous biflora given orally in mice was more than 20.0 gram of crude drug per kilogram of
body weight (g/kg). In subchronic toxicity study, water extract of Hedyotis biflora was given
orally to Wistar rats at the doses of 0.2, 2.0 and 20.0 g/kgrday for 4 months, while control
group received distilled water orally. It was found that in both male and female rats body
weight gains of the groups treated with the extract at the dose of 20.0 grkg were significantly
lower than those of the control groups. Hematological examinations showed that hematocrits
of both male and female rats receiving extract at the dose of 20.0 g/kg were significantly
lower than those of the control groups: however, the values were still within normal range.
Serum biochemistry indicated that serum levels of AST, cholesterol, BUN, total protein and
globulin in male rats treated with 20.0 g/kg extract and serum levels of AST, creatinine, total
protein and globulin in female rats treated with the same dose of the extract were signifi-
cantly lower than those of the control groups. Relaltive organ weights of the brian, spleen,
kidneys and stomach of both male and female rats receiving extract at the dose of 20.0 g/kg
were significantly higher than those of the control group (p<0.05). However, histopathologi-
cal examinations showed no significant changes that could be due to the toxicity of the
extract.

Key words : Hedyotuis biflora (Linn.) Lamk., Toxicity.
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vos gl dufiviond nazane fo msaia
FetnuenINAGEANIALIA 20.0 A./AN.
uqunﬁnmm"uﬁmm1wﬁnmnzwhmunmu

) anzifivsiannianmnlesl¥msana

Ieienga
Frohwsananauh s urnadinds
WAy

lusswitaddiuniinaans  tufini
windazBnwemsimgiudilmas 1 a3
nasdanamsdounlasais q @l dnwue
wssvuazfaiy A ayn N3 dveadaiion
(mucous membrane) 9915 Minuly MaAY
MINTIAT HA=WOANTTY WINTNUYAIBTZHI
NINAADNNIIHIAINTUTAT iioraui mun an
onamy N 16 ¥k fewhnisran
Tagviimseauaauvydie Si50f zRaann
posterior venacava et lamamaimi
Tasiadno ldun alofifudifinideaunidainiu
(hematocrit), I1MTIAIRDAYI (white blood
cells), unzindaan (platclets) Taunuin
counting chamber AN NATAALIN laun
sedufiagfiuin lawitves Jendrassik and
Grof'” ioulm 8 wiiafio alkaline phosphatase
(ALP) Tasifuna Bowers uasznmus'’,
aspartate amino transaminase (AST) uaz
alanine amino transaminase (ALT)Ia03%
w03 Hennry uazawe'". total cholesterol
1a03T enzymatic reaction, BUN lag3s
diacetylmonoxime, creatinine 1au3s Jeffe’s
reaction. Wsfusaw 1§33 Biuret, doyiiu 1433

dye binding M BCG, nasyau 183nmn

Mvosdayuoannmvel lsdusin’’

MM fugas  aem
nnFinuiieafiudioninan (gross lesions)
voso=myulu Idun ause 1ile ea waoeau
AoutuIoud MABADINII NIHNIZBINIT AL
gugoy ald ln dw nszwnzfaans il
uagn wazdum: lagAIIINMUM
sin wvna & dhwwsAa dnsasinaauas
0sfilaznou (texture) vo303ae Ftnwiin
237ee1a 9 vaznfveteazlu 10% phosphate
buffer formalin v llrunssuIunIaason
dladiiia@amaganwininsaad tinaim
magans B Ine lnowe iy

nmsdnnssidoyaldataiFinison
minaaouayasIuly one-way ANOVA nas
nouiiouruaunio 1as3s Duncan multiple
range test 7l p<0.05 HAMAganTINg iy
winuiay chi-square test ¥ p<o.0s Taul¥
TsunsuarBagl SPSS+PC

HWaniaveraod

ISNAGOUNBIRLUNAY

wpilailsnngeinisiivlan uashif
v e w % a ¥ @
dainanoamy Waliensanamnn@uinma
mathmiyivans hwna 20.0 n/nn. @
AU Aol ivean AT N
mhinyduinsaeiosasz 50 (LD ) A9390AN
20.0 f1./NN.
N INAAOUWENF033

paden i y@ulanaznITAueIvIg

P - _ .

LAMYAN (MNA 1, 2 uazainwd 1) wudd
% w o oddoa & . .
wmunA LYY (body weight gain) vo3d

Wy nmARngu 1AL 2.0 taz 20.0 n./NAN.
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wanennlaininm (e 9)
WUTIATAEEAUA IS ALY N YU N
nasmaaInnAguuasnyImad nauldTue
20.0 N./NN. AT INguRTUUBE T T Y
uadhagluindnng swmadadeasn lumy
metionguildiuer 20.0 n./nn. gandings
nIuRned wiitod iy Yiaundadaavaany
wnmagngulaiuo o2 no/an. mningu
MunNet Lt

HAMIATIE I ad (aaf 2 uas
4) wuih szatneulm AST Ty maduay
madunduldiuer 20.0 n/nn. mindingu
munuatiiiomdy dussdumulanl ALT
huviyimmaidonguldsum 2.0 n.nn. genh
naunuauadninihaydaiumadeunlog
iiliduiinnausmsada st cholesterol T
wyunmengulaiue 2.0 uas 20.0 n./nn. M
ninguauauedIiudIng Jeal BUN lu
wynamAgndunaasmnngy  sniingu

u

- s w

muquatiiisdify uina cholesterol uaz
BUN lunymmiivhisiniumuansszniin
NAUNAADINALAFUAILAY 52Al creatinine lu
vy madnguldsue 0.2 nonn. ganiingu
Ay uelunysmadonduldfuo 0.2 uas

o

20.0 n./nn. sinhinguauguedisiiiodiy
sraullsdunnlunyvmaduazwandondy
185001 0.2 waz 20.0 n./nn. dindingu
Auguaiaiiisaag s=db globulin Tuny
wmeEngn 1 o.2 nas 20.0 n./nn. uaz
huvynmmionguldiue zo.0 n/nn, dind
ndumuquedaiifod iy Famsadsundas
W03 creatinine Ts@Ausan uaznaoyau
hiflnwdniis iunnavesmsaiaildi

e Tmediningserimin 100 ni
(a5 5 waz 6) wud Mmminauonaz
sz e nduldium 2.0 uaz
20.0 N./NAN. 13'1m“nhﬁmua:'lmv?sﬁaﬂ'ﬁﬂtmg
wanagnguldsue 20.0 n.nn. gendngs
Awavedeiisd iy wiminaues Wil
i Tataaestng uasnsemzams havyan
madiunauldsue 20.0 n/nn. gandndu
AILRNO TN 17T

HaNATIINIRANEIT I itz
AN DIHYNFY dued ea waonaw
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il (mawit 7) wuhaiindnulaanty
iy (faity change) Tumypnimaduazmmis
naunIay uaznguldsue o.2 uas 2.0 n./nn.
ndwiioaladnimumidhimcon (focal myo-
carditis) mﬂumganuth'ntjuquuuas
nguldsuen o.e waz 2.0 n.nn. lawunis
wliounlas 2 dnumsio Tnuanacnouounde
unaFeuluriale (nephrocalcinosis) wulumy
WImAHuNgy waznilalilawes (hydro-
nephrosis) wulumygnamednduniunuuas
nguldsue o.2 waz 2.0 n./nn,
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20.0 n./nf. dawladiFuddiadanuaadamiv
mninduniuny wassuiafoay gy
Tunymwetdiongunaaasiinnaim 20.0 n./nn. e
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20
£
£
g 400 A p— 20.0 g/kgsday
:;' —{3— 2.0 gskgsday
§, 200 -l —@— 0.2 g/kg/day
S —{— control
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0 T T T T T T T T

1 3 5 7 9 11 13 15 17 19

Duration of study (week)
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100

C)
= 300
o
z
§. 200 —m— 20.0 g/kgrday
;;‘ —— 2.0 g/kgsday
;E- 0+ —3— 0.2 g/kgsday
) —{— control

0 4 + } } ; } + }

1 3 by ¢ 9 11 13 15 17 19

Duration of study (week)

~ ool v e ow a A\ was W a 5oy -
MTNEN 1 ﬂ]l'ﬂﬂﬂ‘llaQu"ﬂlﬂﬂ'Jlmzﬂ'ﬁﬂ“ﬂ“ﬂﬁ‘!l@Nﬁl‘g'ﬂ lmumidnﬂnunm'uumwmu 4 1oy

Dose of Body weight gain(g) Food consumption (g/rat/day)
H. biflora n/sex . Mean (SD) % Difference Mean (SD) 9% Difference
(g/kgrday) from control from control
o 12M | 34424328 | 20610
0.2 12 M 355.7441.5 3.3 20.030.8 1.4
2.0 10 M 298.1151.1 -13:4° 19.841.0 -3.9*
20.0 Y| 300.5+33.0 -12.7* 20.140.9 -2.4
0 12 F 112.1420.2 ‘ 13.6£0.9
.2 12 F 127.2422.0 13.6 13.3%1.0 -2.2
2.0 12 F 115.4426.6 2.9 ‘ 12,710.8 ~6.6%
20.0 1o F 81.8+20.5 -27.0" 11.340.7 -16.9°

M= Male, F= Female

* significantly different from control (p<0.05)

’-\;;'J. 62p



a1l 2 emmﬂaﬁeﬁntmlmm‘gmuﬁ‘]é’%’nmsaﬁ'amnnamhﬁ'wnu 1 1AM

2/

A

=

Dose of
H. biflora
(g/kgrsday)
[ ~ 1

0.2
2.0
20.0

0.2
2.0
20.0

n/sex

12 M
12 M
10M
I M
11F
10 F
10 F
9 F

Hematocrit
%

White blood cells

2 3
x10" cells/mm

Platelet

4 3
x10 cells/mm

52.012.3
50.2+2.2"
49.4+1.9*
47.7£1.6%
49.242.3
49,0%2.7
49.2%1.3

46.4%1.2%

37.8+11.9
38.0%8.9
31.946.9
31.9%7.0
18.242.6
21.246.4
21.334.0

23.6%5.5"

28.1%3.3
20.0£3.5"
26.7+4.8
31.1%2.5
28.412.3
27.0k4.4
25.2+5.3
28.9%5.6

=

MIANHIN UL

The results are expressed as Mean + SD

* significantly different from control (p<0.05)
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Dose of H. biflora (g/kg/day)

Parameters 0 0.2 2.0 20.0
n=12 n=12 n=10 n=9
i ALP (us1) 68.4117.; 72.0£22.7 76.0424.9 | 71.9:16.2
AST (usn 68.2+15.1 58.77.9 64.6+14.1 | 35.0%10.0°
ALT (usn 24.318.1 22.140.9 22.5£0.8 22.1%1.0
Bilirubin (mgrdl) 0.1840.19 0.1440.10 0.20%0,17 0.2220.10
Cholesterol (mgsdl) 06.6+18.5 08.2+10.2 76.2+13.5* 77.7+10.4*
BUN (mgvdl) 23.043,2 20.742.3* 17.1£1.5* 16.0%2.3"
Creatinine (mgrdl) 1.3£0.1 1.440.2* 1.3%0.2 1.240.2
Total protein (grdl) 7.340.3 6.9£0.3" 7.840.2 6.320.4*
Albumin (grdl) 4.0%0.2 4.040.1 4.140.1 4.010.1
Globulin (grdl) 3.240.3 2.0£0.3* 3.240.3 2.3:+0.3%
The results are expressed as Mean + SD
* significantly different from control (p<0.05)
463
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Parameters 0
n=1z
ALP (U/1) 32.349.3
AST (U/h 67.3+12.9
ALT (U/I) 21.630.8
Bilirubin (mgrdl) 0.23+0.13
Cholesterol (mgsdl) 75.71286.8
BUN (mgrsdl) 20.417.0
Creatinine (mgrdl) 1.320.1
Total protein (grdl) 7.420.4
Albumin (gsdl) 1.0£1.2
Globulin (gsdl) 2.840.9

Dose of H. biflora (g/kgsday)

0.2 2.0 ‘ 20.0
n=12 n=12 | n=10
32.746.6 35.248.0 " 37.548.8
64.6+17.5 60.4%14.5 44,8473
21.6£1.6 992.840.7* 22.340.7
0.3540.18 0.32+0.20 ' 0.25+0.07
78.1%11.3 TT.I+19.7 | 76.2%17.4
22.442.5 22.323.1 | 18.642.6
1.120.2" 1.240.1 1.040.1*
6.920.4% 7.240.4 6.420.3*
4.2%0.3 1.4%0.2 1.3%0.1
9.6+0.4 2.840.3 2.140.2*

The results are expressed as Mean + SD

* significantly different from control (p<0.05)

A y w e ) o ¥ v o vAY wer u
M 5 MM IZANANS (RTH / WININAY 100 N5H) VoI IdSumsann
HINAVMITGNN 4 1A0U

Relative organ
weight
(g/100 g BW)
~ Bmin
Heart
Lung
Liver
Spleen
Rt.Kidney
Lt.Kidney

Stomach

Dose of H. biflora (g/kg/day)

0 0.2
n=12 n=12
0.3710.02 0.3710.02
0.23£0.02 0.2420.02
0.35+0.04 0.36+0.03
2.5810.15 2.7210.18
0.17£0.03 0.18£0.02
0.2620.02 0.27+0.02
0.24%0.02 0.2510.02
0.34£0.04 0.35£0.03

2.0
n=10
0.4010.03"*
0.23%0.08
0.36+0,04
2.61+0.20
0.18%0.03
0.26%0.03
0.26+0.03

0.38£0.04%

20.0
n=9
0.40£0.02"
0.27%0.02
0.3410.03
2.751+0.15
0.21£0.03"
0.31%0.02"
0.2910.02°
0.47£0.08%

The results are expressed as Mean + SD

* significantly different from control (p<0.05)
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Relative organ Dose of H. biflora (g/kgsday)
weight 0 0.2 ' 2.0 200 |
(27100 ¢ BW) n=12 n=12 n=12 n=10
Brain | o.2t0.08 | 0.6310.05 ‘ 0.6410.07 0.71+0.06"
Heart 0.2740.02 0.2840.02 0.28+0.02 0.31+0.02*
Lung 0.48%0.04 0.4630.06 0,46+0.04 0.48%0.06
Liver 2.5910.29 2.6310.29 2.5810.26 2.91+0.20"
Spleen 0.22+0.02 0.2110.08 0.2240.02 0.27+0.03*
Rt.Kidney 0.28%0.01 0.2740.02 0.2810.03 | 0.34£0.02"
Li.Kidney 0.27+0.02 0.2640.03 0.26+0.02 0.32+0.02*
Stomach 0.514+0.0% 0.50%0.08 0.48+0.05 0.66£0.08"

The results are expressed as Mean + SD

* significantly different from control (p<0.05)

M519n 7 HAMIganNTINENVa AN dsumsanannnfuinMany 4 ifou

i Dose of H. biflora (g/kg/day)
Site and ‘ Male | Female ) o
Lesions 0 | 02 | 2.0 200 | o0 02 | 20 | 200
Liver
~fatty change 8/12 7/12 5/10 | 0/9* 1710 1/12 1/12 | 0/12
(mild degree) (66.7%)  (58.3%) (50.0%) (10.0%) (8.3%) | (8.3%)
Heart
~focal 2/12 1712 1/10 : 0/9 0/10 0/10 0/12 0/12
myocarditis (16.7%) | (8.3%) (10.0%)
Kidney
-nephm 0/12 0/12 0/10 0/9 6/10 3/12 3/12 3712
calcinosis : | (60.0%)| (25.0%) | (25.0%) (25.0%)
~hydro 3/12 312 | 1710 0/9 0/10 D/12 0/12 0/12
nephrosis (25.0%) | (25.0%) | (10.0%)

The results are expressed as the ratios of animals with pathological findings to the number of animals
in each group and as the percentages of animals with pathological findings.

* significantly different from control (p<0.05)
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ABSTRACT

Acute toxicity study of ethanolic extract ol Tinospora crispa stem in mice showed that
the extract at the highest oral dose of 4.0 grkg of body weight (g/kg BW), which was
equivalent to powdered crude drug 28.95 g/kg BW, did not produce any signs of toxicity.
Six-month chronic toxicity study of the extract was performed in five groups of 16 Wistars
rats of cach sex. Water control group received 10 ml of water/kg BW/day while tragacanth
control group received 10 ml of 0.5% tragacanth suspension/kg BW/day. The three treatment
eroups were given the extract at the doses of 0.02, 0.16 and 1.28 g/kg BW/day which were
cquivalent to dried stems 0.145, 1.16 and 9.26 g/kg BW/day. respectively. It was found that
the body weight of female rat receiving 1.28 g extract/kg BW was significantly lower than
that of the tragacanth control group which might be due 10 lower food intake in this group of
animals. Hematological studies showed no significant dose-dependent difference between
tragacanth control groups and all extract-treated groups in both sexes. Blood chemistry stud-
ies indicated that both male and female rats receiving 1.28 g/kg/BW of the extract had
significantly higher cholesterol levels but signifiacntly lower glucose levels than those of
water control and tragacnth control groups. Animals of both sexes receiving the highest dose
of the extract had significantly higher alkaline phosphatase (ALP) levels, alanine aminotrans-
ferase (ALT) levels and relative liver weights than those of the water control and tragacanth
control groups. Histopathological study indicated that male rats receiving the highest dose of
the extract had significantly higher incidence of bile duct proliferation and focal liver cell
hyperplasia than the two control groups. These two pathological findings may explain the
significant increase of ALP level in this group of male rats. The results suggested that high
doses of the extract may cause hepatotoxicity that could alter both function and morphology
of the liver. Male rats receiving the extract also had significantly higher creatinine levels than

that of the tragacanth control group. In addition, female rats given 0.16 and 1.28 g extract/kg

2
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BW also had higher creatinine levels than that of the tragacanth control group. However,

histopatological examination of the kidneys showed no significant difference between ex-

tract-treated groups and both of the control groups. The results suggested that the extract at

the highest dose may also affect kidney function.

Taken together, the results of our chronic toxicity study of ethanolic extract of Tinospora

crispa suggest that, due to the hepatotoxic and renal toxic potential of the extract observed in

rats, prolonged use of high doses of T. crispa in humans should be avoided or if signs of liver

or renal toxicities occur while using T. crispa-containing herbal medicine, the drug should be

discontinued immediately.

KEY WORDS : Tinospora crispa, Toxicity

INTRODUCTION

Tinospora crispa Mier ex Hook F. &
Thoms (Synonyms : T. rumphii Boerl, T.
tuberculata Beaumee, ‘Boraphet” in Thai) is
a woody and glabous climber in the family
Menispermaceae (1). Its young stems are
smooth but old stems are prominently tuber-
culate and contain exceedingly bitter sap (2).
In traditional medicine, the decoction of fresh
or dried stem is used as an antipyretic in Thai-
land, and as a stomachic and antipyretic in
Indonesia (2.3). The stem contains tinosporine,
tinosporidine, picro-rectin, N-trans-feruloyl
tyramine, N-cis-feroloy! trymine. tinotuberide,
borapetoside A, borapetol A , ceryl alcohol,
B—sitosterol. stigmasterol, phytosterol (2),
syringin, barapetoside B (4), boraperol B (5),
tinocrisposide (6) , while fresh leaves con-
tain tinotufolin C, D, E, F (7).

Scientific studies on this plant indicate
that it possessed several pharmacological

actions (8-11). T. crispa stem was shown to

exhibit hypoglycemic activity in experimen -
tal animals. When an aqueous extract of T.
crispa stem was given orally to normal and
alloxan-diabetic rats a hypoglycemic effect
was observed in moderately diabetic rats with
concomitant improvement in insulinemia (8).
Acute intravenous treatment with the extract
(50 mg/kg) caused an increase in plasma
insulin levels in rats (8). In an in vitro study,
waler extract of the stem induced potentiation
of basal and glucose-stimulated insulin
secretion from both rat and human islets of
Langerhans. This insulinotropic action of the
extract may explain the hypoglycemic effect
of T. crispa (9). With regard to antipyretic
and anti-inflammatory actions, water extract
of the stem at the doses of 100-300 mg/kg
could reduce fever in Wistar rats (10), while
50% methanol extract at the dose of 10 mg/
kg decreased carrageenan-induced hind paw
edema in rats (11),

Currently, this plant is used in
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Thailand as a bitter onic and antipyretic :
however its toxicological data is still
lacking, chronic toxicity study in the rat was
therefore undertaken to determine any
potential toxic effect that this plant may
produce upon prolonged use so that proper

warning can be issued to the public.

METHODS

Preparation of the Extract @ T. crispa
stems were collected and identified by the
Botany Scction, Division of Medicinal Plant
Research and Development. then cut. dried at
50 C, ground and extracted with 95% ethanol
in a soxhlet apparatus and the extract was dried
under vacuum in a rotary evaporator. Prior to
the experiment, the extract was diluted to the
desired concentrations with 5% tragacanth
suspension.

Treatment of the Animals : Twenty ICR
mice (National Institute of Health Thailand)
of each sex weighing 25#2 ¢ were used in
acute toxicity study. For chronic toxicity study,
80 male rats weighing 230£20 g and 80 fe-
male rats weighing 200420 ¢ (The National
Laboratory Animal Center, Mahidol Univer-
sity, Salaya, Thailand) were used. The ani-
mals were housed in the animal facility of the
NIH. The temperature in the animal room was
kept at 251 C  with 60% relative humidity.
The animals were allowed to have ree access
to food and clean water.

Acute Toxicity Study : For oral route

= v 70

of administration, 4 groups of 5 male and 5
female mice were used. For extract-treated
groups, the extract was administered p.o. at
the doses of 1, 2 and 4 g/kg BW which were
equivalent to crude drug 7.24, 14.47 and 28.94
g/kg BW, respectively, while control group
received 0.5% tragacanth suspension 10 ml/
kg BW. The animals were observed for
mortality or any signs of abnormalities
periodically during the first 24 hours and twice
daily for 7 days thereafter.

Chronic Toxicity Swdy : Eighty Wistar
rats of each sex were randomly divided into 5
groups of 16 animals per sex Group 1 (water
control) received water 10 ml/kg BW/day
and Group 2 (tragacanth control) received
0.5% tragacanth suspension 10 ml/kg BW/
day. Groups 3-5 were given the extract at the
doses of 0.02, 0.16 and 1.28 g/kg BW/day
which were equivalent to dried stem 0.14. 1.16
and 9.26 g/kg BWday or 1, 8 and 64 folds
of the therapeutic dose, respectively. Body
weight and food intake were measured weekly
and the animals were observed for signs of
abnormalities throughout the study. At the end
of 180 day trecatment period. the animals were
fasted for 18 hours. then anesthetized with
ether and sacrificed by drawing blood samples
from the posterior vena cava for hematologi-
cal and biochemical examinations. Hematocrits
were determined while white blood cell and
platelet counts were performed using

counting chambers. Biochemical studies of



serum samples and the assay procedures
used were alkaline phosphatase or ALP (12),
aspartate aminotransferase or AST and ala-
nine aminotransferase or ALT (13),
creatinine (Jalfe’s reaction), blood urea
nitrogen or BUN (Diacetylmonoxime
method), cholesterol (enzymatic reaction),
total protein (biuret method), albumin (dye
binding with bromcresol green ), and globulin
was determined by subtracting albumin level
from total protein level.

The positions, shapes, sizes and colors
of internal organs, namely, brain, heart, both
kidneys and lungs, trachea, esophagus,
stomach, liver, pancreas, intestine, spleen,
bladder, and testis in male rats or ovary and
uterus in female rats were visually observed
for any signs of gross lesions. These organs
were then collected, weighed to determine
relative organ weights, and preserved in 10%
buffered formalin solution. Tissue slides were
prepared and stained with hematoxylin and
cosin and histopathological examinations were
performed by a medical pathologist.

Statistical Analysis @ The data were
analyzed by oneway ANOVA followed by
Duncan multiple range test, using SPSS/PC
program, to determine significant differences
between groups at p<0.05. Histopathological
data were evaluated by the Fisher Exact test
and the significance level was also set at

P<0.05.

RESULTS

Acute Toxicity Study : When ethanolic
extract of Tinospora crispa stem was given
orally in mice at the doses of 1, 2 or 4 g/kg
BW., it was found that the extract even at the
highest dose of 4 g/kg BW, which was equiva-
lent to powdered crude drug 28.95 g/kg BW
did not produce any signs of toxicity.
Chronic Toxicity Study

Effect of the Extract on Body Weight,
Food Intake, and Relative Organ Weight @ At
the start of the experiment, there was no
difference in average body weights between
groups of animals. However, after 4 weeks of
treatment until the end of the experiment,
the group of female animals receiving
the highest dose of the extract had
significanty lower body weight than those
in the tragacanth and water control groups.
Similarly, the body weights of the groups of
male rats receiving the highest dose and the
medium dose of the extract started to
become significantly lower than that of the
water control group, but not tragacanth
control group, after ¢ and 4 weeks of
treatment, respectively (Figure 1). The
reduction of body weights in these groups
of animals may, in part, be due to
significantly lower food intake as compared
with water and tragacanth control groups in
several weeks. In male rats, the difference in
food consumption had been observed since

the second week of the experiment until the
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end of the study, while in female rais the
significant difference in food intake was also
detected in the twelfth week and many weeks
therealter; however, the difference was not
observed every week as seen in male rats
(Figure 2). At the end of the experiment,

body weights and weight gain of female

than that of the tragacanth control groups
(Table 1.) Male rats treated with this dose of
the extract had significantly higher relative
weights of the liver and spleen. while in the
female rats, relative weights of the brain,
bladder, liver and stomach were significantly

higher than those of the tragacanth control

animals receiving the extract at the dose of  groups.
1.28 g/kg BWrday were significantly lower
30
—~+— m. 1.28 g ext/kg
~ 25 b — = m. 0.16 g ext/kg
i
N AT ANt _a m. 0.02 g ext/kg
g 20 e ﬁ/'r’ AR \? e
= ZES = W A —«— m. tragacanth control
- X ;”
g 1§ L= \ i .. female —x— m. water control
: = Ny —— Z
S = '—0—*»\-4\: e S \x\‘ —o— f. 1.28 2 ext/kg
< =
B 10 —— —— [ 0.10 g extrkg
‘2 5 . B = f. 0.02 g extskg
—=— I, tragacanth control
o N FRN RN CHEN S0 DN SHNCT S TH [N TR ERE STND | \ QO AL N S T L —— f. water control
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Figure 1

Food consumption of male and female rats. Water control and

tragacanth control groups received 10 ml/kg BW/day of water or 0.5% tragacanth

suspension, while treatment groups (m=male, f=female rats) were given 0.02, 0.16 and

1.28 g extract/kg BW/day for 180 days. Each point represents average body weight

(g) at the end of each week.
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Figure 2 Growth curve of male and female rats. Water control and tragacanth
control groups received 10 mi/kg BW/day of water or 0.5% tragacanth suspension,
while treatment groups (m=male, f=female rats) were given 0.02. 0.16 and 1.28 g
extract/kg BWsday for 180 days. Food consumption of animals housed in each cage
(4rats/cage) was measured once a week. Average daily food intake/animal in each

week was calculated and shown in this figure.
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Table 1 9% Relative organ weight (g/100 g BW) and body weight of male rats.

Groups of animals ) ‘
Water control | Tragacanth control .02 g ext./kasday 0.16 g ext./kg/day 126 ¢ ext./kg/day |

n=16 | n=16 | n=18 n=15 | n=15 |

; Initial weight (g} 149.19+10.34 147.06+8.97 146.2518.82 1454741130 | 150.80+12.84 \
Final weight (g) 990.50453.09 | 571.44457.93 | 563.31+41.58 | 548.00£61.13° | 538.33139.02"
| Dilferent wi. (g) 441.31452.22 | 424.38256.62 | 417.06241.41  402.53:57.68 | 367.53141.91"
Brain 0.378:0.038 0.386£0.050 | 0.304:0.032 0.39520.045 0.40620.020

Heant ‘ 0.255£0.032 0.26240.034 0.263+0.030 0.288+0.045" 0.27740.014 ‘
Right kidney ‘ 0.259+0.023 0.25640.081 | 0.264+0.016 0.24020.021"* 0.26140.021

Left kidney 0.24520.023 0.2440.026 0.249:0.014 0.23220.021 0.24720.017 ‘
Urinary bladder 0.030+0.006 0.030£0.017 | 0.03410.012 0.033:0.008 0.03320.011
Liver 2.666:0.212 2.606£0.250 2.517:0.128 2.605:0.260 | 3.57040205",**

Spleen 0.183£0.017 0.177+0.018 | 0.18140.028 0.181:0.016 | 0.214+0.016*.** |
Stomatch 0.390+0.044 0.410£0.031 0.392+0,034 0.411:0.038 0.40320.043
| Lung 0.362+0.029 0.380+0.045 | 0.359+0.045 0.3720.043 0.38340.034
Right testis 0.59520.053 0.563£0.059 0.6802:0.060 0.601:0.078 0.631£0.078**
Left testis 0.603+0.057 0.56940.068 | 0.504£0.050 0.608:0.099 0.624:0,007

Water control and tragacanth control groups received 10 ml/kg BW /day of water or 0.5% tragacanth suspen-
sion while extract-treated groups were given 0.02, 0.16 and 1.28 g extract/kg BW/day for 180 days. At the
end of the study, each organ was weighed and calculated as % relative organ weigh (27100 g BW). Each
value represents mean « SD.

* Significantly different from water control group (p<0.05)

** Signiticantly different from tragacanth control group (p<0.05]

Table 2 % Relative organ weight (g/100 g BW) and body weight of female rats.

Groups of animals

Water controi | Tragacanth control 0.02 g ext./kg/zday 0.16 ¢ exl.ﬁg/da_v 1.28 ¢ ext./kg/day
7 n=16 n =16 n=16 n=15 n=15 |
Tnitial weight (g) 142.5627.41 | 144.31213.05 | 143.60£11.51  139.679.47 139.0748.75
Final weight (g) | 315.69421.50 | 304.25:85.42 | 91D.20229.20 | 298.33:28.70 [270.80£18.79%,*|
Different wt. (g) 178.12421.73 | 160.04:20.82 | 160.60+28.46 158.67227.73 [131.73+18.42%,**
Brain 0.636+0.043 0.663+0.063 0.557+0.063 0.675:0.056 | 0.75840.060%,*" |
Heart 0.314:0.032 0.3200.035 0.304+0.032 0.331:0.051 0.32510.032
Right Kidney | 0.282:0.025 0.30720.042 | 0.284x0.020"" | 0.28120.029"% | 0.319+0.022"
Lelt Kidney 0.266:0.023 0.28210.027 | 0.26240.015*" = 0.26310.023"* | 0.30520.018%,** |
Urinary bladder 0.031:0,006 0.03140.004 0.028+0.004 0.30£0.004 | 0.03540.008%,** |
Liver 2.60440.378 2.804+40.435 2.877+0.928 2.913:0.367 | 4.40140.257%,*"
Spleen ‘ 0.227:0.032 0.25140.035 0.232+0.030 0.234:0.042 ‘ 0.270£0.033%
Stomatch | 0.528:0.064 0.5440.067 0.511£0.060 0.546+0.058 | 0.59020.038"."" |
Lung 0.46120.044 0.49840.049 | 0.476+0.048 0.492+0.057 | 0.5130.041%

Water control and tragacanth control groups received 10 mizkg BW /day of water or 0.5¢ tragacanth suspen-
sion while extract-treated groups were given 0.02, 0.16 and 1.28 ¢ extractzkg BW/day for 180 days. At the
end of the study, each organ was weighed and calculated as % relative organ weigh (g/100 ¢ BW). Each
value represents miean = SD.

* Significantly different from water control group (p<0.05)

* Significantly different from tragacanth control group (p<0.05)
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Effect of the Extract on Hematological
Parameters @ In mule rats. there was no
difference in hematological parameters
between control and extract-treated groups
(Table 3). In female rats, the numbers of
monocytes of animals receiving the extract at

the doses of 0.16 and 1.28 g/kg BW/day were

aroup but were significantly lower than that

&

of the tragacanth control group (Table 4).
However, the number of monocytes of the
tragacanth control was significantly higher
than that of the water control. The changes of
hematocrits or eosinophil numbers found in

some groups of female rats as compared to

UNHU I TENAUDIUDTLINA

not different from that of the water control control groups were not dose-related. d
=
=
Table 3 Results of hematological examinations of male rats é
=
—~ = = =
i . Groups of animals - . =
Water control J'lragacumh wmmljo.o;z_gﬁ ext/kgsday 0.06 g ext./kg/day| 1.28 o ext./kg/day ug
- MmM=16 | n=15 | n=16 n=14 | n=15 =
Hematocrit (%) 46.35:1.82 45.982.37 16.3141.30 17.14£1.70 45.53£1.946
White blood cell 8.16%1.11 6.16£1.32 6.02+1,12 5.0541.35 5.80:1.27
X 10” cells/mm’
Platelet 666.38:73.18 | 658.27262.17 | 660.06:64.55 | 680.93:61.02 650.73+64.54
X 10° cells/mm’”
Neutrophil (%) 64.0019.24 59.5340.55 b8.9418.10 |  60.50:9.11 61.3327.76
Eosinophil (4) 0.600.63 1.27+2.05 1.5641.97 0.9311.14 1.00:1.13
Lymphocyte (4) 32.38+10.11 35.1345.83 36.0640.86 | 34.50#8.84 34.5348.11
| Monocyte (%) | 8.1222.22 4.07+1.98 3.4442.56 4.0742.00 3.13+1.68

Water control groups received 10 mlskg BW/day while tragacanth control group received the same dose of
0.5 tragacanth suspension. The three extract-treated groups were given the extract at the doses of 0.02, 0.16
and 1.28 p/kg BW/day which were equivalent to dried stem 0.14. 1.16 and 0.26 g/kg BW/day, respectively.
Blood samples were collected for hematological examination at the end of 180-day treatment period. Each
value represents mean = SD.

* Significantly differenct from water control group (p<0.05)

** Significantly different from tragacanth control group (p<0.05)
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Table 4 Results of hematological examinations of female rats

' Water control

Tragacanth control 0.02 g ext./kg/day

Groups of animals

(.15 ¢ ext/kg/day| 128 g ext./kg/day

n=16 n=16 n=14 n=12 n=14
Hematocrit (%) 43.8142.79 44.3122.36 45.79+2,22* 45.832,08% 43.4341.55
White blood cell 6.4920.74 5.89+1.04 6.3921.10 5.94%1.36 5.84+0.69

X 10° cells/mm”
Platelet
X 10" cells/mm”

652.12475.38 H68.38268.49

Neutrophil (%) 61.3137.50 |  62.0027.21
Eosinophil (%) 0.50£0.82 1.5641.26
Lymphocyte (%) 35.0047.71 |  30.25:6.77
Monocyte (%) 3.19£1.80 5.56+2.34"

639.00£73.63 B2Y.75141.68 B27.71£09.63

63.14£7.97 61.4219.59 59.216.52
1.21:1.63 0.58£1,1677 0.86+0.95
31.6410.30 35.75x10.13 37.1448.06
4.00z2.48 2.25£1.71°° 2:7922.15%"

Water control group received 10 mlzkg BW/day while tragacanth control group received the same dose of
0.59 tragacanth suspension. The three extraci-treated groups were given the extract at the doses of 0.02. 0.15
and 1.28 g/kg BW/day which were equivalent to dried stem D.14, 1.16 and 9.26 g/kg BW /day, respectively.
Blood samples were collected for hematological examination at the end of 150-day treatment period. Each

value represents mean + SD.

* Significantly different from water control group (p<0.05)
** Significantly different from tragacanth control group (p<0.05)

Effect of the Extract on Blood
Chemistry : In both male and female rats, no
difference in AST levels was found between
all extract-treated groups and tragacanth
control group (Table 5,6). Male rats
receiving the extract 0.16 and 1.28 gzkg BW/
day and female rats receiving the extract 1.28
g/kg BWyday had significantly lower ALT
levels than their tragacanth controls. In
addition, both male and female rats receiving
12.8 g extractzkg BWrday had significantly
higher ALP levels than their tragacanth
controls.

Creatinine levels of all extract-treated
male rats and female rats receiving extract at
the doses of 0.16 and 1.28 g/kg BW/day were
significantly higher than those of tragacanth
controls. However, BUN levels were not

different between extract-tredated groups and

= -i 76p

tragacanth control groups in both female and
male rais.

Both male and female rats receiving
extract 1.28 g/kg BWvday had significantly
higher cholesterol levels but lower glucose
levels than their tragacanth control groups. In
male rats, total protein, albumin and globulin
levels were not different among control and
extract-treated groups while total protein level

of female rats receiving extract 0.16 g/kg BW/

day was significantly higher than that of

tragacanth control. Sodium and potassium
levels of male rats were not different between
extract-treated and control groups while
potassium level of female rats receiving
extract at the dose of 1.28 g/kg BW/day was
significantly higher than that of tragacanth

control.



Table 5

AST (UsD)

ALT (U/D

ALP (UrD)
Bilirubin (mg2)
Creatinine (mg%)
BUN (mg2)
Cholesterol (mgge)
Glucose (mg2)
Total protein (g%)
Albumin (g%)
Globulin (g%)
Sodium (mmol/1)
Potassium (mmol/I)

 n=16

Water control

54.4419.97
17.2445.89
55.0929.57
0.40+0.27
0.79£0.08
24.1423.70
58.07£16.50
110.88£0.28
6.5340.57

4.02:0.43 |
2.5340.57
147.2611.03
4.82:0.88

Blood chemistry of male rats

Groups of animals

Tragacanth control 0.02 g ext./kgsday 0.16 ¢ cxl.i/kg;d;y.fl.zsg ext./k@dayi

n-=16 n=15 n=1s n=15 |
60.31411.32 61.,00£10.80 D4.8727.80 09.47x11.31 ‘
99.1649.01% 20.2244.71 14.562.60%* | 12.07:9.52%,**
59.756216.20 53.13+10.06 64.07+13.37 75.73x8.07",*"
0.59+0.39 0.354¢0.18 0.49+0.34 0.37+0.28
0.7810.09 0.88+0.11*,*" 0.8720.14°" 1.04+0.09",*"*
27.1542.80* 25.0842.04 25.2313.90 26.01:2.62*
61.05210.87 57.1949.43 | 82.61427.18%,""| 103.53£19.85",""
112.62415.13 112.40+16.63 108.68414.36 98.8747.70%,**
6.6220.36 6.5420,42 6.6340.78 6.72+0.61
3.98:0.5C 4.20:0.20 3.7820.32 3.68:0.29
2.5520.39 2.3340.28 2.90+0.83 2.59:0.59
146,6621.71 147.81£1.76 | 147.64£1.4%5 140,941,110
5.37+1.28 4.78+0.89 5.1120.94 5.20+0.94

Water control group received water 10 ml/kg BW/day while tragacanth control group received the same dose
of 0.5% tragacanth suspension. The three extract-treated groups were given the extract at the doses of 0.02,
0.16 and 1.28 g/kg BW/day which were equivalent to dried stem 0.14, 1.16 and 0.26 p/kg BW/day. respec-
tively. Blood samples were collected for determinations of blood chenuistry at the end of  180-day treatment
period. Each value represents mean = SD.
* Significantly different from water control group (p<0.05)

** Significantly different from tragacanth control group (p<0.05)

Groups of animals

Table 6  Blood chemistry of female rats
h =16 n=15

AST (UsD) 10.06£6.32 54.75£7.02
ALT (U/D) 12.5545.08 |  14.19:3.80
ALP (U/1) 26.60£7.28 29.75:0.438

| Bilirubin (mg#) 0.3550.15 | 0.4440.21
Creatinine (mgo) 0.800.14 0.9010.18

| BUN (mgo) 25.4543.89 26.65+4.76
Cholesterol (mgee) 59.20£20.77 79.26£17.63%

| Glucose (mgs) 101.38+412.86 |  95.10+8.69
\ Total protein (go) 6.67£0.33 6.8140.57
Albumin (g%) 4.1920.45 4.2540.43

| Globulin (g%) 2.49+0.49 2.5440.40
] Sodium (mmol/A) | 145.68:1.62 | 146.0141.74
| Potassium (mmol/l) | 4.360.75 4.2740.75

Water contral j'l'ragncz)nlh conlrn_lio.n g ext./kg/day| 0.16 g eﬁ./kg/da)‘Ti 1.98 ¢ ex!./kg/da_\,"

n=15
56.07:8.06"
15,63:2.83"*
26.1028.88
0.620.45""
0.8620.10
25.23+4.55
64,53223.96
098,73413.28
7.0720.57
4.4820.34
2.612048
147.7342.30*
4.38:0.66

n =14
57.53+10.76"
13.3123.42
21.80:4.31%%
0.4740.41
1.02£0.17%,**
23.60+3.78
08.63+34.32
95.60+11.84
7.5240.75%,"
4.5240.42
3.02:1.06"
147,1641.34*
4.36£0.71

n=15
590.47+0.177
10.9522.38%"
42.0748.81",""
0.67+0.42""
1.0620.10*,**
28.89+3.71
90.89116,25",""
80.8016.97",**
7.2420.90*%
4.3920.43
2.8510.60
146.56+1.52
4.9840.79*%,**

Water control group received water 10 mizkg BW zday while tragacanth control group received the same dose
of 0.5% tragacanth suspension. The three extract-treated groups were given the extract at the doses of 0.02,
0.16 and 1.28 g/kg BW/day which were equivalent to dried stem 0.14. 1.16 and 9.26 g/kg BWsday, respec-
tively. Blood samples were collected for determinations of blood chemistry at the end of  180-day treatment
period. Each value represents mean = SD.
* Significantly different from water control group (p<0.05)

** Significantly different from tragacanth control group (p<0.05)
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Effext of the Extract on Histopatho
logy of Internal Organs ! Upon gross exami-
nations of internal organs, no abnormal signs
were observed except the livers where spot-
ted lesions were found in all male rats receiv-
ing the highest dose of the extract. These
lesions became more obvious when the
organs were preserved in 10% buffered
formalin solution. Histopathological
examinations of internal organs were
performed on brain, lung, thyroid gland,
parathyroid gland, trachea, esophagus, liver,
heart, spleen, pancreas, kidney. stomach,
intestine, bladder, including testis and

prostate gland in male rats or vagina, cervix,

uterus and ovary in female rats. As shown in
Table 8, in female rats, there was no
histopathological difference of internal organs
between extract-treated groups and the two
control groups. In contrast, the numbers of
male rats receiving 1.28 g extract/kg BW that
had bile duct proliferation and focal liver cell
hyperplasia were significantly higher than
those in both groups of control animals (Table
7). In addition, the number of male rats
detected with fatty change of the liver was
significantly higher in those receiving 0.16 g
extract/kg BW than in tragacanth control

group.

Table 7 Histopathological evaluations of male rats
Groups of animals
© Organ Lesion ‘Water  Tragacanth 0.02 0.18 1.28
control control g ext./kgsday | g extskg/day | g ext./kgsday
‘Lung | Organizing | o6 0/18 ~ o/16 | o0/15 |  0/15 ‘
pneumonia | ‘
'~ Foreign body | os18 0/16 0/16 1/15 1/15
| reaction
Bile duct 0/16 0/16 0/16 0/15 g9/19%,""
proliferation - ‘
Liver  Focal liver cell 0/16 | 0/16 0/16 0/15 9155, |
hyperplasia
Fatty change /186 2/16 1116 7/15% 0/15 |
Heart | Focal myocarditis 2/16 1/16 3/18 | 1/16 odte |
Thyroid | Nodular goiter 0/16 0/16 |  0/16 /15 | 0/16 |
Kidney | Nephrocalcinosis 0/18 0/16 0/16 0/15 /15
Hydrocalyx 4/16 2/16 3/16 0/15 1/15
Testis Atrophy 0/16 0/16 0/16 0/15 1/15
| Granuloma | or1e 1/12 0/16 0/15 0/15

Water control and tragacanth control groups received 10 ml/kg BW/day of water or 0.5% tragacanth suspen-
sion while extract-treated groups were given 0.02, (.16 and 1.28 g extract/kg BW/day lor 180 days. At the
end of the study, internal organs were collected in 104 buffered formalin and prepared for histopathological
examinations. Each value represents number ol rats with parthological abnormalities/total pumber of rats

examined.

* Significantly different from water control group (p<0.05)

= Significantly different from tagacanth control group (p<0.05)

{
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Table 8 Histopathological evaluations of female rats
- Groups of animals
Organ Lesion Water  Tragacanth  0.02 0.16 1.28
i control control g ext/kgsday | g extrkgsday | g oextskgsday
Lung | Organizing 0/16 0/16 0715 0/15 | 0/15
preumonia
Fareign body 0/16 0/16 0/15 0/15 0/15 '
reaction ‘
Liver | Bile duct o/16 | 0/t& | 0/15 0/15 9/15
proliferation
Focal liver cell 0/16 0/16 0/15 0/15 1/15
hyperplasia
. | Fatty change | o/16 0/16 2/15 1715 1715
Heart | Focal myocarditis 0/16 0/16 0/16 | 0/16 0/15
j‘&fﬂli | Nodular goiter 0716 0/16 0/15 0719 0/15
Kidney | Nephrocaleinosis 15716 1118 | 11/15 11/15 14/15
| | Hydrocalyx 0r16 17186 0715 0/15 0/15

Water control and wragacanth control groups received 10 mivzkg BW/day of water or 0.5% tragacanth suspen-
sion while extract-treated groups were given 0.02, 0.16 and 1.28 g extract/kg BWsday for 180 days. At the
end of the study, internal organs were collected in 10% buffered formalin and prepared for histopathological
examinations. Each value represents number of rats with parthological abnormalities/total number of rats

examined.

* Significantly different from water control group (p<0.05)
= Significantly different from tragacanth control group (p<0.05)

DISCUSSION

Acule toxicity study of ethuanolic
extract of T. crispa stem indicated that the
extract at the doses up to 4 grkg BW/day did
not produce any signs of toxicity in mice.
However, chronic toxicity study of the
extract in rats showed that the extract atl
the highest dose of 1.28 grke BW sday. which
is equivalent to 64 folds of the therapeutic
dose, could significantly decrease the growth
of the animals. This decrease in final body
weight may explain, at least in part. the
significantly increase of relative organ weights
of several internal organs in both male and

female animals receiving the highest dose of

the extract.

Hematological study indicated that
the extract did not affect the hematocrit or
the numbers of white blood cells or platelets
of male rats. In female rats, even though
there were some statistically significant
changes of some hematological  parameters
in certain groups of extract-treated animals,
these changes were not dose-dependent,
suggesting that they may not be the result of
the extract. Hence. the extract at the doses
given did not appear to affect hematological
parameters in rats.

Both male and female animals treated

with the highest dose of the extract had
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significantly higher relative liver weights
than their two control groups. Upon gross
examination of internal organs, spotted
lesions were found in the livers of all male
rats receiving the highest dose of the extract.
These lesions could be seen more easily
when the organs were preserved in 10%
buffered formalin solution. Histopathological
examination of the livers showed a
significantly higher incidence of bile duct
proliferation and focal liver cell hyperplasia
in this group of male animals than in the two
control groups. These two pathological
findings may partly explain a significant
increase of ALP level in this group of male
rats (14). This increase of ALP level was also
observed in female rats receiving the same
dose of the extract. The results suggested
that high doses ol the exiract may induce
hepatotoxicity that could alter both function
and morphology of the liver.

Both male and female rats receiving
the highest dose of the extract had
significantly lower glucose levels than their
water and tragacanth controls. This change
might be the result of the hypoglycemic
effect of T. crispa (8.9). In addition, these
groups of animals also had significantly
higher cholesterol levels than their controls.
This increase of serum cholesterol was not
likely to be derived from dictary source since
these groups of animals had lower food

intake than their tragacanth controls. It might

—“aa

be possible that the highest dose of T. crispa
could increase hapatic synthesis of cholesterol
or alter the metabolism of cholesterol. by a
yet unknown mechanism, causing serum
cholesteral Tevels in these groups of animals
1o rise above that of the controls.

In comparison to the corresponding
tragacanth control groups, all groups of male
rats receiving the extract and groups of
female rats receiving 0.16 and 1.28 g extract/
kg BWvday had higher creatinine levels. In
addition, all groups of extract-treated female
rats had significantly higher relative kidney
weights than tragacanth control group.
Histopathological examinations of the kidneys
showed high incidence of nephrocalcinosis
in female rats and hydrocalyx in male
rats : however, the incidence of the two
pathological changes of extract-treated groups
was not different from that of the control
groups. Taken together the results suggested
that the extract at high doses may also affect

the kKidney function.

CONCLUSION

Six-month chronic toxicity study of
959% ethanolic extract to Tinospora crispa stem
in rats indicated that the extract at the doses
of 0.02, 0.16 and 1.28 g/kg BWrday, which
were equivalent 10 1, 8 and 64 folds of the
therapeutic dose, did not produce any
significant dose-related hematological

changes. However, in both male and female



animals, the extract at the highest dose
caused a significant decrease of body
weights and alterations of liver and kidney
functions. This dose of the extract also caused
morphological changes of the liver, i.c. bile
duct proliferation and focal liver cell
hyperplasia observed in male rats. Hence, due
1o the hepatotoxic and renal toxic potential of
the extract, prolonged use of high doses of
Tinospora crispa in humans should be avoided
or if signs of liver or renal toxicities occur
while using T. crispa-containing herbal
medicine, the drug should be immediately

discontinued.
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Study on Toxicity of Quisqualis indica Linn. Seed.
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manduiiows (Quisqualis indica Linn. sced) fouz’fma'lwsﬁi’iasswaws:u‘l’“ﬂuﬁwﬂm
uelunaildihendionns lddoudo dumsmivaumslimplwaiohaiilsluaniaands
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hishannnguatugy  msulisunlasesmmalafininouasimeduaivasdimnmldl
wuildfudmaiananguodbidiniuiiunnavesduada Jabionnanldinianndiuaia
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ABSTRACT

Quisqualis indica Linn. sced has long been used in folk medicine as an ascaricide.

Toxicity studies of the seed were carried out in mice and rat in order to gain more information

on using as an safety human anthelmentic. Our results revealed that mice receiving water

extract equivalent to the seed at the dose of 20.0 g/kg/day orally showed no acute toxicity and
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therefore LD ~was more than 20.0 g/kg/day. The subacute toxicity study in Wistar rats by
administration of water extract equivalent to the seed at the doses of 0.2, 2.0, 6.0, 10.0 and
20.0 g/kgsday for 60 consecutive days showed that after receiving the extract equivalent 1o
the seed of 6.0, 10.0 and 20.0 g/kgsday for 2 days, the animals showed abnormal clinical
signs: the notable ones were clonic with tonic seizures followed by respiratory arrest and
death. The percentages of rats presenting toxic symptoms and death at the doses of 6.0, 10.0
and 20.0 g/kgrday in male were 26, 53 and 80 respectively, and in female were 0, 6 and 80,
respectively. All rats died afler receiving the highest does only for 2 consecutive days. The
growth rate and feed consumption of the survived rats receiving the extract for 60 days were
not different from control group. Hematological and biochemical alterations of some param-
eters were observed in some group of rats receiving the extract but these did not correlate with
the increasing doses of the extract and hence should not be attributable to the toxicity of the
Q. indica seed. Histopathological study of internal organs revealed no remarkable lesion

accounted for the toxicity of the Q. indica seed.

Keywords : Quisqualis indica, seed. acute and subacute toxicity
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uaz Globulin finaulasnaving 1 albumin von
910 total protein'"
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veaedurzminya1eg laun oues wily den
FOUSHINEG NTHINIZDMIT AU 1o deuvinla
v augeu ald naswnslaea: Sl uagn
M wiautmnimmina fin=imiioa
1% simdufivetmzmariilu 100 Flivdes
Wasmnau illdnmnnumsie3omitadana
a1 Imamanad Gousuddniendausa:
§lodu (H&E) wasammmmanlasunlaes
l‘ﬁ‘alﬁaai’u)zmqqawm%%mﬂﬂuwuﬁtmwé

myinszddeyaldus hming i
omivuAn dmlaininouasdsiunily
aifi ANOVA uazulfeudiousuadeingdi

’ . o
Duncan’s new multiple range test 11 p<0.05
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1. 1M SAENMNEN
wyidsudaiadsumumdn@uie
VUG 6.0, 10.0 Az 20.0 N./AN./ T LEAA
ansiEMenannlasuoiunannu 2
omsfiwudo dnsvanszanveanduniiom
sumoifudssiadudunizlan dewnan
3o wgamamolinazeny Sraumyil
monnwbel hawadaaiSesas 26, 53 ua 2so
wrdisinduievaz o, 6, uaz s0 Mudig
wnemaaasliluaini 1 vasnendan
Issuoniiv 3 Fuwuimyndunanessinna 6.0
waz 10.0 n./n/Au Avdesthingasoinisia
Unfiuazogroasuduganimanes uanvuIam
20.0 n./nn./Au dainaassiimdoagudas
DIMINHUAZM BTN
2. msaniauaznsiuang
MYUITMINA R ua s N Hun gunaanau
YUIA 0.2, 2.0, 6.0 UAZ 10.0 N./AA./IU M3
wigdula (Mwil 1 uas 2) wasmsiuo NS
(it 2) aagammaaslivana wanngy
BRI
3. wamiasimmalaiaing
wyumiaoumAn [dsuduaiannnia
wwudlausdimdmianialivandreainngu
A HyEET Id3 A 0.2, 6.0 iz 10.0
nonsfu Shwudiadeaviadiniings
muquaddisday uasvymeniofldiumn
wiIR 6.0 N/ dnundaidangani
ngumvauediisdaty (a151af 3)
4. WANTIATINAINT NAH
wumargnldsumsaiadounimieunna

v = A v
2.0 n./Nnn./Ju llﬂZlWI’“)JUﬂ”lﬂ’lU“Uulﬂ 0.2, 2.0
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Dose of Q. indica extract 9%0f rats showing toxic symptoms and death ?;E
@
(g/kg/day) Male Female =
-y
6 26 (4/15) 0 (0/0) g
= o =
10 53 (8/15) 6 (1/15) =
20 80 (12/15) 80 (12/15) mf
=
=2
c‘
(4

é : o w 1 wes [l o =3 v
ninm 1 u]‘lﬂlﬂﬂ]!ﬂaﬂ‘llﬂﬂwl‘{lnﬂlﬂﬂ@ﬂﬁUd)uﬁﬂﬂlNﬁﬂlﬁ‘U:@u1»3!%14!)@1 60 1

500
~ 400 4
o0
N
>
oo
= 300
z
=
=
2 200 J —a4— control
o —a— 0.2 g/kgsday
8 —a— 2.0 g/Kgsday
E 100 —— 6.0 g/kgsday

—— 10.0 g/kg/day

Duration of study (weeks)
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300
3, 250 _
% 200 |
o) 150 | —&— control
E —s— 0.2 g/kgsday
5 —A— 2.0 g/kg/day
& 100 ) :
o —0— 6.0 g/kgsday
1
o ) —%— 10.0 g/Kgsday
- 50 =]

O |l T T 1 Ll L 1

Duration of study (weeks)

4 v = ¥ o ow a vy o & g
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Dose of Q. indica extract | n/sex Final body weight Food consumption
(g/kgsday) (g) ~ (gsratszday)
Control 15/M 423.4116.2 20.8+1.5

0.2 15/M 443.5432.7 21.5%1.7
2.0 14/M 414.6427.9 20.4+1.7
6.0 11/M 400.1143.8 20.9£3.5
10.0 6/M 103.8+37.2 10.9£3.6
Control 15/F 250.1420.1 13.94£0.3
0.2 15/F 262.2415.9 14.440.3
2.0 10/F 259.1136.5 14.5+0.5
6.0 13/F 247.1427.9 14.1+2.6
10.0 14/F 254.3114.6 13.4+1.3

The values are expressed as mean + SD
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Parameters
Dose of Q. indica extracl n/sex Hct (%) WBC x 10" |Platelets x 10"

(g/kgsday) cells/mm’ cellsymm’
Control 15/M 46.0£2.3 48.5%0.9 276.1+68.6
0.2 15/M 46.9£1.6 37.1£5.8* 250.8+35.5

2.0 14/M 47.0%3.4 44.5%8.8 233.6+38.3

6.0 10/M 48.1+3.3 37.147.9* 247.0469.6
10.0 6/M 47.4%1.7 37.043.5 218.0+40.9
Control 15/F 45.6%2.2 41.4%10.7 227.9+25.8
0.2 14/F 44.5+1.9 39.3£10.6 201.4+68.7

2.0 10/F 45.8+2.0 37.749.0 243.1+656.5

6.0 12/F 43.443.2 39.218.3 278.3+67.3%
10.0 11/F 46.0+2.4 40.1%5.0 210.4+37.6

* Significantly different from control group, p<0.05

The values are expressed as mean + SD
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auquatiitivhayuaznquitldsue  o.2
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Dose of Q. indica extract
(g/kgsday)

Parameters 0 0.2 2.0 8.0 10.0

n=15 n=15 n=14 n=11 n=6
AST (U/L) 126.9£32.5 142.7£30.1 | 173.6£35.1% | 131.2437.8 | 139.0+27.8
ALT (UsL) 28.315.3 28.3%4.8 30.144.7 29.7+10.9 27.542.6
ALP (UsL) 149.6425.8 129.6£21.6 | 163.4446.4 | 169.0£38.5 | 128.2443.2
Cholesterol (mg%)| 79.6+13.5 78.6324.3 | 82.5%15.6 | 93.0+37.1 70.7¥8.7
BUN (mg%) 24.532.5 28.8+2.0" 24.7%2.1 27.214.4* 23.830.9
Creatinine (mgv ) 1.240.2 1.040.1 1.140.2 1.320.2 1.1+0.2
Total protein (2% ) 7.0£0.3 6.940.3 7.140.2 6.740.4 6.740.2
Albumin (g%) 4.0+0.2 3.520.17 3.840.1 3.840.1 3.610.1°
Globulin (g#) 3.0+0.2 3.440.4% 3.340.2 2.940.3 3.1+0.3

* Significantly different from control, p<0.05

The values are expressed as mean + SD
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Dose of Q. indica extract

(g/kgsday)

Parameters 0 0.2 2.0 6.0 10.0

n=15 n=14 n=10 n=13 n=13
AST (U/L) 80.9+26.9 145.2427.2% | 167.13+32.0%| 109.8434.0 |138.5+28.3*
ALT (U/L) 202,546.1 30.6%5.6 98.6+5.5 24.0+0.5 36.1%8.1
ALP (U/L) 92.9+32.1 84.9%26.3 | 105.2450.7 | 88.3426.3 | 00.8+33.1
Cholesterol (mge%)| 76.9+15.7 84.1%15.8 69.7+7.4 87.4428.8 80.8+13.5
BUN (mg9) 24.943.1 24.742.3% 26.1£3.7 24.6£3.1 24.344.2
Creatinine (mg%) 1.1£0.2 0.920.1 1.240.2 0.910.1 0.9+0.1
Total protein (g%) 7.240.6 7.240.6 7.320.2 6.910.3 6.710.5
Albumin (g%) 4.320.3 3.910.4% 4.0+0.2 3.8%0.17 3.810.2*
Globulin (g%) 2.9£0.3 3.3+0.04” 3.3+0.3 3.140.2 2.940.5

* Significantly different from control, p<0.05
The values are expressed as mean £ SD
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5. WaNTIA IO IgaNE FIN )
nansAsINerdo Torentolungg
wolBiner (maait 8) wumsnldeumlasaiil
maersanvo v (focal fatty change) ﬁ
waday wuldhmymednnngy d@numeniiy
wulunduaiunumaznduitldsuduataitoy
HUNAAYIIA 0.2 UAZ 6.0 N./NR./AU NAIY
o ladnidy (myocarditis) wuluwerdngy
muRuasnguilifiinane o.2 ez 2.0 n./
N/l Msacauysaunadouila (nephrocal-
cinosis) wulwmwmdonduniunuuazndud
Idsuasanaioumiiwdaduiiomainag o.2
n./nn./3u Hydrocalyx ila wilunguniuau
wazngui ldiusung 0.2 ez 2.0 n/nn. A

NIADIWA

- <
VI
mamsnadauRLiiouway lavnisilou
dnanannmwanduileunainyiuinsng
thndigaasuden waaaliifiui duanawde
duiiomna i iiiao msfiwdoumwdunaziin
LD, 1nnd1 20 n./nn. ainmidadaudin
whdaaiaaualdfmmiavu s LD _aaad fa
SR R
6.3 UAE 7.3 N./nN. MudIay veihiifivgn
w i i at \ “
Hou (slightly toxic) 813MINAIWANADN
aaduiingnsznandenlddniivaiinmiluiv
-~ &
WAL
- 4 o -
nnnInadouiunuisunaulasilou
) %) o ' [ S
druanamanduiiow iy vugiaaii

YUIA 0.2, 2.0, 6.0, 10.0, A% 20.0 N./NN./U

= S o  ar v e g w“ ¥ w  ar o A wes o
A1 6 NI TEITANE (PSU/ANWINAY 100 NFH) VesruTIMAI TS Ud e A

3 o M w
fHaniauieud l'ﬂu!?ﬂ'l 60 U

Dose of Q. indica extract
(g/kgsday)

Organs 0 0.2 2.0 6.0 10.0

n=15 n=15 n=14 n=11 n=6
Brain 0.480.03 0.47£0.03 | 0.4920.03 | 0.49+0.05 | 0.51%0.02
Heart 0.30£0.05 0.3140.02 | 0.300.03 | 0.30£0.02 | 0.32+0.02
Lung 0.43£0.03 0.42+0.04 | 0.430.02 | 0.40%£0.02 | 0.45%0.05
Liver 3.71£0.29 3.77£0.23 3.63+0.95 | 4.23£0.35 3.97+0.32
Spleen 0.24+0.02 0.23+0.02 | 0.25%0.04 | 0.23£0.04 | 0.2440.03
Rt. kidney 0.30+0.03 0.32£0.02 | 0.34+0.02% | 0.3840.05" | 0.36+0.01*
Lt. kidney 0.29+0.02 0.2940.02 | 0.31#0.03 | 0.3720.04% | 0.3410.02*
Stomach 0.46+0.04 0.47£0.04 0.51%0.06 | 0.520.06 0.4940.03

* Significantly different from control, p<0.05

The values are expressed as mean = SD
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Dose of Q. indica extract
(g/kg/day)

Organs 0 0.2 2.0 6.0 10.0

n=15 n=15 n=10 n=13 n=14
Brain 0.76+0.006 0.73+0.04 | 0.75%0.11 | 0.75+0.08 | 0.75%0.03
Heart 0.32+0.03 0.324+0.02 | 0.32+0.02 | 0.32+0.02 | 0.330.03
Lung 0.53+0.04 0.52+0.03 | 0.51%0.06 | 0.53%0.05 | 0.5420.07
Liver 3.5410.40 3.3740.29 | 4.0210.42* | 3.6510.42 | 3.7710.32
Spleen 0.20+0.03 0.20+0.11 0.31+0.056 | 0.25%0.02 | 0.27#0.03
Rt Kidney 0.3310.03 0.32+0.02 | 0.35%0.04 | 0.3530.03 | 0.3610.02
Lt. kidney 0.3240.03 0.2040.02* | 0.3340.03 | 0.3340.04 | 0.3410.02
Stomach 0.50+0.05 0.55+0.06 | 0.68+0.12% | 0.6740.09* | 0.65+0.04*

* Significantly different from control, p<0.05
The values are expressed as mean + SD
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Dose of Q. indica extract

(g/kgsday)

Organs/lesion Male Female
0 0.2 2.0 6.0 | 10.0 0 0.2 | 2.0 | 6.0 |10.0

Liver

- fatty change 2/15 | 2/15 | 3/14 | 2/11| 1/6 | L/15 | 1/15 | 0/10 [ 1/13 |0/14
(13.3%)|(13.3%) |(21.4%) | (18.29)((16.6% ) | (6.79) | (6.7%)

Heart

- myocarditis 3/16 ( 3/15 | 1/14 | 0/11| 0/6 | 0/15 [ 0/15 | 0710 [ 0/13 |0/14
(20.0%)((20.0%) | (7.19%)

Kidney

- nephrocalcinosis 0/15 [ 0715 | 0/14 | 0711 | 0/6 | 2/15 | 3/15 | 0/10 | 0/13 |0/14

(13.0%) | (26.0%)

- hydrocalyx 4/15 | 4/15 | 3/14 [ O/11 | 0/6 |2/15 | 3715 | 2/10 | 0/13 |0/14

(26.7%)[(26.79%) | (21.4%) (13.3%)|(26.0%)

and Ungerer A. 1002""" lagiia QA g
Twavanosd i1 (Intracerebroventricular
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Clonic-tonic seizures FHMIINaEnIzlon
2619433 (running with explosive jump) @0
oM anTanamad vimdeallmadiumaa
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ABSTRACT

Holarrhena antidvsenterica Wall, or *Moak Luang™ in Thai, is a medicinal plant
possessing anti-amoebic setivity against Entamoeba histolytica . In order to determing if this
plant is safe to be used as an anti-amoebic agent in humans, subchronic toxicity study was
performed in Wistar rats of both sexes. Ethanolic extract of H. antidysenterica complexed
with polyvinyl pyrrolidone (PVP) was given orally for 3 months at the doses of 0.03, 0.27 and
0.53 g/kg BW/day, equivalent to crude drug 0.12, 1.2 and 2.4 g/kg or 1, 10 and 20 times of
therapeutic dose in humans, respectively. It was found that body weight gain and food
consumption of animals receiving 0.27 and 0.53 g/kg were lower than those of the water
control and PVP control groups. Hematological examinations showed that white blood cell
counts, platelets and %neutrophils of all extract-treated groups and PVP control groups were
significantly higher, but glymphocytes were significantly lower than those of the water
control groups. Serum biochemistry indicated that groups of male and female rats receiving
0.27 and 0.53 g/kg had significantly higher AST and ALT levels than those of both control
groups. Changes found in other biochemical parameters were not related the doses of the
extract given or occurred in animals of either sex only. Histopatholigical examinations of
internal oreans showed no sign of abnormality that could be attributed to the toxic effect of
the extract. It was concluded that prolonged administration of high doses of ethanolic exiract
of H. antidysenterica bark could induce hepatotoxicity in rats. Therefore, when a pharmaceu-
tical preparation of H. antidysenterica bark is used as an anti-amoebic agent, prolonged use
and overdoses should be avoided to prevent hepatotoxic effect of the drug,

Key words : Holarrhena antidysenterica (Wall.), Toxicity
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Relative Dose of H. antidysenterica(g/kg/day)
organ
weight 0 o (PYP) 0.03 0.27 0.53
(g/100 g BW)
MALE n=16 n=106 n=16 n=16 n=15
Brain 0.4520.03 0.41+0.05 0.43+0.04 0.51£0.05" 0.68£0.08"
Heart 0.2720.02 0.26+0.02 0.28+0.02 0.30£0.03" | 0.36:0.04"
Lung 0.2020.04 0.39+0.06 0.40£0.04 0.44£0.04 0.5420.09
Liver 9.7420.10 2.6240.19 2.8410.17 3.39£0.25° | 4.1720.49"
Spleen 0.1020.02 0.20+0.02 0.19+0.02 0.2120.02" 0.25:0.04
RtKidney 0.28+0.02 0.26+0.02 0.28£0.02 0.3520.02" 0.4410.07"
LtKidney 0.24+0.01 0.24:0.02 0.26£0.02 0.32:0.02" | 0.42:0.07"
Stomach 0.4020.03 0.30+0.,04 0.40+0.03 0.48:0.00° | 0.67:0.06"
FEMALE n=16 n=16 n=15 n=16 n=16
Brain 0.6810.04 0.68+0.05 0.6620.04 0.7340.05" 0.8420.07"
Heart 0.3020.02 0.31+0.03 0.99+0.02 0.39240.03 0.3620.04"
Lung 0.500.04 0.52£0.08 0.49+0.05 0.5240.03 0.5020.05"
Liver 2.7140.21 2.79+0.27 9.65:0.10 3.1840.24° | 3.0110.31"
Spleen 0.24+0.02 0.25+0.02 0.23+0.02 0.24+0.03 0.25£0.03
RtKidney 0.30£0.03 0.30+0.03 0.29+0.03 0.330.02° | 0.3640.03"
LiKidney 0.28+0.02 0.29:0.03 0.270.02 0.31+0.01" 0.3140.03" |
Stomach 0.5440.06 0.5820.04 0.53+0.06 0.58+0.06° | 0.7040.05"
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Site and Dose of H. antidysenterica (g/Kkg/day)
lesions 0 0 (PVP) 0.03 0.27 0.53
MALE
Liver 0/16 3/16 1/16 6/16" 2/15
- fatty change (mild degree) (18.7%) (6.29%) (37.5%) (13.3%)
Heart 2/16 4/16 1/16 3/16 0/1%
- focal myocarditis (12.5%) (25.0%) (6.2%) (18.7%)
Kidneys - nephrocalcinosis 0/16 0/16 0/16 0/16 0/15
- hydronephrosis 2/16 2/16 4/16 3/18 2/15
(12.5%) (12.5%) (25.0%) (18.7%) (13.3%)
Lung 0/16 0/16 0/16 1/16 1/1%
- organizing pneumonia (6.2%) (6.7%)
FEMALE
Liver 3716 0/16 0/15 2/16 2/16
- fatty change (mild degree) | (18.7%) (12.5%) (12.5%)
Heart 0/16 0/16 0/15 0/16 0/16
- focal myocarditis
Kidneys - nephrocalcinosis 8/16 13/16 /15 6/16 8/16
(50.0%) (81.2%) (46.7%) (37.5%) (50.09)
- hydronephrosis 1/16 0/16 0/15 0/16 0/16
(6.29%)
Lung 0/16 0/16 0/15 3/16 716"
-Organizing pneumonia (18.7%) (43.7%)
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Chronic Toxicity Study of Malvastrum coromandelianum (L.) Garcke
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ABSTRACT

Malvastrum coromandelianum (1..) Garcke or “Dai-Kat” in Thai was one of medicinal
plants scientifically investigated by the Medicinal Plant Research Institute, Department of
Medical Sciences. We previously showed that water extract of this medicinal plant exhibited
hypoglycemic effect in diabetic rabbits. This paper reported chronic toxicity study of this
plant in Wistar rats. Water extract of M. coromandelianum at the doses equivalent 1o crude
drug 0.2, 2 and 20 g/kg BWsday was given orally 1o the animals for six-month period. [t was
found that body weight gain and hematological parameters of all extract-treated groups were
not significantly different from those of the control groups which were given 10 ml of water/
kg BWrday. Food intake of all groups of female rats, but not male rats, treated with the
extract was significantly lower than that of the control group. Biochemical study of serum
samples showed that cholesterol level of male rats recciving the extract 20 grkg BW was
significantly lower than that of the control. In addition, potassium levels of male rats receiving
that extract at the doses of 2 and 20 a/kg BW were also significantly lower than that of the
control, while female rats treated with the extract 20 g/kg BW had significantly lower
albumin level than their control. Even though these changes were statistically significant, they
were mimor changes and were within the normal limits and did not occur in the animals of the
opposite sex that received the same treatment. Percent relative organ weight of some internal
organs of animals of both sexes receiving the extract 20 g/kg BW were significantly lower
than those of the controls. This could be because the body weights of these groups of animals
were lower, though not significantly lower, than their controls. However, hisopathological
study of the internal organs did not reveal any abnormalities that could be attributed to the
toxicily of the extract. Taken together, the results showed that water extract of M.
coromandelianum given orally to Wistar rats at the doses of 0.2-20 g/kg BW /day for 60 days
did not produce toxicity in the animals.

Keywords : Malvastrum coromandelianum. toxicity, chronic toxicity
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Dose of Body weight gain (g) Food consumption
M. coromandelianum (g/ratsday)
No. MeanSD 9%Difference | Mean#SD | sDifference
(grkgsday) from control | from control
MALE
0 20 361.5164.4 21.8£0.9
0.2 10 355.6447.7 -1.8 21.6+1.2 -0.0
2.0 19 345.4+43.9 -4.4 21.5%1.1 -1.4
20.0 14 330.2+38.9 -8.6 20.8%0.6 -2.3
FEMALE
u 20 165.6£39.3 16,01.2
0.2 20 151.3435.8 -8.6 14.4%0.5% -10.0
2.0 19 159.5429.1 =3.7 14.510.37 -9.4
20.0 20 150.1£25.7 -9.3 13.520.4" -15.8

The results are expressed as Mean = SD
* Significantly different from contral (p<0.05)
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Dose of No. Hemoglobin | Hematocrit White blood cells|  Platelet
M. coromandelianum (gsdl) (96) x10° x10"
(g/kgsday) (cellsymm*) | (cellsymm’)
MALE
0 20 16.0£0.2 10.8+0,8 37.1£2.0 03.4%5.6
0.2 19 16.7+0.3 52.3t1.2 36.6£2.3 93.4%11.0
2.0 19 16.1£0.4 50.441.2 37.242.5 99.648.9
20.0 18 14.842.4 46.1£0.7 38.146.6 §3.5415.4
FEMALE
0 20 15.0+0.5 18.8+1.6 25.144.7 80.0+7.4
0.2 20 15.8+0.3 48.5%1.3 24.9+1.1 90.1410.8
2.0 19 16.0£0.6 49.841.0 23.5+3.1 86.1+6.1
20.0 20 15.5+0.2 48.340.8 26.7+4.1 81.417.0

The results are expressed as Mean + SD
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BUN, fiagiiu, aimatiu, Tlsdusu, waz  ahngueuqueduitioman  saznyuiamwe &
nasydu  Tumgunnguitlésuomanduliuan  dnduilldsue 0.2 nonn. Sazdulnfion was g
asmnnguaun nnmAdR sy 2ons  Wimadouganinguatunuodisiniviiigy e
nn. Gizaulaamasseanashlupaidougani E
g
anni 3 dmaiimivesdimesmpmmadildumsatameion s 1dou %
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peca)
Dose of M. coromandelianum (g/kgsday) o=
Parameters 0 0.2 2.0 20.0 é’
n =20 n=19 n=19 n=is =
ALP (um 61.749.4 68.2£15.6 68.2411.9 68.9+12.1 =
AST (us1) 89.7£21.6 92.7420.0 93.7423.9 78.3+17.5
ALT (us1) 37.1+14.3 42.1#190.1 39.2%16.0 30.7£7.9
Bilirubin 0.16+0.03 0.1740.01 0.1740.01 0.1740.02
(mgsdl)
Cholesterol 59.0+0.6 65.2425.3 63.6112.6 76.4421.3"
(mgsdl)
BUN 17.7+2.7 17.042.3 17.542.6 16.542.5
(mgsdl)
Creatinine 0.8+0.2 0.840.2 0.810.2 0.820.1
(mgrdl)
Glucose 159.7+27.7 156.9428.0 153.3+23.3 163.4+25.4
(mgsdl)
Total protein 6.5+0.8 6.620.5 6.720.5 6.4£0.5
(grdl)
Albumin 3.3%0.2 3.3%0.2 3.410.2 3.310.2
(gsdh)
Globulin 3.2+0.3 3.340.3 3.310.3 3.110.3
(g/dl)
Sodium 138.941.9 139.4+2.0 140.3%1.9" 139.741.9
(mmol/1)
Potassium 5.5%1.0 6.0%1.6 6.3+1.0% 6.3%+1.2%
(mmol/|)
The results are expressed as Mcan + SD
* Significantly different from control (p<0.0s)
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Dose of M. coromandelianum (g/kg/day)
Parameters 0 0.2 2.0 20.0

n =20 n = 20 n=19 n =20
ALP (us1) 26.918.9 23.4%7.5 22.5£3.8 26.744.8
AST (us1) 73.0%£10.4 73.7£8.7 80.3%12.5 76.1%11.9
ALT (us1) 25.3%3.7 26.2+13.1 28.3%15.3 27.148.1
Bilirubin 0.2240.02 0.2240.03 0.21%0.06 0.21+0.03
(mgsdl)
Cholesterol 58.4%0.4 58.749.3 63.9%20.5 63.4+14.8
(mgsdl)
BUN 17.742.3 17.0£2.3 15.0£2.8 18.343.0
(mgsdl)
Creatinine 0.920.1 0.940.1 0.910,1 0.8%0.1
(mgvdl)
Glucose 126.5+24.4 120.8+16.0 117.0£17.2 125.8425.7
(mg/dl)
Total protein 6.7+0.5 6.8140.4 6.820.5 6.430.5
(grdl)
Albumin 3.640.2 3.740.1 3.6+0.2 3.4+0.2%
(grdl)
Globulin 3.140.3 3.140.3 3.2£0.3 3.0%0.3
(g/d)
Sodium 187.9%1.5 138.2+1.4 138.3+1.8 136.641.4*
(mmol/1)
Potassium 4.840.9 4.941.0 4.610.8 5.0%1.1
(mmol/l)

The results are expressed as Mean + SD

* Significantly different from control (p<0.05)
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Relative organ Dose of M. coromandelianum (g/kg/day) ag
weight 0 0.2 2.0 20.0 =
(g7100 g BW) n = 20 n=19 n=19 n=18 ag
Brain 0.3520.01 0.38+0.01* 0.37+0.017 0.3840.01% E
Heart 0.2610.04 0.26£0.02 0.25+0.02 0.25+0.03 E
Lung 0.34140.04 0.3640.07 0.3640.06 0.3740.06 g
Liver 2.4040.38 2.48+40.30 2.38+40.27 2.4440.26 35
Spleen 0.17£0.04 0.1840.02 0.1740.02 0.1710.03 }‘g
Rt. kidney 0.2410.03 0.2510.03 0.2410.03 0.26+0.02* d§
Lt kidney 0.22+0.02 0.24%0.03* 0.2340.02 0.2540.02* “g
Stomach 0.3840.03 0.4040.03 0.38+0.04 0.44:+0.04% =
=

The resulis are expressed as Mean = SD
* Significantly different from control (p<0.05)
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Relative organ Dose of M. coromandelianum (g/kg/day)
weight 0 0.2 2.0 20.0
(g/100 g BW) n =20 n =20 n=19 n =20
Brain 0.58+0.02 0.610.02" 0.55£0.02* 0.61£0.03*
Heart 0.28+0.02 0.3040.05 0.2840.03 0.29+0.02
Lung 0.44+0.06 0.48+0.07* 0.43+0.04 0.44+0.04
Liver 2.2740.27 2.3140.21 2.2240.18 2.4240.28
Spleen 0.21+0.04 0.21+0.03 0.21£0.03 0.21£0.03
Rt. kidney 0.2510.03 0.2510.03 0.24+0.02 0.27+0.02
Lt kidney 0.24+0.03 0.2440.02 0.23+0.02 0.2510.02*
Stomach 0.49+0.07 0.50£0.04 0.46+0.03 0.58+0.04*

The results are expressed as Mean + SD
* Significantly different from control (p<0.05)
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MNADAAY HADADINIT NIUWIZDINTT AL ALDDU
ald o 1 nszonedamiz Salinazuagnlu
viymeniie viiedaenslumymed wuiiduiingg
g fatty change waz focal liver cell hyper-
plasia  lumysinnaamalunguitlésuas
AnAuAsnaUAILAYN Hlauoanyu WAL
M lgsumnsana 2 n./nn. e focal myocardi-
lis UONIINTMTIINY nephrocalcinosis Ml

- v & P A e w
MDQWHlWﬂLNUv'\QﬂQﬂQGluﬂqu“lﬂiua]sﬂnﬂ

N W 4 o
waznguatugy udbiwuanuaalnatluny
mee]  esanimymainadanalunguiily
SuaIaiauasnguAILRNATIINL hydrocalyx
i 4 0 = & -
la dshiwlunymmids vananiivymsiiio
yuam ldsuasana 2 no/nn. GaasIany
hydronephrosis #ila duloaasiawy granu-
R ) ar
loma hanpwagngunl@sumsana 2 n./nn. uaz
-t R -
HYMAT NN ASUA5aNa 0.2 taz 2 n./nA.
. ~ T
LAZAIIVWL pneumonia ]uwl.gtﬂﬂluﬂnmjﬂ'lﬂ

FUITANA 0.2 N./NM.

4 D o 4 e w e
M1519N0 7 Namsﬁﬂ‘uwawmsmmwamm:mu"\w ﬂ&ﬁ‘l‘l‘ﬂ'lﬁ"lﬂiuﬂﬁﬁﬂﬂﬂ'lﬂﬂlﬂ

I 6 thou
Dose of M. coromandelianum (g/kg/day)
Site and lesions Male Female

0 0.2 2.0 20.0 0 0.2 2.0 20.0
Liver
- fatty change 4/20 | 3/19 | 5/19 1/18 | 5/20 1/20 | 0/19" | o/20"
- FHP 2/20 | 0/19 | 0/19 0/18 | 0/20 0/20 0/19 | 0/20
Heart
- focal myocarditis 0/20 | 0/19 | 3/19 0/18 | 0/20 0/20 0/19 | 0/20
Kidney
- nephrocalcinosis 0/20 | 0/19 0719 0/18 | 10720 | 12/20 | 10719 | 8/20
- hydrocalyx 5/20 | 1/19 | 8/19 1/18 | 0/20 | 0420 [ 0719 | 0/20
- hydronephrosis 0/20 | 0/19 0/19 0/18 0/20 0/20 3219 | 0/20
Lung
- granuloma 0/20 | 0/19 | 1/19 0/18 | 0/20 1/20 | 5/19%| 0/20
- pneumonia 0/20 | 0/19 | 0/19 0/18 | 0/20 2/20 0/10 | 0/20
Testis - - - -
- epididymo-orchitis 0/20 | 0/19 | 0/19 1/18

FHP = [ocal liver cell hyperplasia

The results are expressed as the ratios of animals with pathological findings to

the number of animals in each group.
* Significantly different from control (p<0.05)
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ABSTRACT ?‘“g

Derris scandens Benth, or “Thao-wan-Priang™ in That, is one of the most commonly Eg
used medicinal plants in Thailand ; however, the safety of this herb upon long-term consump- .ﬁg
. . . on . h

tion has never been reported. Therefore, a six month chronic toxicity study of 50% ethanolic =

extract of Derris scandens was performed in four groups of 20 Wistar rats of each sex. Water
control group received 10 ml of water/kg BW/day. The three treatment groups were given the
extract at the doses of 6,60 and 600 mg/kg BW /day, which were eguivalent to dried stems
0.03. 0.3 and 3 g/kg BWrday or 1,10 and 100 fold the therapeutic dose, respectively, No
difference of initial or final body weights between extract-treated and control groups was
detected. It was found that the extract did not produce any significant dose-related changes of
hematological parameters or serum chemistry, and no histopathological lesion of any internal
organ that could be due to the toxic effect of the extract was observed. The results indicated
that 509 ethanalic exiract of D. scandens at the doses given did not produce any toxicity in
the rat.

Key words : Derris scandens , toxicity, Thao-Wan-Priang.

'M.S. (Phytochemistry), “M.S. (Pathobiology), "Ph.D. (Pharmacology), ‘M.S. (Pharmacol-
ogy), ‘Cert. in Medical Science Technology, Medicinal Plant Research Institute, Deparnument
of Medical Sciences, Ministry of Public Health, Nonthaburi 11000 Thailand

Received, 24 June 1999 Accepied. 10 August 1999

PEnIEva THATUNG T 21 WU 4 90 1nN-3U70% 2542 Wi 425-433.

I

4128 lv'.q -~



&

W .
UYNAAED
o . [ e R - = - Ay v
i Fadulios (Derris scandens Benth) dhumgpuInailininnndnstianiin Taonbiil

= erssa o Y & w o w U s g a & v -
031U Jn“.lﬂﬂﬂ“ﬂ‘ua\]ﬂuulw3u”‘|ﬂiqﬂﬂunn1u1u ANUY Nlﬂﬂﬂm‘wuﬁai@ (6 INDU VDI

diafio 50% lepiuea voumIaduFsalumuniviugiantd 4 ndu 9 az 20 Mdewd ngu

wor S ¥ o ow < =t = LN we -
ﬂ'JUf]thlﬂi'U"HW 10 HaL/ZHIHUNRD 1 AN/U ‘UEUS\'I‘HHE)HHHJﬂQ’Nlﬂiﬂﬂﬁi’fﬂﬂ"\l‘lnﬂ 6, 60 11D 600

¥ @ o o ¢ v ® YRR . V)
un./unrﬁ'nmm_g 1 NN/ ‘r‘l'ii)mil‘UM'lﬂ‘UNJKOTMJIIEUJLMQ 0.03, 0.3 uax 3 ﬂ‘i'lJ/lﬂTI‘Uﬂd"]

wy 1 anA Wio 1, 10 waz 100 pihwesinaiuAuEDYY namsinIWUTITITARAYDY

w . W o+ eq o om < ‘! s o g Pl -, -~ ~
wvadufedhimbinansasundavesmimalaiaing fnduaiveadin vieganuid

s o s e ) ‘ a a =
ﬂﬂ‘l‘l‘l‘“i)iiﬂu’l'ﬁﬂ‘lU]‘ll‘Vl‘lJﬂjTil?hl'Wil'ﬁ(ﬂ‘IHﬂJ'lﬂﬁlﬂdﬁﬁﬁﬂﬁl leZHlUWUﬂ]'lMWﬂﬂﬂﬂ;lﬂ 1 NwEn

Nos - W
HTJ.\J 1ﬂj1llladll1ﬂ‘nﬂ')'ullﬂuw}n'ﬂaﬁlﬁﬂnﬂ

Derris scandens Benth. is a medicinal
plant in the Leguminosae family commonly
known in Thai as “Thao-Wan-Priang”
(Muanwongyathi and Supatwanich, 1981).
[t is a woody vine widely distributed
throughout Thailand. Its dried stem is used
in Thai traditional medicine as expectorant,
antitussive, diuretic, antidysentery, and for
the treatment of muscle ache and pain,
while the root is used as fish poison
(Tiangburanatham, 1996, Anonymous,
19567). Phytochemical studies show that the
stem contains eturunaagarone, waragalone,
7Y Y-

dimethylally-wighteone, scandinone, robustic

8-Y. Y-dimethylally-wighteone,

acid, and 4,4~ DiO- methyl scandenin (Rao,
et al., 1994). The root is reported to contain
scandenin, nallanin, chadanin (Wang, et al,
1997) osajin, scandenone (warangalone),
scandinone (Rao and Seshadri. 1946),
acid and

chandalone, lonchocarpic

- ‘! 130»

lonchocarpenin (Pelter and Stainton, 1996,
Falshaw. et al, 1969) [t was recently found
that warangalone, robustic acid, 8Y, Y-
dimethylallywighteone, and 3'-Y, Y-
dimethylallywighteone are selective and
potent inhibitors of rat liver cycle AMP- de-
pendent protein kinase catalytic subunit (cAK)
with IC_ at 3.5, 10, 20, 24 and 33 UM, re-
spectively. It was then suggested that the po-
tent inhibitory action of warangalone and
robustic acid on ¢cAK may play a role in in
vivo biological activity and insecticidal
activity of D. scandens (Wang, et al., 1997).
Recently, our laboratory has reported that 50%
ethanolic extract of D. scandens showed
marked in vitro immunomodulating activity
in mouse splenic lymphacytes (Chuthaputti
and Chavalittumrong, 1998).

D. scandens is said to be one of the
most commonly used medicinal plants in

Thailand ( Pongboonrod. 1950). Rural people



usually take infusion of roasted dried stem of
D. scandens or alcoholic macerate of D.
scandens stem for the relief of muscle ache
after work of as tonic. In addition, Chao Praya
Apaipubate General Hospital at Prachin Buri
province, which is the forefront user of herbal
medicines for the treatment of common dis-
eases dispensed this dried powdered plant at
the dose of 1.5-3 g for the treatment of muscle
ache. However, there has been no report of
toxicity study of this plant especially upon
repeated dosing basis. Since. our laboratory
found that 50% ethanolic extract of D. scandens
possessed immunostimulating activity, chronic
toxicity study of this extract was then per-
formed in rats in order to evaluate the safety
of this extract prior to the evaluation of its

therapeutic efficacy in humans.

MATERIALS AND METHODS

Plant material and preparation of plant
extract

Dried stem of D. scandens was obtained
from Chao Praya Apaipubate Hospital, Prachin
Buri province. The plant was indentified by
Miss Supapom Pitiporn, the head pharmacist
of the hospital. Fifty percent ethanolic extract
of D. scandens was prepared by reflux method
and the extract was dried under vacuum in a
rotary evaporator. Prior to the experiment, the
extract was diluted to the desired concentra-
tions with water.

Treatment of the animals

Eighty male Wistar rats weighing
16010 g and 80 female rats weighing
140410 g from the National Laboratory Ani-
mal Center, Mahidol University, Nakhon
Pathom province, were used. The animals were
housed in the animal facility of the Depart-
ment of Medical Sciences. The temperature
in the animal room was kept at weighing
25:1 C with 60% relative humidity. The ani-
mals were allowed to have free access to food
and clean water.

Chronic toxicity study

Eighty Wistar rais of each sex were
randomly divided into 4 groups of 20 animals
per sex. Group 1 (water control) received wa-
ter 10 mlrkg BW/day and Groups 2-4 were
given the extract at the doses of 6,60 or 600
mg/kg BWsday which were equivalent to
0.03, 0.3 or 3 g of dried powdered plant/kg
BW/day or 1, 10 or 100 fold the therapeutic
dose(1.52/50kg personsday), respectively.
Body weight and food intake were measured
weekly and the animals were observed for
signs of abnormalities throughout the study.
At the end of 180-day treatment period, the
animals were fasted for 18 hours. then, anes-
thetized with cther and sacrificed by drawing
blood samples from the inferior vena cava for
hematological and biochemical examinations.

Hematological analysis was performed
using an automatic hematological analyser
(Cell dyne 3500, Abbott). Hematological pa-

rameters measured were white blood cell
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(WBC), %neutrophil, %lymphocyte, %mono-
cyte, geosinophil, %basophil, red blood cell
(RBC), hemoglobin, hematocrit (Het), and
platelet.

Biochemical analysis of serum samples
was performed using an automatic chemistry
analyser (Hitachi model ¢12). Biochemical
parameters measured were aspartate
aminiotransferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP),
bilirubin, creatinine. blood urea nitrogen
(BUN), cholesterol, triglyceride, total protein,
albumin, uric acid, glucose, sodium and po-
tassium.

The positions, shapes, sizes and colors
of internal organs, namely. brain, heart, both
Kidneys and lungs, trachea, esophagus, stom-
ach, liver, pancreas, intertine, spleen, blad-
der, and testis in male rats or overy and uterus
in female rats were visually observed for any
signs of gross lesions. These organs were then
collected. weighed to determine relative or-
gan weights, and preserved in 10% buffered
formalin solution. Tissue slides were prepared
and stained with hematoxylin and eosin and
histopathological examinations were per-
formed by a veterinary pathologist.
Statistical analysis

The data were analyzed by one-way
ANOVA followed by Duncan’s multiple range
test, using SPSS/PC program, to determine
significant differences between groups at

p<0.05. Histopathological data were evaluated
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by the Fisher Exact test and the significance

level was also set at p<0.05.

RESULTS

Effects of the extract on body weight, food
intake, and relative organ weight

In both male and female animals, there
was no difference in the average body weight
between extract-treated group and control
group from the start until the end of the ex-
periment (Figure 1). It was found that food
consumption of animals receiving the extract
was significantly higher than that of the con-
trol groups for several weeks,i.e. in male rats

th

during 2"-0" weeks and female rats during
21%-23" weeks of the study (Figure 2). How-
ever, the final body weights of male and fe-
male animals receiving the extract were not
significantly different from that of the control
groups (Table 1). Male rats treated with the
extract at the dose of 600 mg/kg had higher
relative weight of the stomach, the lung and
the right and left testis than its control group,
while male rats receiving the extract 60 mg/
ko had higher relative weights of the liver
and the right testis than the control group. In
contrast, there was no difference of relative

organ weights in female rats (Table 1.)
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xr
ol A

_+— M-water

MIANKNHITO NI IEN AR UUBIINIA

—u— M-0.03 grkg
—a— M-03 grkg

— M-3.00 g/kg:

—w F-water

—o— F-0.08 g/kg

—— F-0.3 g/kg

30

25
)
S

5 20
=
E

= 15
n
c
=]
L

! 10
&
=

]

0

—m— F-3.00 g/kg

5 10

15 20 25

Time (week)

Figure 2 Food consumotion of rats treated with Derris scandens extract for 6 months

Effect of the extract on hematological
parameters:

There was no difference of the number
of white blood cells, %neutrophil, % lympho-

cyle, %monocyte, hemoglobin or hematocrit

between extraci-treated groups and control
groups of both male and female rats (Table
2). The groups of male and female rats re-
ceiving the extract at the dose of 600 mg/kg

had significantly lower ¢basophils than their
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controls. In male rats, the numbers of plate-
lets in all extract-treated groups were signifi-
cantly higher than that of the control; how-
ever. this change was not dose -dependent and
did not occur in female rats. Meanwhile,
gecosinophil of all groups of female, but not
male, rats treated with the extract were sig-
nificantly lower than that of the control.
Effect of the extract on blood chemistry

In male and female rats, no difference
in the serum levels of ALT. ALP bilirubin,
BUN, triglyceride, total protein, albumin, uric
acid or sodium was found between all ex-
tract-treated groups and the control groups
(Table 3). In male rats, all extract-treated
eroups had significantly lower AST level than
their control. Male rats receiving the extract
at the doses of 60 and 600 mg/kg BW has
significantly higher potassium levels while
those treated with 60 mg/kg extract had sig-
nificantly higher cholesterol level than the
control. Meanwhile, female rats receiving 600
mg extract/kg BW/day had significantly lower
creatinie level but higher glucose level than
its control.
Effect of the extract on histopathology of
internal organs

Upon gross examinations of internal
organs, no abnormal signs were observed.
Histopathological results indicated that there
was no lesion of thyroid gland, spleen, pan-
creas, and ovary in all groups of animals

(Table 4). In female rats receiving the extract
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at the dose of 6 mgskg, the incidence of pro-
teinaceous casts in the tubules of the kidney
was significantly higher than in the control.
However, this change was not dose-depen-
dent. Similarly, there were some lesions de-
tected microscopically in the brain, lung, heart,
liver, GI tract and testis on some groups of
none of these

animals; however,

hispathological findings was dose-dependent.

DISCUSSION

In this chronic toxicity study, 50%
ethanolic extract of D. scandens was given 1o
Wistar rats at the doses of 6, 60 and 600 mg/
kg for 6 months. This type of extract was cho-
sen because it should contain most groups of
chemicals present in the stem of D.scandens
that people consume. The doses selected were
about 1, 10 and 100 fold the therapeutic dose
of D. scandens, respectively.

The extract at the doses given did not
affect the body weight gain of the animals
throughout the study. nor decrease food con-
sumption of the animals even at the highest
dose of 600 mg/kg. In contrast, both male
and female animals treated with the extract
ate more than their controls did during certain
periads of the study.

Hematological study indicated that the
extract did not affect the numbers of white
blood cells, %%neutrophil. glymphocyte,
gmonocyte, hemoglobin or hematocrit of ei-

ther male or female animals. In addition, his-



topathological study did not show any lesion
of the spleens in any group of the animals.
However. geosinophil of all extract-treated
female rats, and g¢basophil of animals receiy-
ing 600 mg/kg extract and female rats re-
ceiving 60 mg/kg extract were significantly
lower than those of the control. Since these
lwo types ol polymorphonuclear leukocytes
are supposed to be undetectable or present
only a very small percentage in blood (Gad,
1992), the lower numbers of these cells in
extract -treated group as compared to their
controls should not be harmful to the ani-
mals. In all extract- treated male rats, the
numbers of platelets were significantly higher
than in the control but these changes were
within normal range (Smith, 1995).

With regard to the effects of the ex-
tract on blood chemistry, it was found that all
groups of male rats treated with the extract
had significantly lower AST levels than their
control; however, this change occurred only
in male rats and not in female rats. Further-
more, no histopathological change indicative
of hepatotoxic effect of the extract was ob-
served.

The significantly higher levels of cho-
lesterol and potassium in certain groups of
male rats were not dose-dependent changes
and occurred only in male rats. Hence, these
changes should not be due to the effect of the
extract, A significantly lower creatinine level

and a higher glucose level were found only in

female rats treated 600 mg/kg extract; these
changes were however still with in normal
limits (Gad, 1992).

Histopathological findings of some le-
sions in the brain, lung, heart, liver. kidney,
GI tract and testis in certain groups of ani-
mals as shown in Table 4 were not dose-de-
pendent; hence, these lesions were not sug-
gestive of toxicity of the extract to any par-

ticular organs

CONCLUSION

Six-month chronic toxicity study of
509 ethanolic extract of Derris scandens in
Wistar rats indicated that the extract at the
doses of 6, 60 and 600 mg/kg BW/day, which
were equivalent to the dried stem 0.03, 0.3
and 3.00 g/kg BW, or 1,10 and 100 fold the
therapeutic dose , did not produce any sig-
nificantly dose-related changes of hematologi-
cal parameters, serum chemistry, or histhology
of any internal organs. Therefore, it is con-
cluded that 50% ethanolic extract of D,
scandens at the doses given did not produce

any toxic effect in rats.
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ABSTRACT
Subchronic toxicity study of entomopathogenic Bacillus sphaericus H-5, Ayutthaya
strain against Culex quinquefasciatus larvae was performed in four groups of 12 Wistar rats of
each sex for three months. Powder preparation of the bacteria at the doses of 0.0004, 0.04 and

4 mg/kg equivalent t0 2.18 x 10, 2.13 x 10° and 2.13 x 10° spores/kg/BW /day, respectively,
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were given to three treatment groups, while water control group received 1 ml of water/kg/

BW /day. There were no significant dose-related hematological changes, while some signifi-

cant differences in blood chemistry were observed but they were still in normal range. Histo-

pathological examinations of internal organs did not show any significant changes between

bacteria-treated groups and control group. This study showed no toxic effect of B. sphaericus

H-5 Ayutthaya strain at all three doses tested in rats.

Key words :

INTRODUCTION

Certain species of mosquitoes in
Thailand play an important role as vectors
carrying communicable diseases which still
remain public health problem nowadays
(Division of Epideminology, weekly reported ).
To cut the transamision cycle, a number of
control measures have been integrated in the
vector control program. Since the adverse
effects of insecticides as well as the contami-
nation of insecticides to the environment are
major public concern, other safe means have
been selected and introduced to the vector
control program. Biological control agents
including predators, parasites and
entomopathogenic bacteria have been studied
to serve the above purpose (Chowanadisai,
1083; Yap, 1085.)

Among the insect pathogens, larvicidal
activity of Bacillus thuringiensis subsp.
israelensis was no doubt effective to adinine
mosquito larvae (Goldberg and Margalit,

1977: Araujo-Coutinho and Lacey, 1990}

)\l\.i 142p

Bacillus sphaericus , toxicity

Atwood et al., 1992), while culicine and
anopheline larvae was completely susceptible
to Bacillus sphaericus (Tsuchiyama, 1980;
Lee, 1988; Orduz-Peralta et al, 1992).
Attempts to search for local strain of
B. sphaericus have heen mobilized by Thai
investigators. Benjaphong et al (1987) reported
the discovery of B. sphaericus from dead
larvae while Chowanadisai et al (1995) were
successful in isolation of effective B.
sphaericus H-5 from mud sample from
Ayutthaya province. Since entomopathogenic
bacteria supposed to be used in the vector
control program must not produce any
harmful effect to human or the environment,
the present study was therefore conducted 1o
investicate whether the mentioned strain B.
sphaericus would produce any toxic effect to
experimental animals. The information
obtained from this study will be useful and
necessary for further development of

bacterial larvicide from this bacterial strain.



MATERIALS AND METHODS
Preparation of bacteria : Bacillus
sphaericus H-5 Ayutthaya strain (Chowana-
disai et al, 1995) was transferred into a test
tube containing 2 ml of trypticase soy broth
and incubated at 37 C for 3 hours. A loopful
of bacterial suspension was then transferred
into a flask containing 30 ml of nutrient broth
(NB). The inoculum was shaken on an or-
bital shaker operated at 200 rpm for 18 hours.
Turbidity of inoculum was determined and
adjusted at 1, one ml of inocolum was later
filled in a flask containing 100 ml of BCMSP
and shaken on an incubator operated at 200
rpm, 32 C. After 42 hours of cultivation, the
number of cells and spore-producing cells
were counted by using dilution plate count
method. The bacterial cells were harvested by
pelicting the cells with refrigerated low speed
centrifuge operated at 3,000 rpm and washed
twice with sterile water. The cells were then
freeze-dried in a lyophilizer, ground with
tissue homogenizer and kept in vacuumed
vaccine vials and stored in a refrigerator until
the tine of the assay. A powder preparation of
Bacillus sphaericus H-5 containong 5.33 x 10
spores/mg powder was prepared in adequate
amount for all the experiments.
Treatment of the Animals : For
subchronic toxicity study. 48 male rats weigh-
ing 230£20 g and 48 female rats weighing
200420 g (The National Laboratory Animal

Center, Mahidol University, Salaya, Thailand)

were used. The animals were housed in the
animal facility of the NIH and the animal room
was kept at 2541 C with 60% relative humid-
ity. The animals were allowed 10 have food
and clean water ad lib.

Subchronic Toxicity Study : Fourty-
cight Wistar rats of each sex were randomly
divided into 4 groups of 12 animals per sex.
Group 1 (water control) received water 1 ml/
kg BWrday and Groups 2-4 were given bac-
teria at the doses of 0.0004, 0.04 and 4 mg/
kg, which equivalent to spores of Bacillus
sphaericus 2.13 x 10°, 2.13 x 10" and 2,13 x
10" spores/kg BW /day, respectively. Body
weight and food intake were measured weekly
and the animals were observed for signs of
abnormalities throughout the study. At the end
of 90-day treatment period, the animals were
fasted for 18 hours, then anestheized with ether
and sacrificed by drawing blood samples form
the inferior vena cava for hematological and
biochemical examinations. Hematological pa-
rameters, namely white blood cell (WRC),
neutrophil, lymphocyte, monocyte, eosinophil,
bascophil, red blood cell (RBC), hemoglo-
bin, hematocrits. mean cell volume (MCV),
mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration
(MCHC), red cell distribution width (RDW),
platelet, mean platelet volume (MPV),
plateletcrit (PCT) and platelet distribution
width (PDW) were determined by an auto-

matic hematological analyser (Cell Dyne 3500,
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Abbott). Blood chemistry of serum samples
were assayed by an automatic chemistry
analyser (Hitachi model 912) and the param-
cters measured were alkaline phosphatase
(ALP), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), creatinine,
blood urea nitrogen (BUN). cholesterol, trig-
lyceride, glucose, uric acid. total protein, al-
bumin, total birirubin, sodium and potassium.

The positions, shapes, sizes, and col-
ors of internal organs; i.e. brain, heart, both
Kidneys and lungs, trachea, esophagus, stom-
ach, liver, pancreas, intestine, spleen, bladder
and testis in male rats or ovary and uterus in
female rats were visually observed for any
signs of gross lesions. These organs were then
collected, weighed to determine relative or-
gan weights, and preserved in 10% buffered
formalin solution. Tissue slides of brain, heart,
both kidneys, lungs, trachea, esophagus, stom-
ach, liver, pancreas, intestine, spleen, blad-
der, and testis in male rats or ovary and uterus

in female rats were prepared and stained with

- .i 144

hematoxylin and eosin and histopathological
examinations were performed by a medical
pathologist.

Statistical Analysis : The data were
analyzed by one-way ANOVA followed by
Duncan multiple range test, using SPSS/PC
program, to determine significant differences
between groups at p<0.05. Histopathological
data were evaluated by the Fisher Extract test
and the significance level was also set at

p<0.05.

RESULTS

Effect of The Bacteria on Body
Weight, Food Intake, and Relative Organ
Weight : In Female rats, there was no differ-
ence in the average of body weights between
control and treatment groups during 90 days
of the study, whereas body weight of male
animals receiving 0.04 mg/kg of the bacteria
was significantly lower than that of the con-
trol group from the 2" 10 the 4™ week of

treatment (Fig. 1.)
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Figure 1 Growth curve of male and female rats treated with

In male and female rats, the difference in food comsumption had been observed since the first

week of the experiment and many weeks thereafter (Fig. 2.); however, final body weights of

the groups receiving
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Figure 2 food consumption of male and female rats treated with

Bacillus sphaericus H-5, Ayutthaya strain.

bacteria were not significantly different from that of the water control group, Relative organs

weights of male and female rats treated with bacteria were not significantly different from

those of the water control groups, except for female rats receiving 0.04 and 4 mg/kg of

bacteria whose relative weights of the hearts were lower than water control group (Table 1).
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Table 1 Relative organ weight” (g/kg BW)

Group of male animals Group of female animals

Caontrol low medium high Control low medium high

N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12
Brain L.0740.17 | 4.1540.30 |4.0420.23 | 3.9620.10 | 6.11:0.34 | 6.270.28 | 6.38:0,63 | 6.26+0.40
Heart S.0120.18 | 3.0540.16 | 3.1040.25 | 3.1020.19 | 3.59:0.28 | 3.5120.29 |3.3420.19" | 3.32:0.28"
Right kidney 3.3120.1% | 3.3120.21 | 3.2520.21 | 3.2410.24 | 2.95:0.18 | 2.9720.15 | 2.86:0.24 | 2.95t0.18
Left Kidney 3.31:0.11 | 3.2620.18 | 3.2220.23 | 3.2020.26 | 2.88z0.11 [2.9010.19 | 2.7920.16 | 2.92+0.14
Urinary bladder 0.3120.05 | 0.3120.06 | 0.3120.06 | 0.32+0,08 | 0.33z0.05 | 0.3510.04 | 0.30=0.06 | 0.31+0.05
Liver 28.29:1.92] 28.3021.61 [29.03+1.83 |26.23x1.61 |23.8121.41 [23,6720.86 [ 22.6921.73| 22.4240.95
Spleen 1.82:0.21 | 1.7220.12 | 1.7020.18 | 1.7310.16 | 2.92:0.21 | 2.2010.20 | 2.1620.19 | 2.04:0.16
Stomach 14,1040.68 | 4,1520,32 | 3.00:0.20 | 4.2040.48 | 5.2420.63 | 5.264042 | 5.3120.49 | 6114043
Lung 3.6540.27 | 3.3020.36 | 3.4420.20 | 3.430.33 | 4.82:0.65 |4.4040.22 | 4.5020.40 | 4.46:0.92
Right testis 6.1540.45 | 8.12:0.74 | 6.302055 | 5.77+1.01
Left testis 8.0140.46 | 5.05+1.07 | 8.24+0.40 | 5.73+1.05

# Relative organ weight = organ weight (g)/body weight (k2)

Each value represents mean = SD.

*Significantly different from water control group (p < 0.05)

Effect of The Bacteria on Hematological sexes. However, female rats receiving 4 mg/
Parameters : There were no differences in - kg of the bacteria had lower9 basophil but
most of hematological parameters between  higher MCHC than those of the water con-

control and bacteria-treated groups in both  trol group (Table 2).

Table 2 Hematological examination results

Group of male animals Group of female animals

Control low medium high Control low medium high

N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12
White blood cells | 8.72£1.31 | 5082124 | 5,811,183 | 6.062£1.33 | 1.0020.61 | 3.4520.66 | 3.4740,64 | 3.68+0.64
(Krul}
Neutraphil (45) 14.8447.53 | 13.11£5.60 | 13.2545.30 | 13.87+4.76 | 12.8627.08 | 14.0745.47| 14.20+7.82| 17.84+7.50
Lymphocyte (%) [69.94+12.85]73.25+10.20( 73.81+9.51 | 73.83+7.32 [ 70.4027.08 [ 66.6347.11| 67.89+8.61 | 67.85+7.61
Manocyte (%) 10.25+4.75 | 8.8323.36 | 8.57+4.88 | 8.62+2.99 | 10.8423.85 | 12.6944.24| 11.6042.88| 9.67+1.37
Eosinaphil (92) 1.2340.46 | 1262033 | 1262040 | 1,4130.73 | 1.4120.33 | 1.6520.45 | 1.5420.51 | 1.5740.43
Basophil (%) 3.7742.52 | 3.5022,75 [ 3.12+2.34 | 2.26%1.47 | 4.48+1.63 | 4.9821.44 | 4.67£1,99 | 3.0020.85"
RBC (x10°/uL) 9,5440.36 | 9.652048 | 9.62:0,38 | 0.4820.53 | 8.8420.45 | 8.7120.45 | 8.9520.40 | 8,0440.42

Hemoglobin (g/dL)| 15.300.48 | 15.49£0.40 [ 15,4120.47 | 15.0920.58 | 15.1520.68 | 15.0020.53( 15.4720.84 | 14.08+0,55
Hematoerit (%) 50.9042.22 | 51.01£1.97 [ 50.8021.68 | 50.04£2.26 |50.8022.04 | 49.7122.00| 51.6022.28| 48.7742.80
MCYV (fizred cell) |53.8841.62 | 53.59£1.24 | 52.84£1.00 | 52.8521.27 | 57.5441.86 | 57.1741,64| 57.70£1.69 | 56.4421.16
MCH (pgrred cell) | 16.1540.48 | 16.09£0,70 [ 16.03£0.53 | 15.0520.56 | 17.18:0,62 | 17.3520.60| 17.20£0.51 | 17.3840.41
MCHC (g#dl RBC) | 30.2840.06 | 30.0520.78 | 30.3520.85 | 30.2020.05 | 20.85:0.50 | 30.3820.96| 20.0620.77 [30,80£1.05"

RDW (2CV) 16.0541.11 | 15.86£0.74 | 16.47£0.67 | 16.0840.70 | 14.7640,81 | 15.1420,00 14.7820.72( 15.15+1.30
Platelet (K/ul.) 1049481 | 1008£109 | 1072480 | 1001+106 | 934185 | 084207 | 1011200 | 046£105
MPV (flzplateler) | 9.13+0.86 | 8.142043 | 9.23:0.66 | 0.50£0.66 | 9.63:0.72 | 9.42:0.61 | 0.21£0.46 | 9.58+1.08
Plateleterit (9) 0.96+0.10 | 0.92:0.12 | 0.99+0.08 | 10.2:0.13 | 0.94+0.11 | 0.92+0.09 | 0.493+0.10 | (.89+0.40
PDW (%CV) 18.2420.45 | 18.46+0.43 [ 15.4420.52 | 18:3240.75 | 18.2240.61 | 18.180.30| 18.18+0.32 18.20+0.86

Each value represents mean = SD.
“Significanily different from water control group (ps.05).
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Effect of The Bacteria on Blood
Chemistry : Male and female rats receiving
bacteria at the concentration of 4 mg/ke had
AST lower than that of water control group,
while male rats receiving 0.04 mgrkg of the
bacteria had ALP higher than that of water
control group. Female rats receiving 4 mg/kg
of the bacteria had total protein and glucose

higher than that of water control group. Po-

Table 3 Blood chemistry results

tassium levels of male rats receiving the bac-
teria at the concentrations of 0.04 and 4 mg/
kg were significantly lower than that of water
control. There were no differences in ALT,
holirubin, creatinine, BUN, cholesterol, trig-
lyceride, albumin, uric acid, or sodium be-
tween all bacteria-treated groups and water

control groups (Table 3).

Group of male animals

Group of female animals

Control low medium high Control fow medium high

N=12 N=12 N=12 N=12 N=12 N=12 N=12 N=12
AST (U/D) 96.00+15.46 | B7.6727.01 | 87.0240.55 | 82.5848.93" [02,76=10.20 | 85.028.96 | 54.4240.08 [75.50£12.20°
ALT (U/L) 03.07£8.2 | 52.6729.89 | 53,1749.15 | 53.9244.91 |30.83946.73 | 36.58+4.04 | 35.5045.08 | 96.83:7.03
ALP (U/L) T0.25¢7.16 | 74.58£10.01 | 78.75+8.70" | 74.936.64 | 45.58£0.68 | 13.1745.08 | 43.1727.87 | 44.42:0.50
Bilirubin (mg/dl) 0.09:0.02 | 0.09£0.03 | 0.0820.03 | 0.10£0.02 | 0.1420.03 | 0.05£0.03 | 0.1520.05 | 0.1440.03
Creatinine (mg/dl) | 0.58:0.08 | 0.6140.05 | 0.3920.04 | 0.58:0.06 | 0.67:0.0¢ | 0.6840.05 | 0.6520,08 | 0.6620.04
BUN (mg/dl) PLA2:2.68 | 20.0023.62 | 21,07£2.87 | 22.4241.73 | 19,3321.15 | 19.42+1.88 | 20.2532.14 | 19.8349.24
Cholesterol (mg/dl) | 86.08+44.94 | 84.6340.05 | 87.58+12.83 | 88.2540.64 |87.58+14.69 | 01.08+16.41 84.0849.15 B1.08+40.84
Triglyceride (mg/dl) | 87.83229.57 [89.67497.75 | 06.67435.60 | 85.25421.62 [ 75.67217.55 | 72.53216.38| 80.67221.56 77.00424.02
Towal proein (g/d) | 6.9620.27 | 7.0040.27 | 6.9410.28 | 7.02:0.32 | 7.1120.82 | 7.2080.26 | 7.05%0.23 | 74540310
Albumin (grdl) 3.1040.10 | 5.2040.11 | 3.2420.11 | 3.28+0.11 | 2.5820.15 | 3.6920.14 | R07+0.12 | 3.7240.13
Uric acid (mg/dl) L00£0.37 | 12030.66 | 0.992041 | 1.08+0.56 | 1.1840.37 | 1.28+0.55 | 1.080.38 | 1.04+0.33

136.58415.10 [136.93418.47 | 142.17214.70
146.00£0,95 | 145.5841.00 | 145.58%1.38
5.3840.83 5.5040.91 | 5:3140.80"

Glucosz (mg/dl)
Sodium (mmol/1)
Potassium (mmol/1)

146.75422.65 [114.17£14.90 | 127.00£20.98{109.92215.57) 31,671 3.43"
145.6720.49 | 145.00+0.95 | 144.6740.801145,1740.72| 144.57+1.50
5.20+052" | 5.4820.55 | 4.0420.67 | 5.19+0.74 | 5.1040.06

Each value represents mean + SD.
“Significantly different from water control group (p<0.05).

Effect of The Bacteria on Histopa-
thology of Internal Organs : No abnormal
signs of internal organs were observed by
gross examinations. Histopatological exami-
nations of brain, lung. thyroid gland. parathy-
roid gland, trachea, csophagus, liver, heart,

spleen, pancreas, kidney. stomach, intestine.

bladder, including testis and prostate gland in
male rats or vagina, cervix, uterus and ovary
in female rats were shown in Table 4. The
pathological changes observed in some tissue
samples of the liver, heart, kidney and testis

did not show any dose-response relationship.
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Table 4 Histopathological examination results.

D asiea Group of male animals Group of female animals
water | low |medium| high | water low |medium| high
Brain N N N N N N N N
Pancreas N N N N N N N N
Trachea N N N N N N N N
Esophagus N N N N N N N N
Stomach N N N N N N N N
Intesting N N N N N N N N
Spleen N N N N N N N N
Lung N N N N N N N N
Liver Fatty change 0/12 | 0/12 0/12 | o/12 | 3/12 | 2/12 | 0/12 | 0/12
Heart Focal myocarditis | 0/12 1/12 2/1¢2 2/12 | 0712 0/12 0/12 | 0/12
Kidney Nephrocalcinosis | 0/12 1/12 0/12 0/12 | 3/12 5/12 3/12 | 5/12
Hydrocalyx 0/12 | 0/12 0/12 3/12 | 0/12 0/12 | 0/12 | 0/12
Uterus, ovary N N N N
Testis Atrophy 0/12 1/12 0/12 1/12

Each value represents number of rats with pathological abnormalities /total number of rats examined.

* Significantly different from water control group (p<0.05)

N = Non-remarkable

DISCUSSION

There were no differences in average
body weights between groups of bacteria-
treated and control animals throughout the du-
ration of study. Relative organ weights of male
and female rats treated with bacteria were not
significantly different from that of the water
control group, except for female rats receiv-
ing 0,04 and ¢ mg/kg bacteria whose relative
weights of the hearts were lower than that of
water control group.

Hematological study indicated that the
bacteria did not affect WBC. neutrophil, lym-

phocyte, monocyte, eosinophil, basophil, RBC.

- f,'i 1480

hemoglobin, hematocrit, MCV, MCH, MCHC,
RDW, platelet, MPV, PCT or PDW of all
bacteria-treated rats. In female rats receiving
4 mg/kg of bacteria, even though MCHC was
significantly higher than water control but it
was still within normal range (Shayne, 1992.)

Both male and female rats receiving 4
mg/kg bacteria had significantly lower AST
level than the control group. In addition, male
rats receiving 0.04 mg/kg bacteria had sig-
nificantly lower ALP level than that of con-
trol group but it did not show a dose-response
relationship. Total protein. glucose and po-

tassium levels of female rats receiving 4 mg/



kg bacieria were significantly higher than those
of the control group but these changes were
still within normal range (Shaync, 1992.)
Histopathological examination of the
liver showed incidence of fatty change in some
groups of female rats but was not significantly
different from that of the control group. Simi-
larly. the incidence of focal myocarditis and
testicular atrophy found in some groups of
male rats was not significantly different from
that of the control group. Likewise, the inci-
dence of nephrocalcinosis an hydrocalyx of
the kidneys found 1n some groups of rats was
not significantly different from that of the
control group. Taken together, the results
showed that Wistar rats treated orally with B.
sphaericus H-5, Ayutthaya strain at the three
concentrations tested did not show any sign
of toxicity that could be due 1o toxic effect of

the bacteria.

CONCLUSION

A powder preparation of spore-form-
ing Bacillus sphacricus H-5, Ayutthaya strain
was tested for subtronic toxicity in Wistar rats
at the concentrations of 0.0004, 0.04 and 4
mg/kg BW. The bacteria did not produce any
significant changes in hematologic parameters.
Some significant differences in blood chem-
istry between treatment and control groups
were observed but these changes were within
normal range. Histopathological examinations

of internal organs of bacteria-treated groups

were not significantly different from those of
the control group. Our study showed no toxic
effects from B. sphacricus H-5, Ayutthaya
strain in rats receiving the bacterial prepara-
tion at the highest dose of 4 mgskg BW or

lower for 90 days.
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Repeated-dose Toxicity Study of Naturplex in Rats
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ABSTRACT
Chronic toxicity of Naturplex, which is the extract of 5 medicinal plants manufactured
by the Government Pharmaceutical Organization for AIDS patients, was conducted in Wistar
rats to determine the safety of the product. The drug was given orally at the doses of 16, 160
and 1600 mg/kg BWrday for 6 month while the control group received 10 ml of water/kg

BW/day. It was found the body weights, relative organ weights, hematological and serum
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hiochemical parameters of all groups of male and female animals treated with Naturplex were

not difference from those of the control. In addition, eventhough there were some hispathological

lestons of internal organs detected in some groups of Naturplex-treated animals these changes

were not dose-dependent or suggestive of drug toxicity. It was concluded that Naturplex

given orally at the dose ol 16, 160 and 1600 mg/Kg BW for 6 months and Naturplex given

orally at the doses of 1600 mg/kg BW for @ months were not toxic to Wistar rats.

Key words : toxicity, Naturplex
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alanine aminotransferase (ALT), bilirubin, to-
tal cholesterol, BUN, creatinine, glucose, 10-
tal protein, albumin, sodium ag potassium
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DUNZVHN Y 5.62+1.03 5.20+0.66 5.2040.74 5.68+0.63 5.8140.57

# 1mtina Toedunng = thviihvesedvaz (ndl) 7 dmingd (flanid)
3 4 . . | R
mlumaaidludnnie + Audsauunaig (Mean + SD)

' ' A ww e w
* !.mﬂﬂ'lﬁﬂﬂﬂquﬂ’)‘llﬂuﬂ"lﬂﬁuummduuﬂEﬂﬂty (p<005)

R = naju Recovery
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A1379N 2 MIHUNDINTHUNNS (n’u/ HINUDNAD 1 ﬂiﬁﬂju) 'Uﬂq'ﬂ%l“ﬂluﬂ"‘lﬂﬁuﬂ]

RUDBSINGN WM 6 1fau

niuvesdninaaes
NANMIVAN | 16 UA./NN. | 160 un./nn. | 1.6 n./an. | R-1.6 n./nn.
N =15 N =15 N =15 N=14 N= 11
anol 6.000.83 6.14£0.87 6.31£0.60 6.24%0.67 | 6.14+0.64
waly 2.760,29 2.82+0.34 | 2.76+0.21 2.8140.26 | 2.80+0.30
Tadheaam 2.51+0.23 9.54+0.36 | 9.50+0.30 2.6840.23 | 2.61+0.23
Tadhadhe 2.41+0,22 2.42+0.26 2.48+0.25 2.5940.20 | 2.470.19
nizsdadz | 0.27740.078 | 0.281£0.044 | 0.277£0.084 | 0.270+0.060| 0.290+0.043
A 22.5142.78 | 22.3842.15 | 23.00+2.12 | 24.2342.70 | 923.0642.84
1 2.22+0.37 | 2.1820.633 | 2.15:0.23 2.40£0.43 | 2.2940.25
NISNIZIHT 5.0040.82 4.72+0.65 | 4.82:0.56 5.18£0.80 | 4.79+0.55
1GE] 4.1340.52 4.02£0.53 | 3.98:0.45 4.3040.60 | 4.07+0.45

# WMAREIMIEdINTG = hminvasaduaz (i) 2 wminaa (Alani)

9 . - oo
aflummuiluaundo + mulvannaisu (Mean + SD)

R = ndu Recovery
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N3N 3 mmaiawmmwawmvmﬁn“w‘lmummmaiman i 6 1o

nduU0IdAINAADS
néumuqu 16 30./00. | 160 WN./AN. (1.6 p./nn.[R-1.6 n./nn.

N =15 N =14 N =13 N =15 N =10
WBC (K/ul) 39.7+0.80 4.14%1.06 8.70£1.07 | 3.85+1.18 | 3.0940.90
%Neutrophil 17.94+4.54 | 17.96%5.82 | 19.52+5.97 [17.39+4.82| 17.38%4.75
9%Lymphocyle 74.62+4.88 | 78.8047.71| 72.81%6.06 |74.40%5.54| 73.56%4.43
%Monocyte 3.75+2.21 4,0742.88 | 3.77+2.48 | 4.45%2.66 | 4.63%2.45
%Basophil 2.42+1.61 2.83+1.46 | 2.64%1.21 | 2.42%1.26| 2.8820.70
9%Eosinophil 1.28%0.56 1,26+0.62 1.2640.68 | 1.35+0.80 | 1.53%0.35
RBC (X10"/uL) 9.84+0.57 9.87+0.46 0.91+0.52 | 9.78%0.37 | 9.55+0.27
Hemoglobin(g/dL) 15.7940.42 16.0340.68 | 15.8240.33 |15.65+0.37| 15.42+0.39
Hematocrit (96) 52.5648.58 53.6542.75 | 53.51+2.02 [62.52+1.78| 52.12+1,52
MCV (fL/red cell) 53.4312.27 54.4312.27 | 54.06£1.66 |54.00+1.30| 54.63+1.14
MCH (pg/red cell) 16.1041.00 | 16.27+0.77 | 16.00%0.66 |16.10%0.44| 16.16+0.47
MCHC (grdL. RBC) 30.2042.41 27.97+7.19 | 29.59%0.61 |29.81+0.63| 20.60+0.43
RDW,CV (%) 16.6242.04 15.8841.15 | 15.95+0.80 [16.04+0.93| 15.43+0.63"
Platelet (K/uL) 7981134 810£118 836+136 §21+122 829+53
MPV (fL/red cell) 8.02£1.79 7.88£1.79 7.86+1.85% | 8.21+1.91 | 8.83%0.51
Plateleterit (K/ul) 0.64+0.19 0.65+0.21 0.67+0.22 | 0.69£0.23 | 0.73+0.07
PDW, CV (%) 18.3640.59 18.4620.51 | 18.46+0.75 |18.5940.564| 18.51+0.73
%Reticulocyte 3.59£1.53 4.08%1.79 | 4.11+1.63 | 4.05%1.54 | 4.4241.82
Reticulocyte (K/ul) 353155 407190 4074163 396+153 4124159

i il ol o
mluanuiluainde = Adsauuanaigiu (Mean + SD)

< IANERIINNGUAILANA IR TINBd NITE@AY (p<0.05)

R = nau Recovery
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M 4 mmﬂmmmuwmmgmmuﬂn‘lmuuuumaiman MY 6 1fou

nduva sdaInaae
ﬂ:jum'uQu 16 UN./NN.|[ 160 UN./AN. [1.6 D./0n.|R-1.6 n./nn.
N=15 N=15 N=15 N=14 N=1n
WBC (K/ulL) 1.9740.58 2.3340.74 2.2310.65 | 2.24£0.69 | 2.1320.60
9Neutrophil 14.14+6.63 15.8917.80 | 16.6115.98 |15.48+6.83| 14.72+4.30
%].ymphocyte 77.17£6.92 | 75.2748.60 | 74.83%7.76 |[76.19+8.23| 76.20:4.55
9% Monocyte 1.87+2.04 4.7042.05 | 4.65+1.61 |4.76£1.57 | 5.2442.51
% Basophil 2.50£0.89 2.60£0.61 2.75%1.47 | 2.14+0.63 | 2.50+1.18
9 Eosinophil 1.3240.41 1.56+0.74 1.15%0.40 | 1.44+0.46 | 1.33+0.36
RBC (X10°/uL.) 9.0240.43 8.9940.53 8.84+0.43 | 8.65+0.46 | 8.80%0.37
Hemoglobin (g/dL) 15.51+0.48 | 15.660.52 | 15.34*0.65 |15.26£0.50| 15.40%0.44
Hematocrit (%) 51.00+1.91 52.01+2.19 | 51.4642.23 [50.70+1.06| 51.4021.32
MCYV (fL/red cell) 57.59+1.73 57.94+1.95 | 58.23%1.90 |[58.75+1.76| 58.45+1.61
MCH (pg/red cell) 17.24+0.90 | 17.46%0.62 | 17.37+0.71 |17.66+0.74| 17.50%0.59
MCHC (g/dL RBC) | 29.95+1.34 30.15£0.91 | 29.84+0.94 [30.10+1.07| 29.96+0.67
RDW,CV (%) 14.28+0.96 14.29£1.05 | 13.74+0.58 |13.80£1.02| 13.44%0.85"
Platelet (K/ul.) 798+03 801+756 808+68 782£77 779451
MPV (fL/red cell) 8.9210.99 9.14+0.90 | 9.13+0.71 | 0.1340.93 | 8.97+0.57
Plateleterit (K/uL) 0.710.11 0.73+0.06 | 0.74+0.06 | 0.71#0.06 | 0.70%0.07
PDW, CV (%) 18.45%0,66 18.42+0.51 | 18.49%0.55 |18.59+0.47| 18.53%0.52
%Reticulocyte 3.4941.01 3.27+0.61 3.29+0.73 | 3.21#1.25 | 3.51%1.03
Reticulocyte (K/ul) 31093 202455 202+64 2774108 308485

mlumaaiufimie + Autisannsnasgu (Mean + SD)

© muandnvmngumuguillWsnned wiivaany (p<o.os)

R = m;iu Recovery
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e ' = - ads vy v ¢ e -
finanNn 5 ﬂ1"]N1i]lﬂﬂ'llﬂ\ﬁlﬁlﬂlﬂiﬂ'lél“ﬁﬂuﬂ\lﬂ‘n.l(ﬂlul%a'ilWﬁﬂ MY 6 1n0Y

nduUBIdR INaans
NANNIVAN | 16 HN./DN.| 160 HN./NN.| 1.6 N./NN. R-1.6 N./0N.
N=15 N=14 N= 13 N=15 N =10
AST (U/ID) 77.93+17.73 | 89.36+45.51| 79.38+20.28 [74.87+15.76 73.30+14.16
ALT (U/I) 20.03+6.28 | 50.64%20.60| 52.62+33.00 42.87:t14.521 43.4048.51
ALP (U/D) 71.20+11.53 | 77.71£13.66| 65.85+8.41 [71.80%10.27| 69.60%8.80
Bilirubin (mg/dL) 0.09+0.03 0.08+0.03 0.0840.03 | 0.0740.03 | 0.04%0.02*
Creatinine (mg/dL) 0.65+0.05 0.65%0.05 | 0.67£0.05 | 0.6440.04 | 0.65+0.08
BUN (mg/dL) 19.0542.66 19.4141.94 | 19.95%2.99 | 19.37+1.92| 19.98%2.73
Cholesterol (mgzdL) | 68.33£19.16 | 77.43+19.83| 68.46+12.81 |69.53120.86) 67.70£10.39
Ttriglyceride (mg/sdL)| 129430 159450 143429 158441 130432
Total protein (g/dL) 6.89+0.27 7.00£0.30 | 6.93+0.23 | 7.07+0.23 | 6.99%0.28
Albumin (g/dL) 3.35+0.08 3.3340.12 3.3740.10 | 3.40+0.08 | 3.31+0.09
Uric acid (mg/dL) 0.93+0.86 0.83+0.96 1.1240.80 | 0.9320.71 | 1.02+0.46
Glucose(mgsdL) 149+29 157424 150421 149%14 163+10
Sodium (mmol/L) 14612 147£2 147£2 14642 146+1
Potassium (mmol/L) 5.13+0.89 4.64+0.49 5.03+1.38 | 5.23%1.06 [ 5.11%0.61

Mluanaduaindo + Audeaunaigy (Mean + SD)

y . . A v ¥ |k e :
= fuendannnguamuguildiunedditvaany (p<0.05)

R = ndy Recovery
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- ] 4t e A we
M3 6 MmaFuniidimosmymmiis i umnoesingn 1w 6 1Gou

ndnvssaninnaeq
ncj;m TURIH | 16 JN/nn. | 160 UN./NR. 1.6 n./ni. R-1.6 n./ND.

N =15 N =15 N=15 N =14 N = 11 =
AST (U/D 80.27440.07 | 67.13+13.72| 73.60+16.84 |67.03+14.00 70.45+12.93 g
ALT (U/D) 35.60£14.71 | 31.0748.60 | 31.93:6.50 | 30.149.21| 30.73+8.26 "§
ALP (U/I) 28.0049.06 29.93%7.36 | 28.20%6.44 | 28.29£5.85| 25.1845.06 :g
Bilirubin (mgrdL) 0.08+0.03 0.0910.03 0.08+0.03 | 0.0740.03 | 0.08+0.03 ':E
Creatinine (mg/dL) 0.70£0.05 0.70£0.06 0.7340.06 | 0.69+0.06 | 0.74+0.06 »'é
BUN (mg/dL) 19.8742.97 | 20.3543.11 | 20.28+2.28 | 21.62+3.38| 21.23+2.03 g
Cholesterol (mg/dL) | 72.07£15.39 | 73.73+17.94| 78.53417.51 [77.29+15.32 77.18+14.98 g
Ttriglyceride (mgsdL)| 129443 125441 11528 134474 124432 E
Total protein (g/dL) 7.33+0.29 7.24%0.29 | 7.4240.40 | 7.2440.44 | 7.51%0.20 g
Albumin (g/dL) 3.75£0.21 3.721£0.18 | 3.8140.23 | 3.70+0.20 | 3.87+0.15 %
Uric acid (mg/dL) D.85+0.57 0.01+0.38 1.034£0.92 | 0.8640.82 | 1.12+0.30 “E
Glucose (mg/dL) 142416 146%11 147415 146421 14216 “g
Sodium (mmol/L) 145+1 14643 1461 145+1 144+1 g
Potassium (mmol/L) 4.93+0.53 4.95+0.85 5.09+0.80 | 5.06+0.75 | 4.97+0.86

. v o o4
lumadlumimay + ANNBAULUIATI I (Mean + SD)

R = ngu Recovery
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9 & ' ‘o £
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1#%u0 160 un./nn. Tawdiedumsaes
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- ¥ ) wes . o -
maeil 7 wamaanvilaazveamymadnldSumnaoimdn wiv 6 1wou

nduvasdainaasa
ncjuﬂmfgu 16 31N./0N0. 160 HN./NN. 1.6 N./NN.
N =15 N=14 N =13 N=15
Glucose (mmol/l) 0 D 0 0
Bilirubin (mmol/1) 0 0 0 0
Ketone (mmol/1) 0.83£0.59 0.46+0.36 0.85%0.55 0.70%0.53
Sp. Gr. 1.01240.003 1.014+0.004 1.015%0.003* 1.01410.004
Blood (cellzul) 0 8.93+17.97 0 0
pH 7.7040.46 7.68+0.37 7.58+0.45 7.6340.40
Protein (g/1) 0.53%0.34 0.55+0.395 0.41£0.26 0.39+0.25
Urobilinogen (mmol/1) 3.2 8.2 3.2 3.2
Leucocyte (cells/ul) 15.00+13.89 15.00+11.77 11.5446.58 13.0047.75
Volume (ml) 23.80+16.94 20.36+22.88 10.54+12.40 23.80+14.80

' o ' - o
alumaadlusmias + dudoauuminigiu (Mean = SD)

' . ' A opwr ¥ ae o w
% ﬂ]llﬂﬂm"ﬂﬂ"ﬂnqﬂﬂ'ﬂ]ﬂn'fllﬂiilu"ﬂﬂ1duuﬂﬁ]ﬂw (p<0.05)
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15190 8 Nﬂﬂ15Gﬁ')‘i)ﬁﬂﬂ]')gﬂaﬂ‘lﬁ‘{lﬂﬁluﬂﬂvlﬂsvﬂ'"ulﬁailwaﬂ I 6 1Inou

nanveadninanea
nijuﬂ'nuqu 16 310./00N, 160 UN./NN. 1.6 n/nn.

N =15 N=15 N=15 N=14
Glucose (mmol/1) 0 0 0 0
Bilirubin (mmol/1) 0 0 0 0
Ketone (mmol/1) 0 0 0 0
Sp. Gr. 1.013+0.004 1.010+0.004 1.011+0.002 1.015+0.007
Blood (cellzul) 0 0 0 0
pH 7.7740.46 7.87+0.40 7.8020.41 7.57+0.55
Protein (g/1) 0.39+0.25 0.2840.08 0.2410.12 0.41%0.34
Urobilinogen (mmol/l)|  3.20:0 4.05+3.30 3.20+0 5.03+4.65
Leucocyte (cells/ul) 0 1.00£3.87 0 1.07+4.01
Yolume (ml) 17.3346.43 18.6049.18 29.40+15.08* 16.43+9.06

' @ = ]
Arlumnailunindgs EANVOAUUUINITIY (Mean £ SD)

* mwandrnnngumununldsihediitodidny (peo.os)
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~ aa ud'tl wes ¢ g 4
AITaIN 9 Nﬂn]?ﬂﬁ'Jﬂqﬁﬂmﬁ?'ﬂﬂ'\maiﬁ%l"ﬂq“ 13U NHIADIINAD MU 6 10U

ndyvasdainaans
D8I wWNTamw nau 16 160 1.6 R-1.6
MUAY | UD/DD. | HD./DD. | D00, | 0/0n.
7104 N N N N N
Ao N N N N N
vaonay N N N N N
1aonoInIg N N N N N
NizmIzeInII N N N N N
ald N N N N N
YRty N N N N N
don Foreign body granuloma | 0/15 0/14 1713 0/15 0/10
Al Fatty change 0/15 1714 | 0/13 | 0/15 0/10
viala Focal Myocarditis 0/15 1/14 0/13 0/15 0/10
la Nephrocalcinosis 0/15 | os14 | os13 | o/15 | o0r10
Hydrocalyx 1/15 1/14 2/13 0/15 1/10
DM Atrophy 1/15 a/14 2/18 1/15 0710

. o .5‘ = < 5 i A o -
Arlumauaasinnunyitinesaning sunumyiamalunduiiunaswenSanm
R = ngu Receovery

N = Non-remarkable
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MITHEN 10 Narnsﬂs‘lﬂﬂ.awﬂ’]ﬁ’]ﬂﬂ]ma&“‘%lwaluﬂ“‘lﬂﬁuﬂ]!ul'ﬁﬂi!wan HIY 6 1NOY

nduvesdainaass
CRITE WETAN TN e 16 160 1.6 | R-1.6
AIUAM | H0./00. | UN./00. | /00, | D/,
VR] N N N N N
Audou N N N N N
Hapnay N N N N N
nagRo e N N N N N
NIZWIZ0MIT N N N N N
nld N N N N N
1y N N N N N
on Foreign body granuloma 0/15 1/15 0/15 0/14 0/11
il Fauty change 0/15 0/15 | 0/15 | 0/14 1/11
Wl Focal Myocarditis 0/15 | 1715 | or15 | 0/14 | o/11
a Nephrocalcinosis 6/15 | 6715 | 3/15 | 4714 | /11
Hydrocalyx 1/15 1/15 0/15 0/14 1711

. - ol - o 1 E . ) a
ﬂﬂummuﬁmmumuunuwuwan1w/ mumwum‘ﬁmlunqnwmmaﬂwmﬁﬁmw

R = ngu Receovery

N = Non-remarkable

2 a & o -
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Fan1AsIaMalaiaing
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P v o wr @ v ¢y @ g v P o Au wo < «
MSIEN 11 HHUNDIYIEAUNND (ﬂﬁ”/ HIHUNAD 1 ﬂii’miﬂ) Maa?i%ﬂ‘iﬂiuﬁ]!u!ﬂﬂil“ﬂn

WM 9 thau
wvﬂmvﬁﬁ"lﬁ’%’umwm m\gmmﬁuﬁ"lﬁ’%’uuwum

0 ./NN. 1.6 N./0N. 0 n./0n. 1.6 N./NN. =z

N =11 N =11 N =12 N =10 &

auod 3.2340.44 3.38+0.36 5.31+0.76 5.67+0.86 "E
Wla 2.2740.27 2.45£0.30 2.7140.25 2.68+0.24 :g
Tadhaam 2.1340.24 9.21+0.15 2.33+0.25 2.60£0.29* ug
{ELRRE AN 1.0840.16 2.00+0.10 9.24+0.22 2.46+0.28 \-g
nizztfaag 0.24#0.11 0.28+0.07 0.29+0.04 0.29+0.04 g
al 21.08+1.43 21.59+1.30 21.141.70 92.3342.23 g
11 1.6740.22 1.69£0.21 2.01+0.38 2.20+0.39 g?:
NSLIMNEZD1¥I 3.25+0.48 3.70+0.16* 4.09+0.50 4.91+0.87* ;fg
oa 2.66+0.36 53.0220.29" 3.70£0.24 3.93+0.51 %
DM 4.68+0.72 5.27£0.91 “g
dmeanadny 4.60+0.86 5.21+0.87 ug
=

=

w
o o w

# AMminedee
' ' = T
arlusnailud inde + Andeauuinaig (Mean £ SD)

< pandnnnngualugunldiinhegwiiivady (p<0.05)

(hematocrit), naa@aa, Mean Cell Volume
(MCV), Mean Corpuscular Hemoglobin
(MCH). Mean Corpuscular Hemoglobin
Concenration (MCHC), Red Cell Distribu-
tion Width (RDW), Mean Platelet Volume

“ w ? a wr < g @ -t “w
duwing = tvunusao) ez (N51) 7 WKHUNAY (Alansu)

(MPV), Plateletcrit (PCT), Platelet Distribu-
tion Width (PDW), %Reticulocyte s Reticu-
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0 n./nn. 1.6 n./nN. 0 n./nn. 1.6 n./nn.

N=11 N=11 N =12 N =10

WBC (K/uL) 5.78%1.80 5.08£1.61 3.64+1.52 3.22+1.02
9%Neutrophil 13.71+4.05 17.09+4.48 29.30417.24 | 11.10+2.57
s%Lymphocyte 70.5144.86 75.80+5.06 70.28+17.56 | 81.60+2.71
%Monocyte 3.78+1.62 3.31+1.33 4.43+1.60 4.42+1.66
9 Basophil 7.750.80 2.20+0.58 1.35%0.54 1.63£0.34
9Eosinophil 1.30%0.39 1.58%0.52 1.58%0.65 1.27+0.42
RBC (XIOL./LIL) 9.7740.62 9.35%0.50 8.28+0.80 8.72+0.48
Hemoglobin(g/dL) 15.82+0.47 15,47+0.66 14.86%1.20 | 15.58+0.52
Hematocrit (%) 52.76+1.48 50.07+2.56 48.18x4.03 | 50.98%2.11
MCV (fL/red cell) 54.22+2.24 53.61£0.85 58.37+2.22 | 58.59+1.49
MCH (pg/red cell) 16.23+0.86 16.58£0.73 18.02+0.56 | 17.9410.65
MCHC (g/dL RBC) 29.95+0.68 30.92+1.09% 30.02+1.24 | 30.58+0.47
RDW,CV (%) 16.62+1.46 16.76%1.15 14.12£1.02 13.61+0.51
Platelet (K/uL) 843+114 887408 818+64 794+102
MPV (fL/platelet) 9.21+1.17 8.72+0.94 0.280.94 8.51+0.68*
Plateletcrit (%) 0.7810.14 0.7610.16 0.7840.11 0.67+0.13
PDW, CV (%) 18.2740.72 18.38+0.69 18.13+0.68 | 18.33%0.60
%Reticulocyte 3.08+0.77 2.64%0.30 4.022.87 4.51+2.11
Reticulocyte (K/ul.) 274466 245439 3142152 386166

ailuaailudunne + sudeawunaigu (Mean + SD)
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wAy ves
WA lasueuing

e
WwAen lnueving

0 N./nn. 1.6 f./nMn. 0 N./nn. 1.6 N./NN.

N =11 N=11 N= 12 N =10
AST (U/I) 70.82:49.14 63.27+8.11 70.42%12.33 65.50%11.25
ALT (UsD) 36.0947.89 36.64+7.26 31.5847.18 32.1015.32
ALP (U/T) 61.00£12.26 64.18+7.25 24.7548.70 24.70%7.44
Bilirubin (mg/dL) 0.07+0.02 0.08+0.02 0.09+0.04 0.0710.04
Creatinine (mg/dL) 0.65+0.04 0.63+0.03 0.7340.07 0.7240.08
BUN (mg/dL) 17.5312.06 15.86£1.96 19.80£3.44 18.93%3.22
Cholesterol (mg/dL) 86.28+13.27 90.46£20.48 76.84%13.50 | 86.59%24.66

Ttriglyceride (mg/dL)

147.74453.33

127.04+29.61

135.24+447.15

106.91£126.67

Total protein (g/dL) 6.94+0.31 6.90£0.22 7.6040.71 7.57+0.42
Albumin (g/dL) 3.4140,12 3.2640.11" 3.96£0.44 3.95%0.19
Uric acid (mgsdL) 1.71+1.08 1.04+0.29 1.7240.47 1.6040.86

Glucose (mg/dL)
Sodium (mmol/L.)

Potassium (mmol/L)

159.01+19.43
144.0911.45

6.04+1.37

156.64+10.17
142.55£0.69"

5.6010.68

150.51%14,55
144.08£1.68

5.49+0.95

158.86£31.69
142.60£0.84"

5.27+0.80

Alumaaduaunie £ Avdsannmnige (Mean + SD)

* uandnnnnguaiuuilasinhadiivding (p<0.0s)
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lunymiaosmeaasiahinuiiiinglng  aenzvoayilddionumaiimanbivandi
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dagiuvsodoaluilaaz venaniial ketone,  VINNAUAILAN (TN 14)
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gt 14 wamsasilaanzeanyrnitldusiumedmin w9 Kou

Wi ldsuegnnng wygmsdia i I s e
0 n./nM. 1.6 N./nN. 0 N./Nf. 1.6 n./nn.
N=11 N=11 N =12 N=10
Glucose (mmol/1) 0 Q 0 0
Bilirubin (mmol/1) 0 0 0 0
Ketone (mmol/1) 1.00£1.07 0.77£0.47 0 0.10%0.21
Sp. Gr. 1.01620.007 1.01420.003 1.012+0.003 | 1.001£0.002
Blood (cell/ul) 0 0 0 0
pH 7.2740.34 7.4540.27 7.62+0.48 7.8520.41
Protein (g/1)
Urobilinogen (mmol/1) 3.2 3.2 3.2 3.2
Leucocyte (cells/ul) 40.01441.82 48.64+52.06 0 22.50+42.05
Volume (ml) 19.41+9.21 19.1446.81 14.6216.62 19.55+9.41

alugmnanludimde + Audeanunnangiu (Mean £ SD)
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Toxicity Study of Pueraria miritica Airy Shawet Suvatabandhu
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ABSTRACT

Toxicity studies of Pueraria mirifica Airy Shaw et Suvatabandhu root powder were
investigated in mice and rats by oral administration of its suspension. Our results showed that
P. mirifica produced no signs and symptoms of acute toxicity in mice and LD_ value was
areater than 16 g/kg. Subchronic toxicity study in Wistar rats treated orally with P. mirifica
suspension at the doses of 10, 100 and 1.000 mg/kg/day for 90 consecutive days revealed that
the growth rate and food consumption of rats receiving P. mirifica at the doses of 100 and
1,000 mg/kgsday were significantly lower than those of the control groups. Hematological
results in rats indicated that P. mirifica at the those of 1000 mg/kg/BW/day caused anemia
with significant decreases of % hematocrit, the number of erythrocytes, and hemoglobin but
significant increases of % reticulocyte in both sexes. Two weeks after the cessation of P.
mirifica administration, these alterations in male rats returned to normal state whereas in
female two of four parameters, 9hematocrit and % reticulocyte, were found recoverable. In
addition, the number of white blood cells and platelets in male rats receiving the highest dose
were significantly lower than those of the control group but these changes were not observed
in female rats of the same dose group. Serum biochemical examination showed that choles-
terol levels in male rats receiving P. mirifica at each does were significantly lower than that of
the control group and these changes in female were observed at the doses of 100 and 1000
mg/kgsday. Atautopsy the weights of both testis from males rats receiving the highest dose
were significantly lower than those of the control group. The uterus of females rats receiving
P. mirifica at the doses of 100 and 1000 mg/kg/day looked swelling in appearance and the
actual uterine weights and % relative uterine weights of these two groups were significantly
higher than those of the control group. Histopathological examinations indicated that males
rats receiving the highest dose of P. mirifica had significantly higher incidence of testicular

hyperemia than the control group. Female rats receiving the highest dose of P. mirifica had
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significantly higher incidence of Kidney tubular cast than their control group. Other histo-

pathological changes tound in the present study did not correlate with the doses of P. mirifica

and hence could bot be due to the toxicity of P. mirifica. Taken together, it was found that P.

mirifica at the doses of 10 and 100 mg/kg/day given orally in Wistar rats did not cause any

abnormalities of hematological or biochemical parameters nor did it cause any dose-related

histopathological changes of the visceral organs

Key words : Pueraria mirifica, toxicity, subchronic toxicity
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recovery (1000-R) nignwaniiniayn
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o ' ' o A

2 dilaineumnindennazsiannFugasiio
- ' o v - o ax
v eymiiianisnldsunlasfing
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Undnienoiianmula g madasundasuie
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wuﬁfm1wma’1ﬁ%zﬁ1mﬁ“vqtfmwﬂnﬁ (re-
cover) ¥ielimondinnugan 2 dlay
Tussvindufiummaaoniidana
onRanAuazmandsumlassieg ( Physical
appearance) Vuiimimindauaziinuens
finyiudianias 1 af dlenseninsuimua
90 Ju enemsvydlunm 16 Falua amiu
anaaunydodised Wanivesioudisi:
@099 posterior vena cava fotThlasinm
amulatiaingt ledun % hematocrit $1unu
Wadeauna 15w hemoglobin Amawiiiia
(@eAIM fid mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), uag
mean corpuscular hemoglobin concentration
(MCHC) inwunuidiadenwnd, uas % vouiia
Boaumwtingiaq ldun neutrophil, eosinophil,
lymphocyte, moncyte uaz basophil 91171
ndaiden (platelets) uas greticulocyte Iy
19304 Automatic Hematological Analyzer ju
Cell-Dyn 3500 %03 Abbott® 1indanTlifu
wndsiennvmmauaiingiin Iaun sza
wuland alkaline phosphatase (ALP), aspar-
tate aminotransferase (AST), alanie ami-

notransferase (ALT), total bilirubin, BUN,
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creatinine, zlucose, uric acid, triglyceride,
cholesterol, sodium, potassium, uaz chloride
ion Tnolfnies Automatic Blood Chemistry
Analyzer U Hitachi 912
:a'lnt'iv'un'lrr1n~ﬁ'uqm MoaTIINTHENT
Fneniiwoaiiulgdioamldr (gross lesions) wos
pivasnioluaiag ldun aues il dea
NaDAAY NADABIMIT NTEMIZDNTE Al 1n 1)

gudou d1ld nazmziladiz mzgn (femur)
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Food intake(g/rat/day)

cw
10 - —+— control 5
—m— 10 mg/kg/day v(?,
5: —a— 100 mg/kg/day ﬂs
—ye— 1000 mg/kg/day =
=
0 S (AR G TSI AR N o
1 3 7 9 11 <
=
3 s |
Week of treatment =
>
44 s ud‘\ ke Bl - m
5 : =
MW 3 NIV I AR AU IR eV e 90 T
20
=
< 15 4
Rt
~ K h
= K
5
o0
T 104
-;‘“ —e— control
—
£ —m— 10 mg/kg/day
= 5
2 i —&— 100 mg/kg/day
=
—>— 1000 mg/kg/day
9 || 1 1 I 1 I I 1 |
1 3 5 7 9 11
Week of treatment
= a a4 Ay e ] s
NN 4 ﬂ15ﬂuﬂ'1'“']5‘1!ﬂ~'iﬂ1dlWﬂlﬂlU"l‘lﬂﬁﬂﬂ'QTJlﬂﬁﬂ‘ln]NTH 90 WU
Mmidnnsivoyns  Ivadfidansion Ha
minadeuanuAnuly one-way ANOVA  miamaaauismagunau
wozfivwieunmas Tay Duncan’s New Wetlouu N IUAZNBUYBININITIIHID
& = ' - w 4
Multiple Range Test W p<0.05 HANIATID 111mmwmennﬂmm'm 16 n./nn. Ftu
v A A an A - v - v " e
dladiiomomaganndine 1§ Fisher exact  vinagagaiicnnaoliuinyduingldwud dad
- 0o a o -
test N p<0.05 naaodbinansoimsinlnilaq aasanmn
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ihduna vaziiensumvua 14 71 hifidad
NAADIATY AIUUVLIAVBIHINIIATOUIIN
o 0w < ] it »
ml¥daiaoniavin (LD, ) msiiAnnnni
16 N./NN.
a & & w
NMINATOUNHNUTB59
wagian 1SS AuInIaNMINueInIs
7} oA e

MYUTINAdDUNA  ngunldiunatamio

YUV 1000 WN./NN.AU HINHERAINTN
. ’ o W o . u ' 14

nguMLANEINITENAYAWATIA WA 2 U
fugananaaes awadlanin ¢ Wuduld wy

Tmymednguildiunniaienn 100 wn./
an./3u hmindsmninguaiuauogiiiiy
diy  drunymaiisnguilduninnie
wmm’1n"uf¢7ﬂtfmﬁ’nﬁ’w§'1n'j1nq’umuqu
atinidhrgauaddanii s dudull (nm
il 1 1Az 2) AADAMINARDY HYRIADIMANFY
ilafunnunienauina 100 was 1000 wn./
nn./Auihimin@fini (body weight gain)
uazn1IiuIMITHRENIINguAIUANRE Y

@Aty (MINT 1, NN 3 uas 4)

P s =y b v ool o A - A wer - ar
AN 1 ﬁ1|“aﬂ“.|33“1““““")"“‘ﬂﬂlullagﬂTiﬂua1"‘|‘.ﬁlaa“1‘!“1ﬂs”ﬂ']1]lﬂiam‘l‘)lﬂu 90 U

Dose of Puerarria mirifica n/sex Body weight gain Food daily intake

(mg/kg BWrday) (g) (gsratsday)

0 15/M 338.27+30.40 22.99+1.86

10 15/M 317.27+36.74 21.7041.73

100 14/M 204.50£37.94% 20.2541.18*

1000 15/M 194.33125.05" 17.96%1.51"

0 15/F 180.67+16.88 17.23+41.18

10 15/F 156.53£24.73 15.7841.14

100 14/F 127.7149.63* 15.24+1.24*

1000 15/F 102.40417.32* 13.62+1.14*

The values are expressed as mean £ SD

*significantly different from control group (p<0.05)
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Dose of Pueraria mirifica
(mgskg BWrday)
Parameters Control 10 100 1000 1000-R
n=15 n=15 n=14 n=15 n=15

Hematocrit (%) 52.56945.43 | 52.36+3.58 | 52.30%2.24 | 49.65+2.00* | 53.62+1.93
RBC ( x 10°/{L) 9.55+0.84 9.62+0.51 9.4210.37 | 8.92+0.52* | 90.32+0.42
Hb (g/dl) 15.9740.56 | 15.7240.70 | 15.5840.56 | 14.73+0.60% | 15.80+0.50
MCV (fl/red cell) 54.98+1.80 | 54.46+2.45 | 55.48%1.12 | 55.756%1.82 | 57.57+1.51*
MCH (pa/red cell) 16.86£1.72 | 16.43%1.10 | 16.53%0.36 | 16.55+0.56 | 16.99%0.39
MCHC (g/dl RBC) 30.76+4.00 | 30.18%2.08 29.83+0.64 | 29.6840.48 | 29.52+0.73
WBC (K/HL) 6.32+1.25 6.23+1.39 5.6440.92 4.41%1.14° 5.09%0.99"
Neutrophil (%) 11.5142.88 | 13.08%£6.00 | 14.63%8.49 | 15.00%5.31 | 14.70t5.24
Eosinophil (%) 1.24+0.37 1.090.40 1.0840.45 0.95+0.29 1.1840.28
Lymphocyte (%) 82.5712.87 | 82.40+7.40 | 80.76+8.98 | 79.9046.20 | 80.15+6.63
Monocyte (%) 2.73%1.78 2.13%1.68 2.19+1.32 2.71£1.86 1.9241.18
Basophil (%) 1.95£0.82 1.2940.45* 1.36+0.64* | 1.43+0.61* | 2.04+0.65
Platelet (K/HL) 928.07+08.32892.83+102.15( 866.93+01.80|857.27+78.45%849.20+49.32*
Reticulocyte (%) 3.14+1.682 3.33+1.43 4.68+1.87% | 7.02:2.60* 2.2040.65

The values are expressed as mean + SD

= significantly different from control group (p<0.05)

1000-R = Recovery group
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Dose of Pueraria mirifica
(mg/kg BWrday)
Parameters Control 10 100 1000 1000-R
n=15 n=15 n=14 n=15 n=15

Hematocrit (4) 51.2445.88 53.04%1.92 50.86+2.84 | 45.90%1.76* | 50.67+1.02
RBC ( x 10°/JL) 9.1240.62 | 9.24t0.29 8.8310.56 | 7.94%0.38" | 8.690.33"
Hb (grdl) 15.9620.70 | 15.64+0.43 | 15.2640.78* | 13.78£0.49% |14.92+0.41"
MCV (fl/red cell) 57.54+1.47 | 57.42%1.40 57.60+2.20 57.87+1.20 | 58.40+1.83
MCH (pg/red cell) 17.58%1.08 | 16.94%0,63" 17.31£0.66 17.3810.43 | 17.20%0.64
MCHC (g/dl RBC) 30.61+2.16 | 20.52+1.12% | 30.02£0.98 | 30.03%0.53 |[29.45%0.72"
WBC (K/HL) 3.68%1.29 4.17£0.98 3.10+0.87 2.66£0.87 3.38+0.01
Neutrophil (%) 14.11%6.20 12.64%6.72 | 14.99£15.31 12.4415.356 | 12.0533.73
Eosinophil () 1.40£0.63 1.60+1.04 1.26+0.55 1.11#0.39 1.21%0.36
Lymphocyte (%) 78.23£6.76 | 81.61%7.48 | 80.74%8.57 | 81.80%6.12 | 83.0234.03
Monocyte (%) 4.48%2.12 2.91£2.11 4.89%3.82 3.15%2.09 | 2.18%1,35°
Basophil (%) 1.76+0.80 1.24+0.80 1.69%0.91 1.42+0.69 1.54£0.58
Platelet (K/HL) §80.47+1183.23 |855.46£50.13 (007.61%69.60 | 004.43+80.54 |848.47167.00
Reticulocyte (%) 2.6240.80 3.08%0.62 2.8940.60 5.18+1.61% | 2.94%0.37

The values are expressed as mean + SD

* significantly different from control group (p<0.03)

1000-R = Recovery group
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11 cholesterol @1NTINGUAIVAVDEIINUY
@1niy 526U sodium, potassium uaz chloride

voanymiEuAoznduliuanmany wymemiiy

Amndniuoanundy recovery @
HAWINHEALINAT 2 alaw madiing iy
weriiAaea albumin, bilirubin, creatinine,
uric acid nag cholesterol Gim‘imﬂ:uﬂiuqn
pdnidudiay  Srunymmilohinunis

wagunlasnasuiwulunduitldiunnanie

vl wes - ) o
ﬂ'quYl‘M‘iUﬂ'l'l'Jli‘liﬂ 1000 ¥n./NN.ZU ﬁmvm g
, v 4 o s VEL aD o —
sodium qammqummuammuumnm (M5 1000 UA./NN./IU E
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11 4 132 5) =
=
[
=
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=
=
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E
Dose of Pueraria mirifica
(mg/kg BWrday)
Parameters Control 10 100 1000 1000-R
n=15 n=15 n=14 n=15 n=15
ALP (U/L) 60.03+£12.60 [70.47+10.563 |70.42£15.23 [85.40£12.24% | 76.60%£12.01
ALT (UsL) 37.00+0.80 392.40+8.17 34.14+5.46 41,0740.57 | 31.2746.15
AST (UsL) 50.03+16.48 | 66.40+7.71 [62.70%10.26 | $2.73+0.38 | 60.33+5.96
Total protein (g%) 7.074+0.62 6.81+0.26 6.7640.24% 6.67+0.26" 6.84+0.31
Albumin (g¢) 3.66%+0.57 2.30+0.10" 2.32+40.11* 3.2140.14* | 3.38+0.11*
Globulin (g¢) 3.4240.35 3.5140.24 3.43%0.21 3.45%0.18 | 3.46+0.26
Bilirubin (mg/dl) 0.20%0.30 0.080.02" 0.0630.03* 0.05+0.03* | 0.10£0.03*
BUN (mg%) 18,9143.11 | 20.082.24 19.36+2.13 17.9541.90 |22.64+3.90"
Creatinine (mg% ) 0.7140.24 0.61%0.05" 0.5740.04" 0.58£0.04* | 0.59£0.05"
Glucose (mgzdl) 156.69+33.10 |168.27221.32 [162.13+£12.83 |162.25%20.23 [174.53£32.96
Uric acid (mgrdl) 2.94%2.19 1.58+0.71" 1.5020.66" 1.5740.64% | 1.82£1.00"
Triglyceride (mg/dl) 160.00450.98 [153.37264.23 |181.29+52.44 | 90.62+84.24" [141.72+55.06
Cholesterol (mgsdl) 104.13163.56 | 59.8129.40" [16.97226.84* |15.91£13.39* [75.59£15.74"
Na+ (mmol/1) 144.27£3.28 | 144.7322.43 | 145.43+2.79 | 145.40£2.41 |142.3312.29
K+ (mmol/l) 5.69%1.52 5.28%0.89 5.2620.71 5.5510.69 5.38%0.51
Cl- (mmol/I) 110.47£3.27 | 111.40£2.80 |[111.93%3.25 | 112.00£2.,80 | 110.67£3.81
The values are expressed as mean £ SD
*significantly different from control group (p<0.05)
1000-R = Recovery group
}
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Dose of Pueraria mirifica

(mg/Kg BW/day)

Parameters Control 10 100 1000 1000-R
n=15 n=1s5 n=14 n=15 n=15
ALP (U/L) 30.73+4.42 | 36.67+6.08% | 30.79£6.47 | 39.00£8.59% | 33.07+4.01
ALT (U/L) 32.33+4.03 | 30.13%5.10 | 36.64t4.75 | 88.73%19.71% | 30.13+4.34
AST (U/L) 69.33410.41 | 73.47%£10.62 | 63.86%5.57 | 63.33£10.85 | 60.00+5.73*
Total protein (g%) 6.9040.34 6.84+0.43 6.77+0.38 7.18+0.37 6.9940.35
Albumin (g%) 3.5840.21 3.62£0.26 3.56%0.25 3.65+0.20 | 3.59+0.20
Globulin (g%) 3.3210.18 3.22+0.20 3.2110.19 3.53+0.25% | 3.40%0.18
Bilirubin (mg/dl) 0.0020.04 0.10+0.03 0.0840.02 0.08+0.03 0.08+0.04
BUN (mg%) 21.07+4.26 | 19.89+2.67 19.3243.65 | 21.73+5.93 | 23.40+4.43
Creatinine (mgg) 0.64£0.03 0.64+0.04 0.60%0.05 0.60£0.05 | 0.61%0.06

Glucose (mg/dl) 149.56+22.15

143.83£25.97

151.83427.14 [156.39%16.91 |144.52120.04

Uric acid (mgsdl) 1.99+0.87 1.67+0.57 2.04+0.95 1.84+0.47 1.59+0.48
Triglyceride (mg/dl) 09.34444.66 |104.60£73.26 |121.27+40.08 [151.21+86.66*(129.48+55.96
Cholesterol (mg/dl) 71.82£12.19 | 64.96%10.04 |[54.78%13.24" | 28.30£10.72" | 79.14£13.50
Na+ (mmol/1) 142.47+1.19 | 142.93%1.44 | 142.86:+1.46 | 144.60+2.53% [ 142.0742.79
K+ (mmol/I) 5.69+1.01 5.4140.94 5.61+0.82 5.41+0.55 5.33+0.72
Cl- (mmol/1) 110.47£3.27 |111.4042.80 |111.93+3.25 | 112.0032.80 |110.67£3.81"

The values are expressed as mean + SD

*  significantly different from control group (p<0.05)

1000-R = Recovery group
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Dose of Pueraria mirifica
(mg/kg BWrday)

Parameters Control 10 100 1000 1000-R

n=15 n=15 n=14 n=15 n=15
Brain 2.124+0.065 | 2,062+0.083% | 2.051£0.062"| 1.996%0.060% | 1.991£0.103*
Heart 1.353%0.145 | 1.268+0.142 | 1.25130.132 [ 1.05040.121* | 1.130£0.108*
Lung 1.71620.164 | 1.62840.171 1.643+0.143 | 1.44740.155% | 1.523+0.151*
Stomach 1.924+0.173 | 1.796+0.192 1.98940.252 | 1,824+0.188 | 1.819+0.195
Liver 13.28811.446 12.890+1.683 | 11.640%3.115% 11.405+1.312%{11.395%1,371*
Right kidney 1.302+0.126 | 1.286+0.102 | 1.279+0.132 | 1.1150.111% | 1.11910.137*
Left kidney 1.237+0.108 | 1.220%0.076 1.21240.090 | 1.05840.117* | 1.05720.144%
Spleen 1.025%0.140 | 0.084*0.145 | 0.995%0.116 | 0.973%0.143 | 1.004+0.099
Left testis 3.172%0.295 | 2.97210.242 | 3.131+0.244 | 2.786+0.263% | 2.7570.448%
Right testis 3.163+0.331 | 2.97240.249 | 3.126+0.175 | 2.760%0.243" | 2.68040.367*
Bladder 0.128£0.026 | 0.141+0.025 0.14740.023 | 0.14120.019 | 0.131£0.031

The values are expressed as mean + SD

1000-R : Recovery group

* significantly ditferent from control group (p<0.05)
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Dose of Pueraria mirifica

(mg/kg BW/day)

Parameters Control 10 100 1000 1000-R

n=15 n=15 n=14 n=15 n=15
Brain 1.91840.086 | 1.898+0.055 1.910+0.092 | 1.868+0.057 | 1.88410.076
Heart 0.90210.07¢ | 0.884%0.071 0.865+0.082 | 0.79240.085* | 0.828+0.073*
Lung 1.29140.083 | 1.20710.082 1.224+0.111 | 1.137%0.111 | 1.16620.113
Stomach 1.565240.270 | 1.43040.190 1.537+0.191 | 1.445%0.154 | 1.49110.199
Liver 7.30740.550 | 7.04910.962 7.225%0.546 | 7.519+0.885 | 7.257+0.869
Right kidney 0.84410.065 | 0.82210.087 0.821+0.062 | 0.799+0.105 | 0.83210.067
Left Kidney 0.780£0.057 | 0.78540.081 0.779+0.056 | 0.773%0.107 | 0.780%0.064
Spleen 0.71140.109 | 0.72640.083 | 0.697+0.085 | 0.649+0.095 | 0.64210.080
Uterus 0.764£0.107 | 0.85240.142 | 0.904+0.180*| 0.898%0.187%| 0.826+0.182
Bladder 0.084#0.014 | 0.086%0.013 | 0.081%0.010 | 0.08540,012 | 0.078+0.014

The values are expressed as mean £ SD
1000-R = Recovery group
* significantly different from control group (p<0.05)
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Dose of Pueraria mirifica
(mg/kg BW/day)

Parameters Control 10 100 1000 1000-R

n=15 n=15 n=14 n=15 n=15
Brain 0.424%+0.025 | 0.433+£0.045 0.479+0.032 | 0.667+0.053" | 0.531+0.060"
Heart 0.269+0.018 | 0.265:0.020 | 0.291+0.027*| 0.299%0.026%| 0.209+0.022*
Lung 0.343+0.036 | 0.340+0.026 | 0.38240.023 | 0.409+0.042% | 0.403+0.022*
Stomach 0.384+0.035 | 0.375%0.034 | 0.462+0.055" | 0.514%0.031%| 0.485+0.078*
Liver 2.645+0.214 | 2.6880+0.137 2.71740.691 | 3.21240.185% | 2.99140.214*
Right kidney 0.26010.024 | 0.269+0.024 | 0.298+0.027*| 0.315%0.018*| 0.206+0.028"*
Left kidney 0.247+0.019 | 0.256+0.021 | 0.283%0.024* | 0.298+0.013" | 0.279%0.026"
Spleen 0.2041+0.021 | 0.206+£0.080 | 0.231£0.022% | 0.274%0.026% | 0.266+0.024*
Right Testis 0.633+0.057 | 0.623+0.057 | 0.733+0.090" | 0.788+0.071° | 0.726£0.086*
Left Testis 0.630+0.058 | 0.622+0.058 | 0.731+0.074" [ 0.782+0.082* | 0.709+0.088*
Bladder 0.025+0.005 | 0.029£0.004 | 0.03520.007*| 0.040£0.005" | 0.035%0.000*

The values are expressed as mean + SD
1000-R = Recovery group

significantly different from control group (p<0.05)
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Dose ol Pueraria mirifica
(mg/kg BW/day)

Parameters Control 10 100 1000 1000-R

n=15 n=15 n=14 n=15 n=15
Brain 0.641+0.052 | 0.652%0.061 0.718+0.043 | 0.790+0.060% |0.759£0.048" -
Heart | 0.302£0.04 | 0.3030.028 | 0.325£0.032 | 0.3330.024" | 0.33420.31" %
Lung 0.432+0.039 | 0.414%0.034 | 0.460+0.038 [ 0.479+0.035" | 0.469%0.048" =
Stomach 0.521#0.114 | 0.491%0.074 | 0.57920.082 | 0.609+0.057* |0.602£0.093" 5
Liver 2.436%0.160 | 2.40410.245 | 2.71540.209*| 3.166+0.321* | 2.913+0.263" g
Right kidney 0.28240.023 | 0.28130.028 | 0.30940.024*| 0.336+0.039* | 0.334+0.018" g
Left kidney 0.260+0.017 | 0.268+40.029 | 0.293+0.023%| 0.325+0.033% | 0.31420.021" =
Spleen 0.23740.033 | 0.2490.036 | 0.262+0.020 | 0.272+0.029" | 0.258£0.030 a§
Uterus 0.25540.030 | 0.204+0.061 | 0.34020.069* | 0.376£0.004* [0.33210.071" =
Bladder 0.028+0.005 | 0.0290.006 | 0.031£0.004 | 0.036£0.004* | 0.032£0.005

The values are expressed as mean £ SD

1000-R = Recovery group

© significantly different from control group (p<0.05)
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Dose of Pueraria mirifica (mg/kg BW/day)

Organs Microscopic findings control 10 100 1000 | 1000-R

n=15 n=15 | n=14 n=15 n=1s
Brain NR NR NR NR NR
Heart Focal myocarditis 1/15 2/15 0/14 1715 0/15
Lung Peribronchiolar lymphoid aggregation | 12/15 | 5/15° | 5/14" | 10/15 | 11/15
Liver Hepatocyte degeneration 3/15 5/15 3/14 2/15 0/15
Kidney Tubular cast 0/15 0/15 0/14 2/15 5/15%
Spleen NR NR NR NR NR
Intestine Focal lymphoid hyperplasia 2/15 1/16 0/14 0/15 0/15
Pancreas NR NR NR NR NR
Bladder NR NR NR NR NR
Testis Hyperemia (mild degree) 0/15 0/15 2/14 5/15% 2/15
Thyroid gland NR NR NR NR NR
Adrenal gland | Fatty degeneration of cortex 4/1% 3/15 2/14 0/15 0/15
Bone NR NR NR NR NR

The results are expressed as number of rats with pathological findings/total number of rats examined.

v significantly different from control group (p<0.05)
NR = No remarkable lesion
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Dose of Pueraria mirifica (mg/kg BW/day)
Organs Microscopic findings control 10 100 1000 | 1000-R
n=15 n =15 n=14 n=15 n=15
Brain NR NR NR NR NR
Lung Peribronchiolar lymphoid aggregation| 6/15 7/15 10714 8/15 10/15
Liver Hepatocyte degeneration 0/15 0/15 0/14 2/16 0/1%
Kidney Tubular cast 2/15 0/15 2/14 8/15* 8/16
Lymphoid aggregation 1/15 2/15 0/14 0/15 0/15
Spleen NR NR NR NR NR
Intestine Focal lymphoid hyperplasia 1/15 0/15 0/14 0/15 0/15
Pancrease NR NR NR NR NR
Bladder NR NR NR NR NR
Ovary NR NR NR NR NR
Uterus Subendometrial gland hyperplasia 0/16 0/15 0/14 2/16 5/15*
Mammary glands NR NR NR NR NR
Thyroid glands NR NR NR NR NR
Adrenal glands NR NR NR NR NR
Bone NR NR NR NR NR

The results are expressed as number of rats with pathological findings/total number of rats examined.

* significantly different from control group {p<0.05)
NR = No remarkable lesion
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Chronic Toxicity of Entomopathogenic Bacteria
Bacillus thuringiensis subsp. Israclensis Phrae strain
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ABSTRACT
Subchronic toxicity study of Bacillus thuringiensis Phrae strain (N-PR 2502) agains!
Aedes aegypti larvae was investigated in five groups of 12 Wistar rats of each sex for 6

months. The powder of bacterial preparation was given orally at the doses of 0.04, 0.4. 4.0 and
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10 mg/skg BWrday, which were equivalent 1o 10, 100, 1,000, 10,000 folds of estimated daily
exposure in human whereas the control group was given 1 ml/kg BWrday of water. Some
hematological changes in female rats. i.c. a decrease in the %lymphocyte in the group receiv-
ing the highest dose of bacteria was still within normal range and the increase of platelets in
the group treated with 10 mg/kg was not dose-dependent. Values of some biochemical pa-
rameters. in male rats exhibited statistical differences when compared with the control but
they were not suggestive of any abnormalities. Histopathological examination of various
organs revealed no pathognomonic lesions caused by the bacteria. The present toxicity study
indicated that B. thuringiensis Phrae strain produced no toxicity in rats.

Key words : Bacillus thuringiensis, toxicity

INTRODUCTION

Microbial larvicides are among the
available control agents which have gained
more interest during the past few decades,
to be applied in control programme of
vectors bome diseases. Bacterial larvicide is
particularly recognized as the promising one
(Anonymous, 1981). A number of Bacillus
sp. are found possessing larvicidal activity
against many species of mosquito (Goldberg
and Margalit, 1997 : Tsuchiyama. 1980 |
Araujo - Coutinho and Lacey, 1990 : Atwood
et al, 1992 ; Orduz -Peralta er al, 1992)
including local Thai stains of Bacillus
sphaericus and Bacillus thuringiensis
(Benjaphong et al, 1987 ; Chowanadisai et
al. 1995 : Chowanadisai and U-mai, 1999.)

Bacillus thuringiensis Phrae strain
(Chowanadisai and U-mai, 1999.) was proved
10 exhibit larvicidal activity against Aedes

acgypti larvae and considered as a control
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agent to be swudied further. Since
entomopathogenic bacilli is a spore- forming
bacteria producing a number of toxin proteins
which are not only toxic toward insect larvae
but some may show adverse effect against
birds, mammals and invertebrates. Since
B. thuringiensis Phrae strain is recognized as
a candidate strain for further development
of bacterial larvicide, safety test of this
strain is definitely required. The present study
was therefore conducted to investigale any
harmful effect that B. thuringiensis Phrae
strain might cause in rats, a commonly used
mammals for toxicity study. The results will
serve as a very important preliminary data for
further development and safe use of the tested

strain of microbial larvicide.

MATERIALS AND METHODS

Preparation of bacteria

The dry from of B. thuringicnsis Phrac



strain (Chowanadisai and U-mai, 1999.) was
prepared by inoculating the bacterial culture
in a test tube contaning 2 ml of Tryptic soy
broth and incubating for 3 hours at 37 ¢. A
loopful of bacterial suspension was transferred
into a flask containing 100 ml of nutrient broth.
The inoculum was shaken at 200 rpm on
orbital shaker for 18 hours. Optical density
of the inoculum was observed using spectro-
photometer operated at 600 nm and adjusted
until OD value reached 1. Cultivation of bac-
terial strain was carried out by transferring
0.5 ml of inoculum into a propagate flask con-
taining 50 ml of solid peptone glucose salt
medium, PGSM (Brownbridge and Margalit,
1986). The flasks were incubated at 37 ¢ for
72 hours then scraped the culture with 15 ml
of 0.85% sodium chloride. The bacterial cells
were pelleted with refrigerated low speed cen-
trifuge operated at 3,000 rpm for 20 minutes.
The cells were washed twice with sterile wa-
ter then lyophilized. The lyophilized form of
bacteria was ground then kept in a vacuumed
glass vial in a refrigerator until used. Labora-
tory hioassay to monitor the larvicidal activ-
ity was performed. Titration method (de Barjac
and Target, 1979) was employed to detect the
potency of bacterial powder. Standardization
on the potency of the powder preparation of
bacteria was at 7,000 International Toxic Unit
(ITU) per milligram.

Experimental animals

One hundred and twenty Wistar rats.

60 male rats weighing 200t10g and 60 fe-
mile rats weighing 150+10 g were purchased
from The National Laboratory Animal Cen-
ter, Mahidol University, Salaya, Thailand. The
animals were housed in the hygeinic conven-
tional room of Laboratory Animal Center.
National Institute of Health, Department of
Medical Sciences and were given commer-
cially pelleted diets and clean tap water ad
libitum. The temperature in the animal room
was kept at 25+1°¢. Prior to the experiment.
sixty rats of each sex were randomly divided
into five groups of 12 animals per sex.
Chronic toxicity study

The six-month chronic toxicity study
of Bacillus thuringiensis Phrae strain (BT)
was performed on five groups of rats. Group
1 (water control) was orally given distilled
water at the volume of 1ml/kg BW/day and
group 2-5 were orally treated with powder
preparation of BT at the does of 0.04, 0.4, 4.0
and 4omgskg BW/day, which were equiva-
lent to 10, 100, 1,000 and 10,000 folds of
estimated daily human exposure, respectively.

During the experiment, body weight and
food consumption were measured weekly and
the animals were closely observed for signs
of abnormalities. At the end of 180-day treat-
ment period, the animals were fasted for 18
hours, then were dissected under ether anes-
thesia and blood was collected from inferior
vena cava for hematological and serum bio-

chemical examinations. Hematological param-
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eters comprising %hematocrit, hemoglobin, red
blood cells (RBC), red cell indices such as
mean corpuscular volume (MCV ), mean cor-
puscular hemoglobin (MCH) and mean cor-
puscular hemoglobin concentration (MCHC),
total leukocyte count (WBC), %neutrophil,
goeosinophil, 9 lymphocyte, %monocyte, 9%ba-
sophil, platelet counts and %reticulocyte, were
determined by an automatic hematological
analyzer (Cell-Dyn 3500 Abbott®). Serum
biochemical values were assayed by an auto-
matic chemistry analyzer (Hitachi 012), the
parameters measured were alkaline phos-
phatase (ALP), aspartate transaminase (ALT),
alanine aminotransferase (AST), total biliru-
bin, total cholesterol, BUN, creatinine, glu-
cose, uric acid, triglyceride, sodium and po-
tassium.

Necropsy was also performed to ex-
amine gross pathological lesions of various
internal organs. Brain, heart, lung, stomach,
liver, kidney, spleen, bladder, ovary and uterus
in female, testis in male rats, rats and adrenal
glands were weighed and determined in %
relative organ weight (2/100 g body weight).
Above mentioned organs including trachea,
esophagus, pancreas, intestine, seminal vesicle,
thyroid gland, lacrimal, salivary and mam-
mary glands, were then preserved in 109 buff-
ered formalin solution and were subsequently
subjected to the histological preparing pro-
cess stained with hematoxylin and eosin for

histopathological examination by veterinary
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pathologist. The data were statistically ana-
lyzed using one way ANOVA and Duncan’s
multiple range test at p<0.05. Histopathological
results were analyzed by using Fisher’s exact

test al p<0.05.

RESULTS

Effect of Bacillus thuringiensis on Body
weight, Food consumption and Relative
organ weight.

In male and female rats, there was no
difference of average body weight between
control and BT-treated groups during 6
months of the experiment (Fig 1). Food con-
sumption ot BT-treated male rats did not sta-
tistically differ from the water control group
throughout the study. In female rats, since
wk 1 to wk 5 of the study, the food consump-
tion of BT-treated groups did not differ from
that of the water control group but from wk 6
to wk 9 only the group receiving 40 mg/kg/
day had significantly more food consumption
than the control group ; and thereafter there
was no difference of food consumption be-
tween the four BT-treated groups and control
group through the end of the experiment (Fig
2). Al necropsy, no gross pathological lesions
were observed in both treated and control
groups, except one female rat receiving
highest dose of BT developed a skin tumor
mass at dorsal of the neck. Most of the
relative organ weights of male and female rats

receiving BT were not significantly different



from those of the control groups. In male rats,  Female rats receiving 0.4 and 40 mg/kg of
relative weight of lung in the group treated BT had significantly lower relative uterine
with ¢.0 mgrkg of BT and of left Kidney in  weights than the control group. (Table 1 and
the group treated with 40 mgs/kg were sig-  2)

nificantly lower than those of the control group.
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Figure 1 Growth curve of male and female rats treated with Bacillus thuringiensis
Phrae strain for 6 months.
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Figure 2 Food consumption of male and female rats treated with Bacillus

thuringiensis Phrae strain for ¢ months.
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Table 1 % Relative organ weights of male rats receiving B.thuringiensis for 6 months.

Doses of B.thuringiensis (mg/kg/day)

Organs Control 0.04 0.4 4.0 40
n=12 n=12 n=12 n=12 n=12

Brain 0.3740.05 0.3610.31 0.3440.06 0.3440.03 0.34+0.04
Heart 0.24£0.04 0.23+0.02 0.240.03 0.2440.03 0.23+0.02
Lung 0.3340.05 0.310.02 0.31#0.02 | 0.30+£0.03* | 0.31£0.02
Stomach 0.37£0.05 0.3510.04 0.37+0.04 0.3440.03 0.35£0.04
Liver 2.4040.27 2.3110.11 2.3740.17 2.29+40.20 2.3440.17
Right kidney 0.23+0.02 0.22+0.02 0.2340.02 0.2240.01 0.2240.02
Left kidney 0.22+0.02 0.2140.02 0.2240.02 0.2140.01 0.20£0.02*%
Bladder 0.025+0.006 | 0.024+0.005 | 0.024+0.003 | 0.024+0.004 | 0.023+0.005
Spleen 0.1740.03 0.17+0.01 0.18+0.02 0.1740.02 0.3040.44
Left adrenal gland | 0.007+0.002 | 0.007+0.001 | 0.007+0.001 | 0.006+0D.001 | 0.007+0.001
Rioht adrenal gland| 0.007+0.002 | 0.006+0.001 | 0.007#0.002 | 0.006+0.001 | 0.006+0.001
Left testis 0.56+0.07 0.54+0.05 0.530.06 0.53+0.05 0.5240.04
Right testis 0.56+0.06 0.53+0.05 0.5340.04 0.53+0.04 0.5540.12

The values are expressed as mean + SD

* Significantly different from control group (p<0.05)
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Table 2 9 Relative organ weights of male rats receiving B.thuringiensis for 6 months.
Doses of B.thuringiensis (mg/kg/day)
Organs Control 0.04 0.4 4.0 40
n=12 n=12 n=12 n=12 n=12

Brain 0.6120.08 0.61£0.06 0.8140.05 0.58£0.09 0.61+0.06
Hearl 0.20+0.04 0.28+0.04 0.284003 0.27+0.02 0.26+0.08
Lung 0.43%0.05 0.40£0.04 0.43+0.05 0.41£0.04 0.420.06
Stomach 0.5020.07 0.48£0.08 0.46+0.05 0.48£0.06 0.4820.07
Liver 2.1310.16 2.44%0.42 2.1440.19 2.1920.23 2.3120.38
Right kidney 0.2640.30 0.25%0.02 0.26+0.02 0.24£0.02 0.25+0.02
Left kidney 0.2540.03 0.24+0.03 0.25+0.02 0.24+0.03 0.2440.02
Bladder 0.02740.005 | 0.026+0.003 | 0.025+0.003 | 0.026+0.005 | 0.025%0.005
Spleen 0.24+0.04 0.21%0.03 0.22+40.03 0.2140.02 0.2740.20
Left adrenal gland | 0.01440.003 | 0.023+0.032 | 0.01340.003 | 0.013£0.002 | 0.01340.003
Right adrenal gland) 0.01340.002 | 0.01340.001 | 0.013+0.002 | 0.1440.002 | 0.01340.004
Uterus 0.3410.11 | 0.2520.06% 0.2940.07 0.26+0.06 0.2810.08

The values are expressed as mean + SD

* Significantly different from control group (p<0.05)
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Table 3 Hematological values of female rats treated with B.thuringiensis strain for
6 months.
Doses of B.thuringiensis (mg/kg/day)
Organs Control 0.04 0.4 4.0 40
n=12 n=12 n=12 n=12 n=12

Hematocrit () 46.78+3.27 | 46.88%1.26 46.41+2.43 | 45.3634.61 | 46.46+1.74
RBC (K/uL) 9.26+0.60 9.0940.43 9.0710.37 8.8510.65 9.1240.33
Hb (gsdl) 15.9610.44 | 15.4510.40 15.36£0.59 | 15.58£0.66 | 15.45£0.48
MCV (m3) 50.53+2.16 | 5.164%1.45 51.23+2.92 | 51.13%2.87 | 50.96101.45
MCH (pg) 17.03+1.00 | 17.03+0.49 16.95+0.93 | 17.68£1.35 | 16.96%0.54
MCHC (%) 33.7742.24 | 32.9940.41 | 33.1130.78 | 34.74+3.63 | 33.28+0.62
WBC (K/uL) 5.1641.01 5.15+0.97 4.83+1.02 4.8810.67 5.0740.90
Neutrophil (%) 13.53+3.79 | 14.65%5.36 | 14.48%3.19 | 15.73£3.03 | 14.95%3.50
Eosinophil (%) 1.5140.46 1.2940.37 1.5340.58 1.85%0.58 1.5740.55
Lymphocyte (%) 80.91+3.61 | 78.31#6.34 | 78.49%4.50 | 77.30%5,17 | 79.52+4.62
Monocyte (%) 1.70£0.11 3.22+2.70 3.01+1.91 2.77+2.87 1.83+41.49
Basophil (%) 2.35+0.45 2.53+0.73 2.49+1.18 2.35+0.94 2.1140.77
Platelet (%) 050.17+100.76(919.21+101.28 | 881.71+120.42| 856.06+94.51 [959,.20+118.62
Reticulocyte (%) 3.10£0.61 3.27+0.50 2.0620.60 3.08+0.50 3.1640.44

The values are expressed as mean + SD

* Significantly different from control group (p<0.05)

Effect of Bacillus thringiensis on hemato-
logical values.

There was no difference in almost all
hematological parameters between water con-
trol and BT-treated groups in both sexes.

However, female rats receiving 40 meskg/
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day of BT had significantly lower %lympho-
cytes than the water control group. In addi-
tion, female rats receiving BT at the dose of
4.0 mg/kg had the significantly higher num-
ber of platelets than the control group (Table

3 and 4).



Table 4 Hematological values of female rats treated with B. thuringicnsis for 6
months.
Doses of B.thuringiensis (mg/kg/day)

Parameters Control 0.04 0.4 4.0 40

n=12 n=12 n=12 n=12 n=12
Hematocrit (%) 44.94%1.56 | 45.06+2.13 44.3742.11 | 44.782.49 | 41.857.76
RBC (K/ul) 8.1240.35 8.22+0.50 8.08+0.32 8.10+0.44 7.64+1.24
Hb (g/dl) 15.23+0.53 | 156.00£0.52 14.96%0.61 | 15.0010.41 | 14.23+2.53
MCYV (fl/red call) | 55.40£1.57 | 54.89+1.53 55.00+2.65 | 54.64+2.07 | 54.48+2.51
MCH (pg/red call)| 18.840.75 18.29+0.77 18.60+0.96 | 18.40%1.04 | 18.60+1.29
MCHC (gsdl RBC) 33.98+1.33 | 33.32+0.69 33.81#1.59 | 33.7412.46 | 34.25%3.01
WBC (KsuL) 2.6620.72 3.1622.45 2.8040.65 3.14+0.70 4.68+6.02
Neutrophil 15.07+3.42 | 14.35$3.60 | 18.0747.55 | 18.27+8.71 | 22.81%17.10
Eosinophil (%) 1.90%0.68 1.64%0.55 1.6310.65 1.94+0.75 1.91+0.81
Lymphocyte (%) 78.58+4.28 | 790.76+4.05 | 78.85+8.356 | 76.2618.33 |66.78+19.65™
Monocyte (%) 2.8742.74 2.6312.49 1.74+1.32 1.86%1.52 1.95+1.20
Basophil (4 ) 1.5810.85 1.6210.50 2.01+0.98 1.6740.61 2.51£1.79
Platelet (K/uL) $14.13+111.45|877.17+105.38 | §38.25+87.72 [012.50469.97%| 881.92+70.99
Reticulocyte (%) 3.5040.95 2.8610.41 3.11£0.72 3.30£0.81 3.02+0.60

The values are expressed as mean + SD

*Significantly different from control group (p<0.05)

Effect of Bacillus thringiensis on biochemi-
cal values

Male rats receiving 410 mg/kg/day of
BT had significantly lower ALT level than
the water control and total protein level of
male rats receiving BT at the dose of 4.0 mg/

kg was significantly lower than that of the

control group. Bilirubin levels of the male rats

receiving BT at the dose of 0.04, 4.0 and 40

mg/kg were significantly higher than that of

the control group. In female rats, there was
no difference of all biochemical parameters
between the BT-treated groups and the con-

trol group (Table 5 and 6)
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Table 5 Biochemical values of @male rats treated with B. thuringicnsis for 6 months

Doses of B.thuringiensis (mg/kg/day)

Parameters Control 0.04 0.4 4.0 40
n=12 n=12 n=12 n=12 n=12

ALP (UrL) 47.42%15.93 | 53.58%23.12 | 44.00715.56 | 45.67+13.88 | 44.33+14.28
ALT (U/L) 36.25%6.13 | 33.17+9.42 38.42+7.42 | 33.50+5.13 | 30.00*4,77*
AST (UsL) 68.02+14.00 | 64.50+5.40 | 72.67%11.81 | 66.00%6.69 | 61.75+8.54
Total protein (g/dl) 6.80%0.36 6.73%0.20 6.8070.18 6.56%0.32* 6.7620.17
Albumin (g/dl) 3.52%0.26 3.49%0.21 3.50%0.24 3.43%0.23 3.4470.19
Globulin (grdl) 3.28%0.34 3.23%0.21 3.3010.22 3.11%0.16 3.32%0.19
Bilirubin (mgsdl) | 0.0970.03 0.07+0.02* 0.09+0.02 0.05%0.02* | 0.07+0.03*
BUN (mg/dl) 18.50%2.44 | 17.70+2.01 17.42+2.66 | 17.01*0.02 | 17.88+2.80
Creatinine(mg/dl) | 0.66+0.07 0.66%0.04 0.6510.06 0.63+0.05 0.87+0.06

Glucose (mg/dl)
Uric acid (mg/dl)
Ttriglyceride (mg/dl)
Cholesterol (mgrdl)
Na' (mmols1)

K* (mmol/1)

177.27+37.09
2.32+1.47
160.26%66.19
89.79718.96
144.58%2.58

9.8379.94

166.23%21.50
1.68+0.07
183.87*57.32
87.79+23.88
145.08%2.61

5.67*0.65

161.95%37.34
1.4611.09
174.68%41.56
77.59%13.12
145.33%2.17

5.7070.59

156.80%27.32
1.65+1.28
177.14+73.85
77.29715.08
146.25%2.30
5.7970.90

162.11+22.05
1.58%0.84
170.97%42.28
89.84*13.23
146.58*%2.81
5.29+0.85

The values are expressed as mean + SD

* Significantly different from control group (p<0.05)
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Table 6 Biochemical values of female rats treated with B. thuringiensis for 6 months

Doses of B.thuringiensis (mg/kg/day)

Parameters Control 0.04 0.4 4.0 40
n=12 n=12 n=12 n=12 n=12

ALP (U/L) 28.83%17.97 | 29.17£15.60 | 30.08%+19,07 | 33.17+20.88 | 42.75439.48
ALT (U/L) 37.50+10.87 | 32.92+7.90 33.7544.63 | 33.50%5.58 | 32.0247.14
AST (U/L) 74.50+16.33 | 69.83+15.01 | 73.5840.05 | 66.58+12.81 | 06.024+99.03
Total protein (g/dl) 6.98+0.04 6.84+0.32 6.92+0.37 6.91+0.30 6.93+0.47
Albumin (gzdl) 3.78+0.31 3.7120.26 3.75%0.24 3.81+0.25 3.70+0.34
Globulin (gzdl) 3.21+0.26 3.1340.24 3.16%0.29 3.10+0.18 3.2240.25
Bilirubin (mg/dl) | 0.10£0.04 0.09%0.05 0.09+0.05 0.07+0.038 0.07+0.04
BUN (mgsdl) 20.63+4.42 | 20.68+0.20 | 18.07+2.45 | 19.15%2.46 | 19.94%2.63
Creatinine(mgvsdl) | 0.73+0.11 0.7240.08 0.67+0.06 0.68+0.07 0.68+0.08
Glucose(mg/dl)  [148.49+37.13|142.63+£26.56 | 136.76224.10| 145.03+17.82| 153.15421.75
Uric acid (mgsdl) 1.95+1.35 1.6620.54 1.48+0.66 1.43+0.43 1.7340.71
Triglyceride (mg/dl)  [137.49+53.62 | 128.46+44.38 | 137.51+63.38| 176.71+61.58| 167.52456.67

Cholesterol (mg/dl)
Na+ (mmol/1)

K+ (mmol/1)

79.82+19.14
146.0042.45
5.47+0.97

72.28%18.42
146.00£1.65
5.3010.83

73.60%15.10
146.58%1.83
5.24+0.96

82.04%15.12
146.42+1.38
4.03+0.68

75.00£23.62
147.42+1.83
4.90£0.77

The values are expressed as mean £ SD

* Significantly different from control group (p<0.0%)

Effect of Bacillus thringiensis on

histo-

and difference. One emale rat of the highest

pathological alterations.

Histopathological results of visceral
organs from BT-treated rats were summarized
in Table 4. Lymphoid proliferations at
peribronchioles in some rats were observed
in both control and bactrial-treated groups but

the incidence of lung lesions did not show

dose group developed focal metastatic basal
cell tumor in the lung, which spread from a
skin mass lesion. The incidence of Tiver fatty
degeneration in male rats treated with BT at
the doses of 0.4, 4.0 and 40 mg/kg/day were
statistically higher than that of the control

(p<0.05) and the hepatic lesions were charac-
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terized as perilobular pattern. We also found
focal myocardiosis with mononuclear cells
infiltration in some male group, focal renal
tubular cyst in some groups of both sexes,
renal tubular cast in all female groups and
adrenal cortical fatty degeneration in male rats.
The incidence of these lesions did not show

dose-dependent manner. The incidence of in-

terstitial edema of the testicles in male rats
receiving BT at the dose of 0.04 and 10 mg/
kg were statistically lower than that of the
control (p<0.05). No remarkable lesions ap-
peared in brain, esophagus, stomach, pancreas,
spleen, large intestine, urinary bladder, thy-
roid gland, salivary or lacrimal gland in the

control and BT-treated groups. (Table 7)

Table 7 Histopathological examination of organs from rats treated with B. thuringiensis
for 6 months

Doses of B. thuringiensis (mg/Kkg/day)
Organs Microscopic findings Male Female
Control | 0.04 | 04 4.0 40 |Control| 0.04 | 0.4 4.0 40
n=12 [ n=12 [ n=12 | n=12 [ p=i2 | =12 | oe=1z | on=iz | =iz (n=iz
Lung lymphoid proliferated 6712 | 2412 | 3712 | 5412 | /12 |4/12 312 | 2012 | 3/12 |12
peribronchioles
Heart Foeal myocadiosis 1712 | on2 [ os12 | 2112 | 212 | NF NF | NF | NF | NF
Liver Fatty degeneration 2/12 | 8712 | m12% | 8/12Y | 812 | 0/12 112 | 012 | 0112 |0/12
Kidney Focal tubular cyst 0/12 | 0/12 | 2212 | 212 | o012 | 112 onz| o/12 | 0/1g
Tubular cast NF NF NF NF NF | 812 | 10712| 9712 | 7/12 |11/12
Small intestine Lymphoid aggregated
in submucosa 112 | 312 [ 1212 | 2212 | 312 | 112 | 0212 | 2/12 | 2/12
Testis Interstitial edema 2/19% | 912 | 4112 | 1/12°
Ovary Follicular cyst 12 | 012 | 0712 | 1218 | 0/12
Uterus Subendometrial gland 2/12 112 | 2ma2 | o/ |os12
hyperplasia
Adrenal gland  Cortical fanty degenerationf 4/12 | 8/12 | 82112 | 312 | 512 | NF NF [ NF | NF | NF

The data are expressed as number of rats with patholagical finding/ total number of rats examined.
* Significantly different from control group (p<0.05)

NF=not found

¥
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DISCUSSION

The chronic toxicity study of B.
thuringiensis Phrae strain (BT) in Wistar rats
revealed that BT had no effects on growth
and it did not suppress food consumption.
Most of the relative organ weights of the
BT-treated group were not significantly
different from those of the control groups. The
decreases of relative lung weight in male rats
receiving 4.0 mgskg of BT and of uterine
weight in female rats treated with 0.04 and 40
mg/kg of BT were not dose-dependent.
Relative left kidney weight decreased in only
male rats receiving 40 mg/kg of BT but it did
not occur in female rats receiving the same
dose of BT. Therefore , the reductions of
these organs weight were not probably due to
the effect of BT. Hematological examination
indicated that bacteria did not affect hemato-
logical parameters. The decrease in % lym-
phocyte found in female rats receiving 40
mgrkg of bacteria was still within normal
range (Shayne, 1992) therefore. it was not a
significant change. An increase of platelets in
only female rats receiving 4.0 mgskg of
bacteria did not show any dose response rela-
tionship; hence, it was not likely due to the
effect of BT.

With regard to the effects of BT on
blood chemistry, it appeared that BT did not
affect most of the biochemical parameters. The
significantly decreased ALT level occurred in

male rats treated with 40 mg/kg of BT whereas

it did not occur in female rats receiving the
same dose of BT: therefore, it might not be
the effect of BT. The decreased total protein
and bilirubin levels occurred in certain groups
of animals and were not a dose-dependent
reduction : hence, it could not be concluded
that BT contributed to these changes.
Histopathological lesions occurring in
lung, heart, kidney, small intestine, testis,
ovary, uterus and adrenal gland as shown in
Table 4 were not dose-related increases.
Male rats receiving BT at the doses of 0.4,
4.0 and 40 mg/keg/day had statistically higher
incidence of liver fatty degeneration (p< 0.05);
however, the severity of hepatic lesions was
only mild degree of focal fatty degeneration
which should not be specifically indicative
of hepatotoxic effects of the bacteria. In
addition, the incidence did not show a clear
dose-related increase and the lesion did not
occur in female rats treated with the same
dose of BT. No remarkable lesions were
observed in other organs studied. Hence,
histopathological results in this study
suggesied that BT did not cause harmful

effects on visceral organs.

CONCLUSION

Six-month chronic toxicity study of
entomopathogenic bacteria, Bacillus
thuringiensis Phrae strain was investigated by
oral adminitration of bacterial powder prepa-

ration to Wistar rats at the doses of 0.04, 0.4,
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4.0 and 40 mgskg/day which were equivalent
to 10, 100, 1000 and 10000 folds of estimated
daily human exposure. The bacteria did not
suppress growth and food consumption of the
animals nor causc any significant changes of
hematological or biochemical parameters. His-
topathological changes found in some inter-
nal organs were not suggestive of bacterial
toxicity. Our study revealed no toxic effects
in rats treated with the bacterial preparation
of B. thuringiensis Phrae strain at the doses

given.
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ABSTRACT

Butea superba Roxb. or ‘Kwao-kreu dang’ in Thai, is one of the traditional medicinal
plants being claimed as a rejuvenating drug. Products containing B. superba are increasingly
used among Thai men. The safety of taking B. superba , however, has not been scientifically
reported. We, therefore, performed a six-month chronic toxicity study of B. superba powder
in 6 groups of both sexes of Wistar rats. The control group received 10 ml of distilled waters
kg BW/day. Among five experimental groups. four of them were given B. superba at the
doses of 10, 100, 250 and 1000 mg/kg BWday, respectively. For a recovery study, the fifth
group received 1000 mgrkg BW/day. No significant changes in hematological, biochemical
and histopathological parameters were observed at the dose of 10 mg/kg BW/day. Hemato-
logical and biochemical changes were demonstrated in male and female rats receiving the B.
superba at the dose of 100 mgskg BW/day and higher. The significant difference found in
hematological parameters was, however, not dose-dependent. Significant changes in blood
chemistry were shown in both sexes of animals particularly at the doses of 250 and 1000 mg/
kg BW/day. The groups of rats with the highest doses of B. superba had significantly higher
levels of Aspartate amino transferase (AST), Alanine aminotransferase (ALT), Alkaline phos-
phatase (ALP), bilirubin and BUN than those of control groups. In contrast, the levels of
cholesterol, total protein, albumin and glucose of those highest dose group were significantly
lower than the controls. Histopathological studies indicated that the rats receiving the highest
dose of B. superba and significant high rates of liver lesions which were hepatocyte
megalocytosis, lymphoid aggregated periportal area and bile duct proliferation. Our results
showed that orally giving B. superba at the dose of 250 mg/kg BW/day and higher was toxic
to internal organs, particularly the hiver of the Wistar rats.

Key words : Butea superba , chronic toxicity, toxicity

INTRODUCTION

Butea superba Roxb., known as Kwao-

1988). It is, therefore, identified as Kwao-

kreu dang or red Kwao-kreu. Chemical con-

kreu dang in Thai, is a plant in the
Papilionaceae family (Smitinand, 1989). It is
mostly found in the northern part of Thai-
land. B. superba is a climbing tree with a long
tuberous root. Its sap is red when the root is

cut (Pongboonrod, 1971 : Tiangburanatham,
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stituents of B. superba which have been re-

ported are 3, 7, 3-Trihydroxy-4'-
methoxyflavone and 3.3 -Dihydroxy-4'-
mcthnxyﬂavone-?—O-B—D~glucopyranoside.
Both compounds were effective in inhibiting

¢AMP phosphodiesterase (Roengsumran et al.,



2000).

B. superba has been used as a natural
product for physical and mental strength
and for prevention of age-related health
problems. In Thai traditional medicine
B. superba is a rejuvenating herb for men, Its
use is, therefore, increasing particularly among
Thai men. According to traditional use,
recommended amount taken for an average
body weight of 50 kg is approximate to a
pepper-sized seed, which is about 50 mgsday
(Loung-Anusarnsoontorn, 1931). Current
commercial products contain a higher amount
of B. superba than the recommended one.
Despite the lact that more people frequently
consume the products, no toxicity study has
been reported. We, therefore, performed
a chronic toxicity study of B. superba 10
examine its effects on several organs and their

functions in male and female Wistar rats.

MATERIALS AND METHODS
Preparation of Butea superba
Tuber roots of Butea superba were col

lected from Saraburi Province and were iden-
tified by Associate Professor Yuithana
Smittasiri, Faculty of Sciences, Mae Fah
Loung University. The roots were washed, air-
dried, peeled and then sliced into thin picces.
All sliced-pieces were dried in a hot air oven
al 50 C. After being completely dried, they
were ground and passed through a seive num-

ber 100 1o get fine powder. A chromatographic

finger-print by high performance liquid chro-
matography (HPLC) indicated the main peak
of B. superba crude exiract was at 22.23 min-
ules. The powder was suspended to desired
concentrations with distilled water.
Treatment of the animals

A Total of 174 Wistar rats obtained
from the National Laboratory Animal Center.
Mahidol University, Nakornpathom, Thailand
were used in the study. They consisted of 87
male rats and 87 female rats with weights
200420 g and 200420 g. respectively.
The animals were housed in animal facility
of the Department of Medical Sciences.
The temperature in animal room was kept at
25+1"C with 60% relative humidity. The ani-
mals were allowed to have free access to food
and clean water.
Chronic toxicity study

Eighty-seven Wistar rats of each sex
were randomly divided into 6 groups. The first
group was a control group with 15 rats of
each sex and was orally given 10 ml of
distilled water/kg BWday. The 2" s groups
contained 15, 15, 12, 15 and 15 animals of
each sex and daily received a suspension of
B. superba at the doses of 10, 100, 250, and
1000 mg/kg BWrday, respectively for 6
months. The " Zroup was a recovery group
which received B. superba suspension at the
dose of 1000 mgskg BW/day.

Body weights and food consumption

were measured weekly and the animals
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were observed for signs of abnormatilities
throughout the study. At the end of
six-months treatment, the 1™ - 5™ groups of
rats were fasted for 18 hours, ancsthetized
with ether and sacrificed after drawing blood
samples from the inferior vena cava for
hematological and biochemical examinations.
The recovery group was set up to continue
feeding without giving the B. superba
suspension for another 14 days before
sacrificing.

Hematological analysis was performed
using an automatic hematological analyser
(Cell Dyn@ 3500, Abbott). Hematological
parameters measured were white blood
cell (WBC), %neutrophil, %lymphocyte,
gmonocyte, %eosinophil, %basophil, red
blood cell (RBC), hemoglobin, hematocrit
Het), platelet, and reticulocyte.

Biochemical analysis of serum
samples was performed using an automatic
chemistry analyser (Hitachi model 912).
Biochemical parameters measured were
alkaline phosphatase (ALP), alanine
aminotransferase (ALT), aspartate
aminotransferase (AST), total protein,
albumin, bilirubin, blood urea nitrogen
(BUN), creatinine, glucose, uric acid,
triglyceride, cholesterol, sodium and
potassium.

The position, shapes, sizes and colors
of internal organs, namely, brain, heart, both

kidneys and lungs, trachea, esophagus,
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stomach, liver, pancreas, intestine, spleen,
bladder, and testis in male rats or ovary and
uterus in female rats were visually observed
for any signs of gross lesions. These organs
were collected, weighed to determine relative
organ weights, and then preserved in 10%
buffered formalin solution. Histopathological
sections were prepared and stained with
hematoxylin and eosin. After staining, the
sections were examined by a veterinary
pathologist.
Statistical Analysis

Data were analyzed by one-way
ANOVA followed by Duncan’s multiple
range test. using SPSS/PC program. The
Fisher’s Exact test was used for analysis of
Histopathological data. Significance levels

were set at p<0.05.

RESULTS

In the present study, one male rat in
the control group, one female rat in the
control group., one male rat given B. superba
at the dose of 100 mg/kg BW/day and 3
female rats in the group recciving the
suspension of B. superba at the dose of 250
mg/kg BW/day died during the experiment.
The deaths of these animals were not due
to the effect of B. superba since histopatho-
logical examinations revealed no damage in
any internal organs (data not shown). The rest
of the animals, except in the groups receiving

the highest doses, survived throughout the



study.
Effect of Butea superba on body weights
and food intake

The body weights of the male rats re-
ceiving B. superba at the doses of 10, 100 and
250 mg/kg BW/day were not different from
those of the water control group. The body
weights of the female rats receiving B. superba
at the doses of 10 and 100 mg/kg BW/day
were significantly higher than those of the
water control group from the first week to the
13" week but no significant difference was
found after the 13" week. The body weights
of the female rats receiving B. superba at the

dose of 250 mg/kg BW/day were significantly

lower than the control. (figure 1).

It was found that the food intake of
both male and female animals treated with 10
and 100 mgskg BWrday of B. superba was
significantly lower than that of the control
groups in some weeks (Figure 2,3). In male
rats given 250 mgs/kg BW zday of the extract,
the food consumption was significantly lower
in every week through-out the study as
compared with the controls (Figure 2),
whereas the food consumption of the female
rats receiving Butea superba at the dose of
250 mg/kg BWrday was significantly lower
than that of the control group in some weeks

(Figure 3).

v male control

—w— 10 mg/kg
—=w— 100 mg/Kkg
—— 250 mg/kg
— 1 g/ke

—— female control
—e— 10 mg/Kg

—+— 100 mg/kg

—— 250 mg/kg
N —+— 1 g/kg
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-
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Figure 1 An average of weekly body weights (grams) of rats treated with Butea

superba for 6 months.
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Figure 2 An average of weekly food consumption (grams) of male rats treated with

Butea superba for 6 months.
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Figure 3 An average of weekly food consumption (grams) of female rats treated

with Butea superba for 6 months.

After receiving B. superba at the dose  found that of the 30 animals in each sex, 6
of 1000 mgrkg BW/day, both male and fe- male and 5 female rats dicd after receiving
male animals of the 5" and the " groups the suspension for 24 to 40 days. The rest of
were remarkably weak. Their body weights  these rats were then sacrificed after days 39-
were observed 1o be lower than those of the 43 of the experiments for further examina-
control groups (Figure 1). The animals were  tions.

started to die from day 24 of the study. It was
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Effect of Butea superba on relative organ
weights

No significant difference in the rela-
tive weights (g/kg BW) of the brain, the heart,
the kidneys (left and right), the liver. the
spleen, the stomach, and the lung of both male
and female rats given B. superba at the doses
of 10, 100 mg/kg BW/day was shown
(Table1, 2) . The relative weight of the testis
(left and right) of the male rats treated with
B. superba at these doses was not different
from their controls. It was found that the rela-
tive weight of the urinary bladder of the male
group treated with the dose of 10 mg/kg BW/

day was significantly lower than its control

group (Table 1).

In male rats receiving B. superba 250
mg/kg BWrday, the relative weight of the
liver was significantly lower but that of the
spleen was significantly higher as compared
with the control group (Table 1). The female
group treated with the same dose had signifi-
cantly higher weights of the brain, the spleen,
the lung and the right kidney relative to the
controls (Table 2).

Both male and female rats given B.
superba at the dose of 1000 mg/kg BW/day,
(Table 1, 2) showed significantly higher
weights in every organ relative to the control

groups.

Table 1 Relative organ weights (g/kg BW) of male rats treated with Butea superba
for 6 months.
Group of male rats

Organs Control 10 mg/kg 100 mg/kg 250 mgskg 1000 mg/kg

BW/day BWrday BW/day BWrday

N=14 N=15 N=14 N=12 N=24
Brain 3.64+0.32 3.450.28 3.6420.34 3.6840.20 5.06+£0.56"
Heart 2.4240.23 2.4410.42 2.3610.26 2,3520,26 3.1210.32°*
Right kidney 2.3140.24 2.2040.21 2.3410.31 2.3740.18 3.57+0.33*
Left kidney 2.2440.23 2,1140.19 2.2340,29 £2.2940.16 3.41£0.08"*
Urinary bladder 0.29440.074 0.23610.045" 0.27110.068 0.23940.067 0.37640.05"
Liver 29.0042.06 29.96+1.06 21.01+2.43 21.0442.90* 24.7646.50%
Spleen 1.69£0.17 1.7040.21 1.750.18 1.9940.38" 3.3310.64%
Stomach 3.58+0.39 3.4140.24 3.4820,41 3.8120.52 5.650.67"
Lung 3.150.45 2.0140.41 3.0840.23 3.2020.40 1.48%0.44%
Right testis 5.470.54 5,2440.59 5.45%1.01 5.34£0.36 7.13%1.237
Left testis 5.43+0.62 5.28+0.54 5.2041,12 5,3740.54 7.1041.14°
Each value represents mean # SD.
* Significantly different form the water control group (p<0.05)
4221

o

as

y
WHHDTIUBININILATA LAY

-

e



Table 2 Relative organ weights (g/kg BW) of female rats treated with Butea superba
for 6 months.
Group of female rats

Organs Control 10 mg/kg 100 mg/kg 250 mg/kg 1000 mg/kg

BW /day BW /day BW7day BW /day

N=14 N=15 N=15 N=9 N=25

Brain 6.1540.65 5.81+0.58 5.8340.54 £.8341.00* 8.60%0.80"
Heart 2.85+0.34 2.84+0.22 2.80+0.40 2.00£0.22 3.28+0.41"
Right kidney 2.53+0.30 2.61+0.28 2.66+D.28 2.0340.38* 3.40£0.82*
Left kidney 2.56+0.35 2.44+0.22 2.48+0.23 2.68%0.30 3.46£0.30*
Urinary bladder 0.28+0.04 0.28+0.07 0.2640.05 0.27+0.05 0.32£0.09*
Liver 23.08+2.01 92.5742.80 29.1022.47 23.01+1.81 30.46+3.08*
Spleen 2.37+0.38 2.31+0.30 2.20+0.32 2.8540.81* 3.47+0.59*
Stomach 1.88+0.84 4.70£0.57 4.07£0.72 5.47£1.10 6.82+1.15%
Lung 4.11+0.35 4.05+0.52 3.95+0.41 4.7430.44* 5.40+0.43"

Each value represents mean + SD.

* Significantly different form the water control group (p<0.05)

Effect of Butea superba on hematological
parameters

Significant differences in the number
of white blood cells, %neutrophil, %lympho-
cyte, 9%emonocyte, %eosinophil, %basophil, the
number of red blood cells, hematocrit, hemo-
globin, platelets, and the number of reticulo-
cytes were not seen in either sex of the rats
receiving 10 mg/kg BW/day of B. superba
(Table 3.4).

The female rats given B. superba at the
dose of 100 mg/kg BWrday had no signifi-
cant changes in any hematological parameters
tested (Table 4) whereas the male rats re-

ceiving the suspension at the same dose had
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significant decreases in the number of RBC
and the percentages of basophil (Table 3).
At the dose of 250 mgskg BW/day,
the female group showed significant decreases
in the number of RBC, and hematocrit and
significant increases in the number of WBC,
and the percentages of monocyte were shown
as compared with the corresponding control
group (Table 4). The male rats given B.
superba at the dose of 250 mg/kg BWrday
had significant increase in % eosinophil, while
significant differences in the numbers of RBC
and the percentages of basophil was shown
compared to the controls (Table 3).

The numbers of white blood cells,



reticulocyte and 9emonocyte of the female rats
receiving B. superba at the dose of 1000 mg/
kg BW/day were significantly higher than the
control group but the %basophil and platelet
of this group of rats were significantly lower
than the control group (Table 4). The male

rats receiving the highest dose of the B.

superba suspension (Table 2) exhibited sig-
nificantly increased in the number of white
blood cells, sneutrophil, s%monocyte and
reticulocyte but %basophil, %lymphocyte, the
number of red blood cells and platelet were

significantly lower than those of the control

group.

-
=
]
Table 3 Hematological examinations of male rats treated with Butea superba for 6 g
months. =
=
=
Group of male rats g
Parameters Control 10 mg/kg 100 mg/kg 250 mg/kg | 1000 mg/kg s
BW /day BW /day BW/day BW./day ’“g
N=14 N=15 N=14 N=12 N=24 4=
white blood 5.04£0,99 5.45t1.13 4.750.66 5.29%0.91 11.73+5.57*
cell (K/{1)
neutrophil (%) 15.42+4.01 15.13+3.67 16.3043.81 15.2045.21 24.74%14.41"
lymphocyte (%) 77.8945.18 77.9045.45 76.30:+4.20 76.1048.48 57.70+19.87*
monocyte (%) 2.88+2.22 3.61+2.87 4.13+2.34 5.17+4.02 14.20+0.22*
eosinophil (9% ) 1.5520.5¢ 1.45+0.56 1.63£0.50 2.1541.02*% 1.8740.79
basophil (%) 2.2530.56 1.83+0.80 1.6510.42* 1.4040.66" 1.42+0.87%
red blood cells 9,3120.53 9.18+0.44 §.8540.52" 8.9020.49* 8.40+1.39"
(x10" K/(U1)
hemoglobin (g/dl) | 15.6620.71 15.53+0.40 15.50£0.61 16.0710.63 14.70%2.21
hematocrit (o) 47.23+2.71 46.15£1.73 15.862.88 45.682.72 44.14%7.27
platelet (K/([L1) 908+50 876479 858+108 0452118 4168£120"
reticulocyte 23030 220146 232+46 2664114 300+180*
Each value represents mean + SD.
* Significantly different form the water control group (p<0.05)
a2 '



Table 4 Hematological examinations of female rats treated with Butea superba for 6
months.
Group of Female rats

Parameters Control 10 mg/kg 100 mg/kg 250 mg/kg 1000 mg/kg

BW/day BW/day BW/day BW/day

N=14 N=15 N=15 N=g N=24"

white blood cell 2.53+0.55 2.8140.63 2.71+0.44 4.60%3.62° 5.1341.86"
(K7l
neutrophil (9%) 17.2445.92 15.33£6.31 17.9047.34 21.6347.28 19.48£17.30
lymphocyte (%) 75.79+4.78 78.85+8.59 73.5118.28 69.2349.71 72.38£18.14
monocyte (%) 3.84£2.80 2.53+2.28 5.06+3.41 6.37£3.94" 5.9645,44%
eosinophil (%) 1.84+0.65 1.75+0.74 2.00£0.59 1.4740.57 1.53%£1.08
basophil (%) 1.29£0.95 1.24%0.55 1.5440.67 1.33£0.76 0.6520.59*
red blood cells 8.0740,21 8.10+0.20 8.2440.45 7.5341.35* 8.42+0.70
(x10” K/UD)
hemoglobin (gzdl) | 15.00£0.40 14.97£0.40 15.2020.59 14.52+1.91 15.03+0.99
hematacrit (%) 44.3342.24 44.59£1.99 45.34%1.08 41.34%5.93* 44.92+3.4
platelet (K/UL1) 834+113 819485 833+108 T62+184 653+143%
reticulocyte 260269 240436 280+112 338+909" 39254202*

Each value represents mean £ SD.

* Significantly different form the water control group (p<0.05)

# blood was unable to draw from one rat

Effect of Butea superba on blood chemis-
try

It was demonstrated that ALT of the
female rats receiving B. superba at the dose
of 10 mg/kg BW/day was significantly lower
than that of the control group. All other pa-
rameters did not change in both sexes of ani-
mals treated with 10mg/kg BW/day of the B.
superba suspension (Table 5, 6).

There was no difference in all biochem-
istry parameters tested in the female group

receiving B. superba at the dosc of 100 mg/

& 1
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kg BW/day (Table 6). The levels of AST
and ALT of the male rats given at the same
dose were significantly higher than the con-
trol group as shown in Table 5.

In both male and female rats receiving
the suspension of B. superba at the dose of
250 mg/kg BW/day (Table 5, 6), the levels
of ALP and bilirubin were higher than those
of the control groups. Moreover, the male
group showed significantly higher levels of
AST, ALT and uric acid than those of the

control group. The levels of total protein of



each sex were significantly decreased. The
level of glucose in the female group was sig-
nificantly higher but that of the male group
was significantly lower than the control groups.
For the female group. significant decreases in
the levels of creatinine, cholesterol, triglyc-
eride, total protein and albumin were demon-

strated as compared with the control group.

The levels of AST, ALT, ALP, biliru-
bin and BUN were significantly increased in
both male and female rats receiving B. superba
at the dose of 1000 mgrkg BW/day (Table
5,6), whereas the levels of cholesterol, total
protein, albumin and glucose were significantly

decreased as compared with the controls.

Table 5 Blood chemistry of male rats treated with Butea superba for 6 months.
Group of male rats
Parameters Control 10 mg/kg 100 mgrkg 250 mg/kg 1000 mg/kg
BW day BW /day BW /day BW/day
N=14 N=15 N=14 N=12 N=24
AST (U/D) 66.8619.38 68.07+7,06 75.71£10,03% | 93.67+11.69% | 379.21+223.70*
ALT (UsD) 38.7148.38 44.3348.93 51.216.08* 61.67+16.07* | 182.17+72.60"
ALP (U/1) 57.2119.50 59.80+11.07 57.6446.64 74.25%12.,54* | 280.38+74.63*
bilirubin (mg/dl) 0.0940.03 0.07%0.05 0.11+0.03 0.16+0.04% 2.201.417
creatinine (mg/dl) 0.66%0.04 0.64£0.05 0.64+0.05 0.63+0.03 0.6540.17
BUN (mg/dl) 19.04£2.95 18.5042.67 18.49£1.67 17.6741.42 27.12422.62*
cholesterol (mgsdl)| 85.51%13.52 86.94%19.37 73.20%14.64 78.56161,32 72.51435.39"

triglyceride (mgrdl) 163.62455.26 200.65£68.76

total protein (g/dl) 6.6430.28 8.05%0.17
albumin (g/dl) 3.2740.16 3.29+0.12
uric acid (mg/dl) 1.60£0.86 1.774£0.82

glucose (mg/dl) 174.365421.65 178.48+17.80

153.67139.60 174.95%116.95 161.92£75.29

6.4420.37 6.3310.157 4.14%1.117
3.291£0.20 3.24£0.15 1.87%0.71°
1.54%0.68 2.23+0.67* 2.11£1.03

162.26%£12.23 148.03+16.01* 87.04+33.22"

sodium (mmol/Il) 143.29+1.27 143.7340.80 143.2141.25 142.4220.90 141.004£6.37
patassium (mmol/| 5.81%1.02 5.200.58 5.86%0.87 6.16+0.54 6.36%1.44
Each value represents mean + SD,
* Significantly different form the water control group (p<0.05)
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Table 6 Blood chemistry of female rats treated with Bufea superba for 6 months.
Group of Female rats
Parameters Control 10 mg/kg 100 mg/Kg 250 mg/kg 1000 mg/kg
BW day BW/day BW/day BW/day
N=14 N=15 N-=15 N=9 N=24"
AST (U/1) 78.70+20.85 68.67+10.88 67.40+6.81 87.33+12.07 | 174.44+47.45%
ALT (U/D) 42.64+17.64 30.4745.19" 33.87+6.42 43.00+14.66 | 106.80%46.01"
ALP (U/1) 25.36£5.76 24.73%7.52 25.73+6.70 42.22+19.55" | 158.16287.71°
bilirubin (mgsdl) 0.0720.08 0.0840.03 0.11+0.04 0.18+0.03* 0.6840.92%
Creatinine (mg/dl) 0.70£0.08 0.7410.08 0.71£0.07 0.61+0.09" 0.64£0.08
BUN (mg/dl 20.83+3.22 19.56+2.80 18.45%3.07 21.1442.10 24.25+5.33"
Cholesteral (mg/dl) | 77.70£8.92 71.27416.67 76.48%15.77 64.68£15.80% | 48.73422.72"
Triglyceride (mg/dl){128.99+63.05 114.38441.69 | 157.23+73.46 | 78.57+47.50" 117.41%39.65
total protein (g/dl) 6.6020.19 6.7910.36 0.78£0.35 5.84%1.01° 5.4840.81"*
albumin (gsdl) 3.63+0.22 3,6810.23 3.66+0.23 3.14%0.68% 2.8520.51*
uric acid (mgrdl) 1.5020.83 1.3240.67 1.82+1.40 1.66+0.04 1.9740.85
glucose (mgsdl) 141.52+186.86 146.54+12.70 | 155.49+28.57 | 155.66+14.64" | 116.36420.62"
sodium (mmol/1) 143.64%1.50 144.20%1.42 144,4041.35 143.78%1.48 146.7642.52
Patassium (mmol/1) | 5.3620.95 5.1220.58 5.14£1.15 5.0140.48 5.73+0.64

Each value represents mean + SD.

* Significantly different form the water control group (p<0.05)

# blood was unable 1o draw Irom one rat
Effect of Butea superba on histopathology
of internal organs

Changes in the internal organs of both
male and female rats receiving the suspen-
sion of B. superba at the doses of 10, 100 and
250 mgszkg BWrday were not observed by
the gross examinations. In contrast, signs of
abnormalities were illustrated in the highest
dose groups. Five females rats receiving B.
superba at the dose of 1000 mg/kg BW/day
died after 24-40 days of oral administration.
Furthermore, the rest were in moribund stages
and were sacrified after 39-43 days of the
treatment. The gross examinations among the
25 females rats revealed that one had approxi-
mately 8 ml of interstitial [luid in the lung,

one had focal hemorrhage in the stomach, one
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had a smaller-sized liver, one had a sign of
splenomegaly, one had mesenteric edema, and
one exhibited thinning of the uterine horn.
Additionally, the liver was pallid in four fe-
male rats and three rats had about 0.5-2.0 ml
of interstitial fluid in the abdomen.

Six male rats receiving Butea superba
at the dose of 1000 mgrkg BWrday also died
after 24-40 days of oral administration. Like
the female group. the rest were sacrified after
39-43 days of treatment. Among the 24 male
animals, the gross examinations showed that
two exhibited splenomegaly, five had a
smaller-sized liver. five showed interstitial
edema of the pancreas, five had focal hemor-
rhage in the stomach, and thirteen had ap-

proximately 0.5-2.0 ml of interstitial fluid in



the abdomen. Congestion in the testis was
observed in 5 rats and atrophy in the seminal
ducts was seen in another 5 rats. It was no-
ticed that the Kidney and the liver were pallid
in 3 and 10 male rats, respectively.
Histopathological examinations
revealed that at the dose of 10 mg/kg BW/
day, & of 15 female rats demonstrated
subendometrial gland hyperplasia of the
uterus, and glandular hyperplasia of the cer-
vix was noticed in 6 female rats. Evidence of

dilated lumen of the seminal vesicles was

seen in 6 of 15 male rats (Table 7,8)

The numbers of female rats receiving
B. superba at the dose of 100 mg/kg BW/
day, with the indications of subendometrial
eland hyperplasia ol the uterus, glandular hy-
perplasia of the cervix and hepatocyte
megalocytosis of the liver, were significantly
increased as compared with its control groups
(Table 8). In male rats receiving B. superba,
at the dose of 100 mg/kg BW/day, a signifi-
cant increase in the numbers showing inter-
stitial edema of the testis and dilated lumen
of the seminal vesicle was found as compared

10 its control group (Table 7)

Table 7 Histopathological evaluations of male rats treated with Butea superba for 6
months.
Group of male rats
Organs | Lesions Control | 10 mgrkg | 100 mg/kg| 250 mgrskg [1000 mg/kg
BW/day BWsday | BWrday BW/day
N=14 N=15 N=14 N=12 N=24

Heart Facal myocardiosis 1/14 2/15 4/14 0/12 0/24
Lung Lymphoid proliferated

peribronchioles 3/14 1/1% 5/14 4/12 3/24
Liver Fatty degeneration 7/14 4/15 3/14 5/12 1/24%

Hepatocyte megalocytosis 0/14 0/15 0/14 12/12* 24/24%

Lymphoid aggregated-

periportal area 0/14 0/15 0/14 0/12 8/24*

Bile duct proliferation 0/14 0/15 0/14 0/12 4/24*

Peliosis hepatitis 0/14 0715 0/14 2/12 D/24
Kidney | Multifocal tubular cyst 0/14 1/15 0/14 1/12 0/24

Tubular cast 0/14 0/14 0/14 0/14 0/24

Tubulonephrosis 0/14 0/15 0/14 1/12 2/24
Testis Interstitial edema 0/14 0/15 7714 6/12* 1/24

Seminiferous wbule-

degeneration 0/14 0/1% 1/14 1712 2/24

Congestion 0/14 0/15 0/14 0/12 1/24
Seminal-| Epithelial hyperplasia 0/14 0/15 0/14 1/12 g/24
vesicle Dilated lumen 0/14 6/156* B/14* 10/12* 1/24
Adrenal- | Cortical fatty degeneration 13/14 4/15 7/14 5/12* 0/24*
gland

Each value represents number of rats with pathological abnormalities/total number of rais examined.
“Significantly different from water control group (p<0.03)
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Table 8

Histopathological evaluations of female rats treated with Butea superba for

6 months.
Group of male rats
Organs | Lesions Control | 10 mgskg | 100 mgskg | 250 mg/kg [1000 mg/kg
BW/day BWyday | BWrday BW/day
N=14 N=15 N=15 N=9 N=25

Heart Focal myocardiosis 0/14 0/15 0/15 0/9 0/25
Lung Lymphoid proliferated

peribronchioles 1/14 4/15 4/15 0/9 7/25*
Liver Fatty degencration 1/14 0/15 1/15 2/9 3/25

Hepatocyte megaloeytosis 0/14 0/15 7/15* 9/9* 23/25*

Lymphoid aggregated

periportal area 0/14 1/15 1/15 0/9 13/25"
Kidney | Multifocal tubular cyst 0/14 0/15 1/15 0/9 0/25

Tubular cast 10/14 5/15 6/15 3/9 3/25°

Tubulonephrosis 0/14 0/15 0/15 0/9 0/25
Uterus Subendometrial gland

hyperplasia 1/14 6/15" 9/15* 3/9 1/25
Cervix Glandular hyperplasia 0/14 6/15" 6/15% 0/0 2/95
Adrenal | Cortical fatty degeneration 0/14 0/15 0/15 0/9 0/25
eland

Each value represents number of rats with pathological abnormalities/total number of rats examined,
*Significantly different from water control group (p<0.05)

Remarkable histopathological changes,
especially in the liver, were noticed with sta-
tistical difference at the higher doses of the
treatment. Hepatocyte megalocytosis (Figure
4) was found in all animals treated at the dose
of 250 mg/kg BW/day, in all male rats given
the B. superba at the dose of 1000 mg/kg
BW/day and in 23 of the 25 female rats at
this dose. Moreover, there was significant in-
crease in the numbers of male and female rats

treated with the highest dose showing lym-
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phoid aggregated periportal area of the liver.
The number of the male group receiving the
highest dose of the B. superba suspension with
the finding of bile duct proliferation of the
liver (Figure 5) was significantly higher than
that of the female and the control groups. In
addition, significantly high numbers of the
male rats given B. superba at the dose of 250
mg/kg BW/day with interstitial edema in the

testis were observed.



Figure 4 Histopathological examination of the liver section from the Wistar rat re-

ceiving the B. superba suspension at the dose of 250 mg/kg BW/day (H&E staining x 100).

An arrow indicated hepatocyte megalocytosis found in the liver.

Figure 5 Bile duct proliferation (P) and megalocytosis (M) in the liver of the Wistar

rat receiving B. superba suspension at the dose of 1000 mg/kg BW/day were illustrated as

indicated by arrows (H&E staining x 100).

DISCUSSION
We have examined the chronic toxic-
ity of B. superba given orally to the Wistar
rats at the doses of 10, 100, 250 and 1000
mg/kg BWrday for 6 months. The findings
of significant change of some hematological

parameters in groups of animals treated with

the suspension of B. superba at the dose of

100 mg/kg B. superba and higher were dem-

onstrated. These changes were neither dose-
dependent nor out of normal ranges (Gad et
al, 1992 : Beutler ef al., 1995).

The biochemical and histopathological
studies were done to examine the effect of B.
superba on major internal organs and their
functions. The most relevant finding was the
alieration of the liver and its function espe-

cially at the dose of 250 mg/kg BW/day and
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higher. Evidence of hepatotoxic effects of B.
superba was a dose-related increase in AST,
ALT, ALP and bilirubin with a decrease in
synthetic function as shown by the reduction
in the levels of albumin and total protein, The
histopathological examination of the liver
indicated abnormalities of hepatocytes,
portal vein thrombosis and bile duct

proliferation.

CONCLUSION

Chronic oral administration of
B. superba at the doses of 10, 100, 250 and
1000 mg/kg BW daily for 6 months indicated
that B. superba exhibited toxic effects to the
liver and some other internal organs especially
at the dose of 250 mgskg and higher. Tt is,
therefore, suggested that the powder of
B. superba should be thoroughly considered
prior 1o its consumption at very high doses

and for a long-term usage.
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Subchronic toxicity of
Cissus quadrangularis Linn.
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ABSTRACT
Cissus quadrangularis Linn (C. quadrangularis), or “Phet-Cha-Sung-Khaat™ in Thai,
is one of the most commonly used medicinal plants in Thailand for the treatment of hemor-
rhoid; however, the safety of this herb upon long-term consumption has never been reported.
Toxicity study was conducted to evaluate the three-month subchronic toxicity of C.
quadrangularis powder in five groups of 12 Wistar rats of each sex. Water control group

received orally 10 ml of water/kg BW/day. The dried-stems powder was given orally to the

Subchronic toxicity of Cissus quadrangularis Linn.

four treatment groups at the doses of 0.03, 0.3, 3.0 and 3.0 g/kg BW/day, which were
equivalent o 1, 10, 100 and 100 fold of the therapeutic dose in human, respectively, the Tast
group was the recovery group, No difference of initial or final body weights between C,
quadrangularis treated and control groups was detected. It was found that C. quadrangularis
did not produce any significant dose-related changes of hematological parameters or serum
climical chemistry, and no histopathological lesion of any internal organ that could be due to
the toxic effect of C. quadrangularis was observed. The results indicated that C. quadrangularis
at the doses given did not produce any toxicity in the rats during the administration period of
3 months.

Key words : Cissus quadrangularis Linn., subchronic toxicity
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loxicity testing (30 days) in Wistar rats. it
was found that C. quadrangularis caused low
levels of serum creatinine, albumin and WBC.
These occurrences disappeared within 14 days
when the rats were allowed to recover
(Limpanussorn, et al, 2o00). In addition, the
Chao-Praya-Apaipubate General Hospital in
Prachinburi province, the leading hospital in
utilizing herbal medicines for the treatment
ol common diseases, is dispensing the dricd
stem powder in the dose of 1.5-3.0 g for the
reatment of hemorrhoid. However, no report
for long-term toxicity test has been made. Thus
in order to evaluate the safety of this plant,
the present study. using an OECD guideline
(1998), was conducted to investigate the
subchronic texicity of C. quadrangularis when

administered orally for three months in rats.

MATERIALS AND METHODS
Plant material and preparation

The plant was collected from the bo-
tanical garden of Chao-Praya-Apaipubate
Hospital in Prachinburi province, and was
verified by Miss Supaporn Pitiporn, the head

pharmacist of the hospital. A voucher speci-
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men (BKF 002324 ) was deposited at the Forest
Herbarium, Royal Forest Department,
Bangkok. Thailand.

The plant was washed with tap water,
cut. dried in a hot air oven at 50 C. ground
and sieved with sieve No. 100, then the pow-
der stored in a brown bottle with cap at room
temperature. The powder was suspended to
the desired concentrations with distilled wa-
ter, Phytochemical determination showed the
quercetin constituent equivalent to 0.1216
microgram percent.

Treatment of the animals

Sixty male Wistar rats weighing 210+
10 ¢ and 60 female rats weighing 170410 g
from the National Laboratory Animal Center,
Mahidol University, Nakompathom province,
were used. The animals were housed in the
animal facility of the Department of Medical
Sciences. The temperature in the animal room
was kept at 2541 C with 809 relative humid-
ity. The animals were allowed 10 have free
access 10 food and clean water.

Three months toxicity study
According to the OECD guideline

(1998), sixty Wistar rats of each sex were



randomly divided into 5 groups of 12 animals
per sex. Group 1 (water control) received
water 10 milliliter/kilogram of body weight/
day (ml/kg BWrday). Groups 2 - 5 were
given the suspensions which were equivalent
10 0.03, 0.3, 3.0 and 3.0 grams of dried pow-
dered plant/kilogram of body weight/day (g/
kg BW/day) which were equivalent (o 1, 10,
100 and 100 folds therapeutic dose (1.5 g/
50-kg personsday), respectively. The last
group was the recovery group. Body weight
and food - intake were measured weekly and
the animals were observed for signs of
abnormalities for 3 months. At the end of the

th v
groups of rats

treatment period, the 1 - 4
were fasted for 18 hours, then anesthetized
with ether and sacrificed by drawing blood
samples from the posterior vena cava for he-
matological and biochemical examinations.
The 5" group of rats was withdrawn from of
the feeding of the plant for anotherid days
before being sacrificed.

Hematological analysis was performed
using an automatic hematological analyzer
(Cell Dyn@2500, Abbott). The parameters of
the blood samples measured were: hematocrit
(Hct), hemoglobin (Hb). red blood cell
(RBC), mean cell volume (MCV), mean cor-
puscular hemoglobin (MCH ), mean corpus-
cular hemoglobin concentration (MCHC), red
cell distribution width (RDW). white blood
cell (WBC), gneutrophil (96N), %lympho-

cyte (%L), %monocyte (%M), gesoinophil

(%E), %basophil (%B), plaielet, mean plate-
let volume (MPV),plateletcrit (PCT), plate-
let distribution width (PDW) and reticulo-
cyte.

Biochemical analysis of serum samples
was performed using an automatic chemistry
analyzer (Hitachi model 912). Biochemical
parameters measured were alkaline phos-
phatase (ALP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST),
blood urea nitrogen (BUN), p-amylase, total
protein, albumin, bilirubin, creatinine, glucose.
uric acid, triglyceride, cholesterol, sodium, po-
tassium and chloride.

The positions, shapes, sizes and colors
of internal organs, namely. brain, heart, both
kidneys and lungs, trachea, esophagus, stom-
ach, liver, pancreas, intestine, spleen, blad-
der, salivary gland, adrenal gland and testis
in male rats ovary and uterus in female rats
were visually observed for any signs of gross
lesions. These organs were then collected,
weighed to determine relative organ weights,
and preserved in 10% phosphate buffered for-
malin solution. Tissue slides were prepared
and stained with hematoxylin and eosin and
histopathological examinations were per-
formed by a veterinary pathologist.
Statistical Analysis

The data were analyzed by one - way
ANOVA followed by Duncan multiple range
test, using SPSS/PC program, to determine

significant differences between groups at
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p<0.05. Histopathological data were evaluated
by the Fisher extact test and the significance

level was sel at p<0.05.

RESULTS AND DISCUSSION

Effects of the C.quadrangularis on body
weight, food intake and relative organ
weight.

In both male and female animals, there
was no difference in the average body weights
between C. quadrangularis-treated groups and
control groups throughout the experimental
period of 3 month (Figure 1). It was found
that food consumption of animals receiving
the C. quadrangularis was significantly dif-

ferent from the control groups for several

weeks. Male rats receiving C. quadrangularis
3.0 g/kgsday had lower food intake than the
male control group during 4™ - 12" weeks
and female rats receiving C. quadrangularis
0.03 gskgszday had higher food intake than
the

1 Sth

female control group during 1™
weeks of the study (Figure 2). In male rats,
there was no difference in the relative organ
weight between C. guadrangularis-treated
group and control group (Table 1). Female
rats treated with C. quadrangularis at the dose
of 0.08 g/kg/day had lower relative organ
weights of the brain and heart than the con-

trol group (Table 2).

600
male
500 % —e— M-water
= —s— M-0.03 g/kg
~ 400
= —a— M-0.3 grkg
.%“ female
> 300 — *::23‘-1-3‘2-1"’;:”' —e— M-3.0 g/kg
> -l-..'J""" b
2 T o F-water
2 200 1B
' = F-0.03 g/kg
100 4 F-0.3 g/Kg
e F-3.0 g/kg
0 —_— ———r . —
2 4 6 8 10 12 14

Time (week)

Figure 1. Growth curves of male and female rats receiving C. quadrangularis for 3

months.
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Table 1. Body weight (g) and relative organ weight (g/kg) of male rats receiving
C. quadrangularis for 3 months.
Dose of C. quadrangularis (g/kgsday)

Organs control 0.03 0.3 3.0 3.0-R

n=12 n=12 n=12 n=12 n=12
Initial body 205%1Y 211%10 208£10 20840 20247
weight
Final body 493137 50247 498129 485437 482134
weight
Brain 4.28+0.32 1.2140.36 4.27£0.30 4.2620.18 4.25+0.38
Heart 2.62+0.18 2.5540.25 2.69+0.20 2.55%0.18 2.50+0.30
Lung 3.5740.38 3.5140.32 3.380.29 3.52+0.32 3.29£0.28
Liver 26.54+1.19 25.56+1.09 25.55+2.48 95.7541.78 25.1841.70
Stomach 3.72%0.32 3.7320.35 3.77+0.39 3.88%0.37 3.6510.20
Spleen 1.87%0.20 1.8840.18 1.8840.18 1.89+0.14 1.88+0.26
Right Kidney 2.5840.18 2.5540.14 2.64+0.17 2.61£0.18 2.59+0.19
Left Kidney 2.5140.18 2.4740.16 2.52+0.15 2.50+0.17 2.48+0.16
Right Testis 6.6140.42 0.5240.57 6.36£0.41 8.7810.69 6.45+0.70
Left Testis 6.53+0.41 6.4640.45 6.26£0.34 £.59+0.86 6.30+0.65
Right Adrenal 0.078+0.012 | 0.07710.013 0.080£0.015 0.07620.014 | 0.077+0.013
Left Adrenal 0.083+0.014 | 0.082+0.018 0.0840.016 0.08120.013 | 0.082+0.024
Bladder 0.25540,042 0.27440.035 0.240£0.042 0.26220.037 | 0.238£0.054
R: Recovery group
The values are expressed as mean + SD,
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Table 2. Body weight (g) and relative organ weight (g/kg) of female rats receiving
C. quadrangularis for 3 months.
Dose of C. quadrangularis (g/kg/day)

Organs control 0.03 0.3 3.0 3.0-R

n=12 n=12 n=12 n=12 n=1g
Initial body 17619 175410 17647 17146 17240
weight
Final body 2092420 206426 204418 284429 201423
weight
Brain 8.8220.45 6.34+0.61° 6.7140.44 6.91+0.54 6.75%0,62
Heart 3.0610.27 2.81+0.22" 3.0840.27 2.8740.25 3.09%0.30
Lung 4,4620.42 4.5410.22 4.2810.30 4.5720.47 4.23%0.42
Liver 23.84+2.08 24.57+1.82 24.19+1.95 94.57+1.71 94.23+3.32
Stomach 4.9820.74 4.8910.80 4.9440.39 5.14+0.50 5.1140.59
Spleen 2.3720.27 2.2020.292 2.4840.24 2.4120.33 2.49020.31
Right Kidney 2.8440.24 2,7840.20 2.7940.27 2.78%0.25 2.86+0.82
Left Kidney 2.7140.23 2.5940.21 2.6940.27 2.0640,23 2.66£0.25
Right Adrenal D.14820.037 0.1460.028 0.16040.032 0.144#0.018 | 0.138#0.024
Left Adrenal 0,16320.042 0.148%0.033 0.16540.027 0.149%0.020 | 0.183£0.024
Uterus 3.00£0.75 2.8041.06 1.0340.56 2.50+0.31 2.06+0.75
Bladder 0.27240.058 0.28520.060 0.27440.064 0.280£0.05¢ | 0.246%0.029

* significantly different from control group (p<0.05)
R: Recovery group
The values are expressed as mean + SD.

Effect of C. quadrangularis on hemato-
logical parameters

There was no difference of hematocrit.
the number of red blood cells, hemoglobin.
MCV, MCH, MCHC, the number ol white
blood cell, %N, 2L, platelet, PCT, PDW,
MPYV or the number of reticulocyte between
C. quadrangularis-treated groups and control
groups of either male of female rats (Table 3
and 4 ). However the groups or male rats
receiving C. quadrangularis had significantly
lower %B than that of the control. Male rats
receiving C. quadrangularis at the dose of 3.0

g/kg/day had significantly lower %M than
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that of the control. Male rat receiving
C. quadrangularis at the dose of 3.0 g/kg/day
had significantly lower percent of reticulo-
cyte than that of the control but these values
were within normal range (Gad, 1992).
Female rats receiving C. quadrangularis at
the dose of 3.0 gs/kgsday had significantly
higher %E than that of the control but these
values were within normal range (Gad, 1992).
In recovery groups, it was found that C.
quadrangularis caused high %N and low %B
in male. but caused high %E and low MCHC
in female, however these values were within

normal range (Gad, 1992).



Table 3. Hematological values of male rats receiving C. quadrangularis for 3 months.

Dose of C. quadrangularis (g/Kkg/day)

Parameters control 0.03 0.3 3.0 3.0-R

n=12 n=12 n=12 n=12 n=12
Hematocrit 15.70£3.04 45.6442.22 46.30£1.36 14.95%3.33 14.9922.87
(%)
RBC 9.1120.71 8.90£0.34 9.11%0.34 8.84£0.39 8.7840.45
(X10° cells/mm” )
Hemoglobin 15.68£0.55 15.62+0.59 15.6220.40 15.4830.48 15.4520.52
(gsdl)
MCV 50.18£1.81 51.25%1.76 50.8541.55 50.7942.40 51.25+1.03 <
(f1/red cell) E
MCH 17.30+1.22 17.5540.54 17.1520.30 17.5740.62 17.6320.69 —
(pe/red cell) (o
MCHC 34.5212.51 34.28+1.13 33.7640.56 34.72£2.29 34.43%1.53 =
(g/dl RBC) =)
WBC 5.62+1.38 5.70+1.28 5.00%1.26 5.80£0.91 5.18+0.79 =
(X10'cells/mm™) g
Neutrophil 11.7242.89 11.1743.01 18.5824.8 13.3443.83 79.07+6.66" g
(%) <
Eosinophil 1.600.73 1.3720.53 1.78+0.66 2.07£0.04 1.74+0.67 g
) 2
Lymphocyle 81.7745.55 84.25%4,36 81.0745.23 82,17+8.65 15.53+6.35* G
(%) B
Monocyte 3.0042.42 1.0441.40 2.89£1,27 1.33%1.43" 2.44£1.26 =
(96) By
Basophil 1.83+1.19 1.2740.30" 1.17+0.27* 1.10£0.44* 1.2140.30° g
(%) 2
Plaielet 0404140 BH6E6T 9094100 91393 865177 1)
(X10'cells/mm”) E
PCT (%) 0.86+0.20 0.7940.16 0.86+0.11 0.7640.17 0.86£0.11 'g
PDW (%CV) 17.5742.81 17.51+2.79 18.20+0.41 16.50£8.62 18.561£0.66 Q
MPV 0.0841,47 0.04£1.54 9.42£0.51 8,53%1.94 9.98x1.15 ’S
(flsplatclet) 2]
Reticulocyte 235+43 234441 205120 204+33 245+30
(X10%cells/mm")
Reticulocyte 2,61+0,39 2.6240.46 2.26£0.33"° 2.34+0.36 2.8130.25
(%)

ssignificantly different from control group (p<0.05)
R: Recovery group
The values are expressed as mean * SD.

Effect of the C. quadrangularis on blood
chemistry

In male and female rats, no difference

in the serum levels of ALP, ALT, AST, BUN,
p-amylase, total protein, albumin, bilirubin,

creatinine, glucose, uric acid, triglyceride, cho-
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Table 4. Hematological values of female rats receiving C. quadrangularis for 3 months.

Dose of C. quadrangularis (g/kg/day)

Parameters control 0.03 0.3 3.0 3.0-R

n=12 n=12 n=12 n=12 n=12
Hematocrit 14.52£2,35 44.1241.77 45.0241.65 14.301.08 45.54+2.28
(%)
RBC 8.0220.41 7.88+0.30 8.13£0.30 8.0810.42 §.13+0.22
(X10" cellsymm™)
Hemoglobin 15.01+0.51 14.7840.71 15.1640.51 14.8640.42 14.9840.76
(grdl)
MCY 55.64+1.03 56.03%2.07 55.4842.06 54.91+1.39 56.02+1.97
(1 7red cell)
MCH 1B.75+0.73 18.7640.91 18.7041.05 18.1840,63 18.4440.76
(pe/red cell)
MCHC 33.77+0.89 33.51£0.79 33.70£0.52 33.60£0.82 32.91+0.50%
(grdl RBC)
WBC 2.06+0.65 2.79+0.53 2.89+0.87 2.71£0.57 2.4040.47
(X10%cellsyrmm”)
Neutrophil 10.99%4.00 14.7745.22 12.2024.59 14.6146.02 14.8513.65
(%)
Eosinophil 1.60£0.31 1.563+0.47 1.8820.85 2.271.10* 1.5340.44
()
Lymphocyte 84.53+4.12 80.1246.83 83.275.86 79.6216.79 79.2245.37
(%)
Monocyte 1.93+0.89 2.7742.07 1.7841.80 2.58%1.61 3.10£2.16
(%)
Basophil 0.96£0.43 0.89240.91 0.86:40.41 0.94+0.38 1.30£0.48%
(%)
Platelet 868454 872488 9194103 873461 883+75
(X10°cellsymm™)
PCT (9) 0.79+0.05 0.80£0.08 0.8510.08 0.80+0.07 0.83£0.00
PDW (%CV) 18.0110.46 18.2010.22 18.15%0.43 18.0740.31 18.0010.21
MPV 0.18+0.50 9.20+0.49 9.2540,60 9.11+0.43 9.43£0.38
(flzplatelet)
Reticulocyte 26165 275150 26475 240%45 208170
(X10'cells/mm®)
Reticulocyte 3.26+0.79 3.4610.72 3.2410.88 2.98+0.53 3.66%0.83
(%)

*significantly different from control group (p+0.05)
R: Recovery group
The values are expressed as mean + SD.

lesterol, sodium, potassium and chloride was
found between C. quadrangularis-treated

groups and the control groups. It was found

&
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that C. quadrangularis caused high level of
serum bilirubin, but caused low level of se-

rum uric acid in male rats which were al-



Table 5. Biochemical values of male rats receiving C. quadrangularis for 3 months.

Dose of C. quadrangularis (g/kgsday)

Parameters control 0.03 0.3 3.0 3.0-R

n=12 n=12 n=12 n=12 n=12
ALP (UrL) 64.00%1 1.39 64.08%8.94 65.92£8.73 60.1748.17 66.50£8.02
ALT (UsL) 32.838.32 31.67+5.42 34.75£7.42 38.5046.29 38.67£14.64
AST (U/L) 71.42%11.44 68.33£4.72 65.08£8.34 65.92+10.09 | 66.25%10.70
p-amylase 19893266 1960£185 21541288 20704205 19584216
(UsL)
Total protein 6.5710.76 6.50£0.32 6.66+0.31 8.40+0.42 6.7240.22
(gsdl)
Albumin 3.2340.40 3.36£0.23 3.3840.23 3.3240.24 3.2310.08
(gzdl)
Bilirubin 0.07+0.03 0.07£0.02 0.07£0.02 0.06+0.03 0.11£0.03"*
(mg/dl)
BUN 18.3242.55 17.1812.29 19.4943.41 18.60+2.97 19.3843.19
(mgsdl)
Creatinine 0.6420.07 0.64+0.04 0.6540.05 0.62+0.06 0.62+0.04
(mg/dl)
Glucose 170.48+25.77 | 169.16£18.26 | 175.09423.06 | 170.54+18.18 | 157.54411.48
(mgsdl)
Uric acid 2.12£1.05 1.6440.58 1.04+0.62 1.80£0.71 1.4240.43*%
(mgsdl)
Triglyceride 127.54+46.73 | 125.72£36.37 | 144.11£33.39 | 145.38+48.91 | 131.76112.78
(mgsdl)
Cholesterol 72.39+24.92 62.2448.62 70.04£10.98 67.13+15.03 59.36+12.78
(mgsdl)
Na+(mmol/I) 14843 14448 14645 14546 140417
K+ (mmol/l) 5.7241.12 5.2240.53 5.3010.55 5.3240.51 5.88+0.62
Cl-(mmol/I) 108+4 10615 10642 10743 11042

*significantly different from control group (p<0.05)
R: Recovery group
The values are expressed as mean + SD.

lowed to recover (Table 5 and 6), however
the values were within normal range (Gad,
1992). The significantly change of serum so-
dium in recovery groups was less than that of
the control group, however the lowered se-
rum sodium had no clinical effect. This change
did not occur in any of the treated groups,
Hence, this change may not be due to the

effect of C. quadrangularis .

Effect of the . quadrangularis on histo-
pathology of internal organs

Upon gross examination of internal
organs no abnormal signs were observed. His-
topathological results indicated that there was
no lesion of salivary gland, spleen, pancreas
or intestine in any group of animals (Tables 7
and 8). The incidence of peribronchiolar

lymphoid aggregation in all treated groups was
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Table 6. Biochemical values of female rats receiving C. quadrangularis for 3 months.

Dose of C. quadrangularis (g/kgrday)

Parameters control 0.03 0.3 3.0 3.6-R

n=12 n=12 n=12 n=12 n=12
ALP (U/L) 28.42+3.87 28.1715.37 29.1745.49 27.25%4.35 27.9216.57
ALT (U/L) 26.50%5.18 28.7516.18 206.4215.08 20.06+5.87 27.8345.6¢
AST (UsL) 64.06+8.35 67.00%0.12 63.08+6.00 64.17+10.61 61.5846.23
p-amylase 11504242 1168£180 11264200 1081+183 105644284
(UrL)
Total protein 0.92£0.40 6.9130,36 6.724£0.42 6.61+0.58 6.0840.25
(gsdl)
Albumin 3.71£0.17 3.6910.26 3.65+0.26 3.6110.42 3.5440.14
(g/dl)
Bilirubin 0.10%0.04 0.1020.06 0.10+0.04 0.09+0.07 0.0940.03
(mg/dl)
BUN 19.45%1.88 19.74£2.17 19.5643.04 20.10%+3.55 10.4323.70
(mgdl)
Creatinine D.71+0.05 0.7210.04 0.67£0.06 0.70£0.09 0.6940.04
(mg/dl)
Glucose 145.16£14.78 | 147.90+£16.33 | 128.02421.28 132.21428.77 | 132.82£17.49
(mgdl)
Uric acid 1.62£0.50 1.37£0.50 1.3740.50 1.4840.57 1,4240.61
(mgsdl)
Triglyceride 79.05432.62 73.85+23.84 79.58438.35 86.26426.42 | 84.15%32.48
(mgrdl)
Cholesterol 71.71£22.00 73.85417.98 68.07+12.01 67.00+12.77 67.10414.15
(mgrdl)
Na+{mmol/I) 1503 14844 1466 146210 141£1%
K+ (mmolsl) 5.00£0.66 4.79£0.60 4.88+1.01 4.6140.00 4.99+40.68
Cl-(mmol/1) 11444 11244 11142 1108 1132

“significantly different from control group (p<0.05)
R: Recovery group
The values are expressed as mean + SD.

significantly lower than the control group, and
this incidence was increased in the recovery
group. Hence, this change should be due to
the effect of C. quadrangularis. Park and his
colleague (2001) reported that B-sitosterol
from the ethanol extract of cactus
(Opuntiaficus indica) showed anti-inflamma-
tory action in adjuvant-induced chronic in-

flammation model in mice. Because of B-
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sitosterol the same constituent in C.
quadrangularis, this plant may have anti-in-
flammatory action too. In male rats receiving
C. quadrangularis at the dose of 0.03 g/kg/
day, the incidence of hepatocyte degenera-
tion of the liver was not significantly differ-
ent from that of the control. Cortex fatty de-
generation of adrenal gland was noted in half

of the male control group. However the inci-



Table 7. Histopathological values of male rats receiving C. quadrangularis for 3 months.

Dose of C. quadrangularis (g/kg/day)
Organs Microscopic control 0.03 0.3 3.0 3.0-R
Findings n=12 n=12 n=12 n=12 n=12
Lung Peribronchiolar 7/12 0/12* 0/12* 2/12* 3/12
lymphoid
aggregation
Heart Focal 1712 0/12 0/12 0/12 1/12
myocarditis
Liver Hepatocyte 1712 1712 0/12 0/12 0/12
degeneration
Kidney 0/12 0/12 0/12 0/12 0/12
Spleen 0/12 0712 0/12 0/12 0/12
Pancreas 0/12 0r12 0/12 0/12 0/12
GI tract 0/12 0/12 0/12 0/12 0/12
Testis 0/12 0/12 0/12 0/1g 0/12
Adrenal gland Cortex fuatty 6/12 0r12” 0/12* 1712 6/12
degeneration
Salivary gland 0/12 0712 0/12 0/12 0/12

*significantly different from control group (p<0.05)
R: Recovery group

The results are expressed as number of rats with pathological findings/ total number of rats examined.

dence of fatty degeneration of the adrenal
gland in all groups of male rats receiving C.
quadrangularis was significantly lower than
that of control, and there was no difference of
the incidence between recovery and control
group. This incidence seemed to be sex-
related (Gad, 1992), Therefore, C. quadran-
gularis may reduce fat accumulation in the
adrenal cortex. Fraser (1994) reported that [3-
sitosterol inhibited the absorption of both en-
dogenous and exogenous cholesterol and in
moderate doses lowered serum cholesterol. As
in female rats receiving C. quadrangularis,
though there were some lesions detected mi-

croscopically in the liver and Kidneys in some

groups of animals, but this change was not
significantly different from control group. We
found that only the congestion of adrenal gland
n recovery group was significantly higher than
that of control; however, this lesion might be
caused by the stress from anesthetic process
as well (Koplewitz, er al., 1998, Pugachev,

1977: Bassett and Cairncross, 1975).

CONCLUSION
Three-month subchronic toxicity study
of C. quadrangularis Linn. in Wistar rats in-
dicated that the dried stem powder at the doses
of 0.03, 0.3 and 3.0 gs/kg BWrday, which

were equivalent to 1, 10 and 100 fold of the
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Table 8. Histopathological values of female rats receiving C. quadrangularis for 3

months.
Dose of C. quadrangularis (g/kgsday)
Organs Microscopic control 0.03 0.3 3.0 3.0-R
Findings n=12 n=12 n=12 n=12 n=12
Lung Peribronchiolar 3/12 os12* 0s12* 1/12° 2712
lymphoid
proliferation
Heart Focal 0/12 0/12 0/12 0/12 0/12
myocarditis
Liver Lymphoid 0/12 1712 1/12 0712 1712
aggregated (focal
periportal area necrosis)
Kidney Tubular cast 7/12 0/12 4/12 6/12 7/12
cyst
Lymphoid 0/12 0/12 0/12 0712 0/12
aggregation
Spleen 0712 0/12 0/12 0/12 0/12
Pancreas 0/12 0/12 0r1z 0712 0/12
GI tract 0712 0/12 0/12 0/12 0/12
Ovary 0712 0/12 0/12 0712 0712
Uterus
Cervix
Adrenal gland Congestion 0/12 0/12 0/12 0/12 6/12°
Salivary gland ori2 0/12 0/12 0712 0/12

ssignificantly different from control group (p<0.05}
R: Recovery group

The results arc expressed as number of rats with pathological findings/ total number of rats examined.

therapeutic dose did not produce any signifi-
cant dose-related changes of hematological
parameters. serum biochemistry or histopa-
thology of any internal organs. Therefore, it
is concluded that C. quadrangularis at the given
doses did not produce any significant toxic
effect in rats during the period of treatment

for 3 months.

ACKNOWLEDGMENTS

The authors are grateful to Dr. Anuthep

-3 ! 242p

Rangsripipat. Department of Veterinary
Pathology, Faculty of Veterinary Science.
Chulalongkorn University, for histopathologi-
cal examinations of tissue samples. Thanks
are also due to Miss Supaporn Pittipron
the head pharmacist of Chao-Praya-
Apaipubate Hospital, Prachin Buri province,
who identificd and supplied dried stems of C.
quadrangularis, and the staff of the Animal
Facility of the Department of Medical Sci-

ences for the animal care.



REFERENCES

Banjob, M., Pecharaply, D., Chaiyaraj, S. and
Sawangwong, C. 2000a. Medicinal
plants in North Eastern. Part 2. Insti-
tute of Medicinal Plant Research, De-
partment of Medical Sciences, Minis
try of Public Health. Thanasinjaroen
Printing, Bangkok, Thailand. p. 55. (in
Thai)

Banjob. M., Pecharaply. D.. Chaivaraj, S. and
Sawangwong, C. 2000b. Medicinal
plants in North Eastern, Part 3. Insti-
tute of Medicinal Plant Research, De-
partment of Medical Sciences, Minis-
try of Public Health S.R. Printing
Massproducts Co. Ltd., Bangkok, Thai-
land. p. 68. (in Thai)

Bassett, 1.R. and Cairncross, K.D. 1975. Mor-
phological changes induced in rats fol -
lowing prolonged exposure lo stress.
Pharmacol. Biochem. Behav. 3 (3) :
411-20.

Bhutani, K.K., Kapoor, R. and Atal, C.K.
1984. Two unsymmetric tetracyclic
triterpenaids from Cissus quadrangularis.
Phytochemistry. 23 (2) : 407-10.

Chopra, S.5., Patel, MLR. and Awadhiya, R.P.
1976. Studies on Cissus quadrangularis
in experimental fracture repair : a his-
topathological study. Indian J. Med.
Res. 64 :

Chopra, S.S., Patel, M.R., Gupta, L.P. and

Datta, I.C. 1975. Studies on Cissus

1385-75.

quadrangularis in experimental fracture
repair @ effect on chemical parameters
in blood. Indian J. Med. Res. 63 1 824-
8.

Fraser, GE. 1994. Diet and coronary heart dis-
casc : beyond dietary fats and low-den-
sity-lipoprotein cholesterol. Amer. 1.
Clin. Nutri. 59: 1117-23.

Gad. S.C. 1992. The Rat: Pathology. In: Gad,
S.C., Chengellis, C.P. (Eds.), Animal
Model in Toxicology, Marcel Dekker,
New York, USA. pp.&1,111-3.

Koplewitz, B.Z., Daneman, A., Cutz, E. and
Hellmann, J. 1998, Neonatal adrenal
congestion: a sonographic-pathologic
correlation. Pediatr. Radiol. 28 (12) :
958-62.

Lhicochaiphunt, S. and Sangdee P. 1985. An
acute toxicity testing of Cissus
quadrangularis ; Vitidaceae. Research
Report. Faculty of Pharmacy, Chieng
Mai University. pp. 15. (in Thai)

Limpanussorn, J., Poongchompu. S.,
Thisayakorn, K. et af 2000 Toxicity
study of Cissus quadrangularis 1. In :
Guideline for Medicinal Plant Devel-
opment of Thailand. Thailand Instiute
of Scientific and Technological Re-
search. p. 47. (in Thai)

Madan, M.G. and Ram, K.V. 1990.
Unsymmetric tetracyclic triterpenoid
from Cissus quadrangularis, Phy-

tochemistry. 29 (1) : 336-7.

4243

Subchronic toxicity of Cissus quadrangularis Linn.



OECD. 1098. OECD Principles of Good Labo-
ratory Practice, Section 2. OECD, Paris,
France.

Park, E., Kahng, J., Lee, S.H., Shin, K. 2001.
An anti-inflammatory principle from
cactus. Fitoterapia. 72 (3) : 288-90.

Pongboonrod, S. 1950. Mai Thed Muang Thai.
Kaseambunnakit Printing, Bangkok,
Thailand. pp. 428-9. (in Thai).

Pugachev, M.K. 1977. Problem of thickening
of the adrenal cortex in acute thermal
stress. Arkh. Anat. Gistol. Embriol.
72 (8) : 73-1.

Quisumbing, E. 1951. Medicinal plants of the
Philippines. Tech. Bull. 16 : 1-10.

Saburi, A.A., Rene. N., Marie-Therese, M.,
et al. 1999. Stilbene derivatives from
Cissus quadrangularis. J. Nat Prod. 62
! 16894-5.

Segsunviriya C. and Choomprabutra, S. 1989,
A clinical study of Cissus quadrangularis
Linn. in hemorrhoid patients. Seminar
of Research and Development of Me-
dicinal Plant. Division of Medical

Research, Department of Medical Sci-

‘_"\t\i 244p

ences, Ministry of Public Health. pp.
54-5 (in Thai)

Sen, S.P. 1964. Active constituents (0xo ste-
roids) of Cissus quadrangularis. In-
dian J, Pharmacy. 26 (9) : 247-8.

Tiangburanatham, W. 1096. Dictionary of Thai
Medicinal Plants. Prachumtong
Printing, Bangkok, Thailand. pp. 572-
3. (in Thai).

Pluemjai, T. and Saifah, E. 1986. Constitu-
ents of Cissus quadrangularis Linn. Th.
J. Pharm. Sci. 11(4) | 205-11.

Udupa, K.N. and Prasad, G. 1964. Biome-
chanical and 45-CA studies on the
effect of Cissus quadrangularis in frac-
ture repair. Indian J. Med. Res. 52 (5)
: 480-7.

Udupa, K.N., Prasad, G. and Sen. S.P. 1965.
The effect of phytogenic anabolic
steroid in the acceleration of fracture
repair. Life Sci. 4 (3) @ 317-27.

Wuthithammawej, W. 1994. Thai Traditional
Medicine. O.S.
Bangkok, Thailand. p. 337. (in Thai)

Printing House,



NURaT U N ATIHAN
Chronic Toxicity of Cassia siamea Tablet
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ABSTRACT

Cassia siamea tablet was manufactured for the treatment of insomnia. It was subse-
quently reported that there were 11 patients using this herbal medicine had drug-induced
hepatitis. To protect the consumer and to evaluate the toxicity of this tablel, chronic toxicity
study of Cassia siamea tablets containing 1.19% anhydrobarakol was conducted in 5 groups of
Wistar rat of each sex for € months. The control group was given distilled water and experi-
mental groups were intragastrically administered with the Cassia siamea tablet powder at the
doses of 20, 200 and 2,000 mg/kg/day which were equivalent to 1, 10 and 100 folds of
therapeutic doses respectively. Another 2,000 mg/kg drug-treated group was determined to
be high recovery group, in order to examine recovery of drug-induced abnormality after drug
discontinuation for 2 weeks. Our result showed that livers from rats receiving 2,000 mg/kg of
Cassia siamea powder had fatty liver in gross appearance and significantly increased relative
weight. Histopathological study indicated that the tablet caused degeneration and necrosis of
hepatocytes in all Cassia siamea -treated groups and the severity of the lesion was in a dose-
dependent manner.

Key word : Cassia siamea tablet, Toxicity.
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A1FWN 1 ﬂmnTaﬁmml1%16«1114“11‘.11111%“'1615115111mnmﬂunm 6 Inou

VAVBIVIHED (n./DN./ )
W03 0 20 200 2,000 2,000-R
n=1s n=15 n=15 n=15 n=15
Hematocrit (%) 48.59+2.66 | 47.26%1.74 48.20+2.78 15.50+1.02% | 44.55+42.84%
Hemoglobin (gzdl) 15.9340.66 | 15.6610.48 15.8220.68 14.8410.60* | 14.6840.51%
RBC (x10° cells/ HL)| 9.42£0.39 8.98+0.32 9.2610.32 8.7210.33 8.6510.61
MCYV (fl/red cell) 51.55+1.67 52.66+1.76 52.12+1.84 52.20+2.34 51.5342.32
MCH (pg/red cell) 16.9140.45 | 17.48+0.78 17.1020.52 17.01+0.76 17.08%1.28
MCHC (g/dl RBC) [ 32.82+0.63 | 33.22%1.13 32.8010.92 32.63£1.03 33.2612.69
WBC (K/HL) 6.13+1,84 5.77+1.85 5.45+1.77 6.00+0.94 5.05+1.53
Neutrophil (%) 14.2643.97 | 17.32#5.17 16.4817.05 20.79+7.15* | 20.3515.92*
Eosinophil (%) 1.72+0.79 1.5810.53 1.7410.58 1.23+0.41 1.3110.38
Lymphocyte (4) 75.40%7.53 73.60+7.22 72.49+11.97 67.55+8.16 70.99+8.97
Monocyte (%) 6.46+3.96 5.9913.26 7.7415.35 8.76+3.89 6.1942.42
Basophil (%) 2.08t1.44 1.4211.41 1.54%1.30 1.66£0.63 1.15%0.82
Platelet (K/HL) 966.07+79.81(953.563+110.40 [906.00+168.74 [1005.60£101.07(1060.90+85.01

ilumswuansluglvesdimdo + dnudoawumnaigiv
¢ uanANMINNNAANe 1T ARMNEGA (p<0.05)
2,000-R = high recovery group
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d. o =
VYUIAUBILUVIHAD (HN./DN./IN)

wsaas 0 20 200 2,000 2,000-R
n=15 n=15 n=15 n=15 n=15

Hematocrit (%) 48.7143.62 | 47.12%1.60 47.00%2.02 46.66%3.40 48.7142.24
Hemoglobin (g/dl) 15.7940.92 | 15.40%0.53 15.3840.43 15.3340.85 15.1040.57
RBC (3(10ﬂ cells/ML)  8.64£0.63 8.2840.32 8.2610.38 7.9720.48" 8.0740.36"
MCYV (flzred cell) 56.38+1.50 56.90+1.54 56.03+1.34 658.61%1.80 57.84+1.15
MCH (pg/red cell) 18.32+40.64 18.61+0.52 18.65+0.54 19.26%0.70 18.7240.51
MCHC (grdl RBC) | 32.4910.95 32.70+0.66 32.77+0.83 32.96%1.19 32.3810.67
WBC (K/HL) 3.0741.31 2.70+0.82 2.96+0.73 3.00£0.40 2.05+0.75
Neutrophil (%) 15.4348.35 | 15.93+5.23 15.236.70 17.88%7.17 15.5415.16
Eosinophil (%) 1.73£0.65 2.26£1,17 1.9310.93 1.49+0.52 1.7610.63
Lymphocyte (%) 75.5048.57 | 78.3745.61 76.92£7.37 73.26£10.21 | 80.58%4.55
Monocyte (%) 5.77+2.50 6.03+2.54 4.4542.01 5.50+3.25 4.98%1.47
Basophil (%) 1.56+0.97 1.48+1.11 1.7520.95 1.75+0.95 1.55%0.53
Platelet (K/7HL) 913.60+129.76(681.60468.06 | 861.86£86.20 | 939.57£103.66 [1010.90+54.62

¢ . - s “

lumaneradluglvesmmas + duiisanunasgy
* uANANDINNGUAILANILNTNUFAYNNATA (p<0.05)

2,000-R = high recovery group
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AN 3 ﬂﬁﬂ'lsﬂ'i'!i)ﬂ"\“ﬂuﬂﬂuﬂ'llﬂi"“!'ln]l“ﬂNu'ﬂ‘lﬂ?U[ﬂ'U!“ﬂﬂlﬂul')ﬂ1 6 191aU

wm‘uaam"{mﬁn (MN./N0./ 1)
wndime’ 0 20 200 2,000 2,000-R
n=15 n=15 n=15 n=15 n=15

ALT (U/L) 43.67£10.60 | 36.3346.19 | 44.53+16.15 | 46.60432.03 | 41.53+15.20
AST (U/L) 72.80%13.99 | 73.73+0.85 | 75.53+11.41 | 68.00£10.70 | 64.03+15.24
ALP (U/L) 69.87+14.73 | 65.73+0.06 58.47+7.39 45.4747.47% [ 50.33£10.81*
BUN (mg%) 21.1342.77 | 19.91+2.45 19.76+2.84 21.15%2.84 18.912.77
Creatinine (mg%) 0.66+0.05 0.69+0.06 0.85+0.04 0.68+0.05 0.61+0.04
Total protein (g%) 6.89+0.12 8.92+0.29 6.02+0.27 7.4340.42 6.80£0.25
Albumin (g%) 4.24£0.13 1.2340.19 4.2740.19 1.4140.22 4.2720.15
Globulin (g%) 2.65%0.14 2.6020.32 2.650.21 3.03+0.35" 2.53£0.24
Bilirbubin (mg/dl) 0.05+0.02 0.0840.07 0.22£0.07* 1.8440.17* 0.1040.04
Glucose (mgsdl) 175.01218.41| 171.18£26.07 | 165.5023.52 | 142.53+20,99 | 163.34%19.36
Uric acid (%)Cwgr7)| 1.80£1.14 1.71£1.30 1.30£0.97 1.66%1,45 2.00£0.89
Triglyceride (mg/dl) [110.38440.51| 119.84£37.39 | 112.27443.19 | 27.8849.90" |110.08427.41
Cholesterol (mgsdl) | 75.55512.10 | 69.76£17.26 | 81.61227.48 | 50.04+11.69% | 66.53%15.81
Sodium (mmol/1) 147,13£1.30 | 148.20%1.37 | 148.07£1.28 | 148.27+1.28 |144.87+1.35%
Potassium (mmol/l) | 5.09%+0.75 4.71%0.54 4.6910.48 5.0320.79 5.39+0.81
Chloride (mmol/sI) 107.33%£1.49 | 108.60%1.45 | 108.87+1.24 108.80%£1.61 | 105.93+1.16

‘ ' 4 . o

mlumiaaadhiguesdunie + dnudvawunasgn
£ uanA N IINgNA TN NITUENTYMIAEA (p<0.05)

2,000-R = high recovery group
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Vmdnuna 2,000 un./nN. Tvmnalvg ua
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HAMINTIND I ILNNYANEIBING
afursiamranumsnldouulasmia
QANINFINGY (M3 7 ez 8) WAV
wyRldsuowmanynvinaiidanmaianis
douuasmImvemada (hepatocellular
degeneration and necrosis) ganiivyngu
AIRUes TN (p<0.05) Ahywznsidoy
vouwaaauduuny fatty degeneration Tnonu
fat globules suass 9 asauagmulursad uaz
wuinsnlaouulamisyans s inuivesdudl
ﬂnn;uusatﬁmfumumnmawﬁ‘;’mSnmﬁa’u
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- ' a4 as L B A = b=
AHWN 4 N'ﬂnl'iﬂﬁ)‘ilﬂ"ﬂ'lN!ﬂuﬂﬂ“ﬂ'ﬂﬂiﬂl&t“ﬂlﬂﬂﬂ‘ﬁiﬂﬂ?'ﬂl"ﬂﬂ!ﬂunﬂ'\ 6 1n0u

WOAVDIETBINEN (HR./0n./TH)
PRERETI LR 0 20 200 2,000 2,000-R
n=15 n=15 n=15 n=15 n=15
ALT (U/L) 27.47%5.64 | 20.73%7.12 30.866.00 21.00+6.66 28.87+4.59
AST (U/L) 65.2746.10 | 71.73+12.52 | 73.42+11.05 60.80+8.90 59.07%5.70
ALP (U/L) 24.2045.33 | 24.33+5.11 23.07+5.68 25.478.43 23.13%4.78
BUN (mg%) 24.6145.80 | 21.45+4.44 21.32+3.89 24.94%3.27 24.20%4.20
Creatinine (mgd%) 0.81+0.06 0.76+0.07 0.760.04 0.73£0.04" 0.72+0.05*
Total protemn (g%) 7.01+0.27 7.16£0.26 7.26£0.36 7.07£0.39 5.8530.28
Albumin (g% ) 4.79£0.02 4.81%0.20 4.93£0.29 1.76+0.24 1.6940.21
Globulin (g%) 2.22+0.15 2.35%0.15 2.33%0.19 2.3240.21 2.1640.22
Bilirbubin (mg/dl) 0.08£0.03 0.09£0.05 0.1840.03* 1.32+0.19* 0.16%0.03*
Glucose (mgsdl) 151.81420.53| 139.85%16.81 | 137.09+16.04 | 121.38£0.87" | 118.88£7.15"
Uric acid (#6)( mg77) | 1.4820.56 1.27£0.52 1.07+0.38 1.1740.42 1.8720.47
Triglyceride (mg/dl) | 84.11£26.76 | 103.66+50.21 | 02.25+34.63 | 84.45+12.80" | 01.32435.15
Cholesterol (mgsdl) | 71.64%7.87 | 72.02£17.56 | 75.79+19.86 69.56+18.13 | 69.38%17.03
Sodium (mmol /1) 146.73+1.87 | 147.67+1.49 | 148.14+41.61 147.2742.05 | 142.73%1.49
Potassium (mmol/1) | 4.65+0.66 4.87%£0.55 4.58+0.49 4.73120.82 5.0630.71
Chloride (mmol/I) 107.80£1.89 | 108.80%1.97 | 109.2812.61 108.40£2.75 | 106.20%D.86

alummauamiluguosiimiv £ diubsmusaigiu
© AN INNANAIUYNEY RIHUMAYNNATA (p<0.05)

2,000-R = high recovery group
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Aad 5 wimine JmzauinivesnymadildTusAmdnnu ¢ feu

A‘ o w
VHIAVDIOWHAN (HN./DN./IU)

9 8% 0 20 200 2,000 2,000-R
n=15 n=15 n=1s n=15 n=15
104 0.36£0.03 | 0.35+0.03 0.3620.04 0.40+0.04 0.39+0.03
#la 0.24#0.02 | 0.2440.02 0.2540.02 0.26+0.02 0.2640.02
on 0.3040.04 0.30£0.03 0.3040.04 0.3440.04* 0.33+0.04
NTLNIZOTS 0.3820.06 | 0.37+0.05 0.3740.05 0.40£0.04 0.40%0.04
Al 2.4640.28 | 2.34+0.21 2.4140.10 3.3120.53% | 2.88+0.23*
Tndfo 0.2340.02 | 0.21+0.02 0.230.03 0.2740.02* | 0.2630.02*
Taun 0.2340.02 | 0.2240.02 0.2440.03 0.2840.02* | 0.2740.02*
TRt 0.1740.03 | 0.1740.02 0.1740.02 0.2120.03* | 0.21%0.02* l,g
mizinfang 0.02420.004 | 0.026£0.006 | 0.026+0.004 | 0.026+0.005 | 0.096+0.005 A =
dumeay 0.5340.11 0.53+0.09 0.55+0.09 0.55+0.11 0.58+0.09 =
fumEN 0.5740.13 0.55+0.07 0.55:0.08 0.5540.10 0.62+0.09 =
S
. ' i ' - ot
alummauaadduglvessiumie + dandivannanasy )
Y UANFANIINNRUAILANOETTOA ARMIaRa (p<0.05) S
2,000-R = high recovery group ‘ig
s
=
4 5w« W e ¢ A Ay wo 4 o -
MINN 6 INHUNDIIZAMWNSVRINYINTN N 1A TUENTmdmnu 6 1heu
> o
WNAUDIEAHAD (UD./NN./11)
293072 0 20 200 2,000 2,000-R
n=15 n=15 n=15 n=15 n=15
aunl 0.64%0.05 0.61+0.07 0.60+0.06 0.69+0.08 0.6040.05
Wle 0.2940.03 | 0.29+0.02 0.29+0.02 0.3240.03 0.3120.02
1lon 0.4140.05 | 0.4130.04 0.40%0.05 0.4540.06 0.4540.04
NILNILDINTI 0.5140.06 | 0.48+0.04 0.47+0.07 0.56+0.08 0.540.07
] 2.26+0.21 2.22+0.15 2.96+0.15 2.95+0.39* 2.5140.27
Tadhe 0.244£0.02 | 0.24+0.02 0.24+0.03 0.30+0.03" 0.2820.02
Taan 0.25+0.04 0.26+0.08 0.25+0.03 0.32+0,04* 0.2940.02
AT 0.22+0.03 0.22+0.02 0.23+0.04 0.2740.05* 0.26+0.03
nasvnale e 0.028£0.006 | 0.028£0.004 | 0.025+0.004 | 0.33£0.006 | 0.32+0.004
Sludneg 0.026£0.007 | 0.024+0.005 | 0.0023+0.010 | 0.02840.007 | 0.032+0.005
33l 0.024+0.005 | 0.021+0,005 | 0.023+0.006 | 0.025+0.006 | 0.028+0.005

. ' - \ -

Atlumauarasluplvosiunde + dudsannanaigu
*onandRnnnguaRuai s @AY MaIaia (p<0.0s)

2,000-R = high recovery group
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v
WMOAUDIIIHAN (UN./0N./ M)

03z wonBanmiing 0 20 200 | 2.000 |2,000-R
n=15 n=15 n=15 n=15 | n=15
an Lymphoid proliferated peribronchioles (+1) | 8715 6/15 2/15* 4/15 5/15
Wil Focal myocardiosis 3715 | 4715 0/15 1/15 | 0r15
Al Degeneration and Necrosis 0/1% 15/15* 15/15% | 15/15" | 15/15%
a Tubular cyst 0/1% 3/15 2/1% 2/15 3/15
Regenerative tubules 0/15 1/15 0/15 1/15 2/16
#udou Lymphoeytic pancreatitis 0/15 1715 0/15 0/15 0/15
alddn | Lymphoid aggregated in o/15 | 8/15 9/15 | 115 | 1/15
submucosal layer
anume Atrophy 0/16 | 0/15 0/15 | 2715 | /15
downyanla| Cortical faity degeneration 5/15 /15 9/15 | 8715 | 6/15

¥

“ o o ~ o 14 .
@aviuamsneaslualvas Snnunyiiassmume B anmanoumminalnds

© AN INNGUAIUNNRE RIVBE RN REDH (p0.05)

2,000-R

= high recovery group
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VHIAVBIEVUIHAN (JN./N0L/ )

031z wenFan i 0 20 200 2,000 |2,000-R
n=15 | n=15 n=15 | n=15 | n=15
o Lymphoid proliferated peribronchioles (+1) | 6/15 | 8715 1714 | 1715° | 0715
@ Degeneration and Necrosis 0/15 | 12715% | 14/14* | 15715 16/15%
Ia Tubular cyst 0/15 1/15 /14 | 0415 | 1715
Regenerative lubule 0/15 1715 0/14 1/15 2/19
Mionu Focal regeneration 0/15 1715 0/14 0/1% 0/1%
anldidn Lymphoid aggregated in 0/15 1715 2/14 1715 | 8715
submucosal layer
arlelnng 0/15 | 1215 0/14 | 1/15 | 0/18
dounyanlal Cortical fatty degencration 0/15 1716 0/14 0/15 0/15

[ 3 = - “ & '
gumluasianaailulvos Snouuiaawowe B an o anmmymam i gy

¢ uAnARTINAgUIUANEEITIBAAYNIFTA (p<0.05)

2,000-R
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change)
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fatty change)
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Chronic toxicity study of curcuminoids in rats

Pranee Chavalittumrong . Songpol Chivapat
Sadudee Rauanajarasrof . Somkiat Panyamong

Anchalee Chuthaputti , Chada Phisalaphong

ABSTRACT

A six-month chronic toxicity study of curcuminoids extracted from the powdered dried
rhizome of Curcuma longa L.. was performed in six groups of 15 Wistar rats of each sex.
Water control group received 5 ml of water/kg BW/day, while tragacanth control group
received 5 ml of 0.5% tragacanth suspension/ke BWday orally. Three treatment garoups were
given the suspension of curcuminoids powder at the doses of 10,50 and 250 mg/kg BWrday,
which were 1, 5 and 25 times of the proposed therapeutic dose. The fourth treatment group,
or the recovery group, also received 250 mgrkg BW/day of curcuminoids for six months. but
two weeks of no curcuminoids treatment elapsed before the time of sacrifice. It was found
that the growth rate of male rats receiving curcuminoids 50 mg/kg BW/day was significantly

higher than that of the tragacanth control group. Curcuminoids did not produce any signifi-

Chronic toxicity study of curcuminoids in rats

cant dose-related changes of hematological parameters. In the group of male animals receiv-
ing 250 mg/kg BWrday of curcuminoids, actual and relative liver weights and the level of
alkaline phosphatase (ALP) were sinificantly higher than those of the two controls, but the
ALP level was still within a normal range. There appeared to he a higher incidence of mild
degree of liver fatty degeneration and adrenocortical fatty degeneration in this group of
animals; however, the incidence was not significantly different from that of the two controls.
The results indicated that long-term administration of curcuminoids at therapeutic dose (10
mg/kg BWday) did not produce any toxicity in rats. However, at higher doses, it may affect
the function and morphology of the liver in a reversible manner.

Key words : curcuminoids. toxicity
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Turmeric is the dried rhizome of Cur-
cuma longa L. of the family Zingiberaceae. It
has long been used as a food-coloring agent
and spice all over the world, especially in Asia.
Based on the clinical study conducted in Thai-
land, turmeric is recommended by WHO and
Thailand’s Essential Drug List as an herbal
medicine for the treatment of dyspepsia
(‘Thamlikitkul, et al, 1989. World Health
Organization. 1999, National Drug Commit-
tee, 2000).
contains

Chemically. turmeric

curcuminoids, volatile oil, starch and resin.
Curcuminoids refer 10 a group of compounds
present in turmeric, which are chemically re-
lated to its principal: constituent, curcumin
(diferuloylmethane). Three main curcuminoids
that can be isolated from turmeric are
curcumin, desmethoxycurcumin and
bisdesmethoxycurcumin. These curcuminoids
are responsible for yellow color of the herb
(Department of Medical Sciences, 1998).

There are many reports on pharmaco-

logical and clinical studies of curcuminoids

L
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and the dose of curcuminoids used in those
clinical studies varied from 500 mg to 1.2 ¢
per day (Majeed, et al., Soni and Kuttan,
1992). Recently it has been discovered that
curcuminoids are potent antioxidant and pos-
sess chemopreventive activity (Selvam, et al.,
1495, Grinberg, 1996, Ramsewak, ef al., 2000,
Huang , er al ., 1094, Limtrakul, et al ., 1997,
Limtrakul et al ., 2001). However, there ap-
pears © be only a few published articles on
the toxicity ol wrmeric but none on the tox-
icity of curcuminoids (Bhavani, er al, 1980,
Sittisomwong, et al, 1990, Qureshi, er al.
1992}, The present study was therefore con-
ducted to determine toxicity of curcuminoids
extract in rats in order to obtain scientific evi-
dence about the safety of this group of com-
pounds upon long-term consumption. The
result of this study can be used to  promote

the safe use of curcuminoids in Thailand.

MATERIALS AND METHODS
Preparation of curcuminoids

Dried rhizomes of Curcuma longa 1.
were collected from local market and ground
into powder. The turmeric powder was
extracted with ethanol and then evaporated
al Jow pressure 10 obtain ethanolic extract
in the from of semisolid residue containing
oil and curcuminoids. The oil part was then
removed Lo give curcuminoids extract. The
curcuminoids contents of the extract used in

the experiment were 58 - 67% and the ratio

of curcumin : desmethoxycurcumin
bisdesmethoxycurcumin was 12 0.4-0.5: 0.2~
0.3. The curcuminoid extract was suspended
to the desired concentrations with 0.59% traga-
canth suspension.
Treatment of the animals

Ninety male Wistar rats weighing 290-
320 ¢ and 90 female rats weighing 200-230
¢ from the National Laboratory Animal Cen-
ter, Mahidol University, Nakhon Pathom prov-
ince, were used. The animals were housed in
the animal facility of the Department of Medi
cal Sciences. The temperature in the animal
room was kept at 25417 C with 60% relative
humidity. The animals were allowed to have
ltee access to food and clean water.
Six-months toxicity study

Ninety Wistar rats of each sex were
randomly divided into 6 groups of 15 animals
persex. Group 1 (water control) received wa-
ter 5 mlzkg BW/day orally and Group 2
(tragacanth control ] received 0.5% tragacanth
suspension 5 ml/kg BW/day. Group 3-6 were
given the curcuminoids suspended in 0.5%
tragacanth suspension a1 the doses of 10, 50,
250 or 250 mgs/kg BWrday, respectively,
Body weight and food intake was measured
weekly and the animals were observed for
signs of abnormalities throughout the study.
At the end of 6 month treatment period, the
i*ogh groups of rats were fasted for 18 hours,
then anesthetized with ether and sacrificed hy

drawing blood samples from the inferior vena

ids in rats
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cava for hematological and biochemical
examinations. The 6" group of rats. the
recovery group, was allowed to have free
access 10 food and water without curcuminoids
administration for another 14 days before
being sacrificed.

Hematological analysis was performed
using performed using an automatic
hematological analyzer (Cell dyn@ 3500,
Ahbott). Hematological parameters measured
were white blood cell (WBC), %neutrophil,
%lymphocyte, %monocyte. %basophil, %eosi-
nophil, red bload cell (RBC), hemoglobin,
hematocrit (Het), platelet, plateleterit
(PCT),sreticulocyte, and reticulocyte.

Biochemical analysis of serum samples
was performed using an automatic chemistry
analyzer (Hitachi model 912). Biochemical
parameters measured were aspartate
aminotransferase (AST). alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP) ,
p-amylase, bilirubin, creatinine, blood urea
nitrogen (BUN), cholesterol, uiglyceride. total
protein, albumin, uric acid, glucose, sodium,
potassium and chloride.

The positions, shapes. sizes and colors
of internal organs, namely, brain, heart,
both kidneys and lungs, trachea, esophagus,
stomach, liver, pancreas. intestine, spleen,
bladder, and testis in male rats or ovary and
uterus in female rats were visually observed
for any signs of gross lesions. These organs

were (hen collected, weighed to determine
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actual and relative organ weights, and
preserved in 10% buffered formalin solution.
Tissue slides were later prepared and stained
with hematoxylin and eosin. and histopatho-
logical were examinations were performed by
a veterinary pathologist.
Statistical analysis

Data were statistically analyzed using
SPSS/PC  program and statistically signifi-
cant difference was set at p<0.05. Food con-
sumption, body weight, hematology. serum
biochemistry and organ weight (absolute and
relative) data analyzed by one - way ANOVA
followed by Bonferoni’s test or Tamhane’s
test. Histopathological results were evaluated

by test Fisher exact test at p<0.05.

RESULTS

Effects of the curcuminoids on body weight
and food intake

The body weights of male rats receiv-
ing 50 mg/kg/day of curcuminoids were sig-
nificantly higher than those of the tragacanth
control group from the first week until the
end of the study (Figure 1). The body weights
of male rats receiving curcuminoids 10 mg/
kg/day were significantly higher than those
of the tragacanth control during the 3™- 5"
weeks.

In female rats, the body weights of the
group receiving curcuminoids 50 mg/ke/day
were significantly higher than those of the

. | . |
water control during the 5" until the 8" weeks.



The body weights of the group receiving
curcuminoids 250 mg/kg/day were signifi-
cantly higher than those of the water control
between the 1 and 16" weeks. The body

weights of tragacanth group were significantly

during the 1"-s" weeks (Figure 1).

The food intakes of both male and fe-
male rats receiving curcuminoids were sig-
nificantly higher than those of the tragacanth

controls on some weeks during the study (Fig-

higher than those of the water control group  ure 2).
700 :
male
o -} MMA:( —+— M-water
- —a— M-tragacanth
& 500 s M-10 mp/kg
= —s— M-50 mg/kg
=g 100
?,: — M-g50 mg/kg
.§~ 300 | —— F-water
0 —s— F-tragacanth
0 — F-10 mg/kg
= F-30 mg/k
100 S0 mg/E
—o— F-250 mg/kg
° |

Time (week)

Figure 1. Growth curves of male and female rats receiving curcuminoids for 6 months.
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Figure 2. Food consumption of male and female rats receiving curcuminoids for 6

months
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Effect of curcuminoids on actual organ
weight and relative organ weight.

Male rats treated with curcuminoids at
the dose of 250 mg/kgsday had a higher ac-
tual weight and relative weight of the liver
than the water and tragacanth control groups.
and had a higher actual weight of the left kid-
neys than the tragacanth control group. Male
rats treated with curcuminoids at the dose of
50 mg/kg/day had a higher weight of the liver
but a lower relative weight of the brain than
the tragacanth control group. (Table 1 and
Table 3).

Female rats treated with curcuminoids
at the dose of 250 mg/kg had a higher actual
weight of the liver than the water and traga-
canth control groups. Female rats treated with
curcuminoids at the dose of 50 mg/kg had a
higher actual weight of the brain than the water
control group. (Table 2).

Effect of curcuminoids on hematological
parameters

Table 5 and 6 showed that was no dif-
ference of the number of white bhlood cell,
gsneutrophil , %lymphocyte , %monocyte ,
o basophil, %esoinophil , the number of
red blood cell, hematocrit, platelet. PCT, or
the number of reticulocytes between
curcuminoids-treated groups and those of the
water and tragacanth  control group of both
male and female rats. The group of male rats
receiying curcuminoids at the dose of 250 mg/

kesday had significantly lower hemoglobin
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level than the water control group. In the re-
covery group of male rats, the number of
reticulocytes was significantly lower than that
of the water control group, while ghemat-
ocrit was significantly lower than those of the
two control groups.
Effect of the curcuminoids on blood chem-
istry

In male and female rats, no difference
in the serum levels of AST, ALT, P-amylase
bilirubin, ceratinine, BUN, triglyceride,
total protein, uric acid, glucose, sodium,
potassium , or chloride was found between
all curcuminoids-treated groups and the
walter and tragacanth control groups. The group
of male rats receiving curcuminoids at the
dose of 250 mgrskg/day had significantly
higher ALP than the tragacanth control group
and had significantly higher albumin than
the water and tragacanth control groups.
The group of female rats receiving
curcuminoids at the dose of 250 mg/kg/day
had significantly higher cholesterol than the
tragacanth control (Table 7-8).
Effect of curcuminoids on histopathology
of internal organs

Upon gross examination ol internal
organs no abnormal signs were observed. His-
topathological results indicated that some le-
sion were found in some groups or all groups
of animals in the lung, heart, liver, kidney,
spleen, intestine, thyroid gland, and testis (in

male rats), or uterus and mammary gland (in



Table 1. Actual organ weight and body weight of male rats given curcuminoids

orally for 6 months.

Group of animals

Male water tragacanth 10 50 250 250-R
mg/kg/day | mg/kgsday | mgskgsday | mg/kgsday
N=15 N=15 N=15 N=14 N=15 N=15
[nitial body weight| 306418 20217 309+12 31535+ 30015 301124
Final body weight | 635+63 576+48 618453 657144 640£76 670£68%~
Weight gain 329151 285135 309%51 342142 340467 368+50"*

Brain 2.0820.075 | 2.10+0.063 2.11#0.067 | 2.11%0.070 2.1430.120 2.14+0.043 a
Heart 1.5010.18 1.4730.14 1.4540.13 1.54£0.094 1.5410.24 1.08%0.17 8
Right Kidney 1.37£0.11 1.3140.10 1.310.11 1.40£0.12 1.80£0.60 1.49%0,17 E
Left Kidney 1.33%0.11 1.2440.13 1.2430.15 1.34%0.11 1.39%0.12"* | 1.4240.18** -g
Urinary bladder | 0.14310.032 | 0.14340.021 0.15340.022 | 0.160£0.030 | 0.145%+0,084 0.14840.031 g
Liver 14.66%1.97 | 18.10%1.30 14.17£1.20 | 15.39£1.65"* 17.05£2.03%**| 15.77+2.08*" g
Spleen 1,10%0.13 1.0410.15 1.1430.15 1.12#0.14 1.15%0.17 1.11+0.16 55)
Stomach 2.1910.20 2.0440.22 2.18%0.20 2.23+0.17 2.2310.21 2.20+0.25%* :
Lung 1.8740.28 1.70+0.18 1.8740.22 1.72£0.14 1.83%0.13 1.9240.18** :
Right Adrenal | 0.03520.066 | 0.03340.054 0.03020.051 | 0.036£0.055 | 0.034%0,068 | 0.034+0.055 E
Left Adrenal 0.04020.071 | 0.037£0.047 0.03530.055 | 0.039%0.061 | 0.039£0.067 | 0.038+0.054 ;
Right Testis 3.1640.55 3.10£0.37 3.2410.26 3.2340.25 3.2330.44 3.214+0.23 ;:-;
Left Testis 3.0040.38 3.15%0.42 3.2440.31 3.54%1,08 3.2240.41 3.20£0.25 é
2
Euch value represents mean = SD. S
significantly different from water control group (p<0.05). S

** significantly different from tragacanth control group (p<0.05).

female rats) (Table 9-10). Mcanwhile. no
lesion was found in the brain pancreas, esopha-
gus, and salivary gland in all groups of ani-
mals. The lesions found in all or some groups
of both male and female animals were lym-
phoid proliferated peribronchioles, fatty de-
generation of the liver, wbular cyst of the kid-

ney, lymphoid hyperplasia of the spleen, and

lymphoid aggregation in the submucosal layer
of the intestine. However, the incidence of
those changes in the controls and curcuminoids
- treated groups was not significantly differ-
ent (Table 9-10).

Other histopathological findings in
some groups of male rats treated with

curcuminoids were focal myocardiosis, tes-
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Table 2. Actual organ weight and body weight of female rats given curcuminoids

orally for 6 months.

Group of animals
Female water tragacanth 10 50 250 250-R
mg/kgsday | mgskgsday | mg/Kg/day mg/kg/day
N=15 N=15 N=15 N=15 N=15 N=15
Initial body weightl 2099 225+8* 214+14 221%11 297+17* 211414
Final body weight | 318329 330£24 318131 345431 35657 364355
Weight gain 110%25 105%19 104124 124427 130+31 14347
Brain 1.01+0.066 | 1.04+0.009 1.9440.088 | 1.99%0.066% | 1.9640.055 | 1.93#0.071
Heart 0.91%0,000 | 0.06+0.000 0.01£0.045 | 0.9710.059 1.0040.085 0.9810.117
Right Kidney 0.82+0.082 | 0.51%0.043 0.80+0.106 | 0.8740.217 | 0.80%0.112 | 0.8140.241
Left Kidney 0.7810.072 | 0.75%0.058 0.761£0.092 | 0.7610.119 | 0.8540.087 0.50+0.092
Urinary bladder | 0.078+0.011 | 0.086%0.012 | 0.082#0.095 | 0.086+0.011 | 0.08530.012 | 0.080+0.096
Liver B.94:10.74 6.98%0.55 6.78%0.73 7.4440.65 | 8.47£1.55%** 7.80%1.55
Spleen 0.65£0.052 | 0.74%0.14 0.6810.12 0.60+0.10 0.74+0.10 0.7740.19
Stomach 1.5740.17 1.5940.18 1.6720.23 1.5940.20 1.6040.17 1.6340.20
Lung 1.33+0.11 1.330.13 1.2840.11 1.3240.11 1.34£0.11 1.3330.098
Right Adrenal | 0.03920.06¢ | 0.038£0.081 0.03310.048 | 0.038%0.055 | 0.041%£0.079 | 0.04010.068
Left Adrenal 0.04340.058 | 0.040:40.080 0.03040.055 | 0.04340.044 | 0.042+0.089 | 0.041+0.065
Right ovary 0.0650.014 | 0.06240.017 0.06220.013 | 0.060%0.014 0.062+0.016 | 0.084+0.0116
Left ovary 0.063£0.017 | 0.06410.097 | 0.00820.019 | 0.067+0.014 | 0.068+0.019 | 0.058+0.011
Uterus 0.69%0.26 0.80£0.30 0.6740.14 0.71%0.23 0.8120.17 0.72£0.23

Each value represents mean + S.D.

* significantly different from water control group (p<0.05).

" significantly different from tragacanth control group (p<0.05).

ticular atrophy, follicular hyperplasia of the
thyroid gland. The incidence of those abnor-
malities was, however, neither dose-related
nor significantly different from that of the
controls (Table 9). Adrenocortical fauty de-
generation were found in all groups of male

rats with the highest incidence (10/15) in the
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group treated with curcuminoids 250 mgrkg,
yet the incidence was not significantly differ-
ent from controls (Table 9). An isolated case
of renal cell carcinoma was detected in one
male rat receiving curcuminoids 250 mg/kg.

In female rats, tbular cast was found

in the kidneys of all groups of animals and



Table 3. Organ weight relative to body weight” (g/kg BW) of male rats given

curcuminoids orally for 6 months.

Group of animals

Male walter tragacanth 10 50 250 250-R
mg/kgszday | mgs/kgsday | me/kgszday mg/kg/day
N=15 N=15 N=15 N=14 N=13 N=15
Final body weight | 635+63 576148 61853 657F44% 640%76 670+68*"
Brain 3.36£0.27 3.7240.30* 3.56110.32 | 3.2810.21** 3.49£0.52 3.2410.33**
Heart 2.42%0.24 2.60%0.24 2.40%0.19 2.39%0.17 2.49+0.29 2.38+0.18
Right Kidney 2.20%0.18 2.3340.93 2.1610.15 2.1810.24 2.56+0.81 2.2540.18
Left Kidney 2.14710.16 2.20£0.24 2.05%0.19 2.0810.22 2.26+0.21 2.13%0.18
Urinary bladder | 0.2340.054 | 0.2640.032 0.2540.048 | 0.2640.050 | 0.24%0.040 0.2210.046
Liver 23.45%1.67 | 23.14%1.79 23.38%1.30 | 23.82+1.86 |27.54%3.14%7%| 23.66+1.76
Spleen 1.7610.17 1.8340.24 1.8810.20 1.7410.23 1.8610.26 1.68+0.21
Stomach 3.5340.32 3.6010.26 3.60+0.33 3.4610.33 3.61+0.44 3.46+0.34
Lung 3.0010.31 3.01%0.25 3.09£0.41 2.6710.23 2.9710.39 2.90+0.32
Right Adrenal 0.059%0.092 | 0.05940.098 0.054£0.085 | 0.05610.098 0.058%0.016 0.052+0.010
Left Adrenal 0.06410.091 | 0.06740.018 0.059£0.010 | 0.06240.011 | 0.066+0.020 | 0.0560.071
Right testis 5.0840.87 5.48+0.56 5.3820.66 5.0440.59 5.26£0.97 4.86%0.52
Left testis 5.00%0.74 5.5640.67 5.3720.68 5.53%1.90 5.2310.88 4.84%0.48

@ Organ weight relative to body weight is expressed as (g organ weight/g body weight)x1000

Each value represents mean + S.D.

significantly different from water control group (p<0.05).

** significantly different from tragacanth control eroup (p<0.05).

Chronic toxicity study of curcuminoids in rats

glandular hyperplasia of the mammary glands
was found in some groups of animals, but the
incidence was not dose-related or significantly
different between groups (Table 10). Glan-
dular hyperplasia of the uterus and cervix was
found in only one animals treated with 50 mg/
kg curcuminoids, while congestion of the ad-
renal gland was found in only one animal in

the water control group.

DISCUSSION
Even though it was found that the body
weights of some groups of curcuminoids-
treated rats were significantly higher than those
of the controls on some weeks during the ex-
perimental period. this may in part be due to
the initial body weights which were signifi-

cantly higher than those of the controls from
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Table 4. Organ weight relative to body weight® (g7kg BW) of female rats given

curcuminoids orally for 6 months.

Group of animals

Female water tragacanth 10 50 250 250-R

mg/kgszday | mgskgsday | mgskgsday | mgskgsday

N=15 N=15 N=13 N=15 N=15 N=15

Final body weight | 31820 330124 318+31 345%31 356737 364155"
Brain 6.14+0.53 6.03%0.51 6.2570.45 5.94%0.55 5.65%0.53 5.48%0.79*%
Heart 2.9410.28 2.9640.32 2.9210.16 2.87+0.20 2.88%0.23 2.7510.34
Right Kidney 2.6270.31 2.53%0.25 2.5970.28 2.60%0.74 2.5570.34 2.27%0.69
Left Kidney 2.50*0.29 2.4440.27 2.45%0.22 2.26%0.35 2.4570.26 2.2510.30
Urinary bladder | 0.25%0.032 | 0.27%0.040 0.27+0.028 | 0.26%0.034 0.2410.047 | 0.23%0.041%*
Liver 22.3513.10 | 21.61%1.30 21.85%2.25 | 22.09%2.16 24.23*3.54 21.73+2.04
Spleen 2.11%0.29 2.3070.44 2.1870.31 2.05*0.35 2.13%0.27 2.1470.34
Stomach 5.07+0.80 4.9440.59 5.060.85 4.73%0.67 4.57+0.60 4.600.77
Lung 4.27+0.49 4.1210.52 4.1270.33 3.94%0.50 3.87%0.45 3.76%0.52
Right adrenal 0.13%0.019 | 0.12%0.029 0.13%0.020 | 0.1270.017 0.12+0.020 0.1170.016
Left adrenal 0.14%0.028 | 0.12+0.026 0.13+0.020 | 0.1370.016 | 0.12+0.023 | 0.12%0.024
Right ovary 0.2110.048 | 0.1970.057 0.2070.039 | 0.1870.043 0.18%0.052 0.2540.37
Left ovary 0.20%0.052 | 0.20+0.032 0.22+0.054 | 0.20£0.083 0.20+0.051 0.17+0.041
Uterus 2.0140.81 2.5040.02 2.19+0.55 2.13+0.70 2.35*0.58 2.0440.7¢

@ Organ weight relative to body weight is expressed as (g organ weight/g body weight )x1000

Each value repreasents mean * SD.

“ significantly different from water control group (p<0.05).

“* significantly different from tragacanth control group {p<0.05).

the beginning of the study. There was no dif-
ference of the hematological parameters be-
tween curcuminoids - treated groups and those
of the control groups, except for male rats
treated with high dose of curcuminoids that
had significantly lower hemoglobin level than
the water control group, but the higher he-

moglobin level was still within the normal

rage (Gad, 1992)

Biochemical examinations of the se-
rum showed that male rats receiving high dose
of curcuminoids had a significantly higher
ALP level than the tragacanth control, and a
significantly higher albumin level than the two
control groups (Table 7). However, both the

ALP and albumin levels of this group of ani-



Table 5. Hematological examination results of male rats given curcuminoids orally

for 6 months.

Group of animals
Male water tragacanth 10 50 250 250-R
mg/kg/day | mg/kgsday | mg/kgsday | mg/kg/day

N=15 N=15 N=15 N=14 N=15 N=15
WBC (K/uL) 8.73%2.14 5.38%1.27 5.76£1.32 5.92%1.27 5.20%1.51 6.37%1.26
9 Neutrophil 17.88+6.76 17.46£5.66 18.70%4.89 | 18.50%5.34 15.7514.36 16.7813.85
s%Lymphocyte | 78.86%5.10 79.3246.18 77.08%5.21 77965547 80.2815.72 79.80%4.14
g%Monocyte 1.32+1.43 1.92+1.66 1.04%1.27 1.08%1.07 1.78%1.91 0.9910.89
9% Basophil 0.64+0.24 0.5520.26 0.66£0.20 0.640.47 0.6010.27 0.70%0.31
%Eosinophil 1.48+0.29 1.44%0.40 1.71£0.65 1.7040.53 1.5240.33 1.731£0.73
RBC(x10"/ul) | 9.01£0.39 8.7910.39 8.77+0.30 8.00%0.30 8.7440.45 8.43+0.74"
Hemoglobin 16.22+0.57 15.78+0.46 15.73£0.43 | 15.761£0.41 | 15.5640.48% | 15.8710.55
(g/dL)
%Hematocrit 46.6512.11 45.58+1.90 44.47+2.60 | 45.5541.20 | 44.65%1.00 [42.60%4.38%,""
Platelet (K/uL){220.67+111.73 | 869.10£115.16 | 908.23+58.07 | 005.07473.08 | 000,43+103.50 | 006.80£125.08
PCT(%) 0.9210.14 0.84%0.15 0.8940.13 0.86+0.081 0.86+0.099 0.02+0.17
9% Reticulocyte | 18.48%6.51 13.191£6.06 14.38%12,57 13.8245.14 14.9345.58 13.73%5.07
Reticulocyte  |1676.53£579.50 | 1158.93£560.99 | 1260.00£27040/ 1223.211457.83 | 1312.884510.37 |1133.074420,57"
(K/ul)

Each value repreasents mean + SD.

* significantly different from water control group (p<0.05).

¢ significantly different from tragacanth control group (p<0.05).

mals were still within the normal range (Gad
1992). In addition these changes appeared to
be reversible since the levels of both ALP
and albumin in the recovery group were not
different from those of the two controls. Fe-
male rats receiving high dose of curcuminoids
had significantly higher cholesterol level than
the tragacanth control; however, it appeared

1o be a reversible change because cholesterol

level of the recovery group was not different
from that of the tragacanth control (Table 8).

Histopathological examinations of the
internal organs of male rats receiving high
does of curcuminoids showed an apparently
dose-related incidence of mild degree of fatty
degeneration in the liver and adrenocortical
fatty degeneration that than of the two

controls. The incidence of both histopatho-
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Table 6. Hematological examination results of female rats given curcuminoids orally

for 6 months.

)
¢

Group of animals
Female water tragacanth 10 50 250 250-R
Mg/kgsday | mg/kgsday | mgskgsday | mg/kg/day

N=15 N=15 N=15 N=15 N=15 N=15
WBC (K/ul.) 3.16%1.51 2.83%1.18 2.4020.67 2.65%1.13 2.69£0.92 2.2620.06
96Neutrophil 19.9148.37 | 21.36+11.16 | 22.06£0.05 | 23.19%4.60 21.33%5.71 21.93%6.80
gLymphocyle | 75.5620.62 | 75.49%11.12 | 73.54%7.70 | 72311559 73.40%0.31 79.2248.05
%Monocyte 2.05%1.84 0.90£0.44 1.47%1.42 1.54%1.68 2.26%2.48 2.0912.19
% Basophil 0.51%0.54 0.48%0.31 0.5510.49 0.50%0.24 0.73%0.49 0.5740.32
s Eosinophil 3.1044.28 1.7720.61 2.3710.92 2.461.11 2.2940.62 2.1940.534
RBC(x10"/ul)|  8.00%0.48 7.7740.56 7.86£0.50 7.6210.49 7.75%0.40 7.6320.49
Hemoglobin 15.54+0.49 15.1810.75 15.31%0.55 | 15.31%0.74 15.20%0.46 15.10%0.46
(g/dL)
9 Hematocrit 44.38%2.50 43.1641.75 43.7442.62 43.79+2.26 13,241,093 42.40%2.10
Platelet (K/uL}855.07£100.51| 803.20484.62 | 848.00+08.19 [843.37+100.51| 814.03187.63 | §12.30+99.91
PCT(%) 0.84%0.12 0,760,073 0.8010,11 0.81%0.11 0.76+0.069 0.7840.09
% Reticulocyte| 16.72%6.57 17.4945.13 16.4745.70 | 12.81£6.85 15.8144.72 16.59+5.35
Reticulocyte  [1340.07£535.36|1345.80£357.44 [ 1234.502403.81 083.734423.01 | 1223.072400.45 1268. 14144468
(K/ul)

Each value represenis mean £ S.D.

* sienificantly difterent from water control group (p<0.05).

*+ significantly different from tragacanth control group (p<0.05).

logical findings in the recovery group, how-
ever, appeared to be lower than that of the
high dose group and not significantly differ-
ent from that of the controls suggesting that
these observed pathological changes were re-
versible. Since there were no change of se-
rum triglyceride or glucose levels in
curcuminoids - treated male rats, the faity de-

generation of the two organs was not likely
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due to an increase of serum triglyceride or
glucose levels. The reason for the fatty change
in the two organs was not known.

Therefore, if curcuminoids will be taken
at a high dose for a long period of time,
patients should be advised to observe them-
selves for any possible sign of liver toxicity,
i.c. juandice or yellowing of the skin or the

eye, brown urine, nausea. vomiting, abdomi-



Table 7. Blood chemistry results of male rats given curcuminoids orally for 6 months.

Group of animals

Male water tragacanth 10 50 250 250-R
mg/kgsday | mgskgsday | mgskgsday mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15
AST (U/L) 70.4738.55 68.67+6.01 71.93%10.09 | 73.86214.42 | 07.07£6.58 | 71.13%15.09
ALT (U/L) 39.6019.17 | $6.20+4.89 35.60%6.95 | 30.07+10.48 | 35.7347.48 | 42.13%16.01
ALP (UsL) 67.4749.16 | 62.7310.74 | 69.07£16.37 | 74.21£12.74 [70.40413.39* 68.13+12.67
P-amylase 1960.87% 1833.73% 1884.60%t 2099.36% 1992.73% 2063.60+
(UsL) 260.43 139.52 205.10 207.49 311.97 271.07
Bilirubin 0.066£0.039 | 0.07310.037 | 0.070£0.02§ | 0.08040.025 | 0.069+0.042 | 0.052+40.038
(mgsdL)
Creatinine 0.87+0.062 0.68%0.045 0.65£0.061 | 0.65%0.041 0.6520.063 0.67£0.041
(mgsdL)
BUN (mgrdL) [ 18.64%1.55 19.19%3.16 18.28%2.38 | 17.6412.05 17.80+2.04 17.63%1.83
Cholesterol 89.31£19.55 85.75116.37 YL71XI8.77 | 81.68%15.80 | 104.47+22.79 |118.40+24.20%,**
(mg/dL)
Triglyceride 183.42472,53 | 139.42433.75 | 155.20£30.13 | 149.90£38.95 | 152.19+54.28(953.94+88.26%*
(mgsdL)

Total protein
(g/dL)
Albumin (g/dL
Uric acid
(mg/dL)
Glucose
(mg/dL)
Sodium
(mmol/L)
Potassium
(mmol/L)
Chloride
(mmol/L)

185,57£30.78

6.9510.31

4.27%0.14
2.71£1.34

146.471£2.26

6.54%1.37

100.80%2.43

6.83%0.19

4.2320.09

1.51%0.59

154.04%17.72*

146.80%1.82

5.60%0.81

111.27%1.87

6.91%0.29

4.25%0.14
1.90%1.03

165.93%21.81

147.33%1.84

5.65£0.37

111.40%1.55

6.9410.23

4.3610.13
1.84%0.87

169.66+292.36

147.86%1.66

5.44£0.48

111.57£1.83

6.9410.29

4.44F0.19* **
2.0110.89

171.074+28.88

148.20%1.90

5.65%0.43

111.8712.26

7.15%0.31""

4.24%0.17
1.87£0.87

172.28410.04

147.13%£1.25

5.9340.75

112.73%2.31°

Each value represents mean £ SD.

* significantly different from water control group (p<0.05).

** significamly dilferent from tragacanth control 2roup (p<0.05).
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Table 8. Blood chemistry results of female rats given curcuminoids orally for 6

months.
Group of animals

FeMale water tragacanth 10 50 250 250-R

mg/kg/day | mg/kgsday | mg/kgsday | mgskgsday

N=15 N=15 N=15 N=15 N=15 N=15

AST (U/L) 86.87+20.15 | 93.07£24.86 | 102.80%41.78 | 97.40£36.66 | 73.80£12.39 | 74.07X11.75
ALT (U/L) 43.60+17.44 | 40.93%19.58 | 47.33%£17.77 | 47.00£18.35 | 36.80%11.10 | 35.40%9.83
ALP (U/L) 22.6744.12 | 23.27%7.27 20.7343.20 | 28.60£6.43 | 23.60%4.6] 22.6714.29
P-amylase 1217.534200.06 | 1143.27+170.25 | 1146.67£178.65 | 108233221242 | 1230.60£167.27 | 1208.60£238.92
Bilirubin 0.007+0.037 | 0.00640.051 | 0.009£0.040 | 0.080%0.052 | 0.11240.058 | 0.074%0.03%
(mgsdL)
Creatinine 0.75+0.079 0.7620.084 0.76+0.070 0.77+0.090 | 0.750.085 0.74%0.081
(mgsdL)
BUN (mg/dL) | 21.4515.45 21.95%3.72 22.3432.70 | 21.50%2.60 19.90%3.22 19.06%£3.13
Cholesterol 71.59+14.39 | 65.02+10.76 | 74.2419.83 | 79.05%16.66 [53.46+18,86%" | 72.53+16.38
(mg/dL)
Triglyceride 109.93£30,98 | 112.82440.87 | 122.20139.66 | 127.74£39.82 | 134.81241.25 | 143.356471.07
(mgsdL)
Total protein 7.2710.49 7.28%0.36 7.3120.27 7.40%0.36 7.5640.29 7.3340.44
(grdl)
Albumin (g7dl.) 5.0040.31 5.00%0.35 5.00£0.21 5,1210.25 5.2840.22 5.05%0.27
Uric acid 1.7710.88 1.4340.91 1.94+1.21 1.4730.68 1.5840.82 1.48%0.55
(mgrdL)
Glucose 141.07222.16 | 133.45210.19 | 144.324339.02 | 139.75123.68 | 143.33+15.77 | 153.70423.05
(mgrdL)
Sodium 147.13£1.00 | 147.67£1.78 | 147.67+1,68 | 148.07%1.44 | 148.20%1.57 | 148.47£0.02
(mmol/L)
Potassiun 5.4240.94 4.6910.96 5.15£1.08 4.8810.95 5.0520.95 4.63%0.67
(mmol/L.)
Chloride 113.20%+1.66 | 113.07+1.58 | 113.40%1.40 | 113.33%1.84 | 113.73%1.94 116.93£1,87"*"
(mmol/L)

Each value repreasents mean + SD.

significantly different from water control group (pe.05).

** significantly different from tragacanth control group (p<0.05).
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Table 9. Histopathological results of visceral organs in male rats given curcuminoids
orally for 6 months.

Group of animals
Organs Microscopic findings water |tragacanth 10 50 230 250-R
mg/kg/day |mg/kg/day |mg/kg/day|mg/kg/day
Lung Lymphoid proliferated 4/14 6/14 8716 4/14 3/15 8/15
peribronchioles
Heart Focal myocardiosis 3/14 1/14 1715 1/14 0/15 0/15
Liver Fatty degeneration 4/14 3/14 2/15 5/14 8/1% /15
Kidney Tubular cys! 2/14 2/14 0/15 2/14 0/15 2/15
Renal cell carcinoma 0/14 0/14 0/15 0/14 1/16 0/15
Spleen Lymphoid hyperplasia 0/14 0/14 0/15 1/14 0/15 0/15 ‘g
Intestine Lymphoid aggregated 2/14 2/14 4/15 2/14 0/15 2/15 =
submucosal layer @
Testis Atrophy 1/14 2714 0/15 0/15 1715 0/15 'g
Adrenal gland | Cortical fatty degencration | 5/14 5/14 2/15 5/14 10/15 6/15 =
Thyroid gland Follicular hyperplasia 0/14 0/14 0/15 2/14 0/15 0/15 g
2
The results were expressed as the number of rats with pathological findings per total number of rais treated. 8
kS
Table 10. Histopathological results of visceral organs in female rats given curcuminoids %*
orally for 6 months. é
2
Group of animals §
Organs Microscopic findings water |tragacanth 10 50 250 250-R é
mg/kg/day |mg/ke/day|mg/kgrday{mgskg/day ;
Lung Lymphoid proliferated 4715 5/14 6/14 2/1% 2/15 6/15 E
peribronchioles 8
Heart Myocardial calcification | 1/1% 0714 0/14 0/15 0/15 0/15 6
Liver Fatty degeneration 0/15 D/14 0/15 0714 2/15 0/15
Kidney Tubular cast 5/15 3/14 4/14 /15 8/15 5/15
Tubular cyst 0/15 0/14 0/14 1/15 0/15 0/15
Spleen Lymphoid hyperplasia 0/14 0/14 0/15 1/14 0/15 0/15
Intestine Lymphoid aggregated 2/15 2/14 1/14 0/15 0/13 3/15
Submucosal layer
Uteus and cervix |Glandular hyperplasia 0/15 0/14 0/14 1715 0/15 3/15
Mammary gland | Glandular hyperplasia 0/15 2/14 2/14 0/15 0/15 3/15
Adrenal gland | Congestion 1/15 0/14 0/14 0/15 0/1% 0/15

The results were expressed as the number of rats with pathological findings per total number of rats treated.

}
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nal pain, light-colored stool, unusual tired-
ness, and loss of appetite. In additiion, liver
function test should also be performed peri-

odically.

CONCLUSION

Six-month chronic toxicity study of

curcuminoids in Wistar rats indicated that
curcuminoids at the doses of 10 and 50 mg/
kg/day did not produce any significant dose-
related changes of organ weights, hematologi-
cal parameters, serum biochemistry or pathol -
ogy of the internal organs. Both male and fe-
male rats receiving curcuminoids 250 mg/kg/
day had higher actual weights of the liver than
those of the two control groups. Faity degen-
eration of the liver occurred in a dose-depen-
dent manner in male rats, while it was ob-
served in 2 out of 15 female rats receiving the
highest dose of curcuminoids. In addition, a
dose - related adrenocortical faty degenera-
tion was also observed in curcuminoids -
treated male rats but not in female rats. How-
ever, the incidence of these pathological
changes was not significantly different be-
tween curcuminoids-treated animals and the
two controls, and was lower in the recovery
group suggesting a reversible nature of these
changes. Taken together, the results suggested
that long term administration of curcuminoids
at a high dose might affect the liver of the rat
morphologically and functionally in a revers-

ible manner.
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PNANHD

Iirdnsdndosnamaaiadan 95 wsneavesgnidly (Phyllanthus urinaria L) u
wymmeiugiamd s ngu aomilunat 6 wou vyl ldsumIana 3 nqu naenaIAIAYLN
5, 50 30 500 faansuanming 1 Alaniu/ A viaflounieee 0.025, 0.25 1z 2.5 ndu/n
win@a 1 filaniu/ A awded 11uﬂd:;ﬂ1ua:;ﬁavﬁw'iﬁﬁ;1§1 10 finddns Anmingd 1 flani/
F (Wann.Au) dununanaiuauii wagacanth S IuAsNow 0.5% tragacanth 10
wanns e mamsAnmmu hinsand e mig@uTaesnhangeguildiunsada
funynduaiuny uannnddsliwuamuifevedsaadesannion vyiwstioRldsens
afannnguuasrymailasumsaiavinagegaiiseauiouland aspartate aminotransferase (AST)
qaﬂ1'“mun:jnmuquﬁmmmheﬁu"uﬁﬁm ponlafiawbiminnuuanarammaanniingues
s anyildfumsadadimunguaiugy dumavessanadelmiy widnglinuns
uJﬁlaumjawamﬁ'ugﬁn"lu"lmmuﬁ'ﬁaﬂ%mﬁﬁuﬁﬁmméf’uwﬁ:fﬁ'wu'lﬂ'uaqm:rm"ﬂlumwaﬁ}mmmﬂ
usihaiyenae lifuesadawuidannadan iemauaziidnany (congestive glomerulotubular
nephritis) ganNAuAILARLEIE tragacanth dnlavomymeadonunnzsaaiFosasanila
(nephrocalcinosis) waganimsialiuanmanussn hamngui ldsuaadanunguniugu
Fndisonaplldhmaadadio 9% e meavesgniditimnaifaubindmpnilummaaes

fifhunan s daumeiinademehmaesduuasluiymadasaino i nanoyanusinevoila
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ABSTRACT

A chronic toxicity study of the alcoholic extract of Phyllanthus urinaria .. was per-
formed in both sexes of Wistar rats that were divided into 5 groups. Three experimental
groups were given the exiract daily for 6 months at the concentrations of 3, 50 and 500 mg/
Kg BWrday which were equivalent to dried stems of 0.025, 0.25 and 2.5 g/kg BWday,
respectively. Two control groups, i.¢., water and tragacanth control groups, received 10 ml of
water/kg BW/day and 10 ml of 0.5% tragacanth suspension/kg BW/day, respectively. There
was no effect on the growth and hematological parameters found in all of the experimental
groups. Both male and female rats given the highest dose had elevated levels of aspartate
aminotransferase (AST) but histopathological findings of the livers were not different be-
tween the tested and the two control groups. It was found that the incidence of congestive
glomerulotubular nephritis and tubular hyalin cast in the experimental groups of male rats was
higher than the tragacanth controls but no dose-dependent changes in blood urea nitrogen
(BUN) or creatinine were seen. Histopathological examination of the female kidneys did not
show differences in the incidence of nephrocalcinosis nor did demonstrate dose-related in-
crease in BUN and creatinine. Our study suggested that the P. urinaria alcoholic extract at the
dose given could possibly induce mild effect of liver function and lesions in the kidney of

male rats after oral administration to the rats for upto 8 months.

INTRODUCTION

Phyllanthus urinaria L. is a small herb
in the family of Euphorbiaceac'. It is widely
distributed throughout Thailand and is known
as Luk Tai Bai* in Thai. Chemical compounds
isolated from P. urinaria were methyl
brevifolincarboxylate, trimethyl ester
dehydrochebulic acid, n-octadecane, beta-si-
tosterol, ellagic acid, daucosterol, kaempferol,
quercetin, gallic acid, rutin®, gallic acid ethyl
ester, corilagin® and 7"-hydroxy-3.4',5, 9, 9'-
pentamethoxy-3.4-methylenedioxy lignan”,

P. urinaria was reported to possess

several pharmacological activities. An aque-
ous extract that was intraperitoncally given to
rats exhibited anti-inflammatory and analge-
sic activities. Hydroalcoholic extract of P.
urinaria caused graded contraction in guinea
pig trachea’ and urinary bladder®. It was found
that 509 methanol extract decreased blood
glucose levels in streptozotocin-induced dia-
betic rats by facilitation of glucose metaho-
lism and/or inhibition of glucose absorption
in the gut”. An alcoholic extract of P. urinaria
demonstrated antihepatotoxic activity in vitro

o - mn
and in vivo'",
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Several studies demonstrated antiviral
activities of P. urinaria. The plant extract was
found to inhibit Epstein Barr virus DNA
polymerase’', inhibit duck hepatitis B endog-
cnous DNA pol_vmcrasc"’), and decrease ex-
traccllular hepatitis B s-antigen (HBs Ag) ex~
cretion by inhibition intracellular (HBs Ag)
formation'". Moreover, Hepatitis B e-antigen
was undetectable in chronic hepatitis B in-
fected patients receiving P. urinaria exiract
and seroconversion ol Hepatitis B e-antibody
were found"’. Additionally, the water extract
was shown te have rewroviral reverse tran-
scriptase inhibitory activity 10 Moloney Mu-
rine Leukemia Virus'.

Recent study indicated that 7 -hydroxy-
3,4,5, 9, 9'-pentamethoxy-3.4-methy-
lenedioxy lignan, a novel molecule identified
from P. wrinaria. was capable of inhibiting
telomerase activity and also could affect
apoptosis by bel2 inhibition and activation of
caspase 3 and caspase 8.

It has become apparent that an increas-
ing number of people prefer to take natural
medicines. including P. urinaria, despite the
fact that no safety assessment upon prolonged
used is reported. Therefore, our study was to
conduct chronic (6-month) toxicity of the al-
coholic extract of P. urinaria in rats and to

evaluate its safety for consumer protection,

MATERIALS AND METHODS
Plant Material

Aecrial parts of P. urinaria were col-
lected from the central part of Thailand and
were identified by comparison with a voucher
specimen at the Forest Herbarium of the Royal
Forest Department, Ministry of Agriculture
and Cooperative, Thailand.
Preparation of the Extract

The aerial parts were cul into small
pieces, dried at 50 C, ground and extracted
with 95% ethanol in a soxhlet apparatus.
The ethanol extract was dried under vacuum
in a rotary evaporator. An HPLC fingerprint
of the extract showed a peak at 9.28 minutes
(Fig. 1), corresponding to corilagin, a com-
pound isolated from P. Urinaria. The extract
was diluted to desired concentrations with
0.5% tragacanth suspension before giving to
animals.
Treatment of the Animals

Ninety-seven male and ninety-eight fe-
male Wistar rats with weights ranging from 210
o 250 g and 180 to 220 g, respectively were
purchased from The National Laboratory Ani-
mal Center, Mahidol University, Salaya, Thai-
land. The animals were then housed in an ani-
mal facility of the Department of Medical Sci-
ences. The animals were allowed to have free
access to food and clean water under standard
conditions of 12-hour dark, 12-hour light pe-
riod, with 60% relative humidity and at tem-

perature of 25 + 1°C.
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Figure 1. An HPLC fingerprint of P. urinaria extract.

Details of the method used were shown. Corilagin was used as a marker.

Chronic Toxicity Study

The rats of each sex were randomly
divided into 5 groups per sex. Group 1 (wa-
ter control) received water 10 ml/kg BW/
day. Group 2 (tragacanth control) received
0.5% tragacanth suspension 10 ml/kg BW/
day. Groups 3-5 were given the extract at
doses of 0.005, 0.05 or 0.5 g/kg BW/day
which were equivalent to 0.025,0.25 and 2.5

g/ke BWrday of dried plants, respectively.

- “i 282p

Body weights and food intake were weekly
measured and the animals were observed for
signs of abnormalitics throughout the study.
After 180 days, the animals were fasted for
18 hours. then anesthetized with ether
and sacrificed by drawing blood from the
inferior vena cava. The blood samples
were measured for hematological and bio-
chemical changes.

Analysis for hematological changes



was tested for Hematocrit, white blood cell,
differential count and platelet. Biochemical
studies of serum samples and the assay pro-
cedures used were alkaline phosphatase or
ALP", aspartate aminotransferase or AST
and alanine aminotransferase or ALT", erea-
tinme (Jaffe’s reaction), hlood urea nitro-
gen or BUN (Diacetylmonoxime method).
cholesterol (enzymatic reaction), total pro-
tein (biuret method). albumin (dye binding
with bromeresol green), globulin was de-
termined by subtracting albumin level from
total protein level, total birirubin (2.5
dichlorophenyldiazonium salt), sodium and
potassium (ion selective electrode).

The positions, shapes, sizes and col-
ors of internal organs, namely, brain, heart.
both kidneys and lungs, stomach, liver,
spleen, urinary bladder, and testis in male
rats were visually nbserved for any signs of
gross lesions. These organs were weighed
to determine relative organ weights. The
heart, the lung, the kidney and the liver were
then preserved in 10% buffered formalin
solution. Tissue slides were prepared and
stained with hematoxylin and gosin and his-
topathological examinations were performed
by a Veterinary pathologist.

Statistical Analysis

The data were analyzed by one-way
ANOVA followed by Duncan multiple range
test for determination of significant differ-

ences between groups at p < 0.05. Histo-

pathological data were statistically tested by
the Fisher's Exact test with significant level
at p < 0.05.
RESULTS

Effect on Body Weight, Food Intake, and
Relative Organ Weight

There was no significant difference in
body weights between the water controls and
the tragacanth controls of both male and fe-
male rats on day ¢ and day 180 of the study
(Table 1, 2). Tt was, however, found that
final body weights of the male rats receiv-
ing the extract at the dose of 50 mg/kg BW/
day was significantly higher than its traga-

~1h

canth controls from the 7" week to the end
of the study (Fig. 2). The female rats given
500 mg/kg BW/sday of the extract had sig-
nificant lower body weights relative to the
water control groups in some weeks (Fig.
2). However, no significant differences in
the final body weights of all female groups
receiving P. wrinaria extract were shown
(Table 2).

Differences in food consumption were
observed in both male and female rats from
the first week of the experiments and sev-
cral weeks thereafter (Fig. 3).

At the dose of 50 mgske BWrday,
the male rats had lower relative weights of
the brain and the heart as compared with the
tragacanth control group. The relative weights
of the liver, the spleen, the stomach and the

lung of the male group given the extract at
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Figure 2. Growth curve of male and female rats orally given P.urinaria
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Table 1. Body weight and relative organ weight# (g/kg BW) of male rats orally given

P. urinaria

Groups of animals

5 mg/kgsday | 50 mg/kgsday |500 mgskgrday

Parameter Water control | Tragacanth control
n =20 0= 18
Starting weight (2) 17440 172415
Final weight (g) 695+64 501446
Brain 3.52:0.36 3.65:0.28
Heart 2.45+0.24 2.6040.36
Right kidney 2.3040.17 2.45+0.28
Left kidney 2.3540.22 2.33+0.29
Urinary bladder 0.2710.08 0.30£0.10

Liver 24.81:1.95 24.17£2.75
Spleen 1.7140.21 1.74+0.22
Stomach 3.7240.32 3.5610.28
Lung 3.2140.36 3.29£0.50
Right testis 5.2020.46 5.24:1.15
Left testis 5.27+0.53 5.33+0.86

n-=19 n-=_20 n =20
172418 171416 172%11
624458 641464 600447
3.570.36 3.3410.35%* 3.61:0.24
2.58£0.26 2,4010.19** 2.60£0.22
2,41%0.23 2.3320.17 2.406+0.23
2.3410.18 2.2410.14 2.40£0.19
0.30£0.11 0.28£0.07 0.340,10%

25.1422.18 25.62%1.76 | 25.76+1.92%*

1.73£0.20 1.7940.16 1,90£0,29%>"*
3.0310.46 3.6540.42 3.8910.38""
3.5810.39 3.24+0.62 4.05x0.98%""
5.32£0.56 4.96£0.91 5.52+0.89
5.24+0.62 4.86%1.30 5.35%1.03

# Relative organ weight = organ weight (g)/body

Each value represents mean + SD.

weight (kg)

* Significantly different from water control group (p < 0.05)

** Significantly different from tragacanth control group (p < 0.05)

the dose of 500 mg/kg BW /day were higher
than its corresponding tragacanth controls and
those of the urinary bladder, the spleen and
the lung were higher than its water controls
(Table 1). In female rats receiving the ex-
tract at the dose of 5 mgs/kg BWrday, the
relative weight of the heart was significantly
low as compared with its tragacanth con-
trols. At the dose of 50 mg/kg BW/day, the
females had lower relative weight of the
spleen relative to the water controls. The

relative weight of the stomach of the female

group given 500 mg/kg BW/day of the ex-
tract was higher than its tragacanth controls
(Table 2).
Effect on Hematological Parameters
Significant differences in the number
of white blood cells, ¢ neutrophil, % lym-
phocyte, % monocyte, % eosinophil, % ba-
sophil, hematocrit and platelets were not seen
in either sex of the rats receiving 5 and 50
mg/kg BW7day of P. urinaria relative to both
control groups (Table 3, 4).

The male rats given P. urinaria at the
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Table 2 Body weight and relative organ weight# (g/kg BW) of female rats orally

given P. urinaria

Groups of animals

Parameter Water control [Tragacanth control| 5 mg/kg/day | 50 mgrkg/day |500 mg/kg/day

n =20 n =20 n = 20 n=19 n =20
Starting weight (g) 14847 149411 146210 148+10 14649
Final weight (g) 342£34 339£25 342£39 33525 320£37
Brain 5.9840,67 5.9540.48 5.9720.65 6.020.55 6.3720.71
Heart 2.99+0.31 3.0540.36 2.8410.34"* 3.010.21 3.1420.34
Right kidney 2.8340.32 2.6740.27 2.7310.20 2.74+0.28 2.79+0.22
Left kidney 2.72+0,32 2.5740.24 2.6310,22 2.61£0.25 2.70:0.20
Urinary bladder 0.2840,05 0.2810.07 0.2740.05 0.2940.06 0.20:0.07
Liver 25.45%3.90 24.11%3.18 23.49:2.39 | 23.53*2.77 | 23.90£5.45
Spleen 2.3640.45 2.2310.34 2.2310.35 2.13:0.28" 2.3020.20
Stomach 5.2540,84 4.9040.69 4.9940.65 4.9230.71 5.42£0.60™"
Lung 4.5640.63 4.5441.05 4.7940.79 4.4240.42 4.75+0.60

# Relative organ weight = organ weight (g)/body weight (kg)

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05)

t* Significantly different from tragacanth control group (p < 0.05)

dose of 500 mgskg BW/day had significant
increases in % basophils and hematocrit as
compared with the tragacanth controls and the
water controls, respectively (Table 3). The
percentage of cosinophil of the female rats
receiving the extract at the dose of 500 mg/
kg BW/day was significantly higher than that
of the water control group (Table 4).
Effect on Blood Chemistry

There was no difference in all bio-
chemistry parameters tested between the two
control groups of male and female rats (Table
5, 6). It was demonstrated that the ALP level

of the male rats given 5 mg/kg BW/day of

i ‘3 286D

P. urinaria extract was different from its water
control group. At the dose of 50 mgskg BW/
day, the level of AST of the male rats re-
ceiving the extract was significantly higher
than the water controls and the level of bi-
lirubin was significantly higher than the two
control groups. In addition, significant de-
crease in the level of serum sodium was
shown compared to the tragacanth group. The
level of AST in male rats receiving 500 mg/
kg BW/day was different from the two con-
trol groups (Table 5).

In female rats given the extract at the

dose of 5 mg/kg BW/day, the levels of AST



Table 3 Hematological results of male rats orally given P. urinaria

Parameter

White blood cells
(Kzul)
Neutrophil (%)
Lymphocyte (%)
Monacyte (%)
Eosinophil (%)
Basophil (%)
Hematocrit (%)
Platelet(K /ul.)

Groups of animals

Water control

Tragacanth control

5 me/kg/day

50 mg/kg/day

500 mg/kg/day

n =20
4.26%1.42

20.87+12.47
67.32+14.47
6.5313.54
1.85%1.33
3.44£1.68
47.80+3.30
1030.23x132,24

n =18
4.28%1.55

19.26£7.51
70.68%9.12
5.48%2.19
1.56+0.78
3.02+1.48
48.77+2.08
1067.76£187.39

n=19
4.33%1.05

15.6545.71
73.25+9.07
6.31£3.57

1.52+0.69
3.29x1.95
49.62+1.95

1035.04£125.15 (

n = 20
4.64£1.23

17.59%8.15
70.47+9.16
6.32£2.84
1.56+0.956
4.07:2.03
50.02£1.55
682.02£172,68

n =20
4.96+1.74

24.48%17.12
63.46+18.28
6.17+2.47
1.42+0.74
4.47+1,81""
50.12+5.52*
999.28+164,43

Each value represents mean + SD.

* Significanily different from water control group (p < 0.05)

= Significantly different from tragacanth control group (p < 0.05)

Table 4 Hematological results of female rats orally given P. urinaria

Parameter

White blood cells
(Krul)
Neutrophil (%)
Lymphocyte (%)
Monocyte (%)
Eosinophil (%)
Basophil (%)
Hematocrit (%)
Platelet(K/uL)

Groups of animals

Water control

Tragacanth control

5 mg/kg/day

50 mg/kg/day

300 mg/kg/day

n =19
2.51x1.24

22.97+12.41
65.42415.49
6.0842.44
1.9741.05
3.6742.01
47.28+3.32
975.344184.16

n =20
2.04x1.01

22.19%12.14

€62.756214.91
8.3912.88
2.2641.45
4.4142,16

47.80+2.22

986.771147.65

n =20
2.4021.26

20.52£11.87

64.569413.99
8.1344.22
2.3041.35
4.1742,37
418.43+2.04

910.784146.77

n=19
2.32+0.88

18.167.90
69.79x10.72
6.72£2.91
1.7040.56
3.62+1.65
48.3712.17
905.734120.11

n =20
2.24+0.91

22.09%13.42
62.29%15.70
7.9645.19
3.50+4.16"
4,0842.07
48.72%1.67
014.83+118.04

Each value represents mean = SD.

* Significantly different from water control group (p < 0.05)

** Significantly different from tragacanth control group (p < 0.05)
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Table 5 Results of blood chemistry of male rats orally given P. urinaria

Groups of animals
Parameter Water control | Tragacanth control| 5 mg/kgsday | 50 mg/kgsday |500 mg/kg/day
n =20 n =18 n=19 n=20 n =20

AST (U/1) 70.95+12.46 75.94+10.96 80.53+10.36 | 84.80+12.96" [92.80+27.25%,**
ALT (UsD 31.60£6.17 29.3946.71 33.8418.32" | 30.95£5.59 27.85+4.39
ALP (U/D 157.50£26.56 | 154.67429.77 | 154.37424.00 | 170.40£33.60 | 158.2632.27
Bilirubin (mg%) 0.19+0.02 0.19£0.02 0.19+0.01 0.2040.02 0.200.02
Creatinine (mgs) 0.54+0.05 0.5520.06 0.5620.06 0.56+0.04 0.57+0.05
BUN (mg%) 17.80+2.24 18.5613.40 18.00£2.80 | 18.80+2.48 | 18.30%2.74
Cholesterol (mgge) 90.20+19.47 | 81.28+14.87 | 86.58+10.64 | 86.55+14.87 | 87.80+22.15
Total protein (g9 ) 7.1840.73 7.24+0.84 7.13%0.80 7.3610.75 7.3120.69
Albumin (g%) 3.44+0.12 3.4840.16 3.470.14 3.460.14 3.480.21
Globulin (29) 3.7540.74 3.7740.79 3.66+0.79 3.8440.68 3.83+0.79
Sodium (mmol/1) 145.84+2.19 146.78+2.60 147.0623.51 | 144.8022.21** | 145.55%2.61
Potassium (mmol/1) 5.7320.98 5.9040.89 5.62£1.17 5.3610.99 5.42+1.10

Each value represents mean = SD.

* Significantly different from water control group (p < 0.05)

“* Significantly different from tragacanth control group (p < 0.05)

and ALT were significantly higher than the
water controls, while that of the AST showed
significantly higher than the tragacanth con-
trol. At the dose of 50 mg/kg BW/day, the
female rats showed significant increases in
the levels of AST, ALP, creatinine while
significant decrease in the level of serum
potassium was found. The female rats re-
ceiving the extract at the dose of 500 mg/kg
BW/day showed significant differences in
the levels of AST and creatinine relative to
its controls (Table 6).

Effect on Histopathology of Internal Or-
gans

Upon gross examinations of internal

1
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organs, no abnormal signs were observed
except in the kidneys where lesions were
found in all experimental and control groups.
Significant difference in histopathological
findings of the heart (nonpurulent myocardi-
tis), the lung (arterial wall caleification and
thickening, interstitial pneumonia) and the
liver (hepatocytes degeneration. bile duct
proliferation) was not found in a dose-
dependent manner in all tested groups. All
of the male groups receiving the P. urinaria
extract showed higher incidence of conges-
tive glomerulotubular nephritis of the
Kidneys as compared with the tragacanth

controls. In addition, there was signilicant



Table 6 Results of blood chemistry of female rats orally given P. urinaria

[

Groups of animals
Parameter Water control [Tragacanth control| 5 mg/kg/day | 50 mgrkg/day |300 mg/kg/day
n =20 n =20 n =20 n=19 n=19
AST (U/D) 66.50+11.49 70.5540.96 70.95415,00%,** | 85.06+15.87%,** [8.16414.444,*"
ALT (U/D 24.85%4.51 27.05+5.64 20.05+6.86% | 27.95:4.70 26.26+5.92
ALP (U/1) 56.85+14,43 §3.00219.16 69.40420.55 | 78.79£22.67%,"" | 69.53£20.03
Bilirubin (mg%) 0.2410.02 0.23:0.02 0.2210.03 0.23+0.02 0.23+0.03
Creatinine (mg9) 0.5320.07 0.5720.07 0.53%0.05 0.6240.10* 0.590.06"
BUN (mg#) 21.15+4.11 20.95%3.59 19.85+2.64 20.89+4.58 21.1044.02
Cholesterol (mgg) 72,35+18.29 | 72.00416.14 | 68.20+18.97 | 72.47£18.00 | 75.26£15.81
Total protein (g% ) 7.53+40.80 7.5140.88 7.3420.74 7.77£1.10 7.67£0.81
Albumin (g%) 3.8120.20 3.8320.23 3.7720.20 3.96:0.34 3.9140.26
Globulin (g%) 3.72:0.78 3.6510.82 3.55%0.71 3.8210.92 3.76£0.76
Sodium (mmol/1) 143474215 145.10+2.34 142.65113.64 146.67+4.91 147.20+4.19
Potassium (mmol/1) 5.2941.09 5.58+1.03 5.36%1.13 | 4.4620.73%,*% | 4.93%1.11

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05)

¢+ Significantly different from tragacanth control group (p < 0.05)

difference in the incidence of tbular hyalin
cast of the kidneys of the male groups given
the extract at the doses of 50 and 500 mg/
kg BW/day relative to the tragacanth con-
trols (Table 7). In female rats, nephrocal-
cinosis of the kidney was demonstrated in

all groups.

DISCUSSION
We assessed the safety of P. urinaria
alcoholic extract after orally given to the
Wistar rats of both sexes at the doses of 5,
50 and 500 mgszkg BW/day for 6 months.
Owing to the fact that the extract was di-

luted with 0.5% tragacanth suspension, the

effects of tragacanth in both male and female
rats were firstly compared. Significant differ-
ences in the body weights, the relative or-
gan weights, hematological and biochemi-
cal parameters were not demonstrated be-
tween the tragacanth and the water control
eroups. The only significant finding was scen
in histopathological examination of the fe-
male Kidneys but it may be due 10 nonneo-
plastic lesions, which are naturally occurred,
in aged rats™. Therefore, it may indicate that
0.5% tragacanth suspension did not have any
crucial effects on the internal organs and their
functions.

The rats receiving the extract showed
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significant changes in the body weights, the
food intake and the relative organ weights
during the experimental period but those al-
terations were not dose-dependent. It may
suggest that the alcoholic extract did not af-
fect regular growth of both male and female
rats.

The findings of significant changes in
% cosinophil, % basophil and hematocrit
were only demonstrated without dose-related
evidence in groups of animals given the
highest dose, ie.. 500 mg/kg BWrday of
P. urinaria extract. The alteration might not
result from administration of the extract.

Significantly elevated levels of the
parameters indicating liver's function were
shown in both male and female groups but
those changes were nat related to the con-
centrations of the extract given to the ani-
mals. Additionally, histopathology study of
the livers did not illustrale hepatotoxic ef-
feet of the extract. Histopathological exami-
nations of the kidneys, however. revealed
significant changes in glomerulotubular ne-
phritis and tubular hyaline cast in male
groups. It has been noted that nonneoplastic
lesions are commonly seen in aged rats'.
The lesions include chronic progressive
nephropathy and nephrocalcinosis which
occur more frequently in aging male and
female rats, respectively, Therefore, histo-
pathological changes in the Kidneys of ani-

mals in the study remain to be examined

whether it might be due to the effect of the
extract or naturally occurring phenomenon.

In conclusion. oral administration of
P. urinaria to male and female Wistar rats at
the concentrations of 5, 50 and 500 mg/kg
BW day daily for 6 months did not demon-
strate detrimental effects on critical organs
and their functions. Similar to modern medi-
cine, periodical monitoring of liver and kid-
ney functions is suggested for long-term

users of P. urinaria.
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Subacute toxicity study
of Dihydroartemisinin in Rats
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ABSTRACT

Subacute toxicity of dihydroartemisinin (DHA), a ginghaosu-derivative antimalarial.
was studied in Wistar rats.  DHA suspension in 0.5¢ tragacanth was given orally to five
DHA-treated groups once daily at the doses ol 3, 30, 120, 200 and 300 mgskg for 28 days,
while two control groups received either water or 0.5% tragacanth. It was found that repeated
doses of DHA 300 mg/kg was lethal o all animals, while DHA 200 mg/kg was lethal to most
animals especially the females. In contrast, DHA at the doses of 2 and 20 mg/kg did not
appear to cause any clinically significant changes ol hematological or serum biochemical

parameters, or histopathological abnormalities. Similar changes were observed in various

study of Dihydroartemisinin in Rats

aspects in male rats receiving DHA 200 mgskg and female rats receiving DHA 120 mg/kg.
When compared with the tragacanth controls, they had significantly lower final body weights
but higher actual stomach weight. and higher weights of several internal organs relative to
body weight. Hematological examinations showed that they had higher numbers of reticulo-
cytes. white blood cells and platelets, but the size and hemoglobin content of RBC were

lower. Serum biochemistry showed that their ALT levels were statistically higher than those

Subacute toxici

of the tragacanth controls but still within normal limits, while serum triglyceride levels were
drastically lower suggesting that DHA might affect endogenous triglyceride synthesis. DHA
at the doses used in this study did not appear to induce histopathological changes of internal
organs that could lead to death since the incidence of histopathological findings was not
different between DHA -treated groups and control groups. Lethal doses of DHA appeared to

allect the function of various systems of the body.
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INTRODUCTION

Artemisinin or ginghaosu is an active
principle of Artemisia annua, a native me-
dicinal plant of China with known antima-
larial activity, Several derivatives of ginghaosu
have been developed and are now very ben-
eficial for the treatment of multidrug-resis-
tant Plasmodium falciparum malaria com-
monly found in Thailand. Dihydroartemisinin
(DHA) is an artemisinin derivative and is also
the major active metabolite of various
artemisinin derivatives, e.g. arteether,
artemether, artesunate, and artelinic acid.
Artemether and artesunate, but not DHA it-
self have been widely used in many endemic
areas without serious adverse effects. Since
artemether and artesunate are prodrugs to
DHA, the safety and efficacy of both deriva-
tives should belong 1o DHA.

For several aretemisinin derivatives
which yield DHA as active metabolite, toxic-
ity studies in experimental animals showed
that parenteral administration of high doses
of arteether, artemether and arteSunate
exhibited different degrees of neurotoxic ef-

t-ccl (1-3)

. However, therapeutic doses of those
antimalarial agents do not appear to cause neu-
rotoxicity in humans. So far there has been
no report of neurotoxic cffect of DHA given
orally in experimental animals yet.

The fact that artemether and artesunate
are synthesized from artemisinin through DHA

makes the derivatives more costly than DHA

- N i 206

itsell.  Accordingly, DHA is of interest for a
new antimalarial drug development program.
However. there is little evidence regarding pre-
clinical toxicity studies of DHA available.
This project is aimed at determining subacute
toxicity of DHA, semi-synthesized in Thai-
land from imported starting material in ro-
dents in order to establish the safety of this
compound which will be used as an antima-
larial in humans. This report summarized the
results of short-term or subacute (28-day)

toxicity study of DHA in Wistar rats.

MATERIALS AND METHODS

Chemicals : Dihydroartemisinin was
obtained from the laboratory of T2 research-
ers responsible for chemical synthesis of the
compound. Gum tragacanth, which was used
as the suspending agent, was from Sigma
Chemicals, USA. DHA was prepared as a
suspension in 0.5% tragacanth.

Animals : Wistar rats of both sexes
were used in subacute toxicity study of DHA.
Eighty six male rats weighing 230 * 20 g and
86 female rats weighing 200 * 20 g were ob-
tained from The National Laboratory Animal
Center, Mahidol University, Salaya District,
Nakormnpathom Province. The animals were
housed in the animal facility of the National
Institute of Health, Department of Medical
Sciences, Nonthaburi. The temperature in the
animal room was kept at 25 + 1°C with 60%

relative humidity. The animals were allowed



to have food and clean water ad lib and were
acclimatized in the animal facility for at least
one week before DHA administration.
Subacute toxicity study @ Eighty six
Wistar rats of each sex were randomly di-
vided into 7 groups of 12-13 animals per sex.
Group 1 (water control) received water 10
ml/kg BW/day and Group 2 (tragacanth con-
rol) received 0.5% tragacanth suspension 10
mlskg BWrday. Groups 3-7 were given DHA
suspension for 28 days at the doses of 3, 30,
120, 200 or 300 g/kg BW/day. Body weight
and food intake were measured weekly and
the animals were observed for signs of ab-
normalities throughout the study. DHA -treated
animals in a moribund shape were sacrificed
prior to the end of the experiment. Al the end
of 28-day treatment period, the animals were
fusted for 18 hours, then anesthetized with
ether and sacrificed by drawing blood samiples
from the inferior vena cava for hematological
and biochemical examinations.
Hematological examination : Hema-
tological analysis was performed using an au-
tomatic hematological analyser (Cell dyne
3500, Abbott). The parameters measured were
white blood cell (WBC), sneutrophil, %lym-
phocyte, %monocyte, %basophil, %cosinophil,
red blood cell (RBC), hemoglobin, hemat-
ocrit (Het), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration

(MCHC), red cell distribution width (RDW),

platelet. mean platelet volume (MPV),
plateletcrit (PCT), and platelet distribution
width (PDW). gbreticulocyte, and reticulocyte.
Serum biochemical examination
Biochemical analysis of serum samples was
performed using an automatic chemistry ana-
lyzer (Hitachi model 912). Biochemical pa-
rameters measured were aspartate aminotrans-
ferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), birirubin,
creatinine, blood urea nitrogen (BUN), cho-
lesterol, triglyeeride, total protein, albumin,
glucose, uric acid, sodium, potassium, bicar-
bonate, and chiaride.
Histopathological examination : The
positions, shapes, sizes and colors of internal
organs, namely, brain, heart, both kidneys and
lungs, trachea, esophagus, stomach, liver,
pancreas, intestine, spleen, bladder, and testis
in male rats or ovary or uterus in female rats
were visually observed for any signs of gross
lesions. These organs were then collected.
weighed to determine relative organ weights.
and preserved in 10% buffered formalin solu-
tion. Tissue slides were prepared and stained
with hematoxylin and cosin and histopatho-
logical examinations were performed by a
veterinary pathologist.
Statistical Analysis : The data were
analyzed by one-way ANOVA followed by
Duncan multiple range test, using SPSS/PC
program, to determine significant differences

between groups at p < 0.05. Histopathological
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data were evaluated by the Fisher Exact test
and the significance level was also set at p <

0.05.

RESULTS
General observations. It was found
that female (2/12) and male (3/12) rats in
300-mg/kg groups began to die afier receiv-
ing DHA for 2 and 3 days, respectively. Af-
ter 3 days of dosing, 9 female and 3 male rats
receiving this dose of DHA died and the rest
of female and male rats died within 7 and 9
days of DHA dosing, respectively. The toxic
signs of high doses of DHA observed in these
animals prior to their death were prostration,
chromodacryorrhea, facial edema, discharge
of blood from the nose, weight loss and se-
vere diarrhea. Upon autopsy, pronounced
gastric and intestinal distension due to gas was
observed. It was found that DHA even at the
dose of 200 mg/kg was stll rather toxic and
some of the animals in a moribund shape had
to be sacrificed. Finally, only one female rat
and six male rats survived until the end of
experiment. Since data of female rat in 200~
mg/kg group were from only one animal, they
might not be a good representative of what
happened in this group of animals. Therefore,
these data were shown but not included for
statistical evaluation.

Effect of DHA on body weight,
weight gain, food intake and organ weight.

Initial and final body weights of male rats

298 p

treated with DHA 120 and 200 mg/kg were
significantly lower than their tragacanth con-
trol (Figure 1 and Table 1). Final body
weights of these two groups were much lower
than those of other groups, this may partly be
due to lower food intake (Figure 3). Hence,
body weight gains of these groups of male
rats were significantly lower than those of the
water and tragacanth controls (Table 1), Simi-
larly, both initial and final body weights of
female rats receiving DHA 120 mg/kg was
significantly different from those of water and
tragacanth controls (Table 2). Weight gain of
this group of animals was however not sig-
nificantly different from controls (Figure 2
and Table 2) since they ate more than traga-
canth control on the 3" and 4" weeks (Figure
1).

The only similar changes in male and
female rats treated with DHA 120 mg/kg con-
cerning the actual organ weight (Table 1 &
2) and organ weight relative to brain weight
{Table 3 & 4) were the stomach weights which
were significantly higher than their two con-
trols. In contrast. while actual weight (Table
1 & 2) and organ weights relative to brain
weight (Table 3 & 4) of right and left kid-
neys, urinary bladder and liver of female rats
receiving DHA 120 mg/kg were significantly
higher than those of tragacanth control, those
weights of male rats treated with DHA 120
and 200 mg/kg were not different from traga-

canth control. Moreover, in the groups of
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Table 1 Actual organ weight and body weight (g) of male rats given DHA orally for 28

days.
Group of animals
MALE  water tragacanth amg/kyg 3o0mg/kg 120mg/kg 200mg/kg
N=12 N=12 N=13 N=13 N=12 N=6

Initial body 256+12 251+12 250415 9264411 230+7% ** 230 + 8%, **
weight (n=12)
Final body 406:20 394421 101425 306+24 346+107.0° 316:31% 44
weight (n=6)
Weight gain 150£18 143216 14242] 132:21* 116+12°%,** 75+30%,**
Brain 1.9720.08 1.9640.09 2.00£0.04 1.99:0.07 1.9320.05 | 1.8940.08",*"
Heart 1.1510.12 1.10£0.13 1.1240.13 1.12:0.13 | 0.99:0.07%,"* | 0.9940.08%,**
Right kidney 1.18£0.00 1.1220.12 1.1820.11 1.2520.18** 1.1310.09 1.1820.11
Left Kidney 1.13+0.10 1.1440.15 1.1320.11 1.2120.13 1.040.06 1.13£0.08
Urinary bladder [0.10040.022 | 0.13140.036 | 0.13620.028 | 0.13120.027 | 0.18520.032 | 0.140:0.034"
Liver 12.130.94 11.30£0.86 11.93+1,24 12.14+1.31 10.9810.76" 11.4640.62
Spleen 0.95+0.10 0.9340.10 0.0320.15 0.0420.08 | 0.7920.00%,"* | 0.8420.05*
Stomach 1.6920.18 1.58£0.10 1.7020.20 1,77£0.12%" | 1.9040.22°,"* | 1.91+0.13",*"
Lung 1.58+0.10 1.5540.20 1.570.12 1.5740.00 | 1.4540.10","* | 1.4020.13
Right testis 2.6840.19 2.54+0.13 2.5620.28 2.75£0.18"° | 2.50£0,12* 2.4120.19"
Lell testis 2.7240.25 2.68+0.25 2.67+0.18 2.7440.22 2.4740.12* 2.5140.23"

Each value represents

mean + SD.

" Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

Table 2 Actual organ weight and body weight (g) of female rats given DHA orally for

28 days.
L Group of animals

MALE | water tragacanth 3mg/kg 3omg/kg 1zomg/kg  [200mg/kg

N=12 N=11 N=10 N=10 N=11 N=1
Initial body weight 200£10 202£17 196213 203218 18229°,"* 176
Final body weight 258:12 26015 252413 257£12 245£12%,** 213
Weight gain 58.50£11.80 | 57.68217.60 | 56.00414.3¢ | 58.36£11.81 03.08£7.63 37
Brain 1.8740.08 1.85:0.08 1.8520.09 1.8840.08 1.83+0.07 1.72
Heart 0.7740.08 0.7710.07 0.7420,08 0.7040.05 0.78£0.07 0.72
Right Kidney 0.7940.06 0.7510.05 0.76£0.06 | 0.86£0.07*,""| 0.93:0.05%*"* 0.80
Left kidney 0.7740.07 0.710.06* 0.72:0.06 | 0.8220.05%,"*| 0.8840.05%** 0.69
Urinary bladder 0.080+0.021 0.075£0.010 | 0.074£0.009 | 0.08040.013 |0.09940.013*,**| 0.11
Liver 6.8440.49 8.7340.69 6.8840.64 7.2440.52 | 8.67:0.63%.** 9.65
Spleen 0.6540.09 0.6340.07 0.6820.09 | 0.7620.08","*| 0.7520.10",*" 0.73
Stomach 1.3140.10 1.27#0.11 1.2340.06 | 1.4640.15%,** 1.5820.15% ** 1.46
Lung 1.2440.16 1.1820.06 1.2020.09 1.2320.11 1.25£0.10 112

Each value represents

mean + SD.

Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).
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Table 3 Organ weight relative (o brain weight” of male rats given DHA orally for 28

days.
Group of animals
MALE water tragacanth smg/kg somg/kg 120mg/kg | 200mg/Kg
N=12 N=12 N=13 N=13 N=12 N=6
Heart 58.3345.58 56.21+6.59 56.00£6.80 | 54.98+5.94 | 51.4643.61" | 52.50%4.44
Right kidney 59.9114.88 57.4315.81 68.8146.32 | 62.04+6.04%| 58.561:8.56 62.60+4.77
Left kidney 57.5445.13 58.25+7.81 56.75£5.40 | 60.94:6.36 | 54.23+2.50 60.03+4.07
Urinary bladder | 5.547+1.215 | 6.726:1.966 | 6,758:1.427 | 6.50121.443 | 7.01041.710" | 7.457:1.057
Liver 615.78451.64 | 577.88+42.42 | 507.16+63.33 | 608.97+64.83| 569.58£31.58 |608.03+30.55
Spleen 48.2615.14 47,00t4.81 46.4827.49 | 47.2124,50 |41.1124.44% %" | 44.09444.71
Stomach 85.61£7.90 80.87+4.60 §5.01£0.86 | 88.8216.67""(98.53211.40","" | 101.48+9.46
Lung 80.9606.04 80.42t8.80 78.3620.256 | 78.8614.98 | 75.87:4.19 78.76+6.18
Right testis 135.84+8.68 | 130.17+8.12 | 128.12+14.97 | 137.89+8.54 | 129.8747.34 | 127.84%6.36
Left testis 137.81211.66 | 134.49:14.07 | 133.8449.78 | 137.30210.47| 128.2940.98 |[183.25+12.42

#  Organ weight relative o brain weight is expressed as
(¢ organ weight / g brain weight) x 100
Each value represents  mean = SD.
* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

Table 4 Organ weight relative to brain weight" of female rats given DHA orally for

28 days
Group of animals

FEMALE ater tragacanth 3mg/kg 30mg/kg 120mgskg  [200mg/kg

N=12 N=11 N=13 N=13 N=12 N=1
Heart 41.2624.05 41.50£8.73 10.33+4.00 | 42.05+2.08 42.41:3.29 41.90
Right kidney 42.39:2.82 40.86£3.49 41.063.88 | 45.0144.56™" | 50.70£2.47%,"" 46.39
Left kidney 40.9512.87 38.44:2.95 38.88+3.82 | 43.5043.88%* | 47.80+2.28%,** 40.38
Urinary bladder | 4.281£1.159 | 4.06240.672 | 4.105:0.608 | 4.321£0.726 | 5.32720.735","" 6.59
Liver 365.84427.59 | 564.28:38.74 | 363.91£37.83 | 384.60£32.23 [471.27£37.32"**| 562.59
Spleen 34.5844.39 33.07:3.62 36.84+6.04 [38.97+3.51%.7| 40.22+5.38%,"" 42.77
Stomach 70.0116.99 68.4416.59 69.68+7.46 |76.11£8.14%,**| 86.21£6.61%,** 84.84
Lung 66.1947.19 63.8712.59 63.3046.37 65.7946.30 68.19:4.47 65.09

#  Organ weight relative to brain weight is expressed as
(g organ weight 7 g brain weight) x 100
Each value represents  mean + SD.
© Significantly different from water control group (p < 0.05).
=+ Significantly different from tragacanth control group (p < 0.05).
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Table 5 Organ weight relative to body weight ® (g/kg BW) of male rats given DHA

orally for 28 days.

Group of animals

MALE water tragacanth smg/Kg 30mg/kg 120mgrske 200mg/Kg
N=12 N=12 N=13 N=13 N=12 N=6
Final body weight 406220 394221 401 + 25 396 + 24 346 + 10%,** | 318 + 31%,**
(n=6)
Brain 5.00:+0.24 5.22:0.28 5,250,381 5.2820.34 | 5.96£0,19%,"" | 6.3220.42°,""
Heanl 2.9640.19 2.020.31 2.9240.34 2.90+0.29 3.06:0.16 | 8.32:0.40°,""
Right kidney 3.0420.24 2.9940.24 3.07+0.22 3.31+0.21*** | 3.40+0.26%,** | 3.9520.26°,"*
Left Kidney 2.6220.21 3.02:0.29 2.96£0.21 3.2040.22%,** | 3.23£0,12",** | 3.79£0.31%,**
Uninary bladder | 0.282:0.064 | 0.349£0.098 | 0.355:0.085 0.346:0.074 0.41840.103% | 0.470:0.124%,**
Liver 31.25£1.96 | 30.06+1,57 | 81.1022.41 32.00:2.08** |33.93x1.73",""|38.4322.90%,""
Spleen 2.4520.19 2.4840.25 2.42+0,37 2.48+0.17 2.45:0.27 | 2.85:0.46*,""
Stomach 1.3520.44 1.2140.25 4.4320.45 1.6920.40%* | 5.87+0.65%,"* | 6.45x0.98",*"
Lung 1.1120.27 4.1910.43 4.09+0.33 4.15¢0.17 | 4.49£0.25","" | 4.99£0.62",*"
Right testis 6.910,60 6.7940.50 6.89+0.75 7.27+0.38*% | 7.73:0.367,"" | 8.07£0.30%,*"
Lelt testis 7.0120,70 7.01:0.79 7.00£0.65 7.2320.41 7.64:0.37%,"* | 8.4240.90%,*"

(g organ weight / g body weight) X 1000

Each value represents mean + SD.
* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

Orean weight relative to body weight is expressed as

Table 6 Organ weight relative to body weight (g/kg BW) of female rats given DHA

orally for 28 days.

Group of animals

FEMALE water tragacanth amg/kg 3omgrkg 120mg/kg | 2oomg/Kg
N=12 N=11 N=13 N=13 N=12 N=1

Final body weight 258419 260415 952+13 257412 245212%,** 213
Brain 7.660.40 7.4410.52 7.9040.57"" 7.5840.42 8.03:0.22%* 8.37
Heart 3.1620.31 3.09:0.27 3.1840.24 3.18+0.22 3:4140.27*,*7 3.51
Right kidney 2.2110.22 3.04:0.18 2.2310.28 3.4020.35"" | 4.0740.18",°" 3.88
Left kidney 3.13+0.25 2.86:0.21 3.06£0.27 | 3.30£0.30%* | 3.84£0.15".** 3.38
Urinary bladder | 0.3250.080 | 0.30240.046 | 0.32340.047 | 0.32810.059 | 0.42810.057%,"* 0.95
Liver 27.9611.72 27.1242.51 28.6622.95 | 20.08+2.18 | 37.81#2.55%,** 47.09
Spleen 2.6520.41 2.53+0.27 2.90+0.45%* | 2.0510.30** | $.23:0.45% " 3.58
Stomach 5.350.48 5.09:0.23 5.50+0.71 5.7520.50*7 | 6.920.55%,*" 7.10
Lung 5.090.82 4.7720.29 4.98:0.38 4.97+0.39 5.48:0.35 5.45

Euch value represents mean = SD.
© Significantly different from water control group (p < 0.05).
= Significantly different from tragacanth control group (p < 0.05).

Organ weight relative 10 body weight is expressed as
(g organ weight / g body weight) x 1000
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Table 7 Hematological examination results of male rats given DHA orally for 28 days.

Group of animal
MALE water | tragacanth amg/Kg somg/Kg 120mgskg zoomg/Kg
N=12 N=12 N=13 N=13 N=12 N=6

WBC (Krul) 7.55£1.83 | 6.83:1.00 7.9441.24 7.761.34 6.04+1.82 | 9.8242.00%**
%Neutrophil 0.62492.50 | 12.80+6.64 | R.5242.15"" 10.80:38.17 11.7544,47 9.84£3,70
wLymphocyle §4.34+3.32 | 80.30£6.31% | 80.1623.11*% | 83.10£3.79 83.17£4.55 | 86.07z4.84%*
gMonocyte 3.6821.57 | 4.4723.00 3.2741.66 3.7812.96 3.1241.02 2.1940.99°*
2%Basophil 1.5730.39 | 1.5620.36 1.4420.52 1.6420,63 1.54£0.49 1,440,286

s Eosinophil 0,9320.41 | 0.8720.51 | 0.5820.16%,"" 0.70£0.26 0.4420,14%,** | 0.4420.10%,**
RBC(X106/ul.) | 9.0120.47 | 9.07:0.35 0.2040.42 9.0240.85 9.29+0.37 9.4440.63
Hemoglobin (#/dl) | 15.91£0.53 | 16.02$0.46 15.79£0.51 15.8420.45 | 15.5620.47*" | 15.32:0,65%**
7% Hematocrit 52.54£2.11 | 52,02:2.71 | 52.83:1.88 51.4044.89 51.46+1.34 51.35£3.41
MCV (fL/red cell) 58.230£2.33 | 57.36+2.50 [ 57.48£1.80 57.15£1.56 | 55.44£1.50%,**| 54.4722.31°,""
MCH (pgsred cell) | 17.68£0.68 [ 17.74£1.03 | 17.1920.69 17.78+2.30 16.7720.62 | 18.2830.83%,**
MCHC {g/dL RBC) | 30.28:0.60 [ 31.01:2.44 | 20.01:0.48 30.7544.35 30.2840.62 20.02:0.87
RDW 14.10£1.03 | 14.3941.53 | 13.730.82 14.40£1,09 | 16.38£1.43%,"%/18.88¢ 1.97%,""
Platelet (K/ul) 868198 870404 89766 938476 01690 1018£130%,**
MPV {fL/platelet) 8.3540.37 | 8.80£1.00 8.4420.39 8.2240.56"" 8.4740.42 8.3210,62
PCT (%) 0.7340.10 | 0.77#0.11 0.7620.07 0.7720.07 0.7810.08 0.85£0.14%
PDW 18,42£0.44 | 18.4820.61 | 18.4120,60 18.2040.44 18.1120.42 18.5340.33
%Reticulocyte 1.7742.31 | 4.12:0.94 4.6121.28 5.1941.63 3.32+0.43 | 8.7917.79%*"
Reticulocvie(K/ul.) 4284208 376482 4272138 461142 303244 8154706%,*"

Each value represents  mean + SD.

© Significantly different from water control group (p < 0.05).
=+ Significantly different from tragacanth control group (p < 0.05),

animals treated with DHA 120 mgrkg, actual
spleen weight and spleen weight relative to
brain weight of male rats were significantly
lower, but those of female rats were signifi-
cantly higher than their two controls. In ad-
dition, while actual lung weight of this group
of male rats were higher than those of the two
controls, actual lung weight of female rats was
not different from controls {Table 1 & 2).

As shown in Table 5 and 6, both male

and female rats receiving DHA at the dose of

120 mg/kg and male rats receiving DHA 200
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mg/kg had significantly higher organ weights
relative to body weight of all or most internal
organs as compared to their two controls.
Meanwhile, in both male and female animals
treated with DHA 30 mg/kg. weight of right
and left kidneys and stomach relative to body
weight were significantly higher than those
of tragacanth controls. In addition, in these
groups of animals, livers and right testis
weights relative to body weight of male rats
and spleen weight relative 10 body weight of

female rats were also significantly higher than



Table 8 Hematological examination resuits of female rats given DHA orally for 28 days.

Group of animals

FEMALE water tragacanth smg/kg 3omgrskg 1zomg/kg  |2oomg/Kg

N=1¢ N=11 N=13 N=13 N=12 N=1
WRBC (K/ul) 1.0120.76 3.7410.65 4.49:1.54 4.1810.98 5.0441,64** 7.10
seNeutrophil 10.2643.83 10.7744.97 8.67£3.04 8.6041.44 10.544.38 4.43
s%L.ymphocyte 81.9523.70 81.10£5.01 | 85.71x2.83*,%1 85.26£2.49%* §4.1324.79 92,95
#Nonocyle 4.83+2.30 5.4843.53 2.72:1.09 4.0121.75 3.3812.00** 1.18
goBasophil 1.70%1.20 1.7440.78 1.27:0.47 1.3640.42 1.40£0.72 0.06
geEosinophil 1.2740.51 0.9120.43% 0.7240.25* 0.8840.35% 0.5720.23%,** 0.48
RBC(X106/uL) | 8.83+0.30 8.8520.57 8.67:0.34 8.82+0.39 8.3120.42%,** 8.91
Hemoglobin (g/dL) | 15.4220.50 19.27:0.75 15.13£0.32 14.96:0.48 | 13.5220.60%,** 14.45
g6 Hematocrit 50.911.94 50.70:2.96 49.68+1.44 49,27£2.28 | 46.09:2.40%** 49.50
MCV (fLsred cell) | 57.0821.56 §57.34z1.49 57.39£2.28 55.88£1.56 | 55.48+£1.04%,"" 56,50
MCH (pg/red cell) | 17.4820.57 17.2910.72 17.48%0.65 17.00:0.72 16.30£0.41%,** 16.20
MCHC (g/dL RBC) | 30.31:0.68 50.1620.77 30.48£0.82 | 30.4621.18 | 29.381D.52%,"7 29.20 =@
RDW 13.42+1.02 13.6310.60 14.04+1.14 | 14.8021.51%,**| 16.60£0.97",** 14.95 =
Platelet(K/ul) Q0687 802£108 042£85 4934275 1060£107%,°* 1059 i
MPV (fL/platelet) | 8.28:0.48 8.4320.45 8.1320,42 8.3540.92 6.4310.47 9.31 ot
PCT (%) 0.75+0.09 0.75£0.10 0.7720.00 0.7840.11 0.90:0.11%,** 0.99 g
FPDW 18.56+0.54 18.48+0.62 18.28£0.45 18.3420.61 18.07:0.42* 19.25 g
g Reticulocyte 3.0520.49 2.99+0.08 2.1420.74 3.41+0.86 4.14:1.16%,** 6.43 =
Reticulocyte(K/uL) | 268444 261192 27170 300480 342401% ** 567

Each value represents  mean + SD.

* Significantly different from water control group (p < 0.08).
“+ Significantly different from tragacanth control group (p < 0.05).

those of their tragacanth controls.

Effect of DHA on hematological pa-
rameters. In male rats receiving DHA 200
mg/Kg, it was noticed that there was a large
increase of the number of reticulocytes and
oreticulocyte as compared to the control
eroups (Table 7). In addition, WBC, 2lym-
phocyte, RDW, platelet were also significantly
higher, while %monocyte. %eosinophil, he-
moglobin, MCV, MCH were significantly
lower than those of tragacanth control. In

animals receiving DHA at the dose of 120

merkg. it was found that both male and fe-
male rats had significantly lower %eosino-
phil, hemoglobin and MCY but significantly
higher RDW (Table 7 & 8). In addition, fe-
male rats also had significantly lower ¢mono-
cyte, RBC, %Het, MCH, MCHC, PDW but
significantly higher WBC, RDW, platelet,
PCT, 9reticulocyte , and reticulocyte than their
tragacanth control. For the groups of animals
treated with 30 mg/kg, female rats had higher
9lymphocyte and RDW than tragacanth con-

trol but lower %eosinophil than water con-
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Table 9 Blood chemistry results of male rats given DHA orally for 28 days.

Group of animals

MALE water | tragacanth smg/kg 3omg/kg 120mg/kg 200mg/kg

N=12 N=12 N=13 N=13 N=12 N=6
AST (U/L) 70.50:8.52 | 79.42+11.98 | 74.69:14.74 74.6249.04 §5.33+8.03" 76.50£7.09
ALT (UsL) 39.1727.94 | 39.8320.16 | 41.0846.91 $3.5446.78 | 47.5028.80",*"| 44.330.63
ALP (U/L) 113.75:20.23| 117.17:26.69 | 110.00£24.58 101.69£14.06 | 96.83:12.66"" [ 102.17+18.53
Bilirubin(mg/dL)| 0.1120.02 | 0.10£0.03 0.11:0.02 0.10£0.02 0.0020.03 0.10:0.02
Creatining (mgzdl) | 0.6120.03 | 0.61:0.06 0.60:0.06 0.60£0.05 | 0.56+0.04%,**| 0.52+0.04",*"
BUN (mgsdL) 20.24:2.90 | 21.17:5.36 21.97+4,73 20.8523.00 18.8142.186 18.5542.00
Cholesterol (mg/dL] |61.09212.37| 61.1744.70 | 59.6€+8.60 62.41£13.29 | 64.53+13.12 | 58,5748.86
Triglyceride(mg/dL.) 13425 133427 13880 101237%,* 43220",** 2740%,4*
Total protein (27dL) | 6.790.19 | 6.80£0.48 6.79£0.31 6.85+0.44 6.52+0.30 | 6.33+0.21",""
Albumin (g/dl.) | 8.4420.12 | 3.4420.18 8.47£0.19 3.50£0.17 3.400.14 3.31£0.00
Uric acid (mg/dL) | 1.6620.55 | 1.9020.82 1.59+0.64 1.8240.53 1.44+0.34 1.95£0.61
Glucose (mgsdL)| 168218 177428 173£92 169422 154%15*" 167416
Sodium (mmol/L.) 144+1 14541° 145%1 14541 14541 148427,
Potassium (mmol/L) | 5.56x1.14 | 5.2440.68 5.49+0.65 5.61+0.63 5.65+0.41 6.03+1.22
Bicarbonate (mmol/L) 21.32:2.83 | 21.5142.98 | 21.1732.73 21.9822.44 21.1520.94 19.60£0.60
Chloride (mmol/L) 10544 10644 10745 10644 102:2%,%* 10441

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05).
* Sienificantly different from tragacanth control group (p < 0.05).

trol, while male rats had lower MPV than
tragacanth control. Male and female rats re-
ceiving 3 mg/kg DHA had significantly lower
%eosinophil than their water controls but
higher elymphocytes than their tragacanth
control, while male rats also had lower gneu-
trophil than its tragacanth control.

Effect of DHA on blood chemistry :
In male rats receiving DHA 200 mgskg, it
was found that triglyceride, creatinine and total
protein levels were significantly lower than
those of the tragacanth control (Table ¢). The
changes of blood chemistry were mostly ob-

served in both male and female rats treated

’,‘. ._l':.,(l 306’

with 120 mg/kg DHA (Table 9 & 10). Se-
rum creatinine. triglyceride and chloride lev-
els in these groups of animals were signifi-
cantly lower while serum ALT was signifi-
cantly higher than those of their tragacanth
controls. In addition, as compared to traga-
canth controls. this group of male rats had
significantly lower ALP and glucose levels,
while female rats had significantly higher bi-
lirubin, BUN and cholesterol levels but lower
total protein and bicarbonate levels. More-
over, significantly lower ALT level was also
observed in female rats treated with 30 mg/

ke DHA. The lowered plasma triglyceride



Table 10 Blood

chemistry results of female rats given DHA orally for 28 days.

. —
FEMALE water tragacanth Jmg/kg 30mg/Kg 120mg/kg  Roomg/kg
N=12 N=11 N=13 N=13 N=12 N=1

AST (U/L) 77.6048.94 74.36£13.70 $6.0017.60 74.2328.55 78.6745.16 77

ALT (U/L) 34.5847.29 20.01£5.43 34.91£5.02 40.087.60%*| 47.3919.09%,"* 43

ALP (U/L) 54.08+12.38 55.01+0.07 | 56.62+12.74** | 56.7720.71 64.6740.65 67

Bilirubin(mg/dL) | 0.0820.04 0.09:0.02 0.0920.03 0.0840.04 | 0.12:0.037,*F 0.13

Creatinine (mg/dL) 0.6420.05 0.66£0.05 0.6510.04 0.60:0.05**| 0.51x0.05** 0.55

BUN (mg/dL) 22.47+4.35 22.02£2,52 22.70:4.50 21.8233.84 | 29.24+4.407,"" | 23.40

Cholesterol (mgzdL) | 71.76417.43 62.72£9.86 71.86110.35 73.20+10.22| 76.85£13.10°° | 73.5%

Triglyceride(mg/dL) | 84.63430.85 | 98.62:45.81 | 73.82220.45 | 743642249 35.92:10.44%,7"| 25.43

Total protem (g/dL) 6.91+0.31 6.83:0.33 6.85+0.21 8.7520.32 | 6.57:0.22%,** 5.90

Albumin (g/dL) 3.60£0.18 3.56:0.20 3.6040.13 3.57+0.19 3.45:0.10 3.00

Uric acid (mgrdL) 1.4020.47 1.66:0.54 1.4940.38 1.450.36 1.64:0.40 1.50

Glucose (mgsdL)| 138215 141221 139212 131412 132£16 160 4

Sodium (mmol/L) 14521 14541 1451 14551 1461 147 §

Potassinm (mmol/L) | 5.32:0.81 5.2321.24 5.2840.84 5.1040.75 5.90£0.72 6 -

Bicarbonate (mmol/L) 20.97£1.81 20.58+0.90 20.7141.10 20.8841.55 | 18.834:1.11%*%| 16.70 ;

Chloride (mmol/L) 10844 109:3 1084 1094 10541 %, 105 E
=
5%

Each value represents mean + SD.

© Significantly different from water control group (p < 0.05).
== Significantly differemt from tragacanth conirol group (p < 0.05).

levels in DHA-treated groups appeared to be
a dose-dependent change.

Effect of DHA on histopathological
changes of internal organs : Histopatho-
logical changes of internal organs and the in-
cidence in male and female rats treated with
DHA for 28 days were shown in Table 11 &
12, respectively. Some pathological alterations
were observed in the heart, lung. liver, kid-
ney, intestine and urinary bladder. However,
the incidence

DHA-treated

of histopathology observed in
groups was not different from
that of the two control groups. It should be

noted that since only one or two female rats

treated with DHA 200 or 300 mg/Kg survived
until the end of the study, the incidence of
histopathological changes in these groups of
animals was not included for statistical analy-
sis.  Non-remarkable histopathological find-
ing was obscrved in the thyroid gland, par-
athyroid gland, adrenal gland, brain, trachea,
esophagus, spleen, pancreas, stomach, testis,
epididymis, prostate, salivary gland, lacrimal

gland, lymph nodes, or thymus.

DISCUSSION
Repeated administration of DHA at the

dose of 300 mgskg was obviously lethal (o
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Table 11 Histopathologial findings of male rats receiving DHA for 28 days

Dose of DHA (mgskg BW/day)

Organs | Mieroscopic findings Water | Tragacanth| 3 30 120 200 300
n=12 n=12 [n=13 |n=13|n=12| n=6|n=35
Heart Focal myocarditis 0/12 0/12 0/13 0/13 0/12 0/6 0/%
Non-supperative 0/12 0/12 1713 0/13 0/12 0/6 0/5
myocarditis
Lung Chronic interstitial 2712 3712 3713 2/13 2/12 1/6 0/5
pneumonia
Arterial wall thickening 0/12 1712 1713 1/13 0/12 0/6 0/5
Liver Hepatocyte degeneration | 0/12 0712 2/13 3/13 0/12 0/6 2/5
Bile duet proliferation 0/12 0/12 2713 2/13 0/12 0/6 2/5
Kidney | Congestive glomerulo- 1/12 0/12 2/13 3/13 3/12 2/6 0/5
tubular nephrosis
Intestine | Catarrhal enteritis 1/12 1712 1/13 0/18 0/12 0/6 0/6
Bladder | Proteinaceous mass 3/12 3712 3713 3/18 n/12 0/6 1/5
Table 12 Histopathologial findings of female rats receiving DHA for 28 days
Dose of DHA (mgskg BW/day)
Organs | Microscopic findings Water | Tragacanth 3 30 120 200 300
n=12] n=12 |[n=13 (n=13|n=12| n=1|n=2
L.ung Chronic interstitial 4/12 3712 2/13 5/13 3712 1/1 2/2
prieumonia
Arterial wall thickening 1712 1712 1713 0713 0/12 0/1 1/2
Liver Hepatocyte degeneration | 0712 2/12 2/13 2/13 2/12 171 0/2
Bile duct proliferation 0/12 2/12 2/13 1713 1712 1/1 0/2
Kidney Mild nephrocalcinosis 2/12 3712 3/13 4713 4/12 171 1/2
Intestine | Catarrhal enteritis 1/12 1/1¢ 0/13 0713 2/12 01 1/2
Bladder | Proteinaceous mass 0/12 0/12 1713 0/13 0712 (/1 072
Epithelial necrosis 0/12 0/12 0/13 0/13 1/12 0/1 0/2

&
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both male and female rats. Even though there
was no histopathological damage of internal
organs in this group of animals that could
explain the cause of death (Table 11 & 12).
the toxic signs detected in dying animals sug-
gested that high dose of DHA may affect func-
tions of various systems of the body, e.g. cen-
tral nervous systeni, autonomic nervous sys-
tem, cardiovascular system, and possibly GI
tract as well. Similarly, DHA at the dose of
200 mg/kg was still lethal 1o some animals,
hence only six males and one female survived
until the end of the experiment. The results
suggested that female rats were apparently
more sensitive to the toxic effects of DHA
than male rats since more female rats died at
a shorter duration after receiving high doses
of DHA.

Body weight gain, food intakes and fi-
nal body weights of male rats treated with
DHA 200 and 120 mg/kg were significantly
lower than their tragacanth control. The lower
final body weights of these two groups of male
rats may, at least in part, explain why weights
of all or most of their internal organs relative
1o body weight were significantly higher than
the tragacanth controls (Table 5). Similarly,
weights of most of the internal organs rela-
tive to body weight of female rats recciving
DHA 120 mgskg were significantly higher
than those of the tragacanth control (Table
6). Moreover, in the groups of animals treated

with DHA 30 mg/kg, the significant dose-

dependent increases of certain organ weights
relative to body weight, i.e. right and left kid-
neys and stomach in both male and female
animals, liver and right testis in male ani-
mals, and spleen in [emale rats, was also likely
be due to the apparent dose-dependent de-
crease of the final body weights.

In contrast to the body weight, the brain
weight did not casily or drastically vary by
animal’s health. Even though actual brain
weight of male rats treated with DHA 200
mg/kg was significantly lower than the two
control groups, it was only a minor differ-
ence. Hence, the significant differences of
actual organ weights and organ weights rela-
tive 10 brain weight of DHA-treated groups
as compared to the tragacanth controls were
comparable, especially in female rats (Table
1-4). The only dose-related change that oc-
curred in both male and female rats receiving
DHA 30 and 120 mg/kg was the significantly
higher actual stomach weight and stomach
weight relative to brain weight when com-
pared to their tragacanth controls. However.
1o histopathological alieration of the stomach
was detected in these groups of animals.

Hematological results showed that male
rats in 200-mg/kg group and female rats in
120-mg/Kg group had a large increase of
reticulocytes or young, immature erythrocytes,
suggesting that there was an increased rate of
young RBC production in these groups of

animals. This finding was in contrast to the
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previously reported toxic effects of ginghaosu
given intramuscularly in rhesus monkeys or
dogs where main toxic effect was manifested
on the hemopoietic system, especially the
erythroid series, causing a significant reduc-
tion of reticulocytes(1). Interestingly, even
though there was a large increase of reticulo-
cytes in male rats receiving DHA 200 mg/kg
and in female rats receiving DHA 120 mg/
kg, the number of RBC in these groups of
animals did not increase but was unchanged
or decreased instead. Moreover, other hema-

tological parameters of these of groups of

animals showed that the average volume of

RBC (MCV), hemoglobin concentration and
average hemoglobin per erythrocyte (MCH)
were lower, while the variability of the size
of RBC (RDW) was higher than their traga-
canth controls. Even though these values were
still within normal Limits'™, it is possible that
high doses of DHA might affect RBC matu-
ration and the production of hemoglobin.
wMonocyte and geosinophil in male
rats treated with DHA 200 mgskg and in fe-
males receiving DHA 120 mgrkg were sig-
nificantly lower than their tragacanth controls

but were still within normal ranges'”. 1In

contrast, there was a significant increase of

white blood cells in these groups of animals,
while a significant increase of %lymphocyte
was found in certain groups of DHA-treated
animals of both sexes. However, since this

change was not dose-dependent, the apparent

- 'J-'?i 3op

increase of %lymphocyte may not ve due to
the effect of DHA and may not account for
an increase of WBC observed in animals re-
ceiving high doses of DHA.

High doses of DHA also appeared to
increase the number of platelets in rats. It
was found that female rats receiving DHA
120 mg/kg and male rats treated with DHA
200 mgskg had significantly higher platelet
numbers than tragacanth controls. In addi-
tion, these female rats also had higher
plateleterit (PCT) than its tragacanth control.

With regard to the changes of serum
chemistry, certain groups ol DHA-treated
animals had significantly higher ALT levels
but lower ALP levels, while significantly
higher bilirubin level occurred only in the
group of female rats treated with 120 mgrkg:
however, these changes were still within nor-

b6

mal ranges Since these changes were
observed in either male or female animals only,
and were not dose-dependent, it could not be
concluded that the changes of these hepatic-
related parameters were the result of DHA
administration. In addition, DHA at the doses
given in this study did not appear to cause
damage 1o hepatic tissues since the incidence
of histopathological changes observed in the
livers, i.e. hapatocyte degeneration and arte-
rial wall thickening, was not different between
DHA-treated groups and control groups.
Creatinine levels of male rats in 120-

and 200-mg/kg groups and female rats in 30-



and 120-mgskg groups were significantly
lower than those of the tragacanth controls;
however, these values were still within the
normal range'”. A significantly higher BUN
level was observed only in the group of fe-
male rats treated with DHA 120 mgrskg, while
BUN levels in male rats appeared to be de-
creased as the dose of DHA increased, though
not statistically significant. Hence, the effect
of DHA on BUN levels was still inconclu-
sive, and the observed changes of creatinine
and BUN levels did not suggest that DHA at
the doses used in this study affect renal func-
tion.

Histopathological examination of the
urinary system showed congestive
glomerulotubular nephrosis and proteinaceous
mass in the bladders of some groups of male
rats, while in female rats mild nephrocalcino-
sis was observed in all groups, and proteina-
ceous mass and epithelial necrosis of the blad-
ders were found in some DHA-treated groups.
However, the incidence of these pathological
findings was not different between DHA-
treated groups and control groups suggesting
that administration of DHA to Wistar rats for
28 days at the doses used in this study did not
induce pathological damage to the urinary
system.

High doses of DHA greatly reduced
serum triglyceride levels in both male and
female rats. This reduction of serum triglyc-

eride was likely due to the effect of DHA on

the endogenous synthesis of riglycerides by
the liver rather than a decrease of food intake,
since DHA-treated female rats ate more, not
less, than the tragacanth control on the 3"
and 4" weeks of the study. In contrast, no
change of serum cholesterol was observed in
DHA-treated male rats, while a significant
increase of serum cholesierol was observed
in female rats treated with DHA 120 mg/kg;
however, this change was still within the nor-
mal limit'”,

In DHA-treated male rats, there was
no change of serum total protein, albumin.
uric acid, sodium, potassium, or bicarbonate
levels, and the decreases of glucose and chlo-
ride levels in 120-mg/kg group were not dose-
dependent. In female rats, the significantly
lower total protein, bicarbonate and chloride
levels found in 120 mg/kg group were within
normal limit'*. Hence, it was concluded that
DHA did not affect these serum biochemical
parameters.

Other hiélopmhological findings that
were observed in both male and female rats
were chronic interstitial pneumonia, arterial
wall thickening in the lungs and catarrhal en-
teritis. However, the incidence was not dif-
ferent between DHA-treated groups and con-
trol groups. Hence, it was concluded that these
histopathological changes were not due to

DHA.
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CONCLUSION

Short-term or subacute (28-day) tox-
icity study of DHA was performed in Wistar
rats. DHA suspension in 0.5% tragacanth was
given orally at the doses of 3, 30, 120, 200
and 300 mg/kg. All animals receiving DHA
300 mgskg died while almost all females and
some males receiving DHA 200 mgrkg died.
In contrast, DHA at the doses of 3 and 30
mg/kg did not appear to cause subacute 10x-
icity. Similar hematological and biochemical
changes were observed in male rats teated
with DHA 200 mg/kg and in female rats re-
ceiving DHA 120 mgskg. High doses of DHA
did not seem 10 cause suppression of hemopoi-
etic system since the numbers of WBC, reticu-
locytes and platelets were higher than traga-
canth controls. Even though certain param-
eters, i.e. %monocyle, % eosinophil. hemo-
globin, MCV were lower than tragacanth con-
trols, they were still within normal ranges.
Significant change of serum biochemistry
caused by high doses of DHA was a drastic
reduction of serum triglyceride, which might
be due 1o the effect of DHA on endogenous
synthesis of triglycerides. The incidence of
all histopathological findings in DHA -treated
groups was not different from that of the con-
trol groups. Hence, DHA administration at
the doses and duration used in this study did
not cause any physical damage to the internal
organs that could explain the causc of death

of the animals receiving high doses of DHA.

=l

Taken together, the results showed that oral
administration of DHA 3 or 30 mg/kg for 28
days in Wistar rats did not produce toxicity.
Meanwhile DHA at the doses of 120 mgrskg
or higher could affect certain hematological
and biochemical parameters. Toxic symp-
toms of rats receiving lethal doses of DHA
suggested that the death of DHA -treated ani-
mals was due to the alteration of the function
of various systems of the body, e.g. CNS,
ANS, CVS and digestive systems, rather than

due to specific toxicity to a particular organ.
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ABSTRACT

Acute toxicity studies of some medicinal plants recommended for use in the primary
health care; namely, lime rind, winged bean, leaf peel of Aloe vera, fresh and dried rhizome
of pineapple, catechu wood, anatto seed, pandan leaf, sappan wood, and blue pea flower, were
performed in mice. When 509 ethanolic extracts of those medicinal plants were eiven orally
to both male and female mice, it was found that the doses that caused death to 509 of the
animals or LD were more than 40,140, 80, 36.80, 20, 80, 80, 100, 50 and 80 g/kg of body
weight (g/kg), respectively. Since these doses of the plant extracts were the highest dose of
each plant that could be given orally to the animals, it was concluded that 50% ethanolic
extract of these plants were practically non-toxic. In addition, when lyophilized powder of the
juice of lime, winged bean, Aloc vera mucilage. anatto seed, pandan leaf, or blue pea flower
were dissolved in water and given in mice at the highest possible oral doscs of 70 ml/kg, 3.2,
20, 30, 60. and 1.24 g/kg, respectively, no toxic signs were observed. Furthermore, water
extracts of fresh and dried rhizome of pineapple. catechu wood and sappan wood at the

highest oral doses of 30, 13.2, and 60 g/kg, respectively, also produced no toxicities in mice.

INTRODUCTION

Under the Fifth National Fconomic and
Social Plan (1982-1086), sixty six medicinal
plants were selected to be used in the primary
health care. However, toxicity data for cer-
tain selected plants are still lacking. There-
fore, the Toxicity and Safety Test Section,
Division of Medicinal Plant Research and
Development conducted acute toxicity study
on twenty extracts of nine medicinal plants;
namely, lime, winged bean, aloe, pineapple,
catechu tree, anatto tree. pandan, sappan wood
and blue pea. Details of each plant are sum-
marized as follows.

Lime (Citrus aurantifolia (Christm)

Swing.) or ‘Ma-Now’ in Thai is a small treee/

- .'~:i 316

shrub in the Family Rutaceae, According 1o
the Thai traditional medicine, the decoction
of fruit rind is used to treat flatulence and
dyspepsia and lime juice mixed with some
salt is used as an expectorant and cough
suppressant.  Studies on chemical constitu-
ents of the fruit show that it contains n-
methylanthranilic acid, I-alanine, Y-amino
butyric acid, l-arginine. asparagine, |-aspar-
tic acid, I-glutamic acid, 1-glutamine, histi-
dine, 1-proline, I-serine, quinic acid, palmitic
acid, stearic acid, myristic acid, oleic acid,
linoleic acid, linolenic acid, palmitoleic acid.
flavonoids, polyphenol, 1.2-dibromoethane,
terpenoids, B—phcllandrcnc, terpinenc, B~ el

tral, camphene, OC-citral, citronellol, p-



cymene, geraniol, geranyl acetate, d-limonene,
linalol, myrcene, nerol, ocimene, sabinene, ter-
pineols. linalyl acetate, f)-pinene~ Ol-pinene,
sesquiterpenoids, carotene, farnesol, vitamin
C. ribotlavin, thiamine, vitamin A, and es-
sential oil.""’

Winged bean ( Psophocarpus letragon-
tobus (L.) DC., Family Leguminosae) or
“Tour-Poo’ in Thai is a type of edible legume
traditionally used as health tonic.  Young
pod is an ingredient in several Thai dishes.
Boiled seeds are eaten as such or are sun-
dried and ground to powder, 4-6 g of pow-
dered seed are mixed with water and taken
three times daily before meal. The seed is
composed of carbohydrates (22.96-49.5%),
proteins (30-40%), fat (10-20%) and ash
(3.52-8.21%)."

Aloe ( Aloe barbadensis Mill., Family
Liliaceae) or ‘Wan-Haang-Jarakay™ in Thai
is one of the most well-known and commonly
used herbs worldwide. Its leaves contain a lot
of chemicals; e.g., anthraquinone glycosides
(aloe-emodin, aloesin, aloin. anthranol, 1.8-
dihydroxyanthraquinone, chrysophanic acid.
barbaloin, B—burhaloin). p-coumaric acid,
amino acids (alanine, phenylalanine, argin-
ine, asparagine, aspartic acid, cystine,
elutamine, glutamic acid. glycine, histidine,
leucine, I-leucine, isoleucine, lysine, proline,
hydroxyproline, serine, threonine, tyrosine,
valine, |-valine), alkaloids, carbohydrates,

polysaccharide, monosaccharide, enzymes,

proteins. lupeol, triterpenoids, steroids,
campesterol, cholesterol, ﬁ—silosleml,ﬁ-curo—
tene, mucilage, calcium oxalate, citric acid,
isocitric acid, malonic acid, fumaric acid, malic
acid, tartaric acid, succinic acid, maleic acid,
pyruvic acid, eic. The mucilage of the leaf i1s
scientifically proved to be effective for the
tratment of burns, chronic wounds and gas-
tric ulcers due to its wound-healing property.
In addition, the mucilage also possesses anti-
bacterial activity.™

Pineapple (Ananas comosus Merr.,
Family Bromeliaceae) or ‘Sub-Pa-Rod’ in
Thai. Fresh or dried underground stem of pine-
apple is used as diuretic. Chemical studies
indicated that the underground stem contains
proteins and the stem contains bromelain,
quinic acid-1,4-di-p-coumarate, p-coumaric
acid, 3,4-dihydroxycinnamic acid, clements,
enzymes (peroxidase, acid phosphatase, amy-
lase, catalase, proteinase, tyrosinase, pectinest-
crase, and gelatin-digesting enzymes). ¢

Catechu tree ( Acacia catechu (Linn.)
Willd., Family Leguminosac) or ‘Se-Sead-
Ner’. Wood extract traditionally used as an
antidiarrheal is prepared by boiling small
pieces of catechu wood and heating until dried
black mass is obtained. Catechu wood con-
tains catechin, dicatechin, 3,4,7"-tri-0- me-
thyl catechin, and 3°,4,5,5",7-penta-o-methyl
gallocatechin.'™

Anatto tree ( Bixa oreliana Linn., Fam-

ily Bixaceae) or ‘Kum-Sad’ in Thai. Its sceds
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contain water-soluble orange red substances.
mainly bixin, that are useful as food coloring
agent.  Other substances in the sced are
norbixin, orellin, fat, resin and some bitter
principles.'”’

Pandan (Pandanus amaryllifolius
Roxb., Family Pandanaceae) or “Touy” in Thai.
LLeave juice is used as both flavoring and col-
oring (green) agent in various Thai dishes and
desserts. The principle substance in the leaf is
pandamarine. [n addition, pandamarilactone-
1, pandamarilactone-32, and pandamarilactone-
31 are also found in the leaf."”’

Sappan wood (Caesalpinia sappan
Linn., Family Leguminosae) or ‘Faang’ in
Thai contains brazilin, sappanin, phellandrene
and ocimene. When the wood is immersed in
water, it gives red color that is useful for col-
oring food."”

Blue pea, or butterfly pea (Clitoria
ternated Linn., Family Leguminosae) or ‘Un-
Chan’ in Thai. The juice from flowers is used

Lo color food blue."”’

MATERIALS AND METHODS

Materials
Animals

Acute toxicity studies of plant extracts
were conducted in male and female Swiss al-
bino mice (weighing 20 £ 5 g) obtained from
The National Laboratory Animal Centre,
Mahidol Universty. The animals were raised in

the animal facility that was kept at 25 + 1°C

~g 20 ’I 318p

with 60 % relative humidity. The animals were
allowed to have tree access to food (Charoen
Pokapan Animal Feed Co., Ltd.) and tap
water.
Medicinal Plants

All medicinal plants were collected and
identified by the staffs of the Botany Section,
Division of Medicinal Plant Research and De-
velopment. The plants were cleaned, dried at
50 C and ground to powder for extraction.
Methods
Preparation of plant extracts for acute
toxicity studies

1. 50% Ethanolic extract. Powdered
crude drugs were extracted by reflux with 50%
cthanol and evaporated under vaccuum. Prior
to the toxicity study, the concentrated 50%
ethanolic extracts were diluted with water to
the desired concentrations.

2. Water extract. Powdered crude
drugs were extracted by reflux with water and
evaporated under vaccuum. Prior to the tox-
icity study, the concentrated water extracts
were diluted with water to the desired con-
centrations.

3. Lyophilized powder of plant juice.
Plant juice was prepared by mixing fresh plants
with water in an electric blender. The water
in the juice was then evaporated by lyophiliza-
tion. Prior to the toxicity study, the lyophilized
powder was diluted to the desired concentra-
tions with water.

Acute toxicity study



Mice were randomly divide into 5
groups. Each group consisted of 5 animals of
each sex. The first group serving as control
group was given water orally at 10 mlzkg of
body weight. Groups -5 received different
doses of plant extracts orally. The animals were
observed for mortality or any signs of abnor-
malities periodically during the first 24 hours

and twice daily for 7 days thereafter.
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ABSTRACT

The leaf of Cassia siamea Lam. or Senna siamea (Lam.) Irwin & Barneby, a plant
in the Leguminosae family known in Thai as Khilek, is traditionally used as sleep-aid. We
performed a six-month toxicity study of C. siamea powdered leaves containing 0.17% barakol
in five groups of 15 Wistar rats of each sex. The control group received 5 ml of distilled
water/kg BWvday orally, while three of the four experimental groups were given C. siamea
powdered lcaves at the doses of 20, 200 and 2,000 mg/kg BW /day, which were equivalent to
1. 10 and 100 folds of therapeutic dose, respectively. For the recovery study, the fourth
treatment group received the powdered leaves at the dose of 2,000 mg/kg BW/day for 6
months and was later Kept without C. siamea administration for 14 more days before being
sacrificed. The levels of bilirubin of the animals receiving the powdered leaf at the doses of
200 and 2,000 mg/kg BWrday were significantly higher than those of their controls. A dose-
dependent increase of the incidence of hepatic lesion, namely degeneration and necrosis, were
found at every dose level in both male and female animals. In addition, the higher the doses
of C. siamea leaf were taken, the more severe the degree of hepatic damage was observed,
especially in male rats. Hence, it appeared that male rats were more susceptible to the
hepatotoxic effect of C. siamea than female rats. Reduction of the hepatic damage of the
recovery group suggested that the hepatotoxic effect of C. siamea was reversible when the
drug was stopped for only 14 days. Taken together the results showed that upon long-term
consumption the leaf of C. siamea could produce dose-dependent hepatotoxic effect in rats
even at the therapeutic dose. Hence, if C. siamea leal is going to be used as a sleep aid for a
long period of time, liver function test should be performed periodically and the drug should
be stopped immediately il the signs of drug-induced hepatitis occur.

Key words : Cassia siamea, Senna siamea, Toxicity

INTRODUCTION

laxative and sleep-aid according to Thai tra-

Cassia siamea Lam. or Senna siamea
(Lam.) Irwin & Barneby, known in Thai as
Khilek, is a medicinal plant in the Family
Leguminosae'”. The boiled young leafl and
flower are used to make Khilek curry, a com-

mon Thai dish, and are also useful as a mild
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ditional medicine'. The traditionally claimed
sedative effect of Cassia stamea has received
attention from Thai and foreign researchers
since 1949 when a crystalline alkaloid iso-
lated from the leaves was reported 1o show

CNS depressant activity in rats'™.



In 1969 a chromone compound called
barakol was first isolated from the leaves'’
and it was later found that the yield of barakol
from young leaves of Thai C. siamea was about
0.19%'"'. By reducing the particle size of the
powdered leaves, the proportion of the sol-
vent and powdered leaf, as well as the dura-
tion of extract, as high as 0.8% barakol could
be obtained'. Pharmacological studies
showed that barakol possessed sedative'”' and
anxiolytic'™ "' activities, which may account
for the sedative effect of C. siamea. How-
ever, there was also a conflicting report indi-
cating that barakol showed no anxiolytic

(10)

activity in the tests of rat anxiety' . Clinical
studies proved that herbal medicine made [rom
C. siamea leaves extract did possess hypnotic
effect that is useful for persons with insomnia
problem‘ " !,

C. siamea was therefore developed into
an over-the-counter sleep-aid and first
launched into the market in 1997. Since then
there was a case report of drug-induced hepa-
titis in @ number of patients with no known

1)

history of hepatitis'™. As a result, the Thai
FDA has then temporarily stopped the pro-
duction of sleep-aid products from C. siameca
leaves pending more data on its safety from
toxicity study in animals. As a mean of con-
sumer protection, the Medicinal Plant Re-
search Institute, Department of Medical Sci-
ences, Ministry of Public Health therefore

conducted chronic toxicity of C. siamea leaves

in rats to determine its general toxicity and
potential hepatotoxicity upon long-term con-

sumption.

MATERIALS AND METHODS
Preparation of Cassia siamea leaves

The leaves of C. siamea were collected
and identified by Miss Supaporn Pitiporn,
head pharmacist at Chaophraya Abhaibhubejhr
Hospital, Prajeenburi Province. Identification
was done by comparison with a voucher
specimen (BKF 28182) that was deposited at
the Forest Herbarium, Royal Forest Depart-
ment, Bangkok. Thailand. The leaves were
then dried and ground into powder. Phy-
tochemical analysis showed that the leaves
powder contained 0.17% of anhydrobarakol
(equivalent to 0.18% barakol). For a six month
chronic toxicity study, the powdered leaves
was suspended in water and adjusted to ob-
tain required final concentrations prior to the
oral administration to the animals.
Animals

Seventy-five male (290-320g) and
seventy-five female (200-230g) Wistar rats
were obtained from the National Laboratory
Animal Center, Mahidol University,
Nakornpathom Province, The animals were
housed in the animal facility of the Depart-
ment of Medical Sciences. The temperature
in the animal room was kept at 25 + 1 C with
609% relative humidity. The animals were al-

lowed to have tree access to food and clean
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water.  The animals were divided into
5 groups of 15 animals/group/sex.

Group 1 = Control group orally
received wmer“ mi/kg BW/day by gavage.

Group 2 - 4 = Experimental groups
reccived C. siamea leal powder suspension
with water at the doses of 20, 200 and 2,000
mg/kgsday, respectively.

Group 5 = Recovery group received the
leal powder at 2,000 mg/kg for 6 months fol-
lowed by 14 days without C. siamea admin-
istration before being sacrificed.

Chronic toxicity study

During a 6-month treatment period,
body weights and food intakes were recorded
weekly. The animals were observed for any
signs of abnormalities throughout the study.
At the end of the treatment period, the ani-
mals in groups 1-4 were fasted for 18 hours,
then anesthetized with ether and sacrificed by
drawing blood from the inferior vena cava,
while the animals in the recovery groups were
sacrificed 14 days after the cessation of C.
stamea administration. Blood samples were
then determined for hematological and bio-
chemical changes.

Hematological analysis was performed
using an automatic hematological analyzer
(Cell dyn@a500, Abbot). Hematological
parameters measured were white blood cell
(WBC), gneutrophil, %lymphocyte, %mono-
cyle, %basophil, %eosinophil, red blood cell

(RBC), hemoglobin, hematocril (Het), mean
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cell volume (MCV), mean corpuscular he-
moglobin (MCH), meun corpuscular hemo-
¢lobin concentration (MCHC), red cell dis-
tribution width (RDW), platelet, mean plate-
let volume (MPV). plaweletcrit (PCT), and
platelet distribution width (PDW).

Biochemical analysis of serum samples
was performed using an automatic chemistry
analyzer (Hitachi model 912). Biochemical
parameters measured were aspartate ami-
notransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP). p-amy-
lase, bilirubin, creatinine. blood urea nitro-
gen (BUN), cholesterol, triglyeeride, total pro-
tein, albumin, uric acid, glucose, sodium, po-
tassium, and chloride.

The positions, shapes, sizes and colors
of internal organs. namely, brain, heart, both
kidneys and lungs, trachea, esophagus, stom-
ach, liver, pancreas. intestine, spleen, blad-
der, and testis in male rats or ovary and uterus
in female rats were visually observed for any
signs of gross lesions. These organs were
then collected, weighed to determine actual
and relative organ weights, and preserved in
109 buffered formalin solution. Tissue slides
were later prepared and stained with hema-
toxylin and eosin, and histopathological ex-
aminations were performed by a veterinary
pathologist.

Statistical analysis
The incidence of histopathological

changes was tested for statistical significance
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Figure 1 Growth curves of male and female rats receiving Cassia siamea for 6 months.
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Figure 2 Food consumption of male and female rats receiving Cassia siamea for ¢ months.
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Table 1 Organ weight relative to body weight (g/kg BW) of male rats given C. siamea

leaf orally for 6 months.

Dose of C. siamea (mg/kg/day)
MALE 0 20 200 2000 2000-R
(n=15) (n=15) (n=15) (n=15) (n=15)
Brain 3.63+0.33 3.75+£043 3.68+0.30 347035 3.78+0.21
Heart 2.40+0.24 9.33+0.20 2.50+0.28 2444026 | 2.500.17
Right Kidney 2.34%0.21 2.23x0.19 2.38=0.27 2.43+0.32 2.48+0.22
Left Kidney 2.26 £0.20 2.12+0.18 2.28+0.25 2.34+0.36 2.36+0.18
Urinary bladder 0.237+0.046 0.242+0.029 0.27010.045 | 0.256+0.046 | 0.226+0.038
Liver 24.60 + 2.85 23.14x1.41 24.27%3.07 27.44+3.28 | 27.42+2.32
Spleen 1.70+0.25 1.71+0.24 1.68+0.188 1.81+0.23 1.88+0.24
Stomach 3.82+0.62 3.71+0.39 3.750.51 3.49+0.44 3.91£0.42
Lung 2.99+0.38 2.97+0.30 3.09+0.34 2.93+0.30 3.20+0.32
Right adrenal 0.058 £0.014 0.053x0.008 0.052£0.010 | 0.064x0.016  0.054=0.011
Left adrenal 0.060£0.015 0.058+0.007 0.059+0.010 | 0.068+0.018  0.056=0.011
Right testis 571£1.28 5.5720.75 5.20+1.04 5144078 | 5.71+0.60
Left testis 5.34£1.09 5.53x0.77 5.39x0.63 5.16+0.83 5.08%0.71

‘Organ weight relative to body weight is expressed as (g organ weight/g body weight) x 1000
2000-R = Recovery group

Each value represents mean = SD

v

by Fisher exact test, while significant changes
of all other parameters were determined by

one-way ANOVA followed by Schefte’s test.

RESULTS
Effects of C. siamea leaf on body weight
and food intake
The body weights of rats receiving
C. siamea were not significantly different from

those of the control groups. except for the
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body weight of male rats receiving C. siamea
2,000 mgskg/day was significantly higher than
that of the control group on the first and sec-
ond weeks (Figure 1).

The food intakes of male rats receiv-
ing C. siamea were not significantly different
from that of the control group, while the food
intakes of female rats receiving C. siamea were
significantly different from the control group

in some weeks during the study (Figure 2).



Table 2 Organ weight relative to body weight (g/kg BW) of female rats given C. siamea

leaf orally for 6 months.

Dose of C. siamea (mg/kg/day)
FEMALE 0 20 200 2000 2000-R
(n=15) (n=15) (n=15) (n=15) (n=15)
Brain 6.39 +0.49 6.15+0.39 597+0.58 6.65£0.75 | 5.87£0.55
Heart 2.93+0.32 2.85+0.22 2.81+0.22 3.13+0.22 | 292+0.29
Right Kidney 2.55 +0.41 2.51+0.21 253+0.23 9.97+0.43""|  269£0.31
Left Kidney 2.37+0.18 2.40+0.21 2.37+0.19 2.75£0.27°"| 2.52+0.29
Urinary bladder 0.288 +0.057 0.256+0.039 0.257+0.059 | 0.291+0.057 | 0.253+0.050
Liver 292.60 +2.09 21.39+5.23 22.35+2.45 26.38£3.39""| 24.52+2.55
Spleen 2.22+0.34 2.15+0.36 2.18+0.36 2.32+044 | 2.22+0.38
Stomach 5.06 +0.63 4.96+0.57 4.65+0.65 5.27+0.67 4.90+0.78
Lung 4.07£0.55 4.06+0.32 3.91+0.55 4.30£0.42 3.91£0.53
Right adrenal 0.116 +0.023 0.119:£0.028 0.116£0.024 | 0116£0.027 | 0.115+0.023
Left adrenal 0.123 £ 0.020 0.121+0.033 0.126+0.019 | 0.127+0.026 | 0.113+0.018
Right ovary 0.234 £0.053 0.220+0.067 0.230£0.070 | 0.238+0.072 | 0.216+0.038
Left ovary 0.260 £0.072 0.232+0.076 0.250+0.093 | 0.245+0.068 | 0.226+0.038
Uterus 2.20+1.16 2.21+0.65 1.93x0.77 2.13%1.12 | 1.84+045

‘Organ weight relative to body weight is expressed as (g organ weight/g body weight) x 1000

2000-R = Recovery group

Each value represents mean + SD

“Significantly different from water control group (p < 0.05)

Effect of C. siamea leaf on relative organ
weight

Relative weights of both right and left
kidneys and liver of female rats in the high
dose group were significantly higher than that
of the control group. For male rats receiving
the same dose of C. siamea, though relative

liver weight appeared to be higher than the

control group, the difference was not statisti-
cally significant. (Table 1 & 2).
Effect of C. siamea leaf on hematological
para-meters

Male rats treated with C. siamea 200
and 2,000 mgskg had significantly lower RBC
number than the control group and male rats

weated with C. siamea 2,000 mg/kg also had
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Table 5 Hematological examination results of male rats given C. siamea leaf orally for

6 months.
Dose of C. siamea (mg/kg/day)
MALE 0 20 200 2000 2000-R
(n=15) (n=15) (n=15) (n=15) (n=15)
WBC (K/ul) 613£1.85 6.13+1.23 5.75+0.90 6.85+2.64 5.38+0.81
%Ncutrophil 14.27 397 14.61+4.50 16.26+4.58 19.27+14.55 | 1549+3.91
%Lymphocyte 7549+ 7.54 76.12+6.39 74.64+6.86 68.38+15.91 | 71.60+6.95
%Monocyte 6.46 + 3.96 6.53+349 2.98+2.37 8.66+4.59 9.69+6.22
%Basophil 208+ 1.44 1.51%0.86 1.36%0.99 207%1.03 1.80+1.94
%Eosinophil 1.72£0.79 1.24%0.40 1.75x0.62 1.61£0.60 1.40£0.35
RBC (X10°/uL) 942 +0.39 9.09+0.59 8.92+0.35 8.70£0.37" 9.16+0.49
Hemoglobin (g/dL) 15.93 £ 0.66 15.76+0.42 15.43+0.54 14.97+0.61 15.440.49
% Hematocrit 48.59 £ 2.67 46.79+4.10 45.853.02 45.70£1.78 47.49£3.12
MCY (fL/red cell) 51.55+ 1.67 51.44%2.33 51.34%2.14 52.55+1.29 51.84+2.24
MCH (pg/red cell) 16.91 +0.45 17.48+1.14 17.33+0.57 17.23+0.61 16.81+0.79
MCHC (gsdL RBC) 32.82+ (063 34.12+3.30 33.87+1.82 32.79+0.74 32.50%£1.94
RDW 16.52 +0.71 18.29+3.74 17.28x1.90 16.33+0.79 16.68+1.37
Platelet (K/ul.) 986.97 + 79,81 972.20x118.10 973.50£91.02 | 962.40+£122.93[1032.23+87.55
MPY (fL/plaelel) 9.53%0.73 9.79+0.73 9.53+0.58 9.80+0.86 10.51+1.28"
PCT (%) 0.94+0.11 0.95+0.15 0.92+0.10 0.94+0.13 1.09+0.19
PDW 18.30 + (.60 18.53+0.67 18.14+0.55 18.44+0.67 18.86+0.83

Each value represents mean + SD

‘Significantly different from water control eroup (p < 0.05)

2000-R = Recovery group

significantly lower hemoglobin level than the
control group. These changes were however
not observed in the recovery group. In fe-
male rats, no significant change of hemato-
logical parameters was observed (Table 3 &

4).
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Effect of C. siamea leaf on blood chemis-
try

Both male and female rats treated with
C. siamea 200 and 2,000 mg/kg had signifi-
cantly higher levels of bilirubin than the wa-
ter control group. While bilirubin level in the
recovery group of male rats was not different

from the control group, the level of bilirubin



Table 4 Hematological examination results of female rats given C. siamea leaf orally

for 6 months.

Dose of C. siamea (mg/kg/day)
FEMALE 0 20 200 2000 2000-R
(n=15) (n=15) (n=15) (n=15) (n=15)
WBC (K/uL) 3.07+1.32 2.91+0.64 3.20+0.86 2.7240.78 3.75£0.94
% Neutrophil 15.43+8.36 12.05£4.43 15.3346.12 17.02£6.91 11.24+3.42
% Lymphocyte 75.50 £ 8.57 78.37£5.61 76.92+17.37 76.92%7.37 73.26+10.21
% Monocyte 5.7 £2.50 3.90=2.39 1.90+1.96 6.57£3.11 543£1.13
9 Basophil 1.56 £0.97 1.70+148 1.15+0.69 1.34+0.78 1.18+0.40
%Eosinophil 1.73 +0.65 1.97+0.65 1.70+0.62 1.81+1.07 1.57+0.55
RBC (XlOS/uL) 8.64 £0.63 8.31+047 8.16+0.53 8.26+0.41 8.27+0.40
Hemoglobin (g/dL) 15.79 £ 0.92 15.4420.59 15.49£0.47 15.38+0.72 15.10£0.71
s Hematocrit 48.71 + 3.62 46.77£2.60 45.98+2.78 47.79+2.62 47.49+2.57
MCV (fL/red cell) 56.38 = 1.50 56.31+1.44 56.32+1.41 57.88+2.32 57.40£1.11
MCH (pa/red cell) 18.32 £ 0.64 18.63+0.70 19.11£1.31 18.64+0.56 18.26+0.43
MCHC (g/dL RBC) 32.49 £0.95 33.10£1.30 34.02£2.77 32.22+0.79 31.83£0.75
RDW 13.84 £ 0.67 14.24+1.07 18.84£1.44 13.85+0.81 13.67+0.38
Plateler (KruL) 913.60 + 129.78 898,73+101.75 865.50+105.66 | 910.46+56.09 | 988.03+136.12
MPV (fL/platelet) 9.33 + 0.56 10.03+1.62 10.23x1.89 9.36+0.85 9.95£0.57
PCT (%) 0.85 £ 0.12 0.89+0.13 0.8820.15 0.85+0.09 0.98+0.12
PDW 18,33 £0.51 18.75+0.94 18.58+1.04 18.21£0.45 18.44£0.57

Each value represents mean + SD

Significantly different from water control group (p < 0.05)

2000-R = Recovery group

of female recovery group was significantly
higher than its own control. Only male rats
treated with C. siamea 2,000 mg/kg also had
lower serum cholesterol and triglyceride lev-
els than the water control group but these
changes were not observed in the recovery
group. Female rats receiving C. siamea 2,000

mg/kg had higher p-amylase but lower crea-

tinine levels than the control group (Table 5

& 6).

Effect of C. siamea leaf on histopathology
The incidence of hepatocellular degen-

eration and necrosis in all C. siamea-treated

groups of both male and female rats was

significantly higher than those of their con-

trol groups. Other histopathological changes,
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Table 5 Blood chemistry of male rats given C. siamea leaf orally for 6 months.

Dose of C. siamea (mg/Kg/day)

MALE 0 20 200 2000 2000-R

(n=15) (n=15) (n=15) (n=15) (n=15)
AST (U/L) 72.80 + 13.99 70.8729.10 70.53+11.84 63.93+12.88| 6807+12.31
ALT (U/L) 4367 £ 10.60 4].73210.02 38.7327.83 37071892 | 428748487
ALP (U/L) 69.87 £ 14.73 65.40+12.02 63.33+897 61.67+2161 | 5987+10.13
p-amylase (U/L) 204147+ 15561 | 2054.78:182.39 | 2016.53211.65 | 1840.13£426.77| 2051.474241.36
Bilinthin (mg/dL) 0.06 + 0.03 0.08+0.03 0.13£0.05 1.02£0.21° 0.09+0.04
Creatinine (mg/dL) 066 005 0.66004 0.65=0.04 0.66+0.05 067+0.05
BUN (mgrdL) 2113 £ 277 20.112303 20.0121.89 20.15+ 3.86 19.89+2.84
Cholesterol (mg/dL) 7555+ 12.10 74.98+18.68 73.00+15.26 5498+1364" | 73.78+18.11
Trighyceride (mg/dL) | 119.36 £ 40,51 137.44+48.95 124.63+36.72 5451£2804" | 121.73£47.05
Total protein (g/dL) 689012 6.83£022 6.87£0.35 6.94£0.40 6.830.22
Albumin (g/dL) 425+013 4282015 418+0.12 414044 4330.10
Uric acid (mgrdL) 180 £ 114 1794141 1.55£1.09 1.55£0.69 2.58£1.72
Glucose (mg/dL) 17591 £ 1841 177.57£33.31 176.73+25.45 154852763 | 177.26+33.86
Sodium  (mmol/1.) 147.13 % 1.30 14747119 147.87=1.19 147.67£1.54 | 144.40+1.30"
Potassium (mmol /L) 509 0.75 482060 4882057 5.09£1.07 5.3920.91
Chloride (mmol/L) 107.33 + 1.50 108.47=0.99 108.40+1.68 108.67+2.09 | 104.73£1.87

Each value represents mean = SD

“Significantly different (rom water control group (p < 0.05)

2000-R = Recovery group

namely focal myocarditis. tubular dilation and
mild focal mineralization of the kidney and
hypoplasia of spermatogenesis were not dif-
ferent between C. siamea-treated groups and
the control groups (Table 7 & 8).

The degree of histopathological changes
of the liver in each group of animals shown
in Table 9 indicated that there was a dose-

dependent increase in liver damage in both
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male and female animals. Even at the dose of
20 mgs/kg, a mild degree of hepatocellular
degeneration and necrosis was observed in all
male rats and 4/15 female rats. At the dose of
200 mg/kg, all rats of both sexes had a mod-
erate degree of hepatocellular degeneration and
necrosis. The incidence of liver damage of
male rats receiving C. siamea 200 mg/kg was

much higher than that of the female, and the



Table 6 Blood chemistry of female rats given C. siamea leaf orally for 6 months.

Dose of C. siamea (mgrkg/day)

FEMALE 0 20 200 2000 2000-R

(n=15) (n=15) (n=15) (n=15) (n=15)
AST (UsL) 65.27 + 6.10 68.80+11.19 63.53+6.50 57.87+10.85 61.60+13.60
ALT (U/L) 27474564 32.33+8.80 26.00+3.51 27.33£6.21 29.87£5.94
ALP (U/L) 24.20 £ 5.33 22.73+4.28 22.93+3.39 20.07+6.20 22.53+607
p-amylase (U/L) 1176.67 £ 171.83 1249.87£224.17 | 1267.93+12849 | 1396.93+191.9071328.87-181.98
Bilirubin (mg/dL) 0.08 £ 0.04 0.08+0.04 0.14£0.03* 0.68+0.08" 0.14£0.03"
Creatinine (mg/dL) 0.81 £ 006 0.76+0.03 0.73£0.05° 0.75£0.07 0.71£0.05'
BUN (mg/dL) 24,61 + 580 22.49£3.03 19.86+2.49 24,29%3.05 21.31£3.44
(Cholesterol (mg/dL) 71.64 + 7.87 77.06+20.21 72.33£17.71 78.20+19.80 75.64217.28
Triglyceride (mg/dL) 84.11 £26.76 114.48+51.76 97.01+37.64 84.47+4459 | 164.13+83.24*
Totwl protein (g/dL) 701 £0.27 6.80+1.68 7.16+0.24 7.33£0.39 6.85+0.25
Albumin (g/dL) 479+0.20 4.85£0.2 4.76£0.20 4.94+0.32 4.1320.23
Uric acid (mg/dL) 1.48 £0.58 1.40£1.05 1.15£0.39 1.11£0.44 L77£0.35
Glucose (mgsdL) 151.31 +20.53 147.69+29.89 143.20+18.85 133.08+9.64 143.71x15.11
Sodium (mmal/L) 146.73 £ 1.87 146.87+2.10 14707£1.87 146.93+ 1.87 140.33£1.59
Potassium  (mmol/L) 4.65 +0.66 4.77+0.66 453+0.40 4.61£0.61 5.88+0.64*
Chloride (mmol/L) 107.80 = 1.90 108.47+2.56 108.20+2.18 109.00+1.93 104.27+1.53"
Each value represents mean = SD
Significantly different from water control group (p < 0.05)
2000-R = Recovery group
degree of liver damage in the animals treated DISCUSSION

with 2,000 mg/kg of C. siamea was more se-
vere in male than in female rats. The degree
of liver damage in the recovery group of both
male and female rats were much lower than
those of the groups treated with C. siamea

2,000 mg/kg (Table 9).

The results of our chronic toxicity study
of C. siamea leaves in rats were similar in
many aspects Lo our previous report on the
chronic toxicity of Cassia siamea tablet*'".
The relative liver weight of female rats treated
with C. siamea 2,000 mg/kg was significantly
higher than the control group, while the rela-

tive liver weight of male rats receiving the
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Table 7 Histopathological changes of male rats given C. siamea leaf orally for 6 months.

Dose of C. siamea (mg/kg/day)
Organs | Histopathological changes 0 20 200 2000 2000-R
(n=15) | (n=15) | (n=15) | (m=15) | (n=15)
Heart | Focal myocarditis 3/15 0/15 2/1%5 2/15 2/15
Liver | Degeneration and necrosis 0/15 15/15% | 15/15* 15/15* 15/15*
Kidney | Tubular dilation 0/15 0/15 2/1% 2/15 0/15
Testis | Hypoplasia of spermatogenesis 0/15 0/15 1/15 0/15 0/15

The figures show the number of animals with histopathological change/total number of animals per

group

‘Significantly different from water control group (p < 0.05)

2000-R = Recovery group

Table 8 Histopathological changes of female rats given C. siamea leaf orally for 6 months.

Dose of C. siamea (mg/kg/day)
Organs | Histopathological changes 0 20 200 2000 2000-R
(n=15) | (n=15) | (n=15) | (n=13) | (n=15)
Heart | Focal myocarditis 0/15 1715 0/15 0/15 1/15
Liver | Degeneration and necrosis 0/15 4715 15/15° 15/1% 4/15
Kidney | Mild focal mineralization fi/15 0/15 1/15 0/15 2/15
Focal tubular dilation 0/15 0/15 2/15 0715 0/15

The figures show the number of animals with histopathological change/total number of animals

per group

‘Significantly different from water control group (p < 0.05)

2000-R = Recovery group

same treatment appeared to be higher but not
statistically significant. Even though the rela-
tive kidney weights of female rats in the high
dose group was also significantly higher than
those of the control group but no histopatho-

logical change of the kidney was observed in
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this group of animals.

A decrease in the number of RBC and
the amount of hemoglobin was observed in
male rats in the high dose group but not in
female rats, however, these changes were still

in the normal ranges''.



Table 0 Degree of liver damage in rats given C. siamea leaf orally for 6 months.

Histopathological changes
Sex Dose of C. siamea
(mgskgrday) Level 1 Level 2 Level 3
O - - o=
20 100% = -
MALE 200 1009 = -
2000 33.3% 40.0% 26.7%
2000-R 86.7% = 13.3%
0 - - =
20 26.7% - -
FEMALE 200 1009 - =
2000 100% = =
2000-R = = -
2000-R = Recovery group
- = No histopathological change of such level was detected
Level 1 = Mild degree of hepatocellular degeneration and necrosis (< 25%)
Level 2 = Moderate degree of hepatocellular degeneration and necrosis (25 - 50%)
Level 3 = Severe hepatocellular degeneration and necrosis (> 50%)

"4/15(26.7%) showed individual eell degeneration and necrosis of only a few cells in each visual Ficld.

The degree of damage is considered lower than level 1

Similar to our previous finding''", even
though there was a clear evidence of hepato-
cellular damage in all of the C. siamea-treated
groups, no increase in AST or ALT levels
was observed. This discrepancy could be
because the blood samples were obtained at
the end of the study, while the massive de-
struction of the hepatocytes which could lead
to a significant increase in AST and ALT levels

was likely to occur at the early stage of C.

siamea administration. This explanation was
confimmed by another experiment conducted
in our laboratory where blood chemisiry was
performed periodically throughout the period
of C. stamea administration.

In contrast, a significant dose-depen-
dent increase in bilirubin level was observed
in both male and female rats. In male rats
receiving the high dose of C. siamea, serum

cholesterol and triglyceride levels were sig-
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nificantly lower than those of the control group.
However, these changes appeared to be re-
versible when C. siamea administration was
stopped because cholesterol and triglyceride
levels in the recovery group of male rats was
not different from the conwrol group. Since
the liver plays an important role on the syn-
thesis of cholesterol and fatty acids. the re-
duction of cholesterol and triglycerides in the

gree of liver

serum may be due to a large de
damage in the high dose group of male rats.
When the histopathological change of the liver
was improved after the cessation
of C. siamea, serum levels of cholesterol and
triglyceride could then become normal again.

Histopathological findings clearly
showed a dose-dependent hepatotoxic effect
of C. siamea leaves in the rat and could be
observed even at the dose of 20 mg/kg In
addition, the results indicated that the degree
of hepatocellular degeneration and necrosis
was more severe in male rats than in female
rats. Therefore, it appeared that male Wistar
rats are more susceptible to the hepatotoxic-
ity of C. siamea leaves than female rats. The
degrees of the liver damage in the recovery
groups in both male and female rats
were much lower than those of the high dose
groups. Hence, C. siamea-induced hepato-
cellular damage appeared to be reversible when
C. siamea administration is withdrawn.

It remains to be further studied to 1den-

tify the toxic compound in the leaves whether
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it is barakol or anhydrobarakol, which are the
active constituents, or other substances. If
barakol is responsible for the toxicity of C.
siamea leaves, it may partly explain why the
overall toxicity of C. siamea lcaves in this
study appeared o be less than that induced
by C. siamea tablet reported earlier'""’ since
barakol concentration in our C. siamea leaves

was about 10 folds lower.

CONCLUSION

Our chronic toxicity study of C. siamea
in rats indicates that C. sramea leaves do pos-
sess dose-dependent hepatotoxic effect and
hepatocellular degencration and necrosis can
occur even at the dose of 20 mgskg The
results show that male rats appear to be more
susceptible to the toxic effect of C. siamea
than female rats. Hence, in the tuture if the
single-herb products of C. siamea leaves will
continue 10 be produced and used as a sleep-
aid again, perhaps ar a lower dose, liver func-
tion test should be performed periodically if
it is to be used for a long period of time. The
consumer should also be advised to stop tak-
ing the drug immediately if the signs of drug-
induced hepatitis, namely jaundice (yellow-
ing of the skin or whites of the eyes) and
dark yellow or brown urine, occur. In addi-
tion, concomitant administration with ather
hepatotoxic drugs should be avoided.

Further studies should be performed to

identify which compound is responsible for



the hepatotoxic effect of C. siamea leaves. 1f

such compound differs from the active prin-
ciple. it can lead to the production of a safer

drug from purified leaves extract,
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ABSTRACT

Poompat is a herbal preparation, consisting of 35 medicinal plants, manufactured by
The Institute of Thai Traditional Medicine. It is proposed to be a health promotion and
immune enhancer agent in HIV-infected patients; however toxicity study of this preparation
has not yet been reported. Therefore we investigated acute and chronic toxicity studies of
Poompat powder by oral administration. Our result demonstrated that administration of the
preparation in ICR mice at the dose of 13.3 g/Kg, equivalent to 332 fold of human therapeutic
dose, did not produce acute toxicity. The chronic toxicity study in Wistar rats
receiving Poompat at the doses of 0.04, 0.4, 0.2 and 2.4 g/kg revealed that male rats receiving
the highest dose equivalent 1o 60 fold of therapeutic dose had significantly less body weight
and food consumption than their control group. However, this group did not show any
abnormal symptoms. Hematological and clinical chemistry values in rats receiving Poompat
at the given doses did not differ from those of their control groups except female rats receiv-
ing the highest dose had significantly lower levels of potassium than their control group.
Histopathological examination of visceral organs tissucs showed no abnormalities related to
Poompat.

Keywords : Poompat, acute and chronic toxicity, herbal preparation
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WBC (K/uL) 4.00+1.04 3.07x0.73 3.21z0.77 3.66+1.16 3.50£0.86
Neutrophil (%) 19.63 + 648 21524648 22664509 | 20374560 | 24.81+54]
Eosinophil (%) 1.55+0.50 1.41+0.58 1.59+0.38 1.23+0.36 1421040
Lymphoeyte (%) £8.52 £7.52 67.81£7.52 66.25+6.92 68.4047.59 6447+6.56
Monocyte (%) 6.46 £ 1.67 6.27+2.12 6.40£2.13 6.83+2.47 6.26£243
Basophil (%) 3.83+1.08 2.98+1.09 3.09£0.85 3.13£1.38 304£1.25 N
Platelet (K/pL) 963.87 +85.64 983.90+106.25 987.90+105.09 | 99553+103.81| 968.61+117.17 ;§
=
dilumanuanduglvaseiain = dnudosuanesyn eesswhimnases 1 6 Lﬁm@'»nélé’nyuﬂ'&jﬂﬂﬂ g’
=
Ze
. E
M5 2 dmalaiiainena mm‘{mnmmﬁuﬁ'lé’%"umqﬁﬁ'wﬁlﬂunm 6 1001 E
wnavasEnYiniant (n/nn/iu) E
Wniined 0 0.04 0.4 1.2 2.4 «§
(n=15) (n=15) (n=15) (n=15) (n=15) =
Hematocrit (%) 46.75 £ 1.80 46.03+1.98 46.52+2.11 46.64+1.89 47671264
Hemoglobin (g/dl) 1541 £051 15.14+0.59 15.33:+0.76 15212071 | 1564+068
RBC (x1 Oucells/[.l L) 813+037 7.80+0.40 804+0.50 7941034 8.16+0.36
MCV(l/red cell) 5754 £1.72 57.60+1.71 57.97£2.53 58.75£1.80 58.44+272
MCH (pg/red cell) 18.95 £0.57 18.9610.55 19.130.92 19.25+0.66 19.21£0.75
MCHC (g/dl RBC) 32.95 £ 0.66 32.94£0.54 33.00£0.53 32.74%0.34 32.92+1.38
WBC (K/uL) 221 +£0.69 2.43+0.69 247+0.69 257+081 2.73+083
Neutrophil (%) 22.31 +8.81 16.82+5.79 16.50+6.54 18.63£7.38 17.97+6.76
Eosinophil (%) 1.47 £0.49 1.47%£0.53 1.63£0.68 1.41+0.66 0.95x0.32*
Lymphocyte (%) 66.10 £8.93 74.54£6.59 13.38=7.74 70.56£8.39 72.64%6.79
Monacyte (%) 778 +2.41 4.70+1.58 6.02+2.55 6.58+1.88 6.10+1.81
Basophil (%) 233 £0.94 2.47+0.84 2.47+0.86 2.82+0.77 2.34+0.68
Platelet (K/uL) 927.60 £90.18 936.17£84,15 963.30£135.80 | 938.37£88.50 | 951.23£80.81

mlumnaaaslugasdnedy £ udsauanessy uandunnnduaIunuasaiifsmaymaii (p < 0.05)
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VHIAUVDIYIHHAY (N/7NN/7Iu)

0 0.04 0.4 1.2 2.4

(n = 15) (n =15) (n =15) (n=14) | (n=14)
ALP (U/L) 64.00 = 747 65.00+11.85 61.53+7.70 67.43£8.86 61.71+8.77
ALT (UrL) 29.40 = 9.79 30.27+3.89 30.13%6.30 31.14+5.46 30.36+3.71
AST (U/L) 82.00 = 11.27 82.66+811 79.53£10.50 81.28+11.38 | 77.78+10.86
Total protein (g/dl) 6.88 £0.19 6.92+0.21 6.89+0.25 6.95:0.29 6.78+0.20
Albumin (g/dl) 448013 4.47£012 449017 4.60£0.12 4.4920.17
Glebulin (g/dl) 2.40£0.24 2.45+0.23 2.40+0.24 2.37£0.26 2.28+0.17
Bilirbubin (mg/dl) 0.06 £ 0.03 0.09=0.06 0.09£0.04 0.08£0.05 0.10+0.05
BUN (mgrdl) 17.63 + 240 17.22+238 17.024258 17.27+£2.04 18.41+1.88
Creatinine (mg/dl) 0.77 £ 0.05 0.74£007 0.72+0.06 0.73£0.06 0.74£0.62
Glucose (me/dl) 169.32 + 21.32 179.22+16.72 175.25430.76 195.71£65.39 | 158.71+25.11
Uric acid (mg/dl) 1.49+0.61 1.35£0.68 1.51+1.34 2.33£1.99 1.30£1.24
Triglyceride (mg/dl) | 107.23 + 36.08 108.07£29.87 109.99+30.32 87.19£26.36 | 84.61+32.56
Cholesterol (mg/dl) 69.42 +17.48 74.90£13.41 70.95+23.82 64.49+12.76 | 65.31+16.05
Sodium (mmol/1) 146.93 +1.09 147.60x1.35 148.60%0.98 149.07£1.27 | 149.36%1.21°
Potassium (mmol/1) 457 +069 441+054 4.58+0.90 467+1.15 4.18:1:0.71:'_
Chloride (mmol/1) 106.40 £ 140 106.26:0.88 107.53x1.41 107.57£2.21 108.14%1.03

’ | - . . A o a 5
atunnuudaslugionmman £ dudsnuunasy mewwinmmeass 1 & dawndinsdglan
“uAnENDINNENAILANBLENIEERLMETR (p < 0.05)

5 ’ - Hy we - e .
@15 1 #ansaNItImminalinus sy masisn lasungimaniiluna 6 deu

VINAUBIENPANANT (n/nN/IU)

Wsdimes 0 0.04 0.4 1.2 2.4

(n = 15) (n=15) (n = 15) (n=15) | (n=15)
ALT (U/L) 30.80 = 11.85 32.5310.67 30.33+37.77 | 37.40£25.16 | 33.13%14.10
AST (U/L) 99.93 +51.19 82.60+16.91 95.00+42.00 |  08.47+62.48 | 86.13+2333
ALP (U/L) 28,33 £ 6,46 2613650 25.6047.05 26.13£831 | 26.675.94
BUN (me/dl) 24224374 22.31+363 22.56+4.07 95.06+476 | 27.0945.12
Creatinine (mg/dI) 0.842011 0.77£006 0.80£0.07 085010 | 0.8720.14
Toul protein (g/dl) 6.93%019 6.9020.34 5.96+0.31 7.07£0.24 7.05£031
Albumin (g/dl) 4914015 4912022 1.990.19 507028 | 5.00£0.22
Globulin (g/d1) 2.03 %024 1.992023 1972022 200£171 2.06+0.19
Bilirbubin (mg/dl) 0.11 +004 0.10£005 0.12+0.06 0.14£005 | 013006
Glwcose (mg/dl) 130.44 216,89 | 145.64421.64 | 1382721269 | 150.39:18.22 | 139.3926.66
Uric acid (mg/d!) 1.33+0.52 0.97+0.45 1.09+0.39 1.36:0.88 | 1.50+0.79
Triglyceride (mg/dl) | 56,19 +15.69 58.08+23.20 55.80210.18 | 54.99:11.62 | 54.1328.94
Cholesterol (mg/dl) | 6989+ 20.94 73.37+22.83 69.36+19.32 | 84.54£17.51 | 81.92+26.18
Sodium (mmol /1) 146.07 +1.16 146.601.12 147.604120 | 147.53£146 |147.931.09°
Potassium (mmol/]) 451 2095 3.972047 3.90£0.46 381:046 | 371%114°
Chioride (mmols1) | 107.73 + 096 108.80+1.36 108.67+1.76 | 10807+149 | 107.27+1.44

atunnwsaslustosiinds £ dudoswnanesyu wansunnngumuauathsiiodrgmeada (p < 0.05)
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M51N 5 ﬁwnffnai’mziuﬁ'nﬁ-uaawgmn:wn;ﬁ‘lﬁ%’umqﬁﬁmﬁui’lunm 6 1fou

VWNAUDINNTNGNI (/An/ )

GRORE 0 0.04 0.4 1.2 2.4

(n = 15) (n =15) (n =15) (n=14) | (n=14)
A4 0.36 +0.03 0.96:£0.04 0.36+0.03 0.38+0.04 | 0.39+0.03
wila 0.24 £0.03 0.23+0.02 0.24::0.02 0.24£0.02 | 0.26+0.02
Uaa 0.28 +0.03 0.28+0.03 0.29+0.03 0.290.02 | 0.30+0.02
NSEWILAIS 0.36 +0.02 0.37+0.04 0.360.04 0.37+0.05 | 0.39+0.08"
i 9.45+0.18 9.48+0.32 2.45+0.25 267+0.29 | 271+0.22"
lathe 0.92+0.02 0.21+0.02 0.29:+0.02 0.23+0.02 | 024+0.02"
Taum 0.23 +0.02 0.23+0.02 0.23+0.02 0.24£0.03 | 024%0.02
W 0.16 % 0.02 0.1620.01 0.17£0.02 0.18+0.02 | 0.18+0.02"
nasenedeane 0.027£0.006 | 0.027£0004 | 0.026+0.005 | 0.028+0.005 | 0.028+0.004
dunzdy 0.52+0.09 0.52+0.07 0.52+0.04 0.56£0.11 | 0.57+0.07
Doz 0.520.10 0.52+0.07 0.520.05 0.56+0.07 | 0.55+0.07

s e o * | v o s W v
Wﬂuﬂ‘ﬁ'\\luaﬂ\"luedﬁa"ﬂ“aaﬂ e dmluﬂﬂuuﬂ’]ﬂ?s’lu MUTEHIHRNINOaDI 1 N luaﬁ?‘lﬂa'lﬁniﬂunédaﬂ

“uandhsnnndueuquatiaiiisdidymiadd (p < 0.05)

& $ w v w ¢ o g g a v ¢ A
519N 6 unﬂmmmznuwnmlmnuu'u‘l ]l"ﬂ!uﬂ‘l’ﬂﬂiUU]Q““W“!{'“!)@1 6 109y

NNAURINIVMT (n/nn/I)

Gpliets 0 0.04 0.4 1.2 2.4
(n=15) (n=15) (n=15) (n=15) (n=15)
GHEN 0.62 +0.06 0.60+0.06 0.63+0.06 06£0.04 | 0.67+0.05"
Wl 029 +0.02 0.28+0.03 0.29+0.02 0.30+0.03 | 0.29%0.02
Yaa 0.39 +0.04 0.39:+0.04 0.40+0.04 0.42+0.03 | 0.43+0.02
NSUMLDING 050 0.0 0.4820.06 0.49+0.08 0.53£0.06 | 0.53%0.05
éiu 2.41+0.29 2.38+0.29 2.45+0.19 2.66+0.35 | 2.79+0.36"
lagha 0.25 40,02 0.26+0.02 0.25+0.03 0.26£0.02 | 0.27£0.03
laam 0.26+002 0.27+0.02 0.26+0.03 0.28+0.02 | 0.28+0.03
Ny 021004 021+0.02 0.22+0.04 0232003 | 0.22£0.03
nssmnetlaane 0.027+0003 | 0.026+0.004 | 0027+0.004 | 0.029:0.003 | 0.029+0.004
Siliohe 0.020£0004 | 0.020+0.063 | 0020+0.043 | 0.020+0.055 | 0.019+0.041
Saldem 0.018+0043 | 0.018+0.047 | 0.019+0.037 | 0.021+0.059 | 0.018+0.037

' oA ' i q ' ' | o @ an =
alummauaalugivesaneds + ddssnanagu uana e INndmMuANAEIIEEAYMIFEA (p< 0.05)
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wmmaau'lguwmu (i/nnsiu)

01877 noRamwiNY 0 0.04 0.4 1.2 2.4
(n=15)(n=15)(n=15)|(n=14)(n=14)

an Lymphoid proliferated 8715 6/15 6/15 7/14 | 4/14
peribronchioles (+1)

il Focal myocardiosis 2/15 2115 0/15 0714 1714

o Periportal fatty degeneration 3/15 3715 | 3715 2014 | 1/14
Bile duct hyperplasia 1715 0715 0/15 0714 0/14
Submucosal fibrosis of bile duct 0/15 1715 0/15 0714 0/14

10 Focal tubular dilatation 1/15 9/15 | 015 | 0714 | 0/14

@unau Focal nodular hyperplasia 1715 o/15 | 0/15 | 0714 | 0/14

aldidn Lymphoid aggregated 1715 2/15 0s15 2714 2/14
in submucosa (+1)

ganvnnle | Cortical faity degeneration 3/15 5/15 1715 3/14 2/14
Focal cortical calcification 0/15 1715 0715 0714 0/14

-

o ° = = o & .
Fnavluamauaasluplyasinmmuiasanuwerian /s aumynavs lungu

> o o~ - @
(+1) v mMalasumlasfivmenanmioy

‘mesznimamaaes 1 i mesndiansuinglen

(p < 0.05) mwwwwwmjniui’uﬁﬁ'ﬁ'umqﬁ-
Waniving 2.4 n/nn didveinanladganiy
' ' . & =
nauAIuABesNIiBAAN (p < 0.05) (MTNNA
3 0as 4)
a W ¢y e i
wavasgiinanidaaimediag
pamsranFugaIniIaeisznigly
v el o X" 9.
vasynnnguilasungiwanine hinunis
= a= o - w
wasulaamamweiine wenlivumouiy
WYNGUAIIAY MYV de AT I3 ue il
wanine 2.4 n/nn Thimihduinivessay
U v tas = s w s
JALALENTIYAIATY (p < 0.05) WUINAENGY
A wer al o oo
AlFsusvna 2.4 n/nn minduinsvas
o W o & |
nazmzes Indhouazaing TANILINNEN

PO T . ~
auguad ibd Ay (p < 0.08) Mymdion

“dd tl 348

TdFuegiinaiaumn 2.4 n/nn himin
dninsvaadueainiusdiuinisdhay (p <
0.05) (nmeﬁ 5 WAy 6) mMinseIeIEmuly
maganen e wunmanliounlaghane ooz
¢l cortical fatty degeneration finou
vn lavasymet nssunguaes lymphoid
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6 1Rau
yinaveaninani (n/nn/iv)
CRURE WA 0 0.04 0.4 1.2 2.4
(n=15)|(n=15)(n=15)(n=15)(n = 15)
lan Lymphoid proliferated 5/15 3/15 3/15 6/15 0/15
bronchioles (+1)
nla Focal myocardiosis 1715 0/15 0/15 0715 0715
iU No remarkable lesions
la Chronic pyelitis 1715 | o015 | on1s | 045 | 0/15
fudau Focal nodular hyperplasia 1715 0/15 1/15 0/15 0/15
arld@n Lymphoid aggregated in 1715 0/15 0/15 0/15 1/15
submucosa (+1)
arldlval | Lymphoid aggregated in 0/15 215 | 0715 | 1715 | 0/15
submucosal layer (+1)
gauvannla | Cortical futty degeneration 0/15 17115 | 0415 | o015 | 0/15
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Chronic toxicity study
of Portulaca grandiflora Hook

Pranee Chavalittumrong®. Songphol Chivapat*
Aimmanas Attawish* | Jaree Bansiddhi*
Songphol Phadungpat® , Banchong Chaorai* , Raywadee Butraporn**
* Medicinal Plant Research Institute, Department of Medical Sciences. Nonthaburi, Thailand

** National Institute of’ Health, Department of Medical Sciences, Nonthaburi, Thailand

ABSTRACT

We investigated the toxic elfects of Portulaca grandiflora aqueous extract given to male
and female Wistar rats for ¢ months. The rats were divided into five groups of each sex that
were control groups, three experimental groups and recovery groups. The control groups
received 5 ml of distilled waterskg per day. The experimental groups were orally given the
water extract of Portulaca grandiflora at doses of 10, 100 and 1000 mg/kg per day. The
recovery groups received 1000 mg/kg per day for 6 months and were continued husbandry
without giving the extract for further 14 days. Changes in the body weights, actual and
relative organ weights were not significantly demonstrated in all groups throughout the study.
No significant alteration in hematological, biochemical and histopathological parameters was
observed in all female groups given the extract. It was found that any significant changes in
hematological and biochemical parameters in the male rats at the doses of 100 and 1000 mg/
kg per day were not dose-related. In addition, no histopathological lesions were observed in
the male animals. Our results suggested that the water extract of Porfulaca grandiflora at the
doses given in the study did not induce any detrimental effects in the rats.

Keywords © Portulaca grandiflora ; Toxicity
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4353

dy of Portulaca grandiflora Hook

IC toxicity stu

Chron






\\ ( ..I;ll




AU Ha lne

N30 (Pucraria mirifica Airy Shaw et Suvatabandhu)
ANUATOUAI (Butea superba Roxb.)

W9 (Zingiber officinale Roscoe)

“\fmﬁn (Cassia siamea Lam.)

MUIR (Malvastrum coromandelianum (L.) Garcke)
alad (Piper retrofractum Vahl)

wadnfiua (Derris scandens Benth)

1052100 ( Tinospora crispa Mier ex Hook F. & Thoms)
wWinlny (Piper nigrum L.)

swaaana (Cissus quadrangularis Linn.)

weanuilow (Phyllanthus emblica L..)

Tunnan (Holarrhena antidysenterica Wall.)

@uiiowny (Quisqualis indica Linn.)

aualvey (Terminalia chebula Retz.)

avonnn (Terminalia bellirica Gaertn.)

winn@wna e (Hedyotis biflora (Linn.) Lamk.)

*‘____\;:1356»

175

117
33
129

67

-1 -3

W
o



ATTEHE NI AEnT

Butea superba Roxb. (n713170UA3)

Cassia siamea Lam. (‘fllmﬁn)

Cissus quadrangularis Linn. (wyidaana)

Derris scandens Benth (1n17adil3g9)

Hedyotis biflora (Linn.) Lamk. (nmnﬁmf]ﬁ"n)
Holarrhena antidysenterica Wall. (lnviand)
Malvastrum coromandelianum (L.) Garcke (mai@)
Phyllanthus emblica L. (uzawilon)

Piper nigrum L. (winlno)

Piper retrofractum Vahl (Ad)

Pueraria mirifica Airy Shaw et Suvatabandhu (nNMIASEN)
Quisqualis indica Linn. ({§uliau)

Terminalia bellirica Gaertn. (F3a%WINN)

Terminalia chebula Retz. (evanu)

Tinospora crispa Mier ex Hook F. & Thoms (Uasziiin)

Zingiber officinale Roscoe (19)

215
245
231

129

99

117

33
33
175

85

67

33

357 L;;/‘f






www.dmsc.moph.go.th



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165
	Slide 166
	Slide 167
	Slide 168
	Slide 169
	Slide 170
	Slide 171
	Slide 172
	Slide 173
	Slide 174
	Slide 175
	Slide 176
	Slide 177
	Slide 178
	Slide 179
	Slide 180
	Slide 181
	Slide 182
	Slide 183
	Slide 184
	Slide 185
	Slide 186
	Slide 187
	Slide 188
	Slide 189
	Slide 190
	Slide 191
	Slide 192
	Slide 193
	Slide 194
	Slide 195
	Slide 196
	Slide 197
	Slide 198
	Slide 199
	Slide 200
	Slide 201
	Slide 202
	Slide 203
	Slide 204
	Slide 205
	Slide 206
	Slide 207
	Slide 208
	Slide 209
	Slide 210
	Slide 211
	Slide 212
	Slide 213
	Slide 214
	Slide 215
	Slide 216
	Slide 217
	Slide 218
	Slide 219
	Slide 220
	Slide 221
	Slide 222
	Slide 223
	Slide 224
	Slide 225
	Slide 226
	Slide 227
	Slide 228
	Slide 229
	Slide 230
	Slide 231
	Slide 232
	Slide 233
	Slide 234
	Slide 235
	Slide 236
	Slide 237
	Slide 238
	Slide 239
	Slide 240
	Slide 241
	Slide 242
	Slide 243
	Slide 244
	Slide 245
	Slide 246
	Slide 247
	Slide 248
	Slide 249
	Slide 250
	Slide 251
	Slide 252
	Slide 253
	Slide 254
	Slide 255
	Slide 256
	Slide 257
	Slide 258
	Slide 259
	Slide 260
	Slide 261
	Slide 262
	Slide 263
	Slide 264
	Slide 265
	Slide 266
	Slide 267
	Slide 268
	Slide 269
	Slide 270
	Slide 271
	Slide 272
	Slide 273
	Slide 274
	Slide 275
	Slide 276
	Slide 277
	Slide 278
	Slide 279
	Slide 280
	Slide 281
	Slide 282
	Slide 283
	Slide 284
	Slide 285
	Slide 286
	Slide 287
	Slide 288
	Slide 289
	Slide 290
	Slide 291
	Slide 292
	Slide 293
	Slide 294
	Slide 295
	Slide 296
	Slide 297
	Slide 298
	Slide 299
	Slide 300
	Slide 301
	Slide 302
	Slide 303
	Slide 304
	Slide 305
	Slide 306
	Slide 307
	Slide 308
	Slide 309
	Slide 310
	Slide 311
	Slide 312
	Slide 313
	Slide 314
	Slide 315
	Slide 316
	Slide 317
	Slide 318
	Slide 319
	Slide 320
	Slide 321
	Slide 322
	Slide 323
	Slide 324
	Slide 325
	Slide 326
	Slide 327
	Slide 328
	Slide 329
	Slide 330
	Slide 331
	Slide 332
	Slide 333
	Slide 334
	Slide 335
	Slide 336
	Slide 337
	Slide 338
	Slide 339
	Slide 340
	Slide 341
	Slide 342
	Slide 343
	Slide 344
	Slide 345
	Slide 346
	Slide 347
	Slide 348
	Slide 349
	Slide 350
	Slide 351
	Slide 352
	Slide 353
	Slide 354
	Slide 355
	Slide 356
	Slide 357
	Slide 358
	Slide 359
	Slide 360
	Slide 361
	Slide 362
	Slide 363
	Slide 364
	Slide 365
	Slide 366

