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SUBCHRONIC TOXICITY OF WAN CHAK MOTLUK
(CURCUMA COMOSA ROXB.) EXTRACT

Songpol Chivapat', Angkana Hirunsaree'.Nuchatra Junsuwanitch’. Songpo! Padungpat’,
Anuthep Rangsripipat’, Somchit Niumsakul' and Suphan Charuchongkolwongse'

' Institute of Medicinal Plants Research, Department of Medical Sciences, Thailand.
“ Department of Pathology. Faculty of Veterinary Science, Chulaiongkorn University, Thailond.

ABSTRACT

Extract of Wan chak motluk (Curcuma comosa Roxb.) rhizome has been demonstrated
to effectively stimulate bile secretion and reduce plasma triglyceride and cholesterol in experi-
mental animals. The present study was undertaken to evaluate the toxicity of Wan chak motluk
by intragastric administration of an ethanolic extract containing 2.05% of phloracetophenone (the
choleretic active substance) in six groups of Wistar rats for 90 consecutive days. The experimental
groups were given the extract at doses of 100, 200, 400 and 800 mg/kg/day respectively while
two conirol groups received distilled water and solvent vehicles respectively. The extract did not
affect growth and food consumption of the rats. Decreases of hematocrit and hemoglobin in
male rats receiving the highest dose of the extract were still within the normal range. Male rats
treated with 800 mg/kg and female rats receiving 400 and 800 mg/kg of extract had a significant
increase of alkaline phosphatase level. Increases in stomach weight and size were observed in
male rats receiving the extract at a dose of 100 mg/kg or mare and in females at a dose of
200 mg/kg and more. Histopathological examination of visceral organs revealed no abnormality
related to the extract except hyperplasia and hyperkeratosis of the gastric epithelium, the effects
of which were dose-dependent. Therefore, if the extract was putatively applied for bile secre-
tion and plasma lipid reduction, the pathological effects on the stomach should be of concern.

SUBCHRONIC TOXICITY OF WAN CHAK MOTLUK (CURCUMA GOMOSA ROXB.) EXTRACT

INTRODUCTION

Curcuma comosa Roxb., a plant belong-
ing to Zingiberaceae family, is locally known in
Thai as Wan chak motluk (Smitinand, 2001).
Thaj traditional practitioners have used its rhi-
zome for the alleviation of post partum uterine
pain, enhancement of uterine involution and
for reducing inflammation of the uterus after
delivery. It has been employed to relief pain
in scrotal sac herniation (Association of the
school of Thai Traditional Medicine, 1973).

On the basis of local use, hexane extracts
from the rhizome have, been demonstrated to
possess uterotrophic effects and estrogenic
activity (Piyachaturawat, et al., 1995). Ethanolic
extracts from the rnizome markedly reduced
uterine contraction induced by oxytocin and
some agents (Sawasdipanich, 1994). In ad-
dition to these effects, another interesting
biological effect of Curcuma comosa rhizome
is its choleretic activity. Ethyl acetate extract
of the rhizome prepared following a n-hexane
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and ethanol extraction has been reported to
stimulate bile secretion with increased biliary
cholesterol secretion leading to a decrease in
plasma cholesterol in normal rats (Piyachatura-
wat et al., 1996). The active compound isclated
from the ethyl acetate extract was identified to
be phloracetophenone glucoside (Suksamran
et al,, 1997). Phloracetophenone, the aglycone
part of the glucoside, has been proven 1 to
be responsible for the choleretic activity: it
increases bile flow rate and biliary secretion of
bile acid but decreases bile lithogenic index
(Piyachaturawat et al., 1998). Recently, ethyl
acetate extract has been shown to effectively
reduce plasma triglycerides and cholesterol in
diet-induced hypercholesterolaemic hamster
(Piyachaturawat, et al., 1999).

Based on these choleretic and hypoli
pidaemic effects, Curcuma comosa rhizome
extract containing phloracetophencne seems to
have potential for hypolipidaemic and choleretic
drug development. However, the dose-repeated
toxicity of the crude extract of this plant has
never been reported. Therefore, in this study
we aimed to evaluate the subchronic toxicity of
ethanolic extract of Curcuma comosa rhizome
in Wistar rats, to obtain basictoxicological
information necessary for further toxicological
experiments in other species, which may re-
sult in the development of hypolipidemic and

choleretic drugs for human use.

MATERIALS AND METHODS
Plant material
Fresh rhizomes of Wan chak motluk
(Curcuma comosa) were collected from a plan-
tation in Nakorn Pathom Province, Thailand in
November 2000. |dentification of the plant was
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carried out by referring to appropriate literature
(Backer and van den Brink, 1963; Baker, 1894;
Schumann, 1903). Voucher material (Depart-
ment of Medical Sciences Herbarium No.1464)
is lodged at the Department of Medical Sci-
ences Herbarium.
Preparation of the extract

Air-dried, sliced rhizomes of Curcuma
comosa (35 kg) were ground to a coarse
powder. Pulverized rhizome (2 kg) was suc-
cessively extracted with n-hexane and ethanol
in a Soxhlet apparatus. The ethanolic extract
was filtered and evaporated to dryness under
vacuum. The Curcuma comosa. extract (118.10
g) was obtained with 5.91% yield in the pre
sence of 2.05% phloracetophenone.
Experimental animals

180 Wistar rats (20 male and 90 female)
weighing 180-200 g each were purchased form
The National Laboratory Animal Center, Mahidol
University, Salaya, Thailand. The animals were
housed at the Laboratory Animal Center, Na-
tional Institute of Health, Department of Medical
Sciences at a temperature at 251 °C, 60%
humidity and 12 hours-light-dark cycle. They
were given commercially pelleted diets and the
water was given freely. Prior to the experiment,
they were randomly divided into six groups of
15 animals/sex.
Subchronic toxicity study

A 90-day subchronic toxicity of the
Curcuma comosa extract was conducted on
six groups of rats. Groups 1 and 2 were wa-
ter and solvent control groups intragastrically
receiving distilled water and 10% DMSO in
corn oil {solvent of the extract) at 5 ml/kg/day
respectively. Groups 3 - 6 were intragastrically
administered with the extract at doses of 100,



200, 400 and 800 mg/kg/day respectively for
90 consecutive days. During the period of the
experiment, body weight and food consumption
were recorded weekly and the rats were closely
observed for signs of abnormalities. At the end
of the 90-day treatment period, the animals
were fasted for 18 hours, then anaesthetised
with ethyl ether and blood samples collected
from post vena cava for analyzing hematologi-
cal and serum clinical chemistry values. These
were carried out using an automatic hemato-
logical analyser (Cell Dyn 3500 Abbot® and
automatic chemistry analyser (Hitachi 912)
respectively. Hematological parameters dete
rmined were % hematocrit, haemoglobin, red
blood cells (RBC), mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH),
mean corpuscular hemoglobin concentration
(MCHC), total leukocyte (WBC), % neutrophil,
% eosinophil, % lymphocyte, % monocyte, %
basophil, and platelet counts. Clinical chemistry
values measured were alkaline phosphatase
(ALP), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total protein, albumin,
globulin, total bilirubin, BUN, creatinine, glucose,
uric acid, triglycerides, total cholesterol, sedium,
potassium and chloride.

Necrcpsy was performed to examine
gross pathological lesions of various internal
organs. Brain, heart, lung, stomach, liver, kidney,
spleen, bladder, ovary and uterus in the female
rats, testis in the male, and adrenal glands were
weighed and determined in % relative organ
weight (g/I00g body weight). As well as the
above - mentioned organs, the trachea, oe-
sophagus, pancreas, intestine, seminal vesicles,
thyroid gland, lacrimal, salivary and mammary
glands, were then preserved in 10% buffered

formalin solution and subsequently prepared
for histopathological study.
Statistical analysis

The data were expressed as means &
SD. The values obtained from different groups
were statistically analysed by using one way
ANOVA and multiple comparisons with the
Scheffe test at<0.05. Histopathological results
was expressed as the incidence of lesions and
statistically analysed by using Fishers Exact
Test at P<0.05.

RESULTS

Identification of the plant

From our identification, the plant belongs
to the family Zingiberaceae and the botanical
name is Curcuma comosa as shown in Fig. 1.
Effects of the extract on body weight
and food consumption

Throughout the period of the experi-
ment, body weight and food consumption of
male and female rats receiving doses of the
exiract did not statistically differ from those of
their solvent control groups as shown in Figs.
2 and 3. However, the solvent control and the
extract-treated groups consumed significantly
less food consumption than the water control
groups (p<0.05).
Effects of the extract on hematologi-
cal values

Male rats receiving 800 mg/kg extract
showed significant decreases of hematocrit,
RBC and hemoglobin when compared with
those of the solvent control (p <0.05) group.
Female rats receiving the equal dose had no
significant differences of these parameters when
compared with their solvent control. MCV and
MCH of female rats receiving the extract at a
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dose of 200 mg/kg were significantly decreased
from those of their solvent control (p<0.05).
Female rats receiving the highest dose extract
had significantly increased platelet number
when compared with the solvent control group
(p<0.05). All haematological values are sum-
marized in Table 1 and 2,
Effects of the extract on clinical che
mistry values

ALP levels were significantly increased
in male rats receiving the 800 mg/kg extract
and in female rats receiving the extract at the
doses of 400 and 800 mg/kg when compared
with their solvent control group (p<0.05). ALT
level in male rats treated with the highest
dose extract was significantly higher than that
of their solvent control (p<0.05). Total protein
level in female rats receiving the highest dose
extract was significantly increased from that
of the solvent control (p<0.05). Albumin levels
in male rats receiving the highest dose extract
and in female groups receiving 400 mg/kg
and the highest dose extract were significantly
higher than those of the solvent control groups
(p<0.05). Triglyceride levels were significantly
decreased in male rats treated with 400 mg/kg
extract and in female rats treated with 200 and
400 mg/kg extract when compared with those of
their solvent control (p<0.05). Clinical chemistry
values are summarized in Table 3 and 4.
Effects of the extract on visceral
organs

At necropsy, the enlargement of stomach
with a large, yellowish-white area at the cardia
was prominent with rats receiving 400 and
800mg/kg extract, while these changes did not
oceur in the water and solvent control groups

or in the mucosa. No unusual gross lesions
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was found in other organs. Male rats receiving
the highest dose of extract had significantly
higher brain and heart relative weights than
their solvent contral groups (p <0.05). Stomach
relative weights were statistically higher in male
-rats receiving each dose of the extract and in
female at the doses of 200 mg/kg on ward when
compared with those of their solvent controls
(p<0.05). Liver relative weights in both male and
female rats receiving the extract at the doses of
400 and 800mg/kg were significantly increased
when compared with their water and solvent
controls (p<0.05). Right kidney relative weights
of male rats receiving 400 and 800 mg/kg and
of female rats receiving 800 mg/kg extract were
significantly higher than those of their solvent
controls (p<0.05). Male rats receiving the high-
est dose exiract had significantly increased left
adrenal glands when compared with the solvent
contro! (p<0.05). Relative organ weights were
shown in Table 5 and 6.
Effects of the extract on histopatho-
logical alteration

The incidence of liver faity degeneration
in male rats receiving 200 mg/kg extract onward
were significantly decreased when compared
with their solvent control(p<0.05). The solvent
control and extract-treated groups had sub-
mucosal cedema in their stomachs and, in the
females, half of the solvent control had these
lesions (p<0.05) while these did not occur in
the water control groups. The incidence of
submucosal cedema decreased significantly in
the 400 and 800 mg/kg extract-treated female
rats when compared with that of their solvent
control group (p<0.05). The incidence of mast
cell and eosinophil infiltration at the stomach of
male rats treated with 200 mg/kg extract was



significantly higher than that of their solvent
control (p<0.05). Male and female rats receiving
200 mgrkg or higher exiracts had significantly
higher incidence of hyperplasia and hyperkera-
tosis of the gastric epithelium when compared
with the solvent control (p <0.05). The severity
of these lesion was dose-dependent as shown
Figure 4. In addition, catarrhal gastritis was
observed in few rats receiving the highest dose.
The organs with histopathological changes are
shown in Table 7 and 8.

DISCUSSION

The present subchronic toxicity study
showed that Curcuma comosao extract did
not suppress growth and food consumption
in Wistar rats. The highest dose extract may
slightly affect haematopoesis leading to the
reduction of RBC, hemoglebin and hematocrit.
However, these hematological values were
still within the normal range (Gad, 1992). The
higher values of WBC was found in female rats
receiving the highest dose extract while this did
not occur in male rats receiving the same dose
and in this study. the control group had lower
WBC numbers than the normal range. Therefore
we could not conclude that this phenomenaon
was due to the extract effect. The significantly
increased average platelet number in male and
female rats receiving the highest dose extract
may be related to gastritis found in a few rats
of this group. The significant increase of ALP
levels in male rats receiving 800 mg/kg and
female rats receiving 400 mg/kg or higher
extracts may be mainly attributed to the com-
pressive effect at the hepatic bile duct caused
by stomach enlargement due to hyperplasia of
the epithelium, which resulted in cholestasis.

The significantly higher ALP level in the solvent
control male rats when compared to the water
control suggested that DMSO in the solvent
vehicle may possibly enhance this alteration.
This assumption was supported by the report
demonstrating that DMSO, when given transhe-
patically in piglet, caused a mild degree of gall
bladder and bile duct injury (Chen et al., 1995)
and this may result in the increase of ALP. The
ALT in male rats receiving the highest dose
was statistically higher than the solvent control
group; nevertheless it did not significantly differ
from the water control. Moreover, liver tissue in
this group did not show any histopathological
abnormalities. Taken together, we may con-
clude that the extract produce no hepatotoxic
effects. The significantly higher albumin levels
in male rats receiving the highest dose extract
and female rats receiving 400 and 800 mg/kg
extracts, including total protein in the highest
dose-treated female rats, did not represent
any abnormalities and they were still within
normal range (Gad, 1992). The reduction of
triglyceride levels in male rats receiving extract
at the doses of 400 mg/kg and in female at
the doses of 200 and 400 mg/kg may contri
bute to the extract since it was found that the
ethylacetate extract prepared from ethanolic
extract could effectively lower plasma trigly
ceride and cholesterol in hypercholesterola
emic hamsters (Pivachaturawat et al., 1999). In
the present study, the extract-treated rats did
not show any reduction of cholesterol levels
in spite of the presence of phloracetophenone
in the extract, moreover male rats receiving
the highest dose had the higher cholesterol
levels than their control groups. This may be
attributed to the differences in the chemical
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constituents between ethanolic and ethylacetate
extract. The ethanolic extract may contain some
compounds that can suppress or antagonize
the eifect of phloracetophenone in reducing
plasma cholesterol.

Submucosal edema may not be induced
by the extract because its incidence did not
increase in a dose-dependent manner. The
possible cause of this change may contribute
to the solvent vehicle since the lesion did not
oceur in both male and female water controls.
Furthermore, the higher incidence in the female
solvent control backed up this assumption.
The significant incidence of hyperplasia and
hyperkeratosis of gastric epithelium including

the dose-dependent severity in rats receiving

200 mg/kg or higher extract suggested that
the extract may be the major cause of these
changes. With regard to other organs, the ex-
tract did not increase any serious pathological
lesions in a dose-response relationship, there-
fore the stomach may possibly be the target
organ of toxicity.

In conclusion, the present toxicity study
revealed that C. comosa ethanolic exiract
containing 2.05% phloracetophenone increased
the ALP levels and caused hyperplasia and
hypertrophy of gastric epithelium. Hence, if the
extract is used for hypolipidaemic effects, it
should be formulated in enteric-coated tablets
and further toxicological investigations in others

animal model should be undertaken.

Fig.1 Curcuma comosa Roxb. A. Rhizome; B. Rosea coma; C. Inflorescence; D. Young leaf and infolrescence.
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Fig 4 Histopathological effects of Curcuma comosa Roxb. Extract
on the stomach of Wistar rats (H&Ex200).A. normal gastric epith
elium in The water control group: B. normal gastric Epithelium in the
solvent control group :C. D and E. illusiration of hyperkeratosis and
Hyperplasia of gastric epithelium in the Groups receiving 200,400
and 800 mg/kg of extract respectively.
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RESEARCHARTICLES
Chronic Toxicity of Pueraria mirifica in Rats

Songpol Chivapat, Pranee Chavalittumrong, Sadudee Rattanajarasroj, Somkiat Punyamung
Medicinal Plont Research Institute. Department of Medical Sciences, Ministry of Public Health

nic Toxicity of Pueraria mirifica in Rals

ABSTRACT

Pueraria mirifica Airy Shaw and Suvatabandhu or White Kwao Keur has been used in

folk medicine as a rejuvenating agent for the elderly. To date. toxicological data of this plant %
are still incomplete and therefore the six-month chronic toxicity study was undertaken. Wistar <
rats of each sex were orally administered Pueraria mirifica powder (PM) at the doses of 10, 50 g
and 250 mg/kg/day whereas the control group received water at 10 mi/kg/day for 6 months. '
The significantly decreased body weights were observed in both male and female rats receiving g
PM at the doses of 50 and 250 mag/kg/day. Food consumptions were suppressed in PM-treated é
male rats at the doses of 50 and 250 mg/kg/day and also in the highest dose- treated female

rats. During the experiment, some rats receiving PM had alopecia for two weeks and then
recovered. Hematology revealed that PM at the dose of 250 mg/kg/day produced significant

decreases of hematocrit, RBC and hemoglobin in both sexes of rats. Triglyceride levels in the

female rats treated with 250 mg/kg/day of PM were significantly increased. Cholesterol levels

were significantly decreased in male rats receiving PM at the doses of 50 and 250 mg/kg/day

and in female rats at the highest dose. The testicular weight of male rats receiving the highest

dose of PM was significantly decreased whereas the uterine weight of female rats receiving this

dose was significantly increased. Histopathological examinations of visceral organs revealed no

changes related to the toxicity of P. mirifico except that male rats receiving the highest dose of

PM had significantly higher incidence of kidney tubular cysts. Results of the study indicated that

prolonged administration of 10 mg/kg/day P. mirifica did not cause any hematological and bio-

chemical alterations. Nor did pathology of the internal organs indicating the toxicity at this dose.

Keywords : Pueraria mirifica, toxicity, White Kwao Keur
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INTRODUCTION

Pueraria mirifica Airy Shaw and Su-

of these substances are classified as phytoes-
trogens. Recently, deoxymiroestrol has been

vatabandhu or White Kwao Keur' is a Thai
indigenous woody climber belonging to the
family Leguminosae.” Tuberous roots of P.
mirifica were traditionally used by Thai people
as a rejuvenating drug.’ Phytochemical studies
have shown that the tuberous root contains
various compounds such as miroestrol,' pue
rarin,” coumestrol, daidizin, daidzein, mirificin,”
mirificoumestan,’ genistin’ and kwakurin,” Many
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isolated from roots of P. mirifica and shown to
possess stronger estrogenic effect on MCF-7
human breast cancer cells than miroestrol,”
Several pharmacological studies of P.
mirifica mostly concerned with its estrogenic-
like activities in animals. P. mirifica could in-
hibit courtship, mating behavior and testicular
development in male pigeon whereas in female
it suppressed egg laying by inhibition of fol-



licular development.'' Experiments conducted
in female rats have shown that White Kwao
Keur suppresses lactation by inhibiting mam-
mary gland growth and milk production.” This
herb exhibited effective postcoital antifertility
in rats and increased the uterine weight as
well as fluid content in the uterus of immature
ovariectomized rats." In male rats, P. mirifica
reduced reproductive behavior and caused
weight reduction of testis, epididymis, prostate
gland and seminal vesicles."

Toxicity of P. mirifica tuberous root
has been investigated in some experimental
animals. In Japanese quail, this herb affected
hemopeietic systems i.e. decrease hematocrit,
hemoglobin and red blood cells.” It also caused
suppurative inflam- mation in some parts of
the body." Hepatic lesions and degeneration
of testicular leydig cells was reported in rats
orally treated with 100 mg/kg of P. mirifica for
14 consecutive days."* Subchronic toxicity study
at the doses range between 10-1,000 mg/kg for
a period of ninety days in Wistar rats showed
that the highest dose affected hematological
values and no estrogenic effect was observed
at the lowest dose."” Since the currently avai
lable toxicological data of this plant are still
incomplete to evaluate the safety of this plant,
therefore Medicinal Plant Research Institute,
Department of Medical Science conducted
chronic toxicity study of P. mirifica tuberous
root so as to provide additional toxicological
information in order to ascertain the safety of
using this plant.

MATERIALS AND METHODS

Preparation of Pueraria mirifica
suspensions

Tuberous roots of P. mirifica were col-
lected and identified by Associate professor
Yudthana Smitasiri, Mae Fah Luang University.
The roots, approximately 2 kg each, were sliced
and oven-dried at 50°C. The dried roots were
pulverized and passed through sieve no 100.
Chemical constituents of P. mirifica powder
(PM) were assayed by the Research and Deve
lopment Institute. Government Pharmaceutical
Organization. The percentage amount of iso-
flavones : genistin, daidzin, and puerarin were
0.0113, 0.0016 and 0.0152 respectively whereas
genistein was not found. Another isoflavone,
daidzein, was also qualitatively found by using
HPLC/photodiode array (PDA) in our institute.
Bioassay of PM using an immature rat uterine
weight method was also performed by Asso
ciate Professor. Yudthana. It was found that the
estrogenic potency of 1 mg of dried powder of
PM indicated by uterine weight increase was
equal to that of about 1.5-2.0 micrograms of
conjugated estrogen (Premarin”). The powders
were suspended and diluted to the desired con-
centrations with water for chronic toxicity study

EXPERIMENTAL ANIMALS

One hundred and fifty Wistar rats (75 of
each sex)weighing 150 % 10 g were purchased
from the National Laboratory Animal Center,
Salaya, Mahidol University, The animals were
housed in conventional hygienic laboratory
animal room at the Institute of Health Science
Research, Department of Medical Sciences.
Tem- perature in the room was maintained at
25 + 1°C with 60% relative humidity and 12

RESEARCHARTICLES Chronic Toxicity of Pueraria mirifica in Rats

e AT S TV RS i TR 2?



hours-light-dark-cycle. The animals were given
commercially pelleted diets and clean tap water
ad libitum,

CHRONIC TOXICITY STUDY

Seventy five rats of each sex were ran-
domly divided into 5 groups of 15 animals per
sex. Group 1 (water control) received water 10
ml/kg/day and groups 2-5 were orally adminis-
tered with the suspensions of PM at the doses
of 10, 50, 250 and 250 mg/kg/day respectively
for six months. After the six-month period of
PM administration, only group 5 (250-R), high
recovery group, were further raised for two
weeks without PM in order to study recovery
or delay effects of PM. During the period of
experiment, body weight and food consumption
were measured weekly and the rats were closely
observed for signs of abnormality. At the end of
six-month-treatment period, the animals were
fasted for 18 hours and then were dissected
under ether anesthesia. Blood was collected
from posterior vena cava for hematological and
serum biochemical determinations.

Hematological analysis was performed
using an automatic hematological analyzer
Cell-Dyn"3500.These following hematological
parameters were measured: % hematocrit,
hemoglobin, red blood cell (RBC), mean cell
volume (MCV), mean cell hemoglobin (MCH),
mean cell hemoglobin concentration (MCHC),
white blood cells (WBC), % neutrophil % eosino-
phil, % lymphocyte, % monocyte, % basophil
and platelets number. Biochemical values were
assayed by using automatic chemistry analyzer
Hitachi®912. These following parameters were
measured: alkaline phosphatase (ALP), alanine
aminotransferase (ALT), aspartate aminotrans-
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ferase (AST), blood urea nitrogen (BUN), crea
tinine, total protein, albumin, total bilirubin,
glucose, uric acid, triglyceride, total cholesterol,
sodium, potassium and chioride ion.

Necropsy was then performed to ob-
serve gross pathological changes of various
visceral organs, Brain, heart, lung, stomach,
liver, kidney, spleen, bladder, testis in male rats,
ovary and uterus in female rats were weighed
and then calculated in term of % relative organ
weight. The visceral organs were preserved in
10% buffered formalin solution and were sub-
sequently subjected to histological preparing
process for tissue slides stained with hema-
toxylin and eosin (H&E) for histopathological
examinations.

DATA ANALYSIS

Body weight, organ weight, food con-
sumption, hematological and biechemical values
were statistically analyzed by SPSS program.
One way ANOVA was performed and the
data was tested for homogeneity of variance
by Levene test. Bonferroni test was used in
case of equal variance whereas Tamhane test
was applied for unequal variance in multiple
comparison. Histo pathological results were
evaluated by Fisher's Exact test and statistical
significance of all data was set at P<0.05.

RESULTS
Effects of P. mirifica on body weight,
food consumption and physical appearance
Average body weight of male rats treated
with P. mirifica powder (PM) at the doses of
50 and 250 mg/kg/day were significantly lower
than that of the control group (P<0.05) since
week 2 and 3 through the end of the experi-



ment, respectively. Female rats receiving PM
at the doses of 50 and 250 mg/kg/day had
significantly lower average body weight than
their control group (P<0.05) since week 3 and
4, respectively until the end of the experiment
(Fig.l).

Food consumptions of male rats receiv-
ing 50 and 250 mg/kg of PM were significantly
decreased when compared with that of the
control group (P<0.05). Maie rats receiving
10 mg/kg of PM had significantly lower food
consumption than the control group for se

veral weeks i.e. week 2 to week 8 of the study
and after that there was no difference of food
consumption until the end of the study (Fig.2).
Female rats receiving the highest

dose of PM had significantly lower food
consumption than the control group (P<0.05)
at each week as shown in Fig. 2. During the
experiment, some animals receiving PM had
alopecia areata from left or right shoulder to
thoracic skin. The lesions were present for two
weeks and then recovered. The number of rats
showing alopecia was summarized in Table 1.
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Figure 1 Average body weight of male(M) and female(F) rats treated with P.mirifica for 6 months
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Figure 2 Food consumption of male (M) and female(F) rats treated with P.mirifica for 6 months
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Table 1 The number of rats developed alopecia during the chronic toxicity study of P.mirifica

(n=15/group/sex)

Dose of Pueraria mirifica

No. of rats with alopecia

Duration of exposure

(mg/kg/day) . male | female (day) j
0 0 0
10 0 1(6.7%) 87
50 1(6.7%) 1(6.7%) 60-64
250 4(2667%) 2(13.33%) 61-156
250-R 4(26.67%) 320%) | 23-54

255-FI= high dose recovery group

Effects of P.mirifica on hematologi-
cal values

Significant decreases of hematocrit, RBC
and hemoglobin were observed in male and
female rats treated with 250 mg/kg/day of PM
as compared with those of their corresponding
control groups (P<0.05). Male rats receiving
PM at the dose of 50 ma/ka/day and higher
as well as female rats receiving PM at 250 mg/
ka/day had significantly decreased eosinophil
(%) when compared with the corresponding
control groups (P<0.05). The percentage of
lym- phocyte in female rats receiving PM at
the dose of 250 ma/kg/day was significantly
higher than that of the control group (P <0.05).
Hematological values of male and female rats
were shown inTable 2 and 3

Effects of P. mirifica on clinical chemistry
values

Male rats receiving PM at the dose of 50
and 250 mg/kg/day had significantly lower AST
and cholesterol levels than the control group
(P<0.05). Albumin level was significantly lower
in the highest dose of PM- treated group than
that of the control group (P<0.05) Bilirubin and
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chloride levels of high dose recovery group
were significantly increased as compared to the
corresponding control group (Table 4).

Female rats receiving PM at the highest
dose had significantly lower levels of AST and
cholesterol than the control group {P<0.05)
whereas triglyceride level was significantly
increased (P<0.05). The levels of total protein
were significantly increased in female rats
treated with PM at the doses of 50 and 250mg/
kg/day as well as in the 250-R group (Table 5).

Effects of P. mirifica on organ weight

At necropsy, no remarkable gross patho-
logical lesions of the internal organs of all PM-
treated and control groups were observed. Male
rats treated with PM at the highest dose had
significantly decreased weight of brain, lung,
liver, testicles, and adrenal gland as compared
to the control group (P<0.05). The significant
increases of cardiac welght were observed in
male rats receiving PM at any doses (Table 6),
Female rats treated with the highest dose of PM
had significantly decreased cardiac weight while
uterine and adrenal weight was significantly
increased (P<0.05) (Table 7).



Effects of P.mirifica on histopathology
of internal organs.

It was demonstrated that the incidence
of fatty degeneration in liver and adrenal gland
in all groups of PM-treated male rats was
significantly decreased as compared to their
control group (P<0.05). The incidence of kidney
tubular cyst was significantly increased in mate
rats receiving the highest dose of PM and in
the high dose recovery group. Additionally, male
rats treated with PM at the dose of 10 mg/kg/
day onward had significantly higher incidence of
tubular cast than their control group (Table 8).

‘Pueraria mirifica in Rats
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Table 6 Organ weight of male rats treated with P. mirifica for 6 months

250§R=High dose reCO\'/ery g}éuﬁ
The values are expressed as mean = SEM
*significantly different from the control group at P<0.05
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Dose of Pueraria mirifica ‘
(mg/kg/day)
Organs  Control | 10 7 50 250 250-R
n=15 n=15 n=14 =15 ‘ =15
Brain 215+ 002 | 212 £ 002 | 212 £ 002 | 204 + 002* | 209 + 002
Heart 152 £ 004 | 142 * 0.03* | 1.35 £ 0.03 ‘ 1.18 + 0.04* | 1.24 £ 0.03*
Lung 186 £ 004 184 + 005 | 1.74 £ 0.05 : 165 * 0.05* | 167 £ 0.03*
Stomach 216 * 0.06 | 2.40 * 010" | 221 £ 0.06 | 228 * 007 | 215 £ 005
Liver 14.83 = 061 | 1549 X 051 | 14.28 £ 0.44 |13.15 £ 0.56* | 13.33 £ 0.46
Right kidney 142 £ 006 | 143 £ 002 | 142 £ 006 | 139 £ 007 133 £ 005
Left kidney 138 £ 006 | 136 £ 002 | 1.34 £ 005 | 131 £ 005 | 1.29  0.04
Spieen 100 £ 004 114 £ 005 | 1.04 £ 003 | 1.15+ 004 | 1.08 £ 005
Left testis 319+ 008 | 310+ 006 @ 302 x 006 | 284 £ 0.14* | 297 * 0.05
Right testis 316 £ 008 | 315 £ 007 307 £ 004 | 280 £ 0.11* | 298 £ 0.05
| Bladder 0.15 £ 001 | 013 £ 001 | 0.14 £ 0.01 ‘ 0.13 £ 001 | 013 X 0.01
V 250-R=high dose recovery group - -
The values are expressed as mean = SEM
*significantly different from the control group at P<0.05
Table 7 Organ weight of female rats treated with P. mirifica for 6 months
’ ' ~ Dose of Pueraria mirifica SR |
(mg/kg/day) 5
Organs ~ Control 10 S0 250 | 250-R
| n=15 n=15 n=15 n=13 n=15
' Brain 196 £ 001 197 £002 198+ 002 191 £002 | 1.93 £ 001 |
Heart 094 £ 003 095 %003 | 090002 | 086 £ 002 | 091 £ 002
Lung 130 £ 004 | 137 £ 003 | 1.31 2 002 122 + 003 | 128 £ 0.03
Stomach 162+ 003 173005 | 168 =006 | 172+ 005 | 158 * 0.04
Liver 752 019 752 £ 029 | 746+ 027 801 £ 0.8 | 766 * 0.14
Right kidney 0.86 * 0.02 | 085 * 002 087 X 002 083 * 001 ‘ 0.88 * 0.02
Left kidney 082+ 002 082+002 0811002 077002 082*%002
Spleen 070 £ 0.02 080 £ 0.04* 070 X003 074 £002 | 069 £ 002
Left ovary 008 £ 0.00 007 £ 000 007 X000 007 %000 | 006 £ 0.00
Right ovary 0.07 £ 0.00 007 £ 000 007 £000 007 %000 | 006 % 0.00
Bladder 0.08 £ 000 009+ 000 008 000 008000 007 %000
Uterus 069 004 069+ 003 086006 1.05% 008 | 082+ 008
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DISCUSSION

In this six-month chronic toxicity study,
the doses of PM were changed to be 10, 50 and
250 mg/kg/day. Since our previous ninety-day
subchronic toxicity study revealed that PM at
the doses of 100 and 1,000 mg/kg produced
some adverse effects in the animals."” PM at
the doses ranged from 50 to 250 mg/kg/day
affected the body weight of the animals. The
significantly lower body weight may be due to
the decreasing of food intake in the PM-treated
groups. It was demonstrated that an estrogen
derivative, 17-beta-estradiol, can decrease
food consumption and food efficiency in rats."
Some phytoestrogens such as miroestrol was
reported to produce headache and nausea,”
genistin and daidzein have been shown to
decrease the synthesis of cortisol'” which has
an activity on stimulating appetite. Taken to-
gether, the decrease of food consumption may
be contributed by the estrogenic-like effects of
PM. Alopecia found in some rats receiving PM
at the given doses may also be resulted from
the estrogenic-like activity of PM since there
was a study demonstrating that ethynylestradiol,
a synthetic estrogen, produced alopecia in the

20

albino rats.” However, alopecia in PM-treated
rats existed for about two weeks and then it
recovered,

Hematologic results demonstrated that
PM at the dose of 250 mg/kg significantly
decreased hematocrit, RBC, and hemoglobin
in both male and female rats, however these
aiterations were within normal range” and
recoverable as shown in 250-R group. The
decrease of these parameters may be attribu
table to the estrogenic-like effect of PM since

it was reported that dietary administration of

33 inscmusru iy feinen

17 beta-estradiol produced anemia in rats.”
The significant changes of eosinophil(%) in
PM- treated male rats at the doses of 50 and
250 mg/kg/day and in female rats receiving
the highest dose of PM was within normal
range”' i.e.. 0-2.5%. In addition, the increase of
lymphocyte in female rats receiving the highest
dose of PM was also within normal range.”"

The significant decreases of AST levels
in PM-treated male rats at the dose of 50 and
250 mg/kg/day and in female rats receiving
the highest dose were within normal range.
However, this alteration did not indicate any
damage of the concerning vital organs such
as liver and heart. Our findings that triglyceride
levels increased in a dose-dependent manner
in all groups of female rats receiving PM and
the significance effect was observed in the
highest dose-treated group, suggest that this
phenomenon may be PM related. Moreover,
this findings are consistent with our previous
subchronic toxicity study showing that high
dose of PM (1,000 mg/kg/day) can cause the
elevation of triglyceride level in female rats.”
Cholesterol levels were significantly decreased
in PM- treated male rats at the doses of 50
and 250 mg/kg/day as well as in female rats
receiving the highest dose of PM, suggesting
the hypochoiesterolemic effect of PM which
was consistent with our previous study'’. There
was also study indicated that phyto- estrogens
from soy bean, a plant in the same family
as P.mirifica (Leguminosae) were capable in
decreasing LDL and increase HDL cholesterol
levels in monkey.”

In this study we found that the body
weights in the groups receiving PM at 50 and
250 mg/kg were significantly decreased and this



might result in the significant increase of relative
weight of many organs. Therefore we present
actual organs weight which reveal more actual
alterations than relative organ weights. The
decreases of some organs weights i.e., heart in
PM- treated male rat at each dose and in the
highest dose-treated female rats, lung in male
receiving highest dose of PM were observed.
However histopathology of these organs did not
indicate any abnormality The decrease of left
and right testicular weight in male rats receiv-
ing the highest dose of PM and the increase
of uterine weight in female rats at this dose
suggest the estrogenic effects of PM as pre
viously reported in some studies.*'*"’
Histopathology results showed the al-
terations in some visceral organs of the male
rats receiving PM. The incidence of hepatocyte
fatty degeneration was significantly decreased
at the doses ranging from 10 to 250mg/kg
of PM. This phenomenon may be estrogenic
effect of PM, since there were some investi-
gations showing that estrogens were able to
increase apolipoprotein B (apo-B) production
in human hepatocytes™ and in mice hepato-
cyte” Hepatocytes assemble triglyceride into
VLDL-lipoproteins particles on the backbone
of apo B-100 and secrete into plasma.” This
may explain why the incidence of hepatocyte
fatty degeneration in the liver decreased. The
significantly higher incidence of tubular cyst in
the kidneys of male rats receiving PM at the
dose of 250 mg/kg/day and in those of the high
dose recovery group suggests that prolonged
administration of PM at this dose may cause
tubular cells damage. It was demonstrated
that metabolites of daidzin and daidzein were
excreted in urine and bile™; therefore the excre-

tion of these metabolites via kidney may affect
the tubular cells. The findings of crystal- like
tubular cast in the kidney of PM- treated male
rats suggest that there may be the disturbance
of some electrolytes reabsorption or transporta-
tion of renal epitnelium. Some flavones, such as
genistein and daidzein activated Cl-channels,
genistein and apigenin were reported to possess
a stimulatory effect on sodium, potassium and
chioride ion-cotransporters in a renal epithe-
lial cell line”. In addition, equol, a metabolic
compound of daidezin by intestinal bacteria,
is also a potent inhibitor of Na-K-Cl cotrans-
porter.”® However, the incidence of tubular
cast decreased after PM discontinuation. The
incidence of adrenocortical fatty degeneration of
male rats receiving PM at each dose decreased
in a dose-response relationship, suggesting
the depletion of lipid accumulation. Previously,
there was a study showed that daidzein, a
phytoestrogen, can suppress cortisol synthesis
in the adrenal gland®. Therefore, the reduction
of cortisol levels might result in the stimulation
of ACTH production, Under conditions of acute
or prolonged ACTH stimulation, the lipid stores
in the adrenal cortical cells might be used for
corticosteroid synthesis™. The incidences of
other histopathologic findings were not dose
dependent; therefore they could not contribute
to PM.

In conclusion, the chronic toxicity study
of PM at the doses ranging from 10 to 250
mg/kg/day indicated that PM exerted its est
rogenic-like activities in many aspects i.e,, at
the dose of 250 mg/kg/day affect hematology
values, testicular and uterine weight. In add
ition, the incidence of kidney tubular cyst was
significantly increased at this dose, Therefore,
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prolonged use and overdose of PM dose should
be avoided.
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ABSTRACT

Toxicity Study of Luipinifolin from Stem of Derris reticulata Craib
Songpol Chivapat®, ¥, Pranee Chavalittumrong T, Aimmanas Attawish*,
Noppamas Soonthornchareonnon#
*Medicinal Plant Research Institute, Senior Technical Office. Department of Medical Sciences
EDepartment of Pharmacognosy. Faculty of Pharmacy, Mahidol University, #Corresponding author

Lupinifolin is a flavorione compound expressing high efficacy against Herpes simplex
virus 1 (HSV-1). The objective of this study was to investigate the toxicity of lupinifolin from the
stem of Derris reticulata Craib. Oral administration of lupinifolin in mice at the dose of 5 mg/kg,
which was equivalent to an 8,300-fold therapeutic dose, showed no acute toxicity. A subacute
toxicity study was performed on six groups of Wistar rats for 28 days. Groups 1 and 2 were
control groups given distilled water and 1 percent tragacanth, respectively. Groups 3 to 6 were
administered lupinifolin orally at doses of 0.6, 6.0, 3.0 and 60mg/kg/day, which were equivalent
to 1, 10, 50 and 100 times the therapeutic dose, respectively. The results revealed that lupinifolin
did not affect body weight. food consumption or the animals' health. Female rats receiving lupini-
folin at the dose of 60 mg/kg/day had a significant increase in WBC and a significant decrease
in neutrcphils when compared with the water control group, but these changes were within
normal ranges. Male rats receiving lupinifolin at doses of 30 and 60 mg/kg/day and female rats
receiving lupinifolin at 60mg/kg/day had a significantly higher sodium level than the water control
groups ; nevertheless, the increase was within the normal range. The potassium level in female
rats receiving lupinifclin at doses of 30 and 60 mg/kg/day was significantly lower than that of the
water control group. Histopathological results of some visceral organs in the lupinifolin-treated
groups showed no dose-dependent alterations ; therefore, lupinifolin from D. reticulata should
be considered safe for the treatment of HSV1-infected wounds.

Key words: Lupimfolin, Derris reticulata, toxicity
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Chronic Toxicity of Thunbergia laurifolia Lindl.
Extract

Songpol Chivapat**
Pranee Chavalittumrong *
Aimmanas Attawish *
Jaree Bansiddhi *
Songpol Padungpat *

ABSTRACT

Thunbergia laurifolia Lindl..or rang chuet, is a medicinal plant that is used for the treat-
ment of poisoning with toxic substances. However, the toxicological data for this plant are not
complete. Therefore, a chronic toxicity study of rang chuet extract (TLE) was undertaken in six
groups of Wistar rats, The control group (group1) was civen 10 mi/kg of distilled water per day
orally. The five experimental groups(groups2-6)were orally administered TLE at doses of 20,
200, 1,000, 2,000 and 2.000 mg/kg/day for six months. respectively, which were equivalent to 1,
10, 50, and 100 times the therapeutic dose, Group 6 (2000R) was added to the study recovery
group after 14 days of TLE discontinuation. The results revealed that TLE did not affect the
body weight, food consumption, behavior or general health of the animals. TLE did not produce
cumulative toxic signs and fatal effects. Male rats receiving TLE at the dose of 2,000 mg/kg/day
and the 2000R group had a significant decrease in RBCs, including a significant difference in
red cell indices, but these were within the normal range. Female rats receiving TLE at doses of
1,000 and 2,000 mg/kg/day showed significant increases in WBCs. Both sexes of the rats treated
with 2,000 mg/kg of TLE had a significant increase in bilirubin levels; however. these were with
in the normal range. TLE did not produce any histological aiterations of the visceral organs in
any group of rats. However, the results suggest that hematological and clinical chemistry values
should be monitored during prolonged use of TLE.
Key words: Thunbergia laurifolia, chronic toxicity

INTRODUCTION

Thunbergia laurifolia Lindi. is a large
woody climber belonging to the Family Acan-
thaceae' including Thunbergiaceae.” Its leaves
are ovate or oblonglanceolaie, almost entire
repand-toothed,more or less glossy. Inflores-
cences as a raceme are pendulous in the axil
of leaves. The flowers are large, about 5-8 cm
in diameter, and pale blue in color. Capsules

are 1.5 cm wide, with beaks up to 3 cm long.'
The plants are common in tropical and mixed
forest throughout the country, often cultivated
as an ornamental plant or trained over walls
ar trellises, This plant has many local names
in Thai such as rang chuet, rang yen or nam
nong.® The leaves and stems of T. laurifolia are
used as a detoxifying agent incases of poison-
ing and also as an antipyretic in Thai traditional

*Medicinal Plant Research institute. Department of Medical Sciences,
Tiwanont Road, Muaeng District, Nonthaburi Province, Thailand110G0.

# Corresponding author. Tel: (662} 559-9850-8, Fux (G62) 589-9366.

E-mail address. schivapat@yahoo,com
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medicine." Phytochemical constituents of T.
laurifolio leaves are phenalic, carotenoid and
chlorophyll compounds, besides caffeic acid
and apigenin are found to be major constituents
in T. laurifolia aqueous extract.’

The water extract of T. laurifolia has
been demonstrated to reduce cholinergic
effects and decrease mortality in rats treated
with folidol, an orgnophosphate insecticide.’
Tea from the leaves of this plant has also
been shown to effectively reduce insecticide
residue |evels in the blood circulation of
agriculturists’ Pramyoththin et al. reported that
the agueous exiract of T. laurifolia leaves was
found to possess hepatoprotective activity
against ethanol induced liver injury both in
vitro and in vivo.” The above mentioned reports
suggest that rang chuet has the potential to be
used as an herbal detoxifying agent. However,
little toxicological data, especially in laboratory
animals, have been reported. A 28-day repeated
dose toxicity study of the T. laurifolia aqueous
extract at an oral dose of 500mg/kg revealed
that the exiract did not cause any histological
changes of the organs; however, it may affect
some hematalogical values and kidney weights’
In this study, we investigated the chronic toxicity
of T. laurifolia water extract in rats in order to
obtain mare toxicological information to assure
the safety of this plant.

MATERIALS AND METHODS
Preparation of Thunbergia laurifolia
extract

Leaves of Thunbergia laurifolia Lindl.
(Acanthaceae) were collected from a cultivated
area in Pitsanulok Province, Thailand. A voucher
specimen (Bansiddhi 45-11)was deposited

56 wnsnansrndtuin Wi

at the Botanical Laboratory, Medicinal Plant
Research Institute, Nonthaburi Province. The
botanical identification was determined by
following the description of Backer and Bakhui-
zen' and compared with authentic specimens
(Lakshnakara 1368) at the Bangkok herbarium
[BK). Department of Agriculture, Ministry of Agri
culture and Co-operatives, Bangkok, Thailand.

The leaves of Thunbergia laurifolia were
first washed, then dried in a hot-air oven at
40°C and pulverized into coarse powder. Three
hundred grams of T. laurifolia powder were extr
acted with 300 ml of distilled water by reflux
method twice, each for 2 hours. The filtrate
was evaporated at low pressure using a rotary
evaporator to obtain dried extract at a yield of
23.283 percent (w/w). Prior to dosing in animals,
the dried extract of T. laurifolia (TLE).was then
dissolved in distilled water and adjusted to the
desired concentrations for toxicity study.
Laboratory animals

Ninety male Wistar rats weighing 200-
220g and an equal number of female rats
weighing 170-190 g were purchased from the
National Laboratory Animal Center, Mahidol
University, Nakhon Pathom Province and used
in this study. The animals were housed in a
hygienic conventional animal room of the labo-
ratory animal center, Department of Medical
Sciences, where the environment of the room
was maintained at 25£1°C with 60 percent
humidity and 12 hours of a light-dark cycle.
Prior to the chronic toxicity study, the animals
were acclimatized in that environment for two
weeks and they were reared, on a commercially
pelleted diet and clean water provided ad lib.
This study was approved by the Institutional
Animal Care and Use Committee, Department



of Medical Sciences.
Chronic toxicity study

Wistar rats were randomly divided into
five groups of 15 animals/sex each. Group 1
received 10 mi/kg per day of distilled water.
Groups 2 to 6 were orally administered a
solution of TLE at doses of 20, 200, 1000,
2000 and 2000 mg/kg/day respectively, for six
months, which were equivalent to 1, 10, 50
and 100 times the therapeutic dose (5 grains
of dried. T. lauiifolia powder/day/person). After
the six-month period of TLE treatment, only
Group 6 (2000R) was reared for two more
weeks without TLE administration in order to
observe the recovery or delayed ef-fects of the
extract. During the period of the experiment,
body weight and food consumption were
recorded weekly and the rats were closely
observed for general appearance, behavior and
signs of abnormality. At the end of the 180-day
trea tment period, the animals were fasted for
16 hours before being sacrificed with diethyl
ether inhalation. Laparotomy was performed
and blood samples were collected from the
inferior vena cava of each animal for analyzing
hematological and clinical chemistry values by
using the automatic hematological analyzer Cell
Dyn“3500 and the automatic chemistry analyzer
Hitachi“912, respectively. The hematological
parameters examined were hematocnt (Hct),
erythrocytes (RBCs), hemogiobin, mean cell
volume (MCV), mean cell hemoglobin (MCH),
mean cell hemoglobin concentration (MCHC),
white blood cells (WBC), neutrophils, eosmophils,
lymphocytes, monocytes, basophiis and
platelets. The clinical chemistry parameters
measured were alkaline phosphatase (ALP),
alanine transminase (ALT), aspartate trans-

minase (AST), total protein, albumin, bilirubin,
blood urea nitrogen (BUN), creatinine, glucose,
uric acid, triglyceride, cholesterol, sodium,
potassium and chloride ion. Necropsy was
then performed to determine the gross lesions
ofvarious visceral organs. Brain, heart, lung,
liver, kidney, stomach, spleen, testis, uterus and
adrenal glands were weighed by using a Mettler
Toledo”PB 153 balance. The organ weights
were calculated into relative organ weights (g/
100g body weight). The visceral organs were
then preserved in 10 percent buffered formalin
and subsequently subjected to histological
process for preparing tissue slides stained with
hematoxylin and eosin (H&E). Tissue slides were
histopathologically examined by a veterinary
pathologist.
Statistical data analysis

Body weight, food intake, relative organ
weight, hematological and clinical chemistry
values were statistically analyzed using the
SPSS program (version 11.0]. One-way ANOVA
was performed and the data were tested for
homogeneity of variance by Levene test. Bon-
ferroni test was used in cases of equal vari-
ance, whereas Dunnetie’s T3 test was applied
for unequal variance in multiple comparisons.
The incidence of histopathological lesions was
analyzed by Fisher's exact test and the statis
tical significance of all data was set at p < 0.05.

RESULTS
Effects on body weight, food consump-
tion and physical appearance
The average bady weight and food
consumption of male and female rats recei
ving TLE at any dose were not significantly
different from those of their carresponding
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Table 1 Body weight (g} and percentage relative organ weight of male rats receiving Thunbergia laurifolio

extract for & months

Dose of Thunbergia laurifolio extract (mg/kg/day)

| Parameters Control 20 200 1000 2000 | 2000R |
N=15 N =15 N=15 | N=15 N=15 N=15

Initial body weight 22248 £ 1477 | 22119 + 965 [ 22293 + 1533 122329 + 1403 |226.95 + 1640 %223.90 + 1128
Final body weight 57689 *+ 7373 | 562.50 = 5093 | 554.41 + 5148 |550.43 + 6227 |568.29 + 6796 | 553.25 + 46,03
Brain 038+ 005 | 038+003 | 039+002 | 039004 | 038004 | 038+ 003
Heart 025+002 | 024%002 | 024+002 | 024002 | 023008 | 024 %003
Lung 028£003 | 030+004 | 020+002 | 020003 | 028003 | 030 0.03
Liver 2234014 | 2301020 | 2254017 | 2312017 | 241£016 | 235+ 019
Stomach 0371004 | 039004 | 037005 | 038+ 004 | 0394004 | 037+ 004
Spleen 0162002 | 017002 | 017%002 | 017+ 002 | 018002 | 017 £ 001
Right kidney 0212002 | 0214001 | 0224002 | 023+001 | 024001 | 023 %002
Left kicney 020£002 | 0204001 | 0212002 | 022+002 | 023+001 | 0224 a0
Right testis 0524004 | 0544007 | 0512010 | 051012 | 049%006 | 053 £ 005
Left testis 0534004 | 054+007 | 052009 | 050%01¢ | 051008 | 053 %005
Right adrenal 0.005 % 0,001 | 0.006 + 0001 | 0.006 + 0001 | 0.005 * 0001 | 0.005 + 0,001 | 0.006 + 0.001

 Left adrenal 0.006 % 0.001 | 0.006 % 0001 | 0.006 + 0001 | 0.006 % 0001 | 0.006 + 0.001 | 0.006 + 0.001

| Bladder 0.036 % 0013 | 0.036 + 0007 | 0.037 + 0011 | 0.031 + 0003 | 0.033 + 0,006 | 0.029 + 0.006

Note : The values are expressed as mean =+ SD.

*Significantly different from the control group (p<0.05).

Table 2 Body weight (g) and percentage relative organ weight of female rats receiving Thunbergia laurifalia

extract for 6 months

Dose of Thunbergia laurifolia extract {mg/kg/day) 1

Parameters Contral 20 200 | 1000 2000 2000R

N =15 N =15 N =15 N =15 N=15 N-=15
Iniial body weight 17513 £ 841 | 17531 £530 | 17366 + 983 | 17551 + 7.86 17639 + 1180 17241 £ 995 ‘
Final body weight 31339 + 2600 | 327.75 + 30,93 | 31503 £ 24.96 | 3385 + 2048 | 3225 + 2592 |311.44 + 3477
Brain 065+ 005 | 063007 | 065+006 | 065+ 005 | 063+ 007 ‘ 064 *+ 0.08
Heart 0304003 | 020+003 | 0201000 | 0282002 | 029%003 | 028% 002
Lung 0404003 | 041006 | 0413004 | 040+004 | 0414004 | 042 %005
Liver 2324014 | 2284020 | 233%017 | 2354017 | 249+ 016 | 246+ 0.19
Stomach 053007 | 0491007 | 050%005 | 051+006 | 053%007 | 052 % 007
Spleen 0212002 | 021£004 | 021004 | 0224002 | 024008 | 021 %002
Right kidney 025+ 002 | 025+002 | 025+002 | 0272002 | 027 #0038 | 027 * 0.02
Left kidney 0241002 | 023+003 | 024+002 | 025002 | 027+008 | 0257+ 002
Right adrenl 0.012 % 0001 | 0.012 + 0003 | 0013 #0002 | 0013 + 0003 | 0.011 % 0002 | 0.012 + 0.003
Leit adreral 0.013 + 0003 | 0.013 + 0002 | 0.014 % 0003 | 0014 + 0002 | 0.013 + 0002 | 0.01¢ * 0,003
Bladder 0.031 £ 0013 | 0028 % 0007 | 0.032 % Q011 | 0.030 + 0003 | 0.029 + 0006 | 0.028 * 0.006
Uterus 0.280 + 0127 | 0232 + 0060 | 0.256 * 0.061 | 0.234 + 0056 | 0.207 + 0044 | 0.237 * 0.058

Note : The values are expressed as mean + SD,

*Significantly different from the control group (p<0.05).

58 vsswmmsenaduiou Ay



Table 3 Hematological values of male rats receiving Thunbergia faurifofia extract for 6 months

Extract

: 2
Dose of Thunbergia laurifolia extract {mg/kg/day) | &

Parameters Control 20 [ 200 1000 2000 2000R E :

N=15 N=15 N=15 N=15 N=15 N=15 ":-'
Hematocrit (%) 4725 £210 | 4703+ 124 | 46911299 | 4730 £258 | 4742 £3.05 | 4611 + 123 ! g‘;&
RBCs(x10° cells/mm’) 901+ 043 | 902+ 044 803+ 070 | 862+ 040 | 835+ 053 | 825 + 022 5
Hemoglcbin (a/dl) 1550 + 063 | 1547 + 042 1534 £ 0B7 | 1542 =076 | 1538 £ 0.87 | 1509 % 041 g
MCV (Xm'/red cell) 5250 £ 218 | 5223 £ 233 | 5261 217 | 548 X 191" | 5684 £ 169" | 5587 £ 1.3¢° =
MCH (pg/red cell) 1723 £ 080 | 1720 % 0.81 17232073 | 1788 £ 056 | 1843 £ 057" | 1828 * 0.54
MCHC (g/d! RBC) 32811043 | 3203+ 031 | 3273047 | 3261 £ 031 | 3244 + 048 | 3273 + 051
WBCs(x10%cells/mm’) 3.79 £ 058 280 £ 110 283 087 310 £ 071 354 £ 130 371 £ 1.08
Neutrophils (%5) 1623 £ 694 | 2449 £ 924 | 2387 £582 | 2156 902 | 1599 £ 503 | 2042 £ 1017
Eosinaphils (%) 187 £ 081 1,74 £ 048 135+038 | 158+ 085 1.25 + 035 144 + 039
Lymphocyies (%) 7152 £10.16 | 61.33 £ 1129 | 60.71 £ 909 | 6445+ 1056 | 7063 £ 945 | 67.76 £ 1210
Monocytes (%) 739 k211 8791250 | 1059420 | 914394 867 £ 429 | 747 k239
Basophils (%) 300+ 148 | 365201 3471159 | 327+ 138 347 £139 | 290 £ 073
Piatalets X10” cefl/mm’) [968.93 + 115.41/930.14 £ 180.80 1956.20 £ 13780 ‘981.37 + 10095 976.83 £ 159.26 | 95667 * 65.15 1

Note : The values are expressad as mean * SD.

*Significantly different from the contral group (p<0.05),

contral groups throughout the six-month period
(data not shown). There was no abnormality in
physical appearance and behavior in any group
of rats receiving TLE as well as in the control

expressed in Tables 1 and 2.

group. TLE-treated rats did not show any toxic
signs and mortality throughout the experiment.
Initial and final body weights of each group are

Table 4 Hematological values of female rats receiving Thunbergia lourifolia extract for 6 months

Dose of Thunbergia laurifolia extract (mg/kg/day)

Parametors Control | 20 200 1 1000 | 2000 | 2000R

N=15 | N=15 N=15 N=15 N =15 N=15
Hematacrit (%) 4557 £ 248 | 4570 + 1.44 | 4631 £ 277 | 46381208 | 4610 %278 | 47.05 %210
RBCs(x10" celis/mm’) 7871045 | 8021036 | 797+0%0 | 788+ 036 | 7781043 | 801 049
Hemegobin (g/dl) 1518075 | 1518 £042 | 15312079 | 1526 051 1514 £ 082 | 1558 + 060
MCY (Xm'/red cell) 5789 103 | 5699 + 156 | 5811 X110 | 5885+ 155 | 5924 £200 | 5884+ 1.77
MCH (pg/red cell) 1933+ 075 1893+ 053 | 1923+ 048 | 1936039 | 1946 £ 052 | 1948 + 054
MCHC (g/di RBC) 3337 £ 000 | 3322 £ 041 | 3300 066 | 3201 041 | 32861+ 038 | 3312 £ 042
WBCs{x 10 celsimm’) 171 1 041 207 = 045 233069 | 277 £ 054* | 245 0.84° 223 £ 0.70
Neutrophils (%) 1876 600 | 1858 £532 | 16001 349 | 2217 £ BY5 | 2057 + 12.82 | 2026 £ 952
Eosinophils (%) 133+ 0689 | 132% 074 126 £ 089 | 124070 | 0971 £043 | 1.28 £ 069
Lymphocytes (%) 7045 =827 | 6693 £ 002 | 74351583 |60.18 £ 1082 | 7023 % 13.01 | 68.18 & 1308 |
Monocytes (%) 7102327 | 827598 | 6471508 | 531 +£299 | 595+ 251 849 + 437 |
Basophils (%) 2361100 | 2454134 | 193+093 | 211118 | 227+ 087 177 £ 0.84
Platelets (10" cells/mm’) | 92133 £ 82.02 | 026,07 + 73.75 |04051 £ 14613 (916,60 & B4.77 (005,43 % 6071 |641.07 + 117.66

Note : The values are expressed as mean £ SD,

*Signficantly different from the control group (p<0.05).
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Table 5 Clinical chemistry values of male rats receiving Thunbergia laurifolia extract for 6 months

Dose of Thunbergia laurifolia extract (mg/kg/day)

Parameters Control 20 200 1000 2000 2000R

N=15 N=15 N=15 N =15 N=15 N=15
ALP (U/L) 5613 £ 864 | 5740 %+ 8.86 | 54.00 £ 1276 | 5647 £ 10.22 | 5627 £ 727 | 5320k 468
ALT (UA) 3320 £ 670 | 4153 £ 2485 | 35.27 £ 1541 | 2683 £ 925 24,60 * 360 30.53 + 794
AST (U/L) 7973 £ 911 | 9493 1+ 3490 | 8587 £ 21.32 | 7487 = 11.78 | 860 £ 817 | 8220 £ 1050
Total protein (g/dl) 671 % 029 6.85 + 025 5.91 £ 046 6.80 *+ 0.34 690 + 0.36 6.89 T 0.21
Albumin (g/dl) 439+ 019 449 012 445+ 011 460 £ 013" | 462 T 047" 443 £ 0.12
Bilirubin (ma/dl) 006 % 0.3 0.08 + 03 0.07 £ 003 0.08 £ 0.02 010 £ 0.04" 07 003
BUN (ma/dl| 1809 £ 223 | 1810+ 265 | 1959+ 253 | 1925+ 195 | 1954 £ 205 | 1831 220
Creatinine (mg/dl) 075 £ 008 0.73 + 007 0.78 £ 007 0.74 £ 0.07 075 £ 0.06 0.73 £ 0.05
Glucese (mg/di) 17224 + 29.35 | 16533 = 2377 | 181.00 + 37.13 | 189,43 % 48,37 |185.62 £ 37.08 | 172.43 £ 18.75
Uric acid (mg/dl) 199 * 156 191 £ 119 237 £153 275 + 185 312 + 181 1.87 £ 0.89
Triglyceride (mg/d!| 131.90 £ 44.29 | 10804 & 2487 | 112.43 3870 [103.17 £ 22.27 | 9815 + 27.92 | 135.93 £ 38.04
Cholesterol (mg/dl) 7163 % 1426 | 64.83 £ 1252 | 6506 925 |64.86 £ 1094 | 71.08 £ 2056 | 76.59 + 13.98
Sodium (mmol/) 145.87 £ 118 | 147.73 £ 198 | 14733 = 1.88 | 14724 £ 183 | 147.07 £ 139 | 14773 £ 1.39
Potassium (mmel/) 523 * 087 485 * 1.05 4.85 £ 107 572 +1.06 635 + 1.22 525 + 0.80
Chloride (mmol/l) 107.83 £ 171 | 108.47 £ 185 | 10919 £ 125 | 10960 + 1.96 | 10927 % 1.67 | 109.87 % 168"

Note : The values are expressed as mean £ SO.

*Significantly differsnt from the control group (p<C.03).

Effects on relative weight of organs
Male rats receiving TLE at the dose of

2,000 mg/kg/day showed significant increases

in relative spleen and kidney weights when

Table 6 Clinical chemistry values of female rats receiving Thunbergia laurifolia extract jor 6 months

compared with the control group (Table 1).
Female rats receiving TLE at the highest dose
had a significant increase in relative kidney
weight compared with the controls (Table 2).

Dose of Thunbergia laurifolia extract (mg/kg/day)

Parameters Control 20 200 1000 2000 2000R

| N=15 N=15 N=15 N=15 N=15 | N=15
ALP (U/L) 2380 £ 7.01 | 2233 £ 650 | 2527+ 6.74 | 21.00 £ 545 | 2073 £ 67C | 26,07 592
ALT (UL) 2047 £ 974 | 2840 £ 1250 | 2520 £ 8.43 | 2553 + 11,67 | 19.20 * 3.40" 23.00 + 633

‘ AST (U/L) 8420 * 2489 | 8933 + 3570 | 81,27 £ 1527 | 7420 £ 1513 | 7007 £ 1116 | 78.20 £ 11.03

‘ Total protein (g/dl) 747 £ 026 7.15 & 030 7.07 £ 035 7.00 £ 037 744 £ 043 713 £ 028

‘ Albumin (g/dl) 516 * 0.26 5.20 £ 020 5.13 £ 025 511 £ 0.16* 523 % 0.23" 5.05 £ 021 ‘

| Bifirubin (mg/d) 010004 | 0112004 | 0112003 | 013X004 | 015% 0.05 012 £ 003 |

| BUN (mgJdl| 2449+ 455 | 2401+ 412 | 2392+ 358 | 2549439 | 2569+ 608 | 2450472
Creatinine {mg/dl) 086 + 0.8 089 £ 011 089 + 011 ‘ 0.82 £ 009 085 £ 0,16 089 £ 014
Glucose (mg/dl) 12075 £ 11.73 | 12356 * 1468 | 13335 + 28.73 |124.26 = 11,51 | 130.51 £ 20.46 | 131.00 + 18.95
Uric acid (ma/dl) 111 £ 089 137 £ 118 146 £ 123 1.09 + 105 129 137 1.90 £ 091"
Triglyceride (mg/di) 8254 £ 3247 | 88.95 = 31,84 | 7432 £ 2839 | 57.45 + 2092 | 5995 £ 2310 | 73.20 £ 26,31
Cholestarol (mg/dl) 7085 £ 1293 | 86.01 £ 11,33 | 6395 £ 14.15 | 64.17 £ 16.69 ‘ 6397 £ 956 | 67.13 X 19.08
Sodium (mmoVl) 145,40 + 112 | 14713 £ 150 | 14747 £ 146 | 14747 £ 112 | 147.02 * 103 | 148.53 * 1.36"
Potassium (mmol/l) 426 = 0.61 434 £ 125 437 £ 137 4.05 + 093 413 £ 049 478 £1.18
Chioride (mmal/l) 11047 £ 151 | 111.27 £ 096 | 11153 £ 1.96 | 11160 £ 168 | 11073 £ 219 | 11247 & 1.25°

Note : The values are expressed as mean = SD.

*Sigrificantly different from the control group (p<0.05).
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Table 7 Histopathological results of male rats receiving Thunbergia laurifolia exiract for 6 months

Dose of Thunbergla laurifolia extract (mg/kg/day)

Organs Microscopic findings Control 20 200 | 1000 2000 2000R
N=15 | N=15 N =15 N=15 N =15 N=15
Lung Lymphoid prolterated peribranchioles 7715 10415 315 415 6/15 715
Heart | Focal myocardiosis a5 115 315 015 0415 115
Liver Fatty degeneration 615 815 B/1% ‘ mns ‘ 2115 5/15
Small intestine | Gut-associated lymphoid tissue hyperplasia 515 115 115 | 215 | 4ns 5/15
Large intestine | Gut-associated lymphoid tissue hyperplasia 1/15 4/15 115 2/15 1715 2/15
Adrenal giand | Cortical fatty degeneration {mild) w15 2115 | 8ns ‘ 1/15 015 0/18

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

*Significantly differant from the control group (p<0.05)

Table 8 Histopatholegical results of female rats receiving Thunbergia lourifolia extract for 6 months
|

Dose of Thunbergia laurifolia extract (mg/kg/day)

Organs Microscopic findings Control 20 200 1000 2000 2000R |
| N=16 | N=156 | N=15 | N=15 | N=15 | N=15
Lung Lympheid proliferated peribronchioles 115 2115 218 5/15 315 318
Heart Focal myocardiosis o5 0/15 115 0/15 0115 oN1s
Small intesting | Gut-associated lymphoid tissue hyperplasia 1118 215 0/15 215 2115 s
Large intestine | Gut-associated lymphoid tissue hyperplasia 015 [ o115 0/15 D& 1115 0718

Note : The results are expressad as number of rats with pathological findings/ total number of rats examined.

Effects on hematological parameters

The number of RBCs in the male rats re-
ceiving TLE at the dose of 2,000 mg/kg/day and
in the 2000R group was significantly decreased
when compared with that of their control group.
Male rats receiving TLE at doses of 1,000 and
2,000 mg/kg/day and the 2000R group had
significantly increased MCV values. MCH values
for male rats treated with 2,000 mg/kg/ day of
TLE and those of the 2000R group were signifi-
cantly higher than those of their control group
(Table3). Female rats receiving TLE at doses of
1.000 and 2.000 mg/kg/day showed significant
increases in WBC numbers (Table 4).
Effects on clinical chemistry
parameters

Male rats receiving TLE at doses of
1,000 and 2,000 mg/kg/day had significantly
higher albumin levels than their control group.

The bilirubin level of male rats recaiving TLE at
the dose of 2,000 mg/kg/ day was significantly
higher than that of the control group (Table 5).
The ALT level of the female rats receiving the
highest dose of TLE was significantly lower than
that of their control group, whereas the bilirubin
level was significantly increased (Table 6).
Effects on histopathological alterations
of visceral organs

Necropsy revealed no remarkable gross
lesions in any organs of both male and female
rats receiving each dose of TLE, including their
corresponding contral groups. The incidence
and degree of histopatho- logical alterations
in some organs of the TLE-treated male and
female rats did not show any dose dependency
(Tables 7 and 8). There were no remarkable
histopathological lesions in other organs of the
TLE —treated groups and their controls.

Chronic Toxicity of Thunbergia laurifolia Lindl. Extract
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DISCUSSION

There was no significant difference in
body weight and food consumption of rats
treated with TLE, suggesting that TLE does
not adversely affect the general health status
of such animals. Although the relative weights
of spleens in male rats and those of kidneys in
both sexes of rats receiving 2,000 mg/ kg/day
of TLE were significantly increased; there were
no gross pathological and histological altera-
tions of these organs. The increase of kidney
weights in this study was consistent with the
study of Wisitpongpan et al., that rats receiving
rang chuet leaf extract at 500 mg/kg for 28 days
had significant increases in the weight of both
kidneys.” Despite the statistically significant,
decrease in RBCs in male rats receiving TLE
at 2,000 mg/kg/day and in the 2000R group,
these alterations were still within the normal
range. "*'" Although the MCV values of male
rats receiving TLE at doses of 1,000 and 2,000
mg/kg/day were significantly higher than that of
the controls, and showed a tendency toward a
dose-dependent response and the MCH value
of the male rats receiving TLE at 2,000 mg/
kg/day was significantly higher than that of
the control group, these values were within

" The increases in WBCs

the normal range.
in female rats receiving TLE at doses of 1,000
and 2,000 mg/kg/day were consistent with the
reports of Wisipongpan et al. and Techakitiroj,”"
that is, they revealed a significant increase in
WBCs in rats treated with rang chuet extract.
Therefare, this phenomenon may be attributed
to TLE. The increase in albumin levels in male
rats receiving TLE at doses of 1,000 and 2,000
mg/kg/day and the decrease in the ALT level

in female rats treated with the highest dose of

B2 usnarsendSui deine

TLE were within the rats normal range.””" The
significant increases in total bilirubin levels in
both sexes of rats receiving TLE at the high-
est dose were consistent with the study of
Techakitiroj.” In addition, Wisitpongpun et al.
reported an increase in conjugated bilirubin in
rats receiving rang chuet extract for 28 days.”
The mechanism of this change, definitely
remains unknown: however, these alterations
were within the normal range.”” The incidence
and severity of the histopathological findings in
some organs of the rats receiving TLE (Tables
7 and 8) had no correlation with the dosas of
TLE given; therefore, these changes may not
be due to TLE.

In conclusion, the chronic toxicity study
of TLE extract at doses ranging from 20 to 2,000
mg/kg/day did not affect the body weight, food
consumption, behavior and general health of
Wistar rats. TLE did not cause any significant
gross and histclogical lesions in the visceral
organs of Wistar the rats; The extract at doses
of 1,000 and 2,000 mg/kg/day produced slight
alterations of some hematological and clinical
chemistry parameters of the rats; however,
most were within the normal range. Therefore.
this study suggests that prolonged use of high
doses of T. laurifolic aqueous extract may affect
the hematopoietic system.
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ABSTRACT:

Acute toxicity study of Centella asiatica standized extract ECa 233 was conducted by
an oral administration of 10.0 g/kg extract into 10 male and 10 female mice. The extract at the
given dose did not cause any toxic signs and death within the observation period of 14 days.
Sub-chronic toxicity study of ECa 233 has been investigated in four groups of Wistar rats, each
of 24 rats (12 of each sex). Control group was orally given distilled water and three experimental
groups were orally administered with ECa 233 in distilled water at the doses of 10, 100, and
1,000 ma/ka/day for 90 days. All ECa 233-treated rats showed no difference with regards to body
weight, food consumption and heaith in comparison to the control group except that female rats
receiving 1,000 mg/kg/day of ECa 233 had significantly higher white blood cell counts than the
control group (p < 0.05). However, this alteration was not associated with internal organ patho
logy. In addition, male rats receiving 1,000 mg/kg/day of ECa 233 had significantly higher sodium
level, but still within normal range, than those of control group (p < 0.05). Histopathological results
of internal organs did not demonsirate any incidence or degree of lesions in a dose-dependent
manner with the increasing dose of ECa 233. Therefore, based on the present studies it can be
concluded that ECa 233 in the dose up to 10.0 g/kg produced no acute toxicity and no significant
sub-chronic toxicity was observed in rats raceiving 10-1,000 mg/kg of ECa 233.

Keywords: Toxicity, ECa 233; Standardized extract of Centella asiatica

INTRODUCTION
Centello asiatica (Linn.) or Indian Pen-
nywort is a perennial plant that has been used
for many medicinal purposes worldwide since
ancient time. In Ayurveda medicine, C. asiatica
was described as one of neuronutrient which

could prolong life and enhanced memory [1].

Pharmacological evaluation conducted in animal
models has demonstrated a variety of phar-
macological effects such as anti-inflammation.
anti-oxidation, wound healing, anti-infective and
anti-dementia [2]. In Thailand, in addition to
traditional medicinal benefit such as brain and

heart tonic or wound healing effect, whole plant
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of C. asiatica is regarded as a vegetable and
its juice is consumed as a beverage. Except for
few reports on contact dermatitis, no serious
adverse effect of C. asiatica has been recog-
nized [3]. Safety of consumption of dried plant
has been proved in toxicity testing in which
the median lethal dose of dried powder of C.
asiatica, given orally into mice, was found to
be higher than 8 grkg. In chronic toxicity study,
Wistar rats of both sex receiving 20, 200, 600
and 1,200 mg/kg/day of C. asiatica for 6 months
showed no sign of significant alteration of body
weight, blood chemistry, clinical chemistry or
histopathology in comparison to control group
[4]. In contrast, hepatic damage was reported
in albino rats receiving oral administration of
dried C. asiatica at the dose of 1,000 mg/kg/
day for 30 days [5]. ECa 233 is the standardized
extract of C. asiatica defined as a white to off
white titrated extract of C. asiatica containing
not less than 80% of triterpenoids and the
ratio between madecassocide and asiaticoside
should be within 1.510.5. Preliminary study
on its pharmacalogical activity demonstrated
ameliorating effects of ECa 233 on learning and
memory deficit induced by an intracerebroven-
tricular injection of ﬁ-amyloid peptide (25-35)
Into rats [6]. In addition, topically applied gel
containing 0.05% ECa 233 on second degree
burn wound was found to significantly increase
blood flow and subsequently accelerate rate
of wound healing in rats [7]. However, except
for the report of favorable profile of ECa 233
on rat hepatic cytochrome P450 [8], no other
information of its safety is available. Therefore,
we consider it interesting to conduct acute as

well as sub-chronic toxicity study of ECa 233.
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MATERIALS AND METHODS
Standardized extract of C. asiatica
ECa 233

ECa 233 was kindly supplied by Asso
ciate Professor Ekarin Saifah, Ph.D. and Asso
ciate Professor Rutt Suttisri, Ph.D., Department
of Pharmaceutical Botany. Quality control was
made by Associate Professor Suwanna Lu-
angcholatan and Assistant Professor Chamnan
Patarapanch, Ph.D.. Department of Pharma-
ceutical Chemistry, Facuity of Pharmaceutical
Sciences, Chulalongkorn University, Thailand.
Various concentrations of ECa 233 were
freshly prepared as a suspension in distilled
water and being given orally to the animals
by a gavage tubing. Care was taken to assure
the homogenicity of the suspension before an
administration into the animals.
Experimental animals

Twenty ICR mice, ten male and ten fe-
male, weighing between 20 to 22 g were used
in acute toxicity test. Forty eight male and forty
eight female Wistar rats weighing between 180
to 220 g were used in sub-chronic toxicity
study. They were purchased from the National
Animal Center, Mahidol University, Salaya, Na-
kornpathom, Thailand. Animals were housed
in the conventional hygeinic animal room of
Laboratory Animal Center, Department of Medi-
cal Sciences, Ministry of Public Health, Thai-
land. The room temperature was maintained at
25+1°C with 12-hour alternate light-dark cycle
and 60% relative humidity. The mice were pro-
vided with commercial pellet (C.P. Company,
Thailand) and water ad libitum. They were fasted
for two hours before performing acute toxi
city test. The animals were acclimatized for at
least seven days prior to the experiments. The



study protocol was approved by the Institutional
Animal Care and Use Committee, Department
of Medical Sciences, Ministry of Public Health,
Thailand (permission no. 49-005).
Acute toxicity study

Both male and female mice were ran-
domly divided into two groups of ten mice each.
The experimental group was arally administered
with ECa 233 suspension at the dose of 10 g/
kg. The animals were closely observed during
the first three hours and then were observed
twice daily for 14 consecutive days. At day 15,
mice were euthanatized using CO,‘ gas chamber
and then necropsy was perfarmed for inspection
of gross pathological alterations.
Sub-chronic toxicity study

Both male and female rats were randomly
divided into 4 groups of 12 rats each. Group
1 was a control group being given orally with
10 ml/kg of distilled water. Group 2 to 4 were
treatment groups that were orally administered
with ECa 233 at the doses of 10, 100 and
1,000 mg/kg/day for 90 consecutive days. The
lowest dose (10 ma/kg/day) was the effective
dose in attenuation of learning and memory
deficit induced by an intracerebroventricular
injection of B-amyloid peptide in rodent. During
the period of experiment, body weight and
food consumption were measured weekly and
the animals were closely observed for general
appearance, behavior and signs of abnorma
lity. At the end of treatment, the animals were
fasted for 16 hours before being sacrificed
with diethyl ether inhalation. Blood samples
were collected from the inferior vena cava
of each animal for hematology and clinical
chemistry determination using automatic
hemnatological analyzer Cell Dyn" 3500 and

Hitachl" 912, respectively. Hematological
parameters examined were hematocrit (Hct),
erythrocyte (RBC), hemoglobin (Hb), mean
cell volume (MCV), mean cell hemoglobin
(MCH), mean cell hemoglobin concentration
(MCHC), white blood cell (WBC), neutrophils,
eosinophils, lymphocytes, monocytes, basophils
and platelets. Clinical chemistry parameters
measured were alkaline phosphatase (ALP),
alanine aminotransaminase (ALT), aspartate
aminotransminase (AST), Total protein, albumin,
bilirubin, blood urea nitrogen (BUN), creatinine,
glucose, uric acid, triglyceride, cholesteral,
sodium, potassium and chloride ion. Necropsy
was performed to determine gross pathology
of various visceral organs. The organs were
weighed to determine relative organ weights
and then preserved in 10% phosphate buffered
formalin. Histological slides of brain, heart,
trachea, esophagus, stomach, liver, pancreas,
intestines, spleen, bladder, salivary gland,
lacrimal gland, thyroid and adrenal glands,
reproductive organs (testis and seminal vesicle
in male rats, ovary and uterus in female rats)
were prepared and histopatholegically examined
by veterinary pathologist.
Statistical analysis

Body weight, food intake, relative organ
weight, hematological and clinical chemistry
values were analyzed using one-way analysis
(ANOVA) and Bonferroni test was used for
multiple comparison at a significant level of p
< 0.05. Histopathological data were analyzed by
Fisher's exact at a significant level of p < 0.05.
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RESULTS

Acute toxicity

No sign of toxicity and no lethality were
observed in either male or female mice receiving
suspension of ECa 233 in distilled water in the
dose of 10 g/kg within the observation period
of 14 days. In addition, no gross pathological
lesions were detected in any organs of the
experimental animals.
Sub-chronic toxicity

Effects on body weight, food con-
sumption and animal health

Both male and female rats receiving
ECa 233 at each dose showed no significant
difference in average body weight and food con-
sumption in almost every week when compared
with their sex-corresponding control groups
except the female treated with the highest
dose of ECa 233 had lower food consumption

than its respective control exclusively at week
7 (Figures 1 and 2). In addition, no toxic signs
or abnormal behavior was found in all ECa
233-treated groups.

Effects on gross pathology and or-
gans weight

At necropsy, no gross pathological le-
sions were found in control groups of both
sexes. In similarity to their sex-corresponding
control groups, no observable lesions of the or-
gans were noted in male or female rats receiving
ECa 233. All ECa 233-treated groups showed no
significant difference in relative organ weights
when compared with their sex-corresponding
control groups except male rats receiving ECa
233 at 10 mg/kg/day demonstrated significantly
lower relative right adrenal weight than their
control group (Tables 1 and 2).
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Figure 1 Body growth curves of male (M) and female (F) rats receiving ECa 233 at the doses of 10, 100 and

1000 mg/kg body weight for 3 months
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Figure 2 Foad consumption of male (M) and female (F) rats receiving ECa 233 at the doses of 10, 100 and

1000 mg/kg body weight for 3 months

Table 1 Relative organ weight (g/1000 g body weight) of male rats receiving ECa 233 for 90 days
Group of rats receiving ECa 233 (mg/kg/day)

Organs SRR
0 (n=12) 10 (n=12) 100 (n=12) = 1000 (n=12)
Brain 4.48+0.50 43310.38 4631052 4571053
Heart 2,6010.09 2.73+0.22 2841017 2.7910.26
i Lung 3.1510.26 3.15+0.27 3491032 3.34+0.49
Stomach 4.09+0.34 4061046 4354041 4.0610.45
Liver 2488+148 | 25461211 25711133 | 2506+154
Left kidney 2.35+0.25 2341023 249%0.15 2.49+0.26
Right kidney 2421017 2451025 2571014 2.5910.24
Spleen 1.73+0.20 1.70£0.17 1.8910.23 1.6910.19
Bladder 0.28+0.05 0.3110.04 0.31£0.06 0.3140.05
Left testis 6.40+0.73 6211066 7.124083 6.6310.66
Right testis 8.29+0.73 594+1.05 7.0310.77 6.87+0.93
Left adrenal gland 0.09+0.02 0.08+0.01 0.09+0.02 0.10+0.02
Right adrenal gland 0.0930.01 0.0710.01* 0.09%0.01 0.0810.02

Data shown were meantSD

* Significanily different from control group (p< 0.05)
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Table 2 Relative organ weight (g/1000 g body weight) of female rats receiving ECa 233 for 90 days
Group of rats receiving ECa 233 (mag/ka/day)

Organs

\ 0 (n=12) 10 (n=12) 100 (n=12) 1000 (n=12)

"BrainBrain 729%043 | 749%044 | 7211036 | 7.001049
' Heart 3334039 | 3384026 | 3204028 | 3274032
Lung 4514031 | 4624037 | 4441054 | 4514072
Stomach 5414044 | 5364050 | 5241080 | 518+065
Liver 25854075 | 25844212 | 25714276 | 25674249
Left kidney 2844021 | 2964020 | 2754020 | 2780%.22
Right kidney 289+0.16 | 3.07£022 | 2884013 | 2914020
Spleen 2244027 | 2194027 | 2204034 | 2314024
Bladder 030+£003 | 0314009 | 0274003 | 033+005
Left ovary 035+0.11 | 0354013 | 0324010 | 031+0.12
Right ovary 0334011 | 033+009 | 0351007 | 0314008
Uterus 2.2140.81 | 2204043 = 2474076 | 2081056
Left adrenal gland 0174002 | 0184002 = 0181003 | 0171004
Right adrenal gland 0164004 | 0164003  0.16+003 | 016=0.04

Data shown were meantSD

Effects on hematological parameters
Hematological values in ECa 233-treated
male groups were not significantly different from
those of their control group (Table 3). Female
rats receiving ECa 233 at dose of 1,000 mg/

Table 3 Hematological values of male rats receiving ECa 233 for 90 days

Parameter

kg/day had a significantly higher number of
WBC than their control group. Eosinophils in
the female groups receiving ECa 233 at 10 and
1.000 mg/kg/day were significantly lower than
those of their control group (Table 4).

Group of rats receiving ECa 723377(7mg£k§/day)

0 (n=12) 10 (n=12) 100 (n=12) = 1000 (n=12)
Hematocrit (%) 47.3611.87 46.7911.91 4581+1.37 47.03%1.10
Hemoglobin (g/dI) 15271048 15.081058 14.86+0.41 15.18+0.28
RBC (x10°cells/jL) 8.8210.24 8.8310.35 8.54+0.33 8.7010.26
MCV (fl/red cell) 53.71+1.69 53.04%1.11 536711.34 54.10+1.83
MCH (pg/red cell) 17322037 | 17.10%033 17.4210.32 17.4610.56
MCHC (g/dl RBC) 32251045 | 3225%039 @ 32451046 | 32271051
WBC (K/HL) 3.5811.09 3.8010.86 3.411094 36510.86
Neutrophil (%) 23.271540 20.94+497 26641514 | 26.8014.91
Eosinophil (%) 1.71+0.60 1.4310.61 1.55+0.49 1441062
Lymphocyte (%) 71171576 | 74.281524 | 68381559 | 68241587
Monocyte (%) 2.12+2.26 1.88%1.34 2.06+1.36 2.2911.69
Basophil (%) 1.7210.65 1.46£0.70 1374060

Platelet (K/JLL)

Data shown were mean®SD

?‘0 o -
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Table 4 Hematolegical values of female rats receiving ECa 233 for 90 days

[ —— Group of rats receiving ECa 233 (mg/kg/day)

0 (n=12) 10 (n=12) 100 (n=12) 1000 (n=12)
i Hematocrit (%) 46.0111.66 46.15£1.80 455611.23 46.631+2.42
‘ Hemoglobin (g/dl) 14.91+0.54 ‘ 14.92+0.66 14901040 15.10+0.77
RBC (x10°cells/LLL) 8.06:0.42 8.1010.39 7.9610.24 8.2010,56
‘ MCV (fl/red cell) 57.154192 | 5698+1.74 57.28%1.13 56.9511.21
‘ MCH (pg/red cell) 18.51%0.75 ‘ 18.4210.63 18.71£0.29 18.4510.43
MCHC (g/dl RBC) 32.39+0.36 32.33+0.98 32.67+0.40 32.3810.29
WBC (K/pL) 1.90£0.57 2281052 2.26+0.57 277%1.09*
Neutrophil (%) 21.85+4.91 18.80+6.26 21.35%537 17.26+6.54
Eosinophil (%) 2021068 1.38+0.58" 1.55+0.42 1.29:+0.48"
Lymphocyte (%) 73351586 | 76561759 | 7491%542 | 78891691
Monocyte (%) 1.76x1.73 2.05+2.26 1.3810.74 1.5510.94
Basophil (%) 1.03£0.54 1.2240.59 0.8110.33 1.0310.34
Platelet (K/[LL) 065.67184.28 | 928.42+166.88 | 918.25+94.56 | 912.70£84.02

Data shown were meantSD
* Significantly differant from contrcl group ip < 0.05)

Effects on clinical chemistry para
meters

Clinical chemistry values of all ECa
233-treated, male and female, groups were
not significantly different from those of their
sex-corresponding control groups except male
rats receiving the highest dose had slightly
but significantly higher sodium level than their
control groups (Tables 5 and 6).

Histopathology

Male rats receiving ECa 233 at 10 mg/
kg/day had a significantly higher incidence of
lymphoid proliferation in the lung and cen-
trilobular fatty degeneration in the liver than
their contral group (Table 7). However, there
was clearly no exacerbation of changes or
increase of effect at higher dose of 100 and
1,000 mg/kg/day were noted. The incidences
of GALT proliferation in the small intestine of
femmale rats receiving ECa 233 at the doses
of 10 and 1,000 mg/kg/day were significantly

lower than those observed in their respective
control groups (Table 8).

DISCUSSION

The oral acute toxicity study revealed
that ECa 233 at a single dose of 10 g/kg which
was the highest dose that could be given to
mice produced no acute toxic effect, lethality
and gross pathological lesions, Therefore, IJ)50
value in mice should he more than 10 g/kg
suggesting a relatively high margin of safety
of ECa 233 in relation to its effective dose in
enhancing memory at 10 and 30 mg/kg [61].
Considering that C. asiatica is a comman
edible plant and in previous study, oral dose of
dried C. agsiatica at 8 g/kg has been shown to
cause no sign of acute toxicity [4]. This finding
is not surprising.

Subchronic toxicity in Wistar rats orally
given with ECa 233 at doses of 10, 100 and
1,000 mg/kg/day which were equivalent to 1,

Acule and sub - chronie Ltoxicity studies of a standardized extract of Centella asiatica ECa 233
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10 and 100 fold of effective dose in improving
learning and memory in rodents [6] revealed
that ECa 233 did not affect body weight, food
consumption and animal health. The decrease
of the right adrenal relative weight in male rats
receiving ECa 233 at 10 mg/kg/day seems
unlikely to be accounted by ECa 233 as such
effect was not detected in animals receiving
100 or 1,000 mg/kg. The significant increase
of WBC in female rats receiving the highest
dose of ECa 233 agrees well with the finding
that methanol extract of C. asiatica has been
shown to increase total WBC count in mice [9].
Besides, the water extract of C. asiatica was
demonstrated to significantly increase poke-
weed mitogen-induced lymphocyte proliferation
in vitro [10]. However, the increase of WBC in
the highest dose-treated group could not be

classified as leucocytosis because the WBC
in the control group itself was lower than rat
normal range [11,12]. The decrease of eosinophil
in female rats receiving 10 and 1,000 mag/kg/
day was within normal range [11] and showed
no dose dependency and thus might not be
related to ECa 233. Dose-related increase in
the level of sodium was observed, however, it
was within normal range [12]. The significant
increases of bronchiole associated lymphoid
tissue proliferation in the lung and centrilobular
fatty degeneration in the liver were observed
exclusively in the male rat group receiving 10
mg/kg of ECa 233. Inconsistency and lack of
dose-dependency in the finding observed do
not support causal effect relationship between
ECa 233 and the lesions. In contrast to liver
specific toxicity of dried aerial part of C. asiatica

Table 5 Clinical chemistry value of male rats receiving ECa 233 for 90 days

} Group of rats receiving ECa 233 (mg/kg/day)
Parameter

0 (n=12) 10 (n=12) 100 (n=12) | 1000 (n=12)
ALT (UL) 33.5819.58 30251697 30.0014.61 27924297
AST (U/L) 96.75113.46 | 94.25+16.21 | 97.251+17.09 | 100.17+15.64
ALP (UL) 62.0017.93 61.00+829 60.75%8.00 62.08+7.28
BUN (mg/dl) 18.491+2.68 20.48+257 19.381+1.99 19.73%3.13
Creatinine (mg/dl) 0.5410.06 0.5610.10 0.54710.06 0.611+0.12
Total protein (g/dl) 6.5110.31 6.51%0.19 6481029 6.4210.33
Aloumin (g/dl) 4411014 4421047 4491013 4.4910.13
Bilirubin (mg/dl) 0.08£0.03 0.07£0.03 ‘ 0.0710.03 0.0810.03
Glucose (mg/dl) 184.19+£2428 | 181.00%29.59 | 177.07+£2052 | 176.791+25.57
Uric acid (mg/d!) 1.99£0.77 1.91£1.08 1.794098 1.77+0.80
Triglyceride (mg/dl) 108.09146.32  10664146.69 | 70521+39.42 | 79.78+3349
Cholesterol (mg/dl) 59.511+11.01 63.17111.89 53.8217.37 65.76110.50
Sodium (mmol/I) 145831094 | 145831094 @ 147.00%128 147.75%1.22*
Potassium (mmol/l) 5.0710.82 4.8810.99 4871086 4.2010.54
Chloride (mmol/l) 106.83%1.19 106.42+0.90 | 107.50%1.73 107.83%1.27

Data shown were meantSD
* Significantly different from control croup (p < 0.05)
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previously reported [8]. ECa 233 at the dose
of 1,000 mg/kg showed no sign of hepatotoxic
In terms of liver enzymes or histopathology.
Differences in composition of the test com-
pounds, crude powder in previous study versus
standardized extract in the present study, could
possibly account for the discrepancy observed.
Moreover, the finding that small intestinal asso-
ciated lymphoid tissue proliferation in the female
rats receiving ECa 233 at the doses of 10 and
1,000 markg was significantly lower than that
of control might suggest its protective effect.
Moreover, no other histopathological cbserva-

tions in the ECa 233-treated groups were found
to be significantly different from those of their
raspective control groups. Taken all together the
present study has demonstrated a good safety
profile ot a standardized extract of C. asiatica
in both acute and sub-chronic toxicity testing.
Based on the fact that ECa 233 is derived from
edible plant with proof of benefit and safety
on top of its favorable physical property with
regards to consistency of active ingredients
and being colorless, it is noteworthy to further
develop health food or pharmaceutical products
from the standardized extract of C. asiatica.

Table 6 Clinical chemistry values of female rats receiving ECa 233 for 90 days

Group of rats receiving ECa 233 (mg/kg/day)
Parameter
0 (n=12) 10 (n=12) 100 (n=12) = 1000 (n=12)
ALT (UL) 25174338 | 2358+472 | 23754238 @ 2183+4.43
AST (U/L) 89.00+1025 | 8342+837 | 8658+640 | 86.33%17.03
ALP (U/L) 31004825 | 295841041 | 30424766 | 29.00111.34
BUN (mg/di) 2198+456 | 23711625 | 2313+t448 | 22051420
Creatinine (mg/dI) 0.6210.13 0614014 | 0.6620.10 0.61+0.14
Total protein (g/dl) 6.5710.23 6.48+0.41 6.65+0.27 6.53+0.48
Albumin (g/dl) 487+0.16 4.6540.20 4.85+0.17 4.76+0.39
Bilirubin (mg/d) 0.0910.04 0.1140.03 0.11+0.04 0.11+0.03
 Glucose (mg/di) 1383911543 | 137.44%+19.12 | 130.47+14.65 | 140174£22.19
Uric acid (mg/dl) 1.3840.53 1.53+0.70 1.39+0.57 1.24+0.43
Triglyceride (mg/d) 37174833 = 3570854 & 39681838 ‘ 37471474
Cholesterol (mg/dil) 52611258 | 4932+11.21 | 528141216 | 54.73+1043
Sodium (mrmol/l) 146171153 = 146174111 = 146.83+1.03 | 146.83%1.40
Potassium (mmol/l) 4.47+0.55 4484072 4.1740.80 4.1940.83
Chloride (mmol/l) 100.7541.22 | 109424215 | 10975122 | 108.92+1.24

Data shown were mean®SD
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Table 7 Histopathological results of male rats receiving ECa 233 for 80 days

Group of rats receiving ECa 233

Organs Histopathological alteration mg/kgidey) il
0 10 100 1000 |
Lung Bronchiolar associated lymphoid 112 6/12* 3/12 5/12
tissue proliferation
Heart Focal myocardiosis 3/12 ‘ 1/12 0/12 1/12
Liver Centrilobular fatty degeneration 0/12 512 3/12 112
Small necrosis with mononuclear 112 112 112 0/12
portal area
Kidney Hydronephrosis 0/12 1712 0/12 0/12
Small intestine | Gut associated lymphoid tissue 2/12 1712 112 112
\ proliferation
| Large intestine | Gut associated lymphoid tissue 112 2/12 2/12 3/12
proliferation
‘\ Adrenal gland Cortical fatty infiltration 0/12 2/12 2/12 0/12

Data shown were number of rat with histopathogical alteration/total number of rat in each group
* Significantly different from control group (p < 0.05)

Table 8 Histopathological results of female rats receiving ECa 233 for 80 days

Group of rats reoeiviné- ECa233“

‘ 2 - . (mg/kg/day)
Organs Histopathological alteration
0 10 100 1000
Lung Bronchiole associated tissue 2/12 412 3/12 5/12
proliferation
Liver Multifocal necrosis at portal 0/12 3/12 112 0/12
Kidney Hydronephrosis 112 112 0/12 1/12
Small intestine | Gut associated lymphoid 5/12 onz+ 3/12 0/12*
proliferation
Large intestine | Gut associated lymphoid 1/12 212 2/12 2112

proliferation

Data shown were number or rats with alteration/total number or rats in each group
* Significantly different from control group (p < 0.05)
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CONCLUSION

Acute toxicity study of the standardized
extract of Centella asiatica ECa 233 in mice
by oral administration a single dose of 10 g/kg
which was equivalent to 1,000 times of effective
dose in enhancing memory effect in rodent did
not produce any toxic signs, mortality and gross
pathological lesions. Subchronic toxicity study
of ECa 233 in Wistar rats by oral administration
at the doses of 10, 100 and 1,000 mg/kg/day
showed that the extract did not affect body
weight, food consumption and animals health
Female rats receiving ECa 233 at 1,000 mg/
kg/day had a significant increase in WBC; but
could not be regarded as leucocytosis. Clinical
chemistry values in ECa 233-treated rais were
not significantly different from those of their
corresponding sex-control groups except for
a significant increase of sodium level in the
male rats receiving the highest dose. However,
this change was still within normal ranges. ECa
233 did not cause any significant microscopic
changes of vital organs. Histopathological
results revealed no causal effect relationship
between ECa 233 and the lesions. Taken all
together. ECa 233 is safe and should be further
developed to pharmaceutical products or food
supplement.
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Chronic Toxicity Study of Garcinia mangostana
Linn.
Pericarp Extract

Songpol Chivapat’ Pranee Chavalittumrong’ Prapai Wongsinkongman'
Chada Fhisalpong’ Anudep Rungsipipat’

ABSTRACT

Ethanolic extracts from fruit pericarp of mangosteen (Garcinia mangostana L.) possess
many biological and pharmacological activities. However, chronic toxicity study of ethanolic
extract has never been investigated. The objective of this study was to evaluate the safety of
95% ethanolic extract from mangosteen pericarp in animal model. The oral administration of the
extract was performed in 180 Wistar rats randomly allocated to six groups, each of 15/sex. Group
1 was control group receiving distilled water. Group 2 to 6 were treatment groups receiving the
extract at the doses of 10, 100, 500, 1000 and 1000 mg/kg/day for six months respectively.
The last group was assigned to be the satellite group for the study of reversibility of the extract
effects after two-week of extract withdrawal. The results revealed that the highest dose extract
produced significantly lower body weights in both male and female rats, compared to their cor-
responding control groups. The extract at any tested doses did not affect the animals’ behavior,
health status and nor did produce any abnormality of clinical manifestations and hematological
values. Clinical chemistry results showed that the male rats treated with 500 mg/kg/day extract
onward had significantly higher ALT than their control group. Both male and female receiving
the highest dose extract had significantly higher AST, whereas their glucose levels were signifi-
cantly lower when compared to their corresponding control groups. The male rats of the high-
est dose and satellite groups had significantly higher BUN values than their control group. The
female rats receiving the extract at the dose of 500 mg/kg/day onward had significantly higher
BUN and creatinine values than their control group. Histopathological results of visceral organs
revealed no significant lesion related to the extract; except the satellite group of both sexes,
which had significantly higher lesion of centrilobular hydropic degeneration in their livers than the
corresponding control groups. Such alteration may be caused by the highest dose mangosteen
pericarp extract. In conclusion, the high dose mangosteen pericarp extract affected liver and
kidney. Safety of chemical constituents in the extract should be further investigated before the
usage for health promotion.
Keywords: chronic toxicity, mangosteen pericarp extract, rat
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INTRODUCTION

Fruit pericarp of mangosteen (Garcinia
mangostana L.) has been traditionally used for
centuries in Southeast Asians as a medicinal
agent for the treatment of skin infections,
wounds, amoebic dysentery and also inflamma-
tion, diarrhea, cholera and dysentery in Ayur-
vedic medicine. (Pedraza-Chaverri et al., 2008).
Several phytochemical studies have shown that
there are many xanthones compounds in the
pericarp of mangosteen fruit. For example,
- mangostin, Y - mangostin, ) -deoxygartnin,
garcinone E, mangostanol (Chairungsrilerd et al.,
1996), tovopnillin A and B (Huang et al., 2001),
mangostenin (Suksamrarn et al., 2003), mango-
tenones C, D and E (Suksamramn et al.,, 2006).
Many biological and pharmacological activities
of the compounds extracted from rnangosteen
pericarp including its crude extracts have
been extensively investigated. For instance,
C-mangostin, the most abundant compound in
the pericarp extract, exert antiproliferative acti
vity against human leukemia cells (Matsumoto
et al.,, 2003) and also possess antimalarial prop-
erties (Mahabusarakam et al., 2006). Moreover,
this compound was shown to possess potent
chemopreventive effects in rat colon carcino-
genesis (Nabandith et al., 2004). Garcinone E
has potent cytotoxic effect on lung, gastric,
lung cancer human cell lines (Ho et al., 2002).
Suksamrarn et al, (2003) has shown that t-and
B-mangostin and garcinone B exhibit strong
antituberculosis activity. An ethanolic extract
of the mangosteen pericarp was demonstrated
to possess antibacterial (Veravuthikunchai and
Kitipat, 2005), antioxidant and neuroprotec-
tive (Weecharangsan et al., 2005), antiallergy
(Nakatani et al., 2002) and anti- inflammatory

activities in experimental animals (Reanmaongkol
and Wattanapiromkul, 2008). In addition, it has
been reported to exert the remarkable activity
against SKBR3 human breast adenoma cell line
(Moongkarndi et al., 2004).

Even though mangosteen pericarp has
been shown to possess various health be
nefits, the long term toxic effect of its exiract
has never been reported. In this study, we
investigated chronic toxicity of the mangosteen
pericarp extract in experimental animal to gain
additional safety information. The results will
be beneficial for supporting the development
and the consumption of health products from
mangosteen pericarp.

MATERIALS AND METHODS
Plant material and preparation of mango-
steen pericarp extract (MPE): The fruits of G.
mangostana were purchased from Chantaburi
Province, Thailand. The voucher specimen
(WGMO0615) was deposited at the Department
of Pharmaccgnosy, Faculty of Pharmacy, Ma-
hidol University. Thailand. The dried pericarp of
mangosteen fruit was coarsely pulverized into
powder. The powder was macerated twice with
95% ethanol for 48 and 24 hours respectively.
The extract solution from each marceration
was filtered and concentrated by evaporation
under reduced pressure. Both concentrated
extracts were pooled together and heated at
50°C to remove the solvent. The upper part of
the concentrated extract was further evaporated
with rotary evaporator at 55°C under reduced
pressure, and dried with vacuum oven at
50°C for 12 hours. The lower part of the concen-
trated extract was centrifuged with high-speed
centrifuge at 9,000 rpm for ten min, then the
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supernatant solution was evaporated at 55°C
under reduced pressure using rotary evapora-
tor and then was subjecied to vacuum oven at
50°C for 12 hours. Both concentrated extracts
were mixed together at 55°C until dried. The
yield of dried MPE from the dried mangosteen
pericarp was about 10% (w/w). Alpha-man-
gostin, a major biological active compound
in MPE, was found to be 24.42% according
to HPLC analysis. In addition, total tannins
content in MPE was assayed by the applied
determination of tannins method described in
Thai Herbal Pharmacopoeia Vol Il (Department
of Medical Sciences, 2000) and it was found to
be 13.8% (w/w). The extract was kept in well-
closed container, protected from light at -20°C
for further toxicological investigation.

Animals: One hundred and eighty Wistar rats
(90 male and 90 female rats weighing approxi-
mately 180-200 and 170-190 g, respectively)
were purchased from The National Laboratory
Animal Center, Mahidol University. Animals were
housed in a hygienic conventional animal room
of the laboratory animal center, Department
of Medical Sciences where the environment
of the room was maintained at 25%1°C with
60% humidity and 12 hour-light-dark cycle.
They were raised with commercial pellet diet
and clean water ad /ib. Prior to the chronic
toxicity study, the rats were acclimatized with
the environment for two weeks. This study was
approved by the Institutional Animal Care and
Use Committee, Department of Medical Sci-
ences (Approval No. 49-011).

Chronic toxicity test: Wistar rats were randomly
allocated to six groups of fifteen animals of
each sex. Group | was control group receiv-
ing distilled water at the volume of 10 ml/kg.
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Group 2 to 6 were experimental groups orally
administered with MPE at the doses of 10, 100,
500, 1000 and 1000 mg/kg/day for six months
respectively. The last group (satellite group) was
further raised without treatment for 14 days, in
order to assess reversioility of adverse effects
which may be produced by the highest dose
extract. During the experimental period, body
weight and food intake were recorded weekly
and the animals were observed for general ap-
pearance, behavior and signs of abnormalities.
At the end of the six-month treatment period,
the animals were fasted overnight, anesthesized
with diethyl ether inhalation. Blood samples
were collected from posterior vena cava for
determining hematological and serum clinical
chemistry values.

Hematological analysis was performed
using automatic hematological analyzer Cell
Dyn® 3500 (Abbot Laboratories Ltd, USA). Pa-
rameters examined were red blood celis (RBC),
hematocrit (Het), hemoglobin, mean cell volume
(MCV), mean cell hemoglobin (MCH), mean
cell hemoglobin concentration (MCHC), white
blood cells (WBC), neutrophils, ecsinophils, lym-
phocytes, monocytes, basophils and platelets.
Clinical chemistry values were measured by
using automatic chemistry analyzer Hitachi® 912
(Hitachi Ltd, Japan) and parameters assayed
were alkaline phosphatase (ALP), alanine trans-
minase (ALT), aspariate transminase (AST), total
protein, albumin, bilirubin, blood urea nitrogen
(BUN), creatinine, glucose, uric acid, triglyceride,
cholesterol, sodium, potassium and chloride
ions. A complete necropsy was performed to
determine gross pathological alterations of
various visceral organs. Brain, heart, lung, liver,
kidney, stomach, spleen, testis, uterus urinary



bladder and adrenal glands were weighed by
using Mettler Toledo” PB 153 balance (Metler
Toledo Int Inc, Switzerland). Thq organs’
weights were calculated into rela,t’;ve organ
weight (g/1000 g body weight). The visceral
organs were fixed in 10% buffered formalin, and
subjected to conventional histological process.
Histopathological examination was performed
on the above mentioned organs including the
trachea, lymph nodes, esophagus, pancreas,
intestine. thyroid gland, lacrimal and salivary
gland. prostate gland, seminal vesicle, ovary,
uterus, and mammary glands

Statistical analysis: The data were statistically
evaluated by one way ANOVA. Comparison be-
tween treatment and control group were made
by Bonferroni test. For histopathological results,
Fisher's exact was applied. Differences between
groups were considered significant at p<0.05.
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RESULTS
Effect of MPE on body weight, food consump-
tion and heaith status: Male rats receiving
MPE at the doses of 1000 and 500 mg/kg/day
had significantly lower average body weight
than their control group since the 7" and 17"
week till the end of the study respectively.
Similar body weight change was observed in
the female rats treated with the highest dose
MPE at the 12" week onward (Fig. 1). Mea
surement of the weekly food intake in the male
and female over the whole experimental period
showed no significant difference beatween all
the treatment groups and their corresponding
control groups in almost every week. Only the

Chronic Toxicily Study of Gareinia mangostana Linn. Pericarp Extract

male and female rats receiving the highest
dose had significantly lower food intake than
their corresponding control groups at week 8,
9 and 14 in the former group and at week 2 in
the latter group (Fig. 2). All of the MPE-treated
groups revealed healthy and no sign of abnor-

mality, as compared to their control groups.
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Figure 1 Growth curves of male and female rats receiving MPE for 6 months.

NI ARITTILWYE MIENTINE M HUEY 81



[+

-}

S 14 33 &3
:‘f-' a

Food consumption (g/ratiday
S o

* Sigrificantly different fom ceontrol growp (3<0.05)

—— M wuter
—— M0 myikg/dlay
e M 00 ey
— - g kg day
—— M 000 ke sy
- & - Fanier

Fenale

L e
t—tt ‘*‘fﬂ{ﬁ*%;b“‘?’*’f"#

- - 10 mkglday

= =k = F- 100 me/hziday
= = 5500 me/hgiday
- @ = AN agpikpiday

" i3

Time (week)

15

17

19 2 23 pal

Figure 2 Food consumption of male and female rats receiving MPE for 6 months.

Table 1 Relative organ weight (g/1000 g of body weight) and body weight (g) of male rats receiving MPE

for 6 months
Dose of MPE administered (ma/ka/day)
Organs Control 10 100 [ 500 1000 1000-S
=15 n=15 15 | n15 n=15 n=15
Brain 3.70%0.35 387+0.39 371056 422%0.32° 4.6510.36 4541026
Heart 255%0.25 271017 2561%0.15 2731016 2.8910.15° 2.9040.13
Lung 301+0.38 3254025 3144002 350:+0.984 3764044 3524024
Liver 26.60:+2.97 27.8542.01 27794229 28.78+159 30.14+2589" | 30.24+208
Stomach 3.76%0.39 4031044 391+0.26 462+0.48* 55740.88" 4.7510.49
Spleen 151%£0.20 1684027 16010.15 ‘ 1.7410.21 1.7740.23° 1.8640.23"
Right kidney 2.29+0.26 2374017 2364014 272+0.25* 2.7910.24" 2.86:+0.23
Left kidnay 220%0.22 2271016 226+0.17 255+0.18* 2711024 ‘ 276+0.23"
flight testis 4.96%0.40 513+0.63 4924064 5784074 5.86::1.18° 6.124054° |
Laft testis 497+0.40 530+0.72 50140.76 5.79+0.86 5.08:+1.16* 6.164054"
Right adrenal 0.06£0.01 0.0640.02 00620.01 0.0710.01 008+001* | 0.06+001
Left adrenal 0.07%0.02 0074001 0074002 0.07+0.02 0.081+0.01° 0.07£0.01
Bladder 0.27%0.05 028+0.07 0274005 0274005 0.2940.06 0.2810.05
Initial body weight 190.59+9.56 188.8548.75 191.5016.72 191.01£11.73 191.39+0.95 189.254+12.20
1 Final body weight 592415299 | 577.4345757 | 5941246081 | 519004654 | 465.91437.80° | 480.20:£32.38"

The values are expressed as meant SD, 1000-S: the satelite group

*significantly different from control group (p<0.05)

Effect of MPE on relative organ weight: In the
male, relative weight of the brain, lung, stom-
ach, both kidneys and right testis in the group
receiving 500 mg/kg/day of MPE were signifi-
cantly higher than those in the control group.
Almost all organs in the highest dose group had
significantly higher relative weight than those
of their control groups except bladder. Similar
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changes were observed in the satellite group
except for adrenal glands and bladder (Table
1). In the female rat, relative stomach weight
in the groups treated with 500 mg/kg/day MPE
onward was significantly higher than that in
the control group. The relative weight of the
liver and both kidneys in the highest dose and
satellite groups were significantly higher than



Table 2 Relative organ weight (g/1000g body weight) and body weight (g) of female rats receiving MPE for

6 months
Dose of MPE administered (mo/kg/day)
Organs | Control | 10 100 500 1000 1000-S
n=15 | n=i5 n=15 | n=15 n=15 n=15
Brain 6.75£0.40 6.8810.59 7.13%0.51 7202040 7.780.52" 7.25£0.45
Heart 321£0.40 327026 | 3261025 3291022 347:£0.26 3362024
‘ Lung 423+0.44 4211067 459%0.49 4551042 458+0,31 455%0.40
Liver 26.80::300 27.284+268 26,744+280 27464213 3031£2.04° | 3072:2.46¢
Stomach 5461059 57940563 583£0,65 5.29::0.54* 7.70£097" 8.75£0.71*
Spleen 204+0.56 2.25+0.82 202028 201£0.22 2152027 20440.29
Right kidney 282%0.22 2914035 2891023 305£0.27 3224023 3.184030°
Left kidney 267£0.13 2.74+0.26 278+0.25 2871022 3044015 3.05+023*
| Right adrenal 01240.04 €.13+0.02 0.14:£0,02 043£0.02 014£0.02 02840.38
| Left adrenal 0140.03 015£0.02 0.15::0,02 0.15£0.02 0.16£0.03 0241041
Bladcer 031£0.09 0.3210.06 0291005 031£0.06 0.34£0.04 0334003
Uterus 205+0.79 2524090 234044 240+0.84 2384052 2503065
Right ovary 024009 02510.06 02440.06 027£0.08 0254008 0.4310.74
Left ovary 025+0.09 02540.07 02540.08 027£0.10 025+0.06 0.25£0.06
Intial body vreight 173614838 174.3L67.77 162.731850 169.53£683 169471552 171691111
Final body weight 2051942560 | 2894912622 = 28363%15.18 | 27568k1474 | 25275+1820° | 27297+16.07*

The valugs are expressed as meanESD, 1000-S; the satelite group

“signiticanily aifferent from contral group (p<0.03)

those in the control group. In addition, the high-
est dose group had significantly higher relative
brain weight than the control group (Table 2).
Effects of MPE on hetnatotogical values: As de-
picted in Table 3 and 4, eosinophils in both male
and female rats receiving MPE at the doses
of 800 and 1000 mg/kg/day were significantly
lower than these in their corresponding control
groups. Neutrophils in the male rats of highest
dose and satellite groups were significantly
higher than those in the control group. In ad-
dition, WBC in the female rats of the satellite
group was significantly higher than that in the
control group.

Effects of ME on clinical chemistry values: In
the male rats, the groups receiving MPE at
the doses of 500 and 1000 mg/kg/day had
significantly higher ALT than the control group.
AST and BUN in the highest dose and satel-

lite group were significantly higher than those
in the control group. Cholesterol of the group
receiving MPE at the doses of 500 and 1000
mg/kg/day and of the satellite group showed
significantly higher level than that of the control
group. Total protein, uric acid and glucose in
the highest dose group were significantly lower
than those in the control group (Table 5). In the
female, the highest dose group had significantly
higher AST and total bilirubin than the control,
whereas the glucose level was significantly
lower than that in the control group. Both BUN
and creatinine in the group receiving MPE at
dose of 500 mg/kg/day onward and those in
the satellite group were significantly higher than
these in the control group (Table 6).

Effects of MPE on histopathological alterations:
At autopsy, there was no remarkable macro-
scopic lesions in any organs of both MPE-

Ghronic Toxicity Study of Garcinia mangostana Linn. Pericarp Extract
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Table 3 Hematological values of male rats receiving

MPE for 6 months

Dose of MPE administered (mg/kg/day)
Parameters Gontrol 10 100 | 500 1000 1000-S
n=15 n=15 n=15 n=15 n=15 n=15

f Hematacrit (%) 32351310 33.15%2.57 31,35%1.65 32564259 31.66£1.56 32.1711.44
RBC (x10°cells/mm’ 9171075 9331076 8.77£0.43 9.08+0.70 8934058 8.871041
Hemoglobin (g/dl) 16.43:£1.05 16.7811.18 15.93£0.42 16.58£1.31 16.18£098 16.34+0.58
MCV (Um/red cell) 35264146 35574112 35.78%+1,19 3585+1.00 35514102 36.31+1.20
MCHipg/red cel) 18024078 18,0210.61 18.20%0.72 18.28£0.76 18131057 18.44£0.45
MCHC({g/dl RBC) 51214332 50.68+1.25 50.87+1.57 5096+1.26 51.06£127 50.7910.78
WBC(x10'cells/mm’) 2474055 2804058 2.52:0.68 2.64+0.73 259+0.48 3.08+073
Neutrophil (%! 27.50+495 28.64:6.35 29,56:+6.24 3046+9.39 3863+9.11° | 29.801695"
Eosirophil (%] 2044052 1694049 1841052 1.30£043° 091£0.34 140:+0.46"
Lymphexyte (%) 55.2+0866 64.8657.27 64.10£6.05 | 65.53+1022 56.7319.98 63.37%8.05
Maonocyte (%) 426352 395%318 3.60£3.20 2.15£2.03 3061243 3254328
Basophil %) 1.081.06 0861068 0.800.51 0.55+0.42 0580.50 130091
Platelet (x10°cells/mm’) | 9465012881 | 91837414590  872.30+112.18 | 062.40497.25 | 948.75+121.76 ! 895,77+91.22

The velues are expressed as mean+SD, 1000-S: the satelite group * significantly different from control group (0<0.05)

Table 4 Hematological values of female rats receiving MPE for 6 months

Dose of MPE administered (mg/kg/day) |
Parameters Control 10 100 500 f 1000 1000-S
n=15 n=15 n=15 n=15 n=15 n=15

| Hematoerit (%) 31.091246 31.35+1.28 D661 30.40+1.26 31284218 32.03+208
RBC (x10°cells/mm’) 8.34+0.76 8261031 8.24£0.46 7.98+0.22 8.48+0.59 8451060
Hemeglobin (g/dl) 16041117 16.160.68 15.90£0.89 15.71£0.49 16244091 16.42+1.06
MCV (Hm'/red cell) 37.3241.01 37.98:£0.91 37.21£1.09 38.11+1.48 36924065 3reatiiz
MCH(pg/red cel) 19264080 19.57+0.68 19.30%0.68 | 19.70+0.74 19184057 19.45+053
MCHC({g/dl RBC) 51651135 51.5411.36 51.88+0.80 51.73:+1.29 51974131 51.27+063
WECix10'cells/mm’) 1.13%0.31 1224052 1211038 1.43+0.56 1.53+0.49 1743037
Neutrophil (%) 31114597 30.19:16.92 8224777 30.44:47.17 20751527 23.80£6.09
Eosinophil (%) 2.02+0.72 1.80+093 1.5810.74 1.13+087* 1.061+0.60" 1.49+0.66°
Lymphexyte (%) 6223+708 65.12+7.10 61.79+8.19 65.201+7.80 5604591 72.01£599
Monocyte (%) 3854294 233%182 3714234 2.59%2.28 2461190 1854217
Basophil (%) 0.79:+0.64 0554027 0.67£035 0.6540.50 0.68£0.30 084£066
Platelet (x10°cells/mm’) | 82268+92.86 | 763735644 | 7983746425 @ 82420+9207 | 878750402 | 378.03+£73.24

The values are expressed as meantSD, 1000-S; the satelite group

* significantly different from control group (p<0.05)

treated and control groups. Histopathology of
visceral organs revealed that the highest dose
male and female groups had significantly lower
incidence of bronchiole-associated lymphoid
tissue proliferation in the lung than their cor
responding contral groups. The satellite group of
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both sexes had significantly higher incidence of
centrilobular hydropic degeneration in the liver
tissue than their corresponding control group.
Histopathological findings of the heart, kidney
and intestine in all MPE-treated groups did not
differ from those in the control group (Table 7



Table 5 Biochemical values of male rats receiving MPE for € months

i Dose of MPE administered (mg/kg/day)
Parameters Control 10 100 500 1000 1000-S
n=18 n=15 n=15 n=15 n=15 n=15

ALP (U/L) 54.40£12.23 51.00£5.50 52.13%10.74 8.93+5.55 47431727 52.93+9.00
ALT (UL 441331604 | 474742183 36201733 | 79.8012173° | 942114031 | 79.47+14568
AST (U/L) 971342480 | 1051313458 | 917311106 1172743684 | 137.00%31.65* | 132.00t21.25"
Total proten (g/dl) 7194019 7054022 7.11£0.28 6.95+0.26 6.7810.33° 7.13+0.27
Albumin (g/dl) 4421013 4412019 4481015 450£0.19 4541025 4.49+0.15

| Total brirudin (mg/d) 008003 0.084003 0.0910.03 0.11£0.03 0.11£0.03 0.10+0.03
BUN (mg/al) 18971153 20351243 18594349 21,13%231 23.38%5.39" 2507+3.99°
Creatinine (mg/dl) 0584004 0581004 05740.05 0.52%0.06 0.60%0,16 0.60£0.09
Glucoss (ma/d) 2534015723 | 2504815750 | 27164%70.96 | 20845+30.83 | 156.85%46.71" | 211.77140.50
Uric acid (mo/dl) 5091132 5244121 495%+1,65 4.39%1.11 3.35£1.13° 3.77£1.30
Triglyceride (mg/ d) 817842827 | B783+4558 | 924243423 | 7083+2272 @ 84.21%1435 | 587011123
Cholesterol (mg/dl) 8490£1365 | 75.82%12.01 703441613 | 70.28+1399°  70.05+9.48 62.92+R.89"
Sodium 145,07+228 | 145074249 | 145601241 146005251 | 1466144315 | 14480%1.78
Potassium 7.18£065 7244075 6:5720.50 5.87+0.64 6.80+0.03 7.61£0.80
Chioride 102.87£136 | 101.93%1.44 \ 102,53£207 | 10233195 | 103641237 | 10440%1.99

The values are expressed as mean®SD, 1000-S: the satellite group

* signfficantly different from control group (p<0.05)

Table 6 Biochemical values of female rats receiving MPE for 6 months

Dose of MPE administered (mg/kg/day)
Parameters Control 10 100 500 1000 1000-S
n=18 n=16 n=15 n=15 n=15 n=15

ALP (UL 22.27£7.01 24.67+5.92 23874383 24574436 2487%5.08 2480425
ALT (U/L) 33.5318.68 31.801£7.39 31.07£6.35 40.14110.08 43.60%15.99 24.87:£524
AST (UrL) 1042711602 | 11493+1402 | 12360£23.72 = 11929141545 | 126.00k19.61* | 84.9317.58"
Total protein {g/di) 7.15£034 7174023 7131028 7124030 7.1610.36 1.33+0.34
Albumin (g/dl) 489025 4924012 4831023 4.7610.24 4.83+0.27 487+0.21
Total knirubin {mg/dl) 0.10£003 0124003 012004 0.1410.05 0.1610.04° 0.13+0.02
BUN (mg/dl) 21.78+2.61 24661452 23.7315.02 2821+485* | 3096+8689" | 3007727
Creatinine (mg/dl) 051+005 0581011 05610.06 0.6210.08" 0.6810.15" 0.64 0.06*
Glucose (mg/d) 107.61+2150 | 9400+1853 | 990011974 | 932542021 | 77.87+1658* | 10085+2051
Uric acid (ma/dl) 2431083 2181039 2074055 2.09+067 2454094 | 266%075
Triglyceride (mg/ <) 41.33+6.82 42.56%6.20 38.9517.38 35821758 38401936 44851781
Cholesterol (mg/dl) 675511294 | 6186118.23 ‘ 634641382 | 66.15%1345 623511301 | 64.13%14.15
Sodium 145204251 | 1456712.06 14640 223 146711270 | 147531196 | 14593%1.33
Potassum 6241093 600094 5404117 532:+138 5.651+1.43 7.15+1.60
Choride 106.134261 | 105133173 | 105604150 | 10543+203 [ 10407+222 | 107.33+1.88

The values are expressed as meanSD, 1000-S: the satellite group
* significantly different from control group (p<0.05)

and 8). In addition, there was no remarkable

lesion in other examined organs between the

MPE-treated and control group.
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Table 7 Histopathological results of male and female rats receiving MPE for 8 months

Organs | Microscopic Male rats Female rats
findings Dose of MPE administered (ma/kg/day) Dose of MPE administered (r_nglkg/day)
Control_ 10| 100 | 500 | 1000 [1000-S|Controll 10 | 100 | 500 | 1000 |1000S
Lung BALT proliferation 815 | 915 | 715 | 6/15 | 2/15* | 6/15 /15 515 | 515 | 415 | 1/15* | 615
Heart Myocardiosis 115 115 | 0116 | 0/15 | 015 | 1715 | NAL NRL | NRL NRL NRL | NRL
Liver Centrilobular 215 | 0715 | 0M5 | 0115 | 6/15 | 9115* | 015 | o115 | o5 | o5 | 2/15 | By
hydropic
degeneration
Kidney Dilated tubule 015 | 0/15 | OM5 | 015 | 1715 | 4/15* | NRL | NRL | NRL NRL | NRL | NRL
Hydronephrosis NRL | NRL | NRL | NRL | NRL | NRL | 015 | 015 115 | 4145 | 0/15 | 015
Small GALT proliteration W15 | 3715 | 2445 | 3715 | 115 | 1415 115 | 31§ 145 | 215 1715 | 116
intestine |in submucosa
Large GALT proliferation | 115 | 2715 | 1/15 | 515 | 245 | 215 | 215 | 145 | 3715 | 7115 | 1/15 | 1415
intestine |in submucosa

The results were expressed as the number of rats with pathological findings per total number of rais freated, 1000-S: the satellite group

* sigrificantly different from coniral group (p<0.05)

(NRL: No remarkable lesions. BALT: brenchiole-associated lymphoid lissus, GALT: Gut-assaciatad lymphoid tissue)

DISCUSSION

In this study, an administration of MPE at
any tested doses did not cause any overt toxic
signs and mortality in the rats. The measure-
ment of body weight indicated that MPE may
depress the growth of the animals and the male
rats were more susceptible to this effect than
the female rats. Our result was different from
a previous study by Towatana et al.

(2010) saying that the oral administration
of the 50% ethanolic extract in Wistar rats for
three months did not affect the body weight
at any time-points. This discrepancy may be
caused by the difference in chemical constit
uents and their contents between the 95% and
50% ethanolic extract. Peaslee and Einhellig
(1973) demanstrated that mice fed with diet
containing tannic acid had retarded growth.
In addition, the weanling rats receiving high
tannin varieties of sorghum had significanily
lower growth than those treated with low tan-
nin varieties (Jambunathan and Mertz, 1973).
Therefore, the result of poorer body weight in
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the male group treated with 500 mg/kg MPE
and that in the highest dose of both sexes might
partially be due to the effects of tannins. The
significantly less food intake were observed at
only three time-points in the male rats of high-
est dose group and only one time-point in the
female receiving this dose. However, measure-
ment of the weekly food intake at any other
time-points in both groups did not show any
discrepancies. Thus, it could not be stated that
MPE suppressed the food intake of the animals.

Almost all of the organs of the male rais
of the highest dose and satellite groups as well
as several organs of the male rats treated with
500 mg/kg/day MPE revealed higher relative
weights. These findings may be caused by the
lower body weight. As histopathological results
of such organs did not show any asscciated
abrnormalities. In addition, their actual weights
did not reveal any changes when compared
to the control group. Similar reasons may ac-
count for the increased relative weight of some
organ of the female rats of the highest dose



and satellite groups.

Hematological analysis of blood samples
from the female rats revealed no significant
difference in the total WBC number between
the highest dose and their control group. Thus,
the increase of such parameter in only the
satellite female group could due to biclogical
variations among rats rather than the results
of the extract. A decrease of ecsinophils in
both male and female groups receiving MPE
at the doses of 500 and 1000 mg/kg/day as
well as that in the satellite groups was likely
due to the extract; however, this alteration was
within normal range (Gad, 1992) and revealed
no clinical significance. Neutrophil counts of
the male rats receiving the highest dose was
significantly higher and seemed to be dose-
related. While Jejun et al. (2008) found that
the same dose of 95% ethanolic extract of
mangosteen did not cause any significant dif-
ference in hematological parameters including
neutrophil in the male Sprague-Dawley rats. This
discrepancies may be due to the difference in
rat strains and duration of extract treatment.
However, in this study, the alteration of neutro-
phils was slightly higher than the normal range
(Gad, 1992) and the withdrawal of treatment
could lead to reversibility of this effect. Clinical
chemistry examination revealed the increase
of ALT levels in the male rats receiving MPE
at the doses of 500 and 1000 mg/kg/day and
also that of AST in the male and female rats
receiving highest dose, which may be caused
by MPE. Pramyaothin et al. (2003) demonstrated
that xanthones, the major compound isolated,
from mangosteen pericarp, caused the increase
of both transaminases enzymes in isolated rat

hepatocytes, which indicated the hepatoxic ef-

fect. In addition, mangostin has been shown to
induce the significant increase of AST and ALT
in rats treated when given by intraperitoneal
or oral administration (Sornprasit et al., 1987).
The decrease of total protein in the male rats
receiving highest dose was slightly lower than
the normal range (Pimainog et al., 2003) and
this change could return to normal after the
extract withdrawal. Possible causes of this find-
ing may be decreased protein synthesis caused
by hepatic insufficiency and/or increased pro-
tein catabolism (Stackham and Scott, 2002).
Marzo et al. (2002) reported that chicken fed
with tannic acid added diet exhibited 2 marked
increase in the activities of liver cathepsin A
and D which suggested the increase in protein
catabolism. Thus, the tannin in MPE, at least in
part, account for this finding. The increase of
total bilirubin in the female rats receiving the
highest dose was within normal range (0.00-0.55
mg/dl) as reported by Gad (1992).

The decrease of glucose levels in the
males and females receiving highest dose might
contribute to the decreased gluconeogenesis
in the liver, according to the hepatic insuf-
ficiency as shown by the increased hepatic
enzyme activities (Stockham and Scott, 2002).
The decrease of uric acid level in the male rats
tended to be dose-related, however that in the
highest dose group was within normal range
(Gad, 1992). The decrease of cholesteral levels
in the male rats receiving the extract at 500 mg/
kg onward as well as the male satellite group
might be due to the decreased production in
the impaired hepatocytes (Stockham and Scott,
2002); nevertheless this alteration was within the
reference values of the male rats (Pimainog et
al, 2003). The increase of BUN and creatinine
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in the female rats treated with 500 and 1000
mg/kg/day as well as the increase of BUN in
the male rats of the highest dose group were
higher than the reference interval of male and
female Wistar rats as reported by Pimainog
et al. (2003). These alterations suggested that
MPE might affect the kidney function and this
effect was also observed in both sexes after
the extract withdrawal.

Histopathological examination of the
lungs from the male and female rats of the
highest dose group revealed a decreased inci-
dence of brenchiole associated lymphoid tissue
proliferation. This finding might be due to the
anti-inflammatory effect of the extract. Nakatani
et al. (2002) demonstrated that y-mangostin,
a xanthone compound in the mangosteen fruit
hull, inhibited the syntheses of prostaglandin
E2 and enzymes cyclooxygenase | and II. A
significanily higher incidence of centrilobular
hydropic degeneration of the liver of the male
rats of the satellite group, together with the
increase AST levels may be indicative of hepa-
totoxic effects of the extract. While the female
rats of the satellite group had an increase in-
cidence of such histological alteration without
any elevations of their AST or ALT enzymes.
The reasons for this finding may be explained
that the magnitude of the serum enzyme acti
vity is not a reliable indicator regarding the type
or degree of tissue injury (Lassen, 2004). Our
results also suggested that the withdrawal of
MPE treatment could not lead to reversibility of
hepatotoxic effects within two weeks. Although
the males of the satellite group had the higher
incidence of the kidney tubular cyst, this al-
teration did not show any significant difference

between the male rats of the highest dose and
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their control group. Furthermore, the female
rats of the satellite and the highest dose group
did not possess this alteration in their kidneys.
Thus, this finding may not be concluded to be
the results of MPE and needs to be further
investigated. The increase of hydronephrosis
incidence in the female rats receiving the extract
at dose of 500 mg/kg/day could not be due
to MPE since this was not dose dependent.
Moreover, this change is considered incidental
and thought to be congenital and inherited in
many strains of rats (King and Russel, 2006).
Other histopathological findings in the treatment
groups did not show any dose dependency or
any significant difference; therefore it could not
be due to MPE.

In conclusion, the six-month oral admi
nistration of MPE in Wistar rats at the doses of
10, 100, 500 and 1000 mg/kg/day revealed that
MPE did not produce any overt pharmacotoxic
signs and abnormalities in hematological values.
However, MPE at dose of 500 mg/kg/day on-
ward affected the body weight and produced
the increase in ALT, BUN and creatinine in the
tested animals. The highest dose MPE caused
the significant increase in AST. In addition, the
finding of hepatocellular degeneration after the
highest dose withdrawal may be suggestive
of the persistence in liver pathology caused
by the highest dose extracl. Hence, this study
revealed that MPE at dose 500 mg/kg onward
affected liver and kidney, and it could not be
suggested that MPE are safe for the long term
usage. Additional assessment of the appropriate
dose range including further studies on hepato-
toxicity of various chemical components in MPE
are suggested to be investigated, which may
be useful for the safe assessment and for the



health product development from mangosteen

pericarp extract.
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ABSTRACT

The pathological study on chronic toxicity of Thai traditional medicine: Ya-rid-si-duang-
mahakal was investigated in 180 wistar rats. The rats were divided into 6 groups, 30 rats in
each group (male=15 and female=15). Group 1 was a control group, treated orally with distilled
water. Group 2-5 were treated orally with 10, 100, 500 and 1000 mg/day/kg body weight for &
months continuously. Group 6 (Recovery group), they were treated orally with 1000 mg/day/kg
body weight for 6 months as treatment group. After that, they were then stopped administra-
tion 2 weeks before euthanasia. The histopathological results of the treatment groups showed
significant lesions in kidneys and liver when compared to conirol (p<0.05). The kidneys showed
various tubular casts with mild to moderate degree tubulonephrosis and moderate degree focal
nephritis as wall liver showed mild to moderate degree fatty degeneration with moderate degree
focal hepatic necrosis. There were some recognizable lesions in other organs, such as, submu-
cosal edema of stomach, laryngeal epithelial hyperplasia when the rats were given in high-dose
groups. In conclusion, the chronic toxicity in 6 months administration of Ya-rid-si-duang-mahakal
did not demonstirate any pathological changes in the visceral organs of the experimental rats.
However, the kidney and liver function test should be monitored in the long term administration.
Keywords: pathological study, chronic toxicity. Thai traditional medicine, Ya-rid-si-duang-mahakal

INTRODUCTION

Hemorrhoid is the common health pro
blem in human. The Thai traditional medicine:
Ya-rid-si-duang-mahakal is one of alternative
medicine that practically use in many hospitals
for treatmenti. The study of mutagenicity of
Ya-rid-si-duang-mahakal has been previously
described1. There has been neither toxicity
test nor adverse effect of this Thai traditional

medicine reported yetf. Therefore, this study is
attempted for study on pathology on chronic
toxicity of

Ya-rid-si-duang-mahakal in experimental
rats. The obtained data are useful for the pa-
tient on safety and risk assessment of Ya-rid-
si-duang-mahakal as a medical treatment for
hemorrhoid in the primary health care.

* To whom correspondence should be addressed. E-mail: achariyasa@chulaac.th Tel 02-218-9615-6. Fax, 0 2252.0779
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MATERIALS AND METHODS
Preparation of the Medicine

The Thai traditional medicine: Ya-rid-si-
duang-mahakal was in powdered preparation
without mercuric sulfide composition. The crude
ingredients were extracted by 85% alcohol
800 ml/kg, then filtered and evaporated by
rotary evaporator. The extraction residues were
added by distilled water 600 ml, filtered and
evaporated by lyophilizer. The preparations were
then mixed, dissolved with distilled water and
adjusted in various concentirations for chronic
toxicity test1.

Animals and Chronic Toxicity Study

One hundred eighty wistar rats weighing
200 * 10 g. for male and 180 =% 10 g. for fe-
male were purchased from National Laboratory
Animal Center, Mahidol University. They were
housed for acclimatization in experimental room
at 25 £ 1°C, 60% humidity and 12 hours/day
artificial light. The mice were fed with sterile
food and water ad lib.

Procedures for chronic toxicity were as
followed. The rats were divided into 6 groups,
30 rats in each group (male=15 and female=15).
Group 1 was a control group, treated orally with
distilled water as placebo effect. Group 2-5
were treated orally with 10, 100, 500 and 1000
mg/day/kg body weight for 6 months conti
nuously. For group 6 (Recovery group), the rats
were treated orally with 1000 mg/day/kg body
weight for 6 months as treatment group. They
were stopped the medicine administration for
2 weeks before necropsy. At the end of the
experimental period, the rats were euthanized by
ether inhalation. During experimental period, the
necropsy was then performed in the dead rats.

Upon necropsy the gross and histo-

92 hunaurenfiiudin Wyine

pathological lesions were determined®. The
organs (orain, heart, lung, liver, kidney, larynx,
spleen, intestine, pancreas, testis, prostate
gland, seminal vesicle, ovary, uterine, mammary
gland, salivary gland, lacrimal gland, thyroid
gland, adrenal gland and bone marrow) were
macroscopically examined. The tissues were
then preserved in 10% buffer formalin and
routinely processed for histology technic’. The
tissues were embedded in paraffin block and
cut into & microns thickness. The slides were
stained by Hematoxylin & eosin (H&E stain)
and observed under light microscope. In some
section, the special stains such as Alcian blue
pH 8. Prussian blue and Von Kossa were also
employed.
Statistic analysis

The degrees of pathological severity
were determined in all organs. There were mild,
moderate and severe. No remarkable lesion
(NRL) was used in case of no recognizable
pathological change. The pathalogical lesion
data in male and female (non-parametric) were
compared between control and experimental
groups. The statistical analysis used Mann
Whitney Test (p<0.05) by program (SPSS ver-
sion 14.0)

RESULTS

No remarkable gross lesion was ob-
served in the internal organs. The histopatho-
logical results on chronic toxicity of Thai
traditional medicine: Ya-rid-si-duang-mahakal
were shown (Table 1 and 2). There were mild
and moderate degree, and no remarkable
lesion (NRL) in liver, kidney, spleen, adrenal
gland, brain, bone marrow, larynx, pancreas,
stomach, intestine, heart and lung. There were



Figure 1: The histopathological picture showed swollen with hydropic degeneration of the renal tubular epithe-

lium; mild degree tubulonephrosis (&), Evidence of hyaline casts accumulated in renal tubules; moderate degree
tubulonephrosis (b). Hepatic cell degeneration showed mild degree fatty degeneration (c), Splenic hemosiderosis
in moderate degree (¢), Edema in the submucosal layer of the larynx (e), The hyperplasia of the bronchiolar
associated lymphoid tissue at the peribronchiclar area (f) Hematoxylin-eosin
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NRL in other organs, such as testis, prostate
gland, seminal vesicle, ovary, uterine, mam-
mary gland, salivary gland, lacrimal gland, and
thyroid gland. Moreover, there were pulmonary
congestion, focal pulmonary emphysema and
mild degree bronchiolar associated lymphoid
tissue (BALT) hyperplasia in all groups which
showed no statistical significant (p> 0.05). The
pathological lesions that showed statistical sig-
nificant in each group (p<0.05), were in kidneys
and liver. There were mild to moderate degree
tubulonephrosis with renal cast accumulation.
The casts were protein, hyaline and calcium
cast in renal tubules. Mild to moderate degree
of hepatic cell degeneration and focal hepatic
necrosis found in treatment groups. The others
were splenic hemosiderosis, laryngeal epithelial
hyperplasia, gastric submucosal edema and
adrenal cortex hyperplasia (Fig. 1 a,b,c,d.ef).
The necropsy results of the three rats that died
during the experimental period; two female rats
in control and 500 mg/day/kg body weight and
one male rat in 1000 mg/day/kg body weight
were respiratory and circulatory failure.

DISCUSSION

The pathological lesions that showed
statistical significant in treatment groups when
compared to control group, mainly demon-
strated in kidney and liver. In addition, the le-
sions in stomach, larynx were well pronounced
when rat received high dose of the medicine
that could be due to chronic irritation”. For 6
months administration in various doses effected
on the renal tubular epithelium. There were renal
tubular degeneration with various degrees of
cast accumulation which were due to nephro-
toxic effect’. The degree was also consistently
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increased when the rats were treated with
high dose. Mild to moderate degree hepatic
cell degeneration and focal hepatic necrosis
were found in all group and high dose group
that could be the hepatotoxic effect’”. It has
been reported that hepatic cells in rat show
rapidly regeneration that could also compen-
sate the mild degree pathological changes®™ It
was revealed that three rats died during the
experimental period caused by circulatory failure

or shock™""

. The splenic hemosiderosis alsa
found in all groups and showed more severity
in high-dose group. It was resulted from the
erythrocyte destruction or lysis of erythrocyte
that occurred in normal physiology or mild toxic
condition*®, The adrenal cortex hyperplasia
renders the hyperadrenocoticism that cause by
the continuous stress”. Upon the results, the
6 months administration of Ya-rid-si-duang-
mahakal did not demonstrate any pathological
changes in visceral organs of both male and fe-
male rats in all groups. However, it is suggested
that the kidney and liver function test should
be monitored in the long term administration.

Table 1 The Histopathological findings in male rats (n=90)

Doses (ma/day/kg bedy weiaht)

0 10 100 500 1000 10CO-R*
(n=13) (n=15) (n=15) (n=15) {n=15) (n=15)

Mild degree ~ = + UFEN + +

tubulon2phrosis

20% ©6.7% 13.3% 53.3% 100% 73.3%

Focal nephritis +¢ +F &t

o 40% 133% 40%
Moderate degree + + e B! R
tubulongphrosis 26.7% 53.3% 60% 100% 100% 100%

with casts

Mid degres focal

hepatic necrosis 73.3% 46.7% 60%



Table 1 The Histopathological findings in male rats (n=C0)

Dosas (my/day/kg body weight)

0 10 100 50 1000 1000-R*

{n=15] (n=15) (n=15) (n=15) (n=15} {n=15]

Moderate degree +% SHON &

hepatic fatty 86.7% 80% B86.7%

degenieration

Mild degree spienic & * i + + +

hemosiderasis 100% 100% 10D% 100% 100% 100%

Gastric submucosal £ & &' ' &

adema 40% 467% 267% 60% 33.3% 33.3%

Laryngeal epithetial % +* 4 + 4

hyperplasia 40% 867% 86.7% 93.3% 93.3% 93.3%

* 1000-R = recovery group, T pathological lesions,

# statistical significant when compared to control group (p<0.05)

Table 2 The Histopathological findings In female rats (n=90)

Doses (mg/day/kg body weight)

0 10 100 500 1000 1000-R*
(n=15} (n=15) (n=15) (n=15) (n=15) (n=15)

wo' &

+ o + + +
80% 533% 733% 40% 43.3% 73.3%

tubulonephrosis

Focal nephritis + el

85.7% 80% B6.7%

< o el

Milc degree =
tubulonephrosis ~ 46.7% 533% 533% 100% 100% 100%

with casts

Periportal caliular

infiltration 86.7% €0% 80%
Mild splenic a5 2 =+ + + +
nemosiderosis 100% 100% 100%. 100% 100% 100%
Gastric 358 & BEElE 40 Bl &
submucosal 267% 40% 40% 46.7% 26.7% 100%
edema

Leryngeal epithalial £  +* #* +* & &

hyperplasia 33.3% 733% 86.7% 53.3% 86.7% B86.7%

* 1000-R = recovery group. * pathalegical lesions.

# statistical significant when compared to control greup (p<0.05)
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Abstract

Chronic Toxicity of Yahom Navagoth Extract

Pranee Chavalittumrong®, Songpol Chivapat™’, Aimmanas Attawish*", Noppamas Soonthornchareon-

non"

*Senior Technical Office, **‘Medicinal Plant Research Institute, Department of Medical Sciences, Noiuhaburi
Province 11000, Thailand, ‘Department of Pharmacognosy, Faculty of Pharmacy, Mahidol University Bangkok
10400.

Thailand. f'Corresponding author. e-mail: Songpol.c@dmsc.mail.go.th

A Thai traditional recipe called yahom nacagoth, has been used in the treatment of circu-
latory disorder symptoms. The recipe comprises 54 herbal plants and Borneol camphor. Acute
toxicity of yahom navogoth extract (NGE) was assessed in 50 ICR mice randomly divided into
five groups of 10 mice each as follows: A control group was given distilled water orally and
four experimental groups were orally administered with NGE at doses of 2, 4, 8 and 16 g/kg,
respectively. NGE at doses of 2 and 4 g/kg did not cause any acute toxic signs nor lethality,
whereas doses of 8 and 16 mg/kg produced 10 and 70 percent mortality, respectively. Chronic
toxicity study of yahom navogoth exiract was performed in 144 Wistar rats divided into six
groups of 24 rats each (12 males and 12 females). The control group was given distilled water
and the five experimental groups were administered yahom navagoth extract orally at doses of
10, 100, 500,1000 and 1000 mg/kg/day, respectively, for six months. The extract doses given to
the animals were approximately equivalent to 1, 10, 50, 100 and 100 times larger than the human
therapeutic dose. The last group was used for a recovery study after two weeks discontinuation
of the highest dose. The result revealed that NGE did not affect body weight, food consump-
tion, behavior and the general health of the animals. Male rats receiving NGE at 1000 mg/kg/
day had a significant increase in total leukocytes and female rats receiving the same dose had a
significant increase in platelet counts. However, these hematological values tended to decrease
after withdrawal of the extract. NGE did not cause any abnormality of clinical chemistry values.
The incidence of histopathological alterations in the NGE-treated groups did not show any dose
dependence with the extract. In conclusion, yahom navagoth extract did not cause chronic
toxicity in the Wistar rats.

Key words: yahom navagoth, acute toxicity, chronic toxicity
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ABSTRACT

The effect of water extract of Gynostemma pentaphyllum was evaluated on 6-month

chronic toxicity in Wistar rats. Control group received orally 10 ml kg-' day-'". The extract was
orally given to the five treatment groups at the doses of 6, 30, 150, 750 and 750 mg kg-' day-’
for 24 weeks. The last group served as the recovery group. The results showed that the extract

did not produce any significant dose-related changes. Therefore, it is concluded that the extract

of G. pentaphyllum at the given doses did not produce any significant toxic effect in rats during

6-month period of the treatment.
©?2004 Elsevier B.V. All rights reserved.

Keywords: Gynostemma pentaphyllum ; Chronic toxicity

1. Introduction

Gynostemma pentaphyllum is an herbal
medicinal plant known in China as 'Jiao- Gu-
Lan', and as ‘Cha-Satun’ in Thailand. It is
distributed over large areas in Asia, e.g. Japan,
China, Korea, India, Thailand, Malaysia and the
Philippines. G. penta- phylum is a popular folk
medicine that has been used for treatment of
hepatitis, hypertension and cancer in Taiwan [1].
It is used for the treatment of hyperlipidaemiaby
reducing serum triglyceride and cholesterol
levels with a low Incidence of side effects [2].
It could also inhibit platelet aggregation induced
by ADP and other agonists [3]. Phytochemical
studies show that it contains ginsenosides

[4,5] and saponins [4-7]. In addition, it also
contains dammarane [4], B-simsterol (8],
protopanaxadriols and protopanaxatriols [9].
rutin, ombuoside [10], minerals [11], amino acids
[12] and vitamins [13].

Even though G. pentaphyilum is said to
be one of the most commonly used medicinal
plants in many countries in Asia, especially in
China, there has been no report of long-term
toxicity study of this plant. Chronic toxicity study
of this plant extract was therefore performed
in rats in order to evaluate the safety of this
extract prior to the evaluation of its therapeutic
efficacy in humans.

* Correspondirg aufhor. Tel: £66-2589-9850: fax: +€6-2580-9668,
E-mail zddrass: praneec@dmse moph.go.th (P. Chavaittumrong).
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2. Experimental
2.1. Plant material

G. pentaphyllum (Thunb.) Makino
(Cucurbitaceae), aerial part was collected
from Chiang-Mai Province. A voucher speci-
men (Bansiddhi 43-21) was deposited at the
Botanical Laboratory, Medicinal Plant Research
Institute. The botanical identifications were
determined using description of Backer [14]
and Wu [15], and compared with the authentic
specimens (Kerr 6555, Lakshnakara 395) at
the Bangkok Herbarium (BK), Department of
Agricuiture, Ministry of Agriculture and Coopera
tive, Thailand.
2.2. Extraction

G. pentaphylhrm aerial part, washed with
water, cut and dried at 50 oC, was refluxed and
dried to give a residue (yield:10.8%w/w). Prior
to the experiments the residue was redissolved
in water at the desired concentration.
2.3. Animals

Ninety male Wistar rats weighing 250210
g and 90 female rats weighing 200£10 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, main-
tained in standard environmental conditions
and were allowed to have free access to food
and clean water.
2.4. Six-month toxicity study

According to the WHO guideline [16], 90
Wistar rats of each sex were randomly divided
into six groups of 15 animals per sex. Group 1
(water control) received water 10 ml kg-' day-'
for 24 weeks. Groups 2-5 were orally treated
with water extract at doses of 6, 30, 150 and
750 mg kg-1 day-1. A further group, 6th, was

1 -T d tsraHar T HET IR

treated with 750 mg kg -' day -' and used as
recovery group. Body weight and food-intake
were measured weekly and the animals were
observed for signs of abnormalities during
the 6 months of treatment. At the end of the
treatment period, the 1st - 5th groups of rats
were fasted for 18 h, then anesthetized with
ether and sacrificed by drawing blood samples
from the posterior vena cava for hematological
and biochemical examinations. The 6th group of
rats, the recovery group, was withdrawn from
the feeding of the extract for 14 days before
being sacrificed in order to determine whether
toxic effects observed in high-dose group were
reversibly or permanently changed.

Hematological analysis was performed
using an automatic hematological analyzer
(Cell Dyn 3500, Abbott). The parameters of
the blood samples measure were: hematocrit
(Het), hemoglobin (Hb), red blood cell (RBC),
mean cell volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), white blood cell
(WBC), %neutrophil (%N), %lymphocyte (%L),
Y%monocyte (%M), %eosinophil (%E), %basoph.
Il (%B) and platelet.

Biochemical analysis of serurn 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), total protein, albumin, bili
rubin, creatinine, glucose, uric acid, triglyceride,
cholesterol, 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, blad-
der, salivary gland, adrenal gland 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%
phosphate buffered formalin solution. Tissue
slides were prepared and stained with hema-
toxylin and eosin. Histopathological examination
was performed by a pathologist.
2.5. Statistical analysis

The data were analyzed by one-way
ANOVA followed by Dunnett multiple ranges
test to determine significant differences between

groups at P<0.05. Histopathological data were
evaluated by the Fisher exact test and the
significance level was set at P<0.05.
3. Results and discussion
3.1. Effects of G. pentaphyllum extract on
body weight, relative food intake and relative
organ weight

In both male and female animals, there

Chronic toxicily of Gynoslemma penmphyllum

was no difference in the average body weights
between extract-treated groups and control
group throughout the experimental period
of 6 months (Fig.1). However, relative food
consumption of animals receiving the extract
was significantly different from the control
groups for several weeks. Male rats receiving
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Fig. 1.Growth curves of mala (M) and female (F) rats receiving G. pentaphylium for 6 months.
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the extract 750 mg kg-1 day-1 had higher
relative food intake than the control group in
the.4th weeks, while male rats receiving the
extract 6 mg kg-1 day-1 had lower relative
food intake than its control group during the
12th-13th weeks. Female rats receiving the
extract had lower relative food intake than the
control group during the 3rd-27th weeks of the
study (Fig. 2).Male rats treated with the extract

Food consumption (g'kg/week)

at the dose of 30 mg kg-1 day-1 had lower
relative splenic weight than that of the control
group (Table 1). Female rats treated with the
extract at the dose of 6 mg kg-1 day-1 had
lower relative left ovary weight than that of the
control group. While female rats treated with
the extract at the doses of 6 and 150 mg kg-1
day-1 had lower relative bladder weight than
that of the control group (Table 2).
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—=— M-6mg/kg
—=— M-30mg/kg
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Fig. 2. Relative food consumption of male (M) and female (F) rats receiving G. pentaphyllum for 6 months
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3.2 Effect of G pentaphyllum extract on hema-
tological parameters

There was no difference of the number of
red blood cells, white blood cell, %N, %L, %M,
%E, %B, hemoglobin, including MCV and MCH
between extract-treated groups and control
groups of either male or female rats (Tables 3
and 4). However, the recovery group of male
rat receiving the extract had significantly higher
hematocrit and lower MCHC and platelet than
that of the contral group. while the recovery
group of female rats receiving the extract had
significantly lower MCHC than that of the control
group. However, these changes were still within
the normal range [17].
3.3 Effect of G. pentaphyllum extract on blood
chemistry

In male and female rats, no differences
in the serum levels of ALP, ALT, AST, BUN,
total protein, aloumin, bilirubin, creatinine,
glucose, uric acid, triglyceride, cholesterol was
found between extract-treated groups and the
control groups. It was found that the levels of
serum sodium and chloride of extract-treated
groups were significanily higher than those of
the control groups (Tables 5 and 6), however,
the values were still within the normal range
[17]. Serum potassium level in male recovery
group was significantly higher than that of the
cantrol group, however, this change was still
within normal range [17], and did not occur
in any of the extract-treated groups. Hence,
this change may not be due to the effect of
the extract.
3.4.Effect of G.pentaphylium extract on histo-
pathology of internal organs

Histopathological examination of the liver
showed incidence of fatty change in all groups

of male rats, but there was no significant diffe
rence between groups. Similarly, the incidence
of focal myccarditis, hydrocalyx and testicular
atrophy that found in some groups of male
rats had no significant difference from that of
the control group. Likewise, the incidences of
nephrocalcinosis and chronic pyelonephritis
were found in some groups of female rats,
which had no significant difference from that
of the control group (Tables 7 and 8). Taken
together, the results showed that the extract of
G. pentaphyllurm did not produce any significant
dose-related histopathological changes of the
internal organs.

While the chronic toxicity was performed,
a female rat receiving the extract 750 mg kg-1
day-1 died by an accidental force-feeding in
the Bth week. A female rat receiving the extract
30 mg kg-1 day-1 had a mass in the lateral
rignt side in the 11th week, it was separated
to the other case, after that the rat was dead
in the 27th week. In the same week, a female
rat receiving the extract 6 mg kg-1 day-1 was
dead. Histopathological examination of the two
last female rats showed incidences of sarcoma
and lymphoma, respectively. However, these
changes were not found in any of the extract-
treated groups. Hence, these changes may not
be due to the effect of the extract. Besides, it
was reported that these incidences might be
caused by spontaneous neoplasms [18-20].

The result indicated that the water
extract of G.pentaphylium given orally at doses
of 6. 30, 150 and 750 mg kg-1 day-1.did not
produce any sign of toxicity in the rats during
the 6-month administration period.

~ Chronic toxicity of Gynostemmia pentaphyllum
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Table 7 Histopathological evaluation of male rats receiving G. pentaphyllum for 6 months

| Organs

Brain
Lung
Thyroid
Heart
Liver
Kidney
Spleen
Pancreas
Gl tract

Testis

Prostate gland

Adrenal gland

Microscopic
findings

Focal myocarditis

Fatty change
Hydrocalyx

Atrophy
Prostatitis

Dose of G. pentaphyllum(mg kg-1 day-1)

Control
n=15
0

= O DD 6 O = B &

6

[ n=15

0

© O O O O O = U o o o

30

| n=1§

0

2 O 90 60 & 60 & 6 B O

150

| n=15

0

Q0 =00 @ OO0 o

750

. n=15

0

O O O O 0O O o wu o o o

750-R

. n=15

o

(o= SN o S = A <= I = = T < T < U = S o T = ;

R: recovery group.
The results are expressed as number of rats with pathological findings

Table 8 Histopathological evaluation of female rats receiving G. pentaphyllum for 6 months

Organs

Brain
Lung

| Thyroid
Heart
Liver

Kidney

Spleen
Pancreas
Gl tract

Adrenal gland

Ovary

Microscopic
findings

Nephrocalcinosis

Chronic pyelonephritis

R: recovery group.
The results are expressed as number of rats with pathological findings

124 vrrEnsn i TWudn Wi

Dose of G. pentaphyllum(mg kg-1 day-1)

-

Control
Lﬂ 5
0

0 OO e o WO © D

6 30
n=14 | n=14
0 | o
0 0
0 0
0 0
0 0
1 2
1 0
0 0
0 0
0 0
0 0
0 0

150 750

n=15  n=15
0 0
0 0
0 0
0 0
0 0
1 2
0 0
0 0
0 0
0 0
0 0
0 0

750-R

n=14
0

OO 0D B ONe O O
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ABSTRACT

Oral acute toxicity of Centella asiatica (L.) Urban powder (CA) in mice revealed that median
lethal dose (LDSD) of CA was more than 8 g/kg body weight. Histopathological study revealed
no abnormality contributed to CA. Chronic toxicity has been investigated in six groups of Wistar
rats, each of 30 rats (15 of each sex). Group 1 was the water control group while group 2 to 5
received CA by oral administration at the doses of 20, 200, 600 and 1200 mg/kg/day respectively
for six months. Group 6, a recovery group, received 2000 ma/kg CA and the administration
was withdrawn two weeks before sacrificed. The result revealed that average body weight and
food consumption in all CA-treated groups were not different from those of the control groups.
Male rats receiving CA at 600 and 1200 mg/kg had significantly less white blood cell counts than
the control group (p<0.05); however the number of white blood cell increased after CA disconti
nuation for 2weeks.Male rats receiving 600 mg/kg CA and more had significantly higher levels
of sodium and chloride than control group (p<0.05) and female rats treated with 1200 mg/kg
CA had significantly higher sodium level (p<0.05) as well. However, these alterations were trivial
and within normal range. Histopathological study of various visceral organs did not show any
pathognomonic lesions caused by CA. Therefore, it may be concluded that CA produces no
toxicity in Wistar rats.
Keywords : Centella asiatica (L.) Urban, Toxicity
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| MCV (tlired call) 5285+ 1,17 | 5354 163 | 49.89 £ 1389 | 5279 £ 162 | 4937 + 1370 | 4975 % 1387
MCH (po/red call) 1729+ 058 | 1752+ 044 | 1638 £ 457 | 1740 £ 084 | 1613 £ 447 | 1500 % 447
MCHC {g/dl REC) 3263+ 088 | 3273+ 034 | 3066 + 849 | 3297 + 041 | 3051 *+ 846 | 30.02 * 832
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Hemoglobin (g/dl) 1425 +399 | 1532062 | 1486+ 057 | 1319£538 1395 £392 | 1416 3%
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ABSTRACT

Kaempferia parviflora Wall ex Bak. (KP) is now being popular for health promotion, Up to
the present time, toxicological information of this herb has been poorly know. Oral acute toxicity
study revealed that LD50 value of KP powder was more than 13.33 g/kg in mice and at this dase,
no abnormal histopathological changes were found in various visceral organs. Chranic toxicity
study has been performed in six groups of Wistar rats. Group 1 was a water control group and
group 2 to 5 were orally given KP at the doses of 20, 200, 1,000 and 2,000 mg/kg/day respec-
tively. Group 6 was a high recovery group which received 2000 mg/kg of KP and then KP was
withdrawn for 2 weeks. The result revealed that all KP-treated groups has no difference of body
weight and health when compared with their control group. Rats receiving 2000 mg/kg KP had
some changes ; i.., higher relative weight of liver (p<0.05) which might be due to lower body
weight, less eosinophil (p<0.05), higher serum sodium levels than their control groups (p<0.05)
but these were still within normal range. In addition female rats receiving the highest dose had
higher cholesterol level than the control group (p<0.05). Histopathological examination of visceral

organs did not show any abnormality due to KP toxicity.
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moadia (it 1) wandouSoudumaiagu
Jasthving (body weight gain) wui laiun
fNnvynaNALANBENYETEENAY (Moot 1)
dqwmmﬂuﬁlﬁ%unizmﬂﬁmn-nu'mﬁﬁmﬁn
fwibuashwinfiisusasanmanssliuan
AnnngumuaueEsilEAYINIaTA (1w
#i 1 uazmaed 2) mymegduazwaieldsy
n3¥aneen 2000 un/nn. Augnsldaeningy
AR AR 16 uay 22 Bl sudu
gommasns (Mwil 2) athalsfieamynnngad
g91ms woinaan wasgumwinludun@lsiven
FavInvynaNAMUAN wynaNTldTunTzees
ynmnadiivingieazining biuandrennngu
AN snifungaiildfunszenemauna 2000
an/nn. SehwindaninByavdusnnningaeue
pthsiiusAny 397t 1 uae 2)
wasaAmalafiningn

myngaiiladunszansimnamnaiimg
Tadsimenifiouvionun biuansmnnguaun
unifunyildsunszapsawageiliadudud
aladTuilamninngduemuasetheditusdtuss
vigwauflsiunszmnes 1000 un/nn. B9wou
inideangeninnguauquatiiuiAy
(p<0.05) (ATl 3 UA 4)
wamsaTeAaLAfiadinzesdy

wywAdleR [Funonszmpsiaua 2000
un/nn, fsziulaRainpeageningumuan
athiitla Ay (p<0.05) WazMyiEBIMAT L
Funsznasmnn 2000 an/nn. dssdulsideon



genhinguauauatisiilianaty (p<0.05) (i
il 5 uaz 6)
HaMINTIND I NANEEINEN
wyloangineil 6 Fusansemumannn
daust 200 sin/nn. Ful fignsnivesmsny
wting lymphoid cell flunsnagseunanaimwG
1an anaspteiitu AL EDR (p<0.05) Myl
gilésunszaned 20, 200 uaz 2000 un/nn. 3
mETINgNTes lymphoid cells a1lddnanay
aeviiufAty (p<0.05) NynART FfunTzany
@au1a 1000 un/nn. dguiAnscinoaveiannd s
v lndengeninguatuguaeeiiduiify
(p<0.05) wwwﬁﬁﬁlﬁ%’un‘szmuﬁwmm 20, 1000
uag 2000 wnJ/nn. dgiAn1anieay cortical fatty
degeneration TustanwmanlagshninguaaLay
pditusAy (p<0.05) (el 7 uae 8)

sl

mafneimdsunaulaensenainizsy
silviwimyfudnsmethntuzng 133 nnn. d
dumnagegaiiesnsalildlaiilifigeinsin
Taquagmylions Mnwsnsmnadiedesiing
wasweninesoemybinurnmiminglse o
Witsuiumynguuax s sunaitiilsl
wyiiudnsmedesas 50 (LD, ) msiiAraIANG)
13.3 nJ/nn. uazenenanladtlivi iy

@eunausiavyiuing
nafinmnfiwdafesasnanszmositumny
wsngdsens unanu 6 Wou wui vyine
dnsufldsumnszanedhamage 2000 un./n.
win 100 whassmnailldluauithwindiady
mndvyngueuastuideud 6 (Fai 22 fi
25) nwiiamnynguiiiuewmslatiesnriings
mawAN wistlsimanuinssaneshawageil
Tafinasomaiindusanimingh (body weight
gain) wyfldunasmnesimnegy 2000 wn/nn.
fupwnaiauninguenugy shuviisenaiiaen

maldumsyiinaigannlunsamizemig
wyllldunseanuiawna 2000 an.nn. fimin
fuinsugedustnefiiushAgualisuiusiy
uaMaaNEEInEing ansiiannuynaiiin
windasasringuatuay hlidnalddige
fu Anedpsosihnudiaionsmlummaide
fiwDiugedumumnanszumilifuuazgy
Fupiiushdnfiowa 1000 un/nn. uenan
fudaidensn lumywagiilisunszeeh
yondaifunliuisduniihehiifudAom,
sy fafuaranamldi nsenusiili
dunwdindonsfingy wyitlaSunssed
awa 2000 xn./nn. fBleRlufaanssatnediiy
druiudadunswisuwaainiosuazay
aglugaernund " szsulaasinasoadvha
Suptiedituandnlunymeaielasunszaeh
ilesnnfunhiuvisdummneessnizsum
Alesuudbinumadsuuasilumymagisos
Eurmsmeuausviiuansaiasmnun (gender -
related difference) sudulsifivaitifiduluvyle
aavmaildunszaneana 2000 in/nn. Fad
wadurivndntouuaviavelugnedmng

AyisreAT IFFUNSEINURMING 200
un/nn. ulifigiEnsaimsunsneey lymphoid
cells sauvaBRaNTINAENTanRARIBE it
dduaaiiun nszmumandmnnetitg
fusnagradusniauly devnnfinsdnmwuth
nasaTe (Kaempferia pandurata) Suifhuuiiogly
sz UnsznesiimanTiiigns
dmdnieuldd * Tunseanediesliarsnenaga
flavonoids ffiqvishuasdwinsatnsldl i dn
51 upafiiienan mycobacterium wasEIY
* YanTNINIRAATINIIUAMUBY (Kaempferia
rotunda) Hofufegluanaifeiunssmpiid
qw%ﬁwuﬁ;a Staphylococcus aureus WRY Kieb-
siella pneumonieae URZHLAT SUUATHALLIM
16 FoihuSefemuiululdinszmusoni

neEEAR Rl TR 145
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snsfisheanmmzdniauaznsinugaiidanld by
yussidenfuiugifinsaisesmawy lymphoid
cells Tualdfanashungaillfsunseaesh niou
madesasendmidemlafinuinfigiananigy
ulumymegiildunsznosh 1000 an/nn. T
[adadRmsnluazanuguuss fiadulungyd
Isunsznusmagend Bnfalivuaauan
sivvaeneiibanan umunedleféunnssans
AMIMANAUULRZFINT uRsuenMNGmBYIL
rieelnaiwulsuon Tumyitdergann " Feds
Solisnaghfiannnizanesh wywagilid
NEnEEBNA 20, 1000 UWaT 2000 Jn./nn. &
qﬁﬁmsniwmmsasaummhﬁuﬁoiawmnlm
druuananasatwiisdén enafianudiig
fumasasisiuszvaseaslin corticosteroids
i cortisol, corticosterone LixAuAlS tlasan
gosTaudiinad snauszuvresitenie Tay
weadeeiummluday sugavasdianlesia
wazhlufems mahvnzesszuuilauas
waaniden Tn ndandame szuulsyan i
domumaansuianssduiazmanAousg
saduwandeld usnnndifediummmsienisesn
guiveveasluusineg (permissive effects)
Fesoandosivasiwgnlumsigyitomesey
syulnansznee fafuesfneiadinla
Agaiuamsindainensoonzaedsenmas
gesluumnsesvnnlasaly mswfeulamng
menbinagaduimildiisduethodioiad
fumnazasnszmed duilieansrrindung
UDINTEF IO

ayuazdatauauus
mafnsfimdsuwdulasioursnazme
gmmhnuiwyiuinsmnageseilald A 133
n/nn. lireWiinemaiwdeumaulag wazmy
Iu’vmﬂ #1 LD, gavrenaznyitglumsaing
ASstaeiiAnann 13.3 nU/nn.

1 46 WETRNER TRl e AT

wamsAnyfiuSaseleedouminszany
symathnlBurivyusviRen3auwa 20, 200,1000
W&y 2000 Jn./nn/Au ([hiaa 6 ey uaesld
it nzmembiinliifieeimaimiai uaz
Lifinasogammwuazmaisdussshwindmy
wﬁTﬁiummuﬁwﬁviwaaﬁvﬁ*nmtﬁau'ﬁ\mum
Liuansivannngumuay aniumymedleRlisy
NsvEBaIUIe 1000 un./nn. dnulaiden
imgeinguauaNetefiloadny uammyi
I#5unseenasawna 2000 sn/nn. Swedidud
slodluflasningumunuusnsaglugaee
Uni wyillgsunszmnamiisuinge 2000 an/nn.
fisziuleFengennngumuauetitipanAy
wilsinuwensannlaq fidsfusiu wamsnie
ai’m::me’-gawmﬁ%wmwawgﬁlﬁ%’unizmw‘h
uansiuhaulwsnssanulinaliiawend
smv3eAnaAnUnAzeveTiassnag i
pahuite

NNHANMINARDIASNENEITBIRUB UL
1M m‘s-‘s‘uﬂszmuaqu'lwsn'szmuﬁwtﬂunm
wusailey msiieziimsnniidoniiefes
mMewasustasasnunuidiaidena) sz
Triaatnaseauasledinsauss uananding
AnnduanesyuuasmuauAmesingiu
nszed uasnAniusinssa sy
TutpvnmadudosDuiigawliusssuld
vilneasulwsnszsnudldotnethilalunmmn
ssAvBuauasemayanady S



Food weight { g/ral /day )

700

—— M.convol

— 8 20 mgg
e M.200 mghg

—H— N-1000 mghy
e 2000 mghg
—8— F.onvol

Body weight(g)

—H— F-20 mphg
—— £.200 mgiq
—9— F 1000 mghy

—8— F.2000 mgky

* whndavnoRumunuecsaivind e maedd (0<0.09)

ao ¥ . a ST v o w
NNV T RUNAIDRLTDINLILT AR (M) uaziwedy (F) w1a1uuqn§WUH1nﬂuL7aﬁ 6 au

Z
g
:
=
=
3
=
&
2
B
=
=

=]

30 g
—4— M-oonrol )g

—8— .20 mhy Ng

—d— M-200 mghkg '§

@

—H— M-1000 mghg =

=

—— M-2000mgNG ’g

—— F.conrol =

oo =

o720 maty =

—— F.200 mgAg 'é

= — 0 F-1000 Mgy 3
a e
—8— F.2000 mghg §

LS e e B S A L= SR T L umrsun angueugsod ke R aid (081 g
1 a § 7 8 W 1 15 4 W 2 2 23 %
e
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- b SV FURNIR ST e . V) g € vl ve,
MFNN 1 UMENAT (NF8) Wmsinivisdy (n3y) uasihwdnaisasdaning (%) BONAYLINIAA KN LA TURNNTZEY

sdunm 6 1fisu

nfumgildumanszmd o) ;

oluzninniad 0 20 200 1000 2000 ‘ 2000-R
n=15 n=15 n=15 n=15 n=15 | n=15
WGy 178874597 | 17833%8.74 | 177431940 | 177634944 17350+8.58 I 176.4516.91
ﬁmﬁnaﬁqm‘nn 606.55245.14 | 4449314646 | 601.37£3593 | 9839E50.60 | 557.37136.60 ‘ 558.39::61.68
i 4276814230 | 623264826 | 423931388 | 4207515610 | 383.87132.82 | 381.94:+5049
DY 0.3640.02 0364002 0.36+0.03 037+003 0.3840.02 ‘ 0384+0.04
wils 0.2440.02 0241002 0344001 0.3530.05 0.26+0.04 i 026:+0.02
pIE) 0.2740.02 0331003 0.2740.02 028+0.02 0:20+0.02 | 028002
NIANITDWMNT 0.3440.04 0294004 0.24£0.02 025%0.02 0.38+0.03 036+0.03
Ay 2304023 2274017 2.18%0.14 238+0.18 25520.19" | 2284047
ot 0.2040.01 021001 0.20+0.02 0212001 p.22:40.02 020£0.01
T 0.2140.02 0224002 0.2170.02 0221002 0.2310.02 0211002
| ¥ 0.160.01 0184002 0.1530.02 0.17+0.02 0.17£0.02 0170.02
NIzl 0.029+005 003110007 | 00320010 = 003110006 | 0033140005 | 0.029+0.005
Srunsdie 0514005 0.48+0.08 0.5210.04 0521005 0.55+0.04 054+0.06
e 0.5140.04 0.4810.08 0.52£0.05 0531006 0.5540.05 053+0.08
sianvsnlating 0.005540.0007  0.0054+0.0009 | 0.0050+0.0008  0.0057+00009 | 0.00511+0.0008 | 0.0054+0.0005
dpnvaniaom 0.004740.0005 00049100007 | 0,004510.0001  0.0051£00005 |0.005210.0005 | 0.0049£0.0004

) ) = - . . P 5, o -
m'lum’mmﬂm'(ugdmmau 2 shaDoounnnigin * uensnsmnngumuRtpt iy @dRmaia ( p<0.05)

a A R v b dd a S T oo f = vas
PITWN 2 UMUAET (NTH) INVUMMIANTY (N93) LavinvuneIeILlsnimyg (%) mawgu’smwamuﬁ'lmuwmsww

funm 6 wau

s nduﬁﬁéﬁ&eﬁ:ﬁ?ﬁ}ir (un./nn.Au)
s3zAlning 0 ' 20 200 1000 2000 2000-R
_ n=15 n=15 =15 n=15 n=15 n=15
| gy 1555041068 | 1541748537 | 154774945 | 15767677 | 153764873 | 153844780
vninggaie 311.43127.18 | 31373120560 | 319.437£26.04 | 3193013449 | 2045742263 | 30161%2644
i@ 155.0807.41 | 1505542072 | 164.66+27.39 | 1617340555 | 1408122512 | 147.77427.97
ROy 0.66::0.06 0551004 0.6410.04 0,52+007 0.6910.06 066+0.08
Wil 0294003  029+002 0304003 029:+0.0¢ 0314002 | 020007
e 0.410.05 0412009 0.3740.03 0.39:+004 0414003 0.40£0.05
NSEMEIMT 0.4510.04 047+004 0.4740.04 0.49+007 057+007 052+0.08
#iu 2272017 230016 2274021 2434033 26440207 2381027 |
| Inte 0.2310.02 0.24+006 0.2440.02 0254003 0.2540.01 0241002
o 0.2540.03 0244002 0.25::0.02 0254003 0.260.02 025+£0.03
S 0.2110.03 0.221+003 0.1940.03 021003 0.2240.04 020003
| naswnsilaans 002940049 | 0026£0055 | 0031£0.067 = 0026+0045 | 003240008 = 003140039
[ uagn 0.24+0.08 024+0086 02240.05 0.21£006 0.24£0.08 0234006
Foldan 001840005 | 0.018+0005 | 0018%0.054 = 001720005 | 001740007 | 0.017+0.005
F9kishe 001740.006 | 0017£00C5 | 0019£0.005 = 001710004 | 001840007 & 0.017+0.005
| slawvnlatis 0.0134+0.0029 | 0012400028 | 001100022  0.012£0.0021 :o.mnio.ums 0.012200014
sorwminlarn 0.012%0.0025

0012200025

0.01110.0019

0.011£0.0020

0011200016 | 0011200016

alummeuandugieniads + dudhuwnesgn © wmnsenngunussatheiisddamisi ( p<008)
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mn 3 ranmnssnlafininewsnnemmagiFumnsenpsithuan 6 e

nguwyALASUNanTzINEAY (n./0n./Au)
wnined 0 S0 | 200 1000 2000 |  2000-R
n=15 n=15 | n=15 n=15 n=15 | n=15
Hemaatocrite (%) 49.94+2 71 48072465 4873+1.44 4851£1.86 48501273 | 48041233
Hemoglobin (g/cl) 15954086 | 1554081 15.77£0.08 15624057 1565077 15.77+0.70
RBC (x10BCeils/{) 9.2740.35 9.0340.43 9182028 915036 9102041 8872030 |
MOV (fifred cell) 53.855196 5329212 530811.14 53.041.82 53301187 54,1641.87
MCH (pg/rod cell) 17212077 17.2240863 17.1940.41 17.00+062 17204069 17.77£0.70
MCHC (g/dl RBC) 31,95+0.81 32.32:050 32.38+0.36 32,81+033 32294059 32821043
WBC (K/L) 3591096 3.3810.56 34910.66 42214125 4514077 4365151
Neutrophil (25) 20.724670 23414465 21124346 20.48+491 95224965 | 239111488 i
Eosinophil (%) 1.81£0.65 1.56+£0.45 15520.52 1.20£0.52 1.06£0.40* 163079 j"- i
Lymphacyte (%) 68.0417.61 66.8747.38 67.70+4,84 69.2147.23 65.55+8.89 65.08:+13.49 w
Monoeyte (%) 761+403 6.86+2 59 73513.93 7134219 BAeE244 663167 %”
Basophil (%) 1.84+1.49 1.31+0.48 2201108 1.60+1.6¢ 1774075 | 2754114 £
Platelet (K/LL) 9555013783 | 964.53£14545 | 956.73+114,61.25 | 973.80491.18 | 9243018341 | 889740708 | -:
| -a
Aluensnaadlugliaie + smbusnaenasgu g
* wansennndamunspdwEiuE ApMaia ( p<0.05) g
:
AN 4 ks lain s masemoa oAl usenimedidunm 6 Weu =2
nEAMYTTATUHINSZHMAY (KN /An./3Y) =
winfinad 0 20 200 1000 2000 2000-R °-§
=15 =15 n=15 n=15 n=15 =15 =
Hemaatoerite %) 47754272 45854257 45.48%1.70 45934327 47.83£2.99 46714220 g
Hemeglobin (g/dl) 15574079 15264073 15.26+056 15.30£1.03 15,4940.86 15354060 £
RBC (x106cells/L) 8.15+0.36 8094033 7911025 8124052 7934110 7944029 =
MCV (fUred cell) 5850+2.93 57041222 58.7541.92 57791182 58.5642.25 56.66:167 ’E
MCH {pg/rac cell) 19.11+0.78 1887:£0.76 10.26+056 18.8440.71 1897+0.87 19.34+048 “%
MCHC (g/dl R8C) 32634065 32.58:+0.54 32604041 2260+048 32.40%0,52 32.88+050 &
WBC (K/HL) 2154061 2.353068 2.7911.01 3664149 306098 2184068 g
Noutrophil (96) 14772498 | 17.98+11.45 17864817 18774833 14.7643.56 22.304933 5B
Eosnophil (%) 1.55£0.49 1364089 1.26+0.59 113043 0.944045" 1.47+052 =
Lymphocyts (%) 77981554 | 750111269 75054932 76.50:6.66 78.85%4.29 68,78+954 ‘aé
Monocyte (%) 4591207 446+192 4561208 4324155 415%1.72 548%141 &
Basophil (%) 1.12+058 1204046 1.260.47 1.28+051 1.300.61 1.96-:0.63 =
Pratelat (WL 9030311276 | 875449177 | 9128311332 122,685 93923411406 | 902.20%75.24 ' :2:
- ——
Alumnsuanshipsniaio * daadiuswusansgme g
* wanehesnnsuaugodhaldeddynestia ( p<0.05) ',S
=
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- ' an vt vas 9, P
#1390 5 wnmm‘:‘mwmmﬁnaunﬂmngummagnlﬂsnw\sniwmmlﬂunm 6 LU

[

nsfuvygAlASumnszmedt (n/nn. )

winimed 0 20 \ 200 1000 2000 2000-R
n=15 n=15 | n=15 n=15 n=15 n=15
AST (UL 99.60£1829 | 1036741387 | 1044042247 | 084011408 | 930741087 | 8507+13.29
ALT (UIL) 39734803 | 38.13+800 | 40401785 | 35731676 | 3593+010 | 3660%754
ALP (UIL) 56.80£1007 | 54732825 | 54674826 | 50931815 | 4093867 5240812
Total protein g¥) 6631023 6764025 873017 6791025 6671029 6571030
Albumin (%) 4484015 4424016 4453011 4473044 4501022 439%0.17
Globulin (g%) 2.15£0.16 2344020 2.28+0.11 231020 2.1710.19 2.18£0.21
Bilirubin (g%) 006410030 | 007740030 | 005910026 | 0.061%0020 | CO76+0029 | 0.116%0,029"
BUN (ma%) 18794220 | 18512223 | 1831111 | 19984380 | 20034252 | 20034252
Creatinine (mg%) 07710066 | 0770073 | 07410058 | 074+0075 | 073£0.058 | 07410044
Glucose (mg/dl) 162.55+30.03 | 14580£19.49 | 16880+32.44 | 16538412032 | 1742042817 | 16053+28.40
Uric acid (g%) 2551143 | 193%+103 250%1.01 2474128 2514140 1.19%0.49*
Triglyceride (mg/dl) 1124312808 | 107.30%36,61 | 992313242 | 100.38+3198 | 861212657 | 107.36+237
Chelesterol (mg/dl) 7AT3LI466 | 757711675 | 657611116 | 783941519 | 728241110 | 6556+1532
| Sodium (mmOV1) 148801142 | 149274128 | 150074158 | 149.73%139 | 150874119° | 149.93+133
| Potassium (mmol/) 8042144 5441167 555+1.34 5724130 5474142 5014093
Chloride (mmol/) 10980137 | 111075128 | 110674140 | 111274139 | 11053+1.95 | 0.012+00014
aftummssasslugiinaRytaudsownasig
* ugnAnmnnaneueansenefiiuiAyeaia ( p<0,05)
Ml 6 sanInnvimaaiiadinoemywsmna o Funsnssresiiduna 6 wau
nssmyléFumonzanus (n/nn/u)
windef i | 20 200 1000 2000 2000-R
n=15 n=15 n=15 n=15 n=t5 | nets
AST (U/L) 802011445 | 856711925 | 819311274 | 856742508 | 848012055 | 70.47+066
ALT (U/L) 2507580 | 278011284 | 20274820 | 27674985 | 26404855 | 25004638
ALP (UnL) 26531628 | 21671484 | 23.13t447 | 23734931 23004538 | 20.40%6.14
| Total protein (g%) 8841023 6.94+0.24 6.8910.31 6.9710.47 7.08%0.32 6891031
Albumin (g%) 4921022 4.98+0.16 5021022 5.03+034 5.07+0.21 4961022
Globulin (g%) 1914026 1.9640.12 1874019 1.94+027 2011024 1932018
Bifrubin (g%) 009740037 | 0093+0030 | 0090004 | 0091+0025 | 006007 | 01314002
BUN (mg%) 2291£333 | 22804433 | 225714450 | 21864480 | 25034651 | 2054301
Creatirine (mgY%) 086:£0.09 0.6610.13 0812012 0.75+0.09 0.81£0.11 0791010
Glucose (mg/di) 1285622434 | 1314741487 | 1304541576 | 1336011829 | 1321642044 | 1357141773
| Uric acid {g%) 1454054 1.06+0.23 1054037 | 1.01%065 1.10£0.58 07240.23°
Triglyceride (mg/dl) 475311155 | 5399%2607 | 5059417.39 | 643143672 | 564012525 | 5564-+15.04
Cholesterol (mg/di) 488311382 | 51.85T1388 | 5384%1236 | 686011961 | 783012236 | 654842392
Sodium (mm0l) 148401130 | 14920+151 149.3311.18 | 149731096 | 150.73%1,10° | 140.33+1.18
Potassium (mmol/l) 522+117 4341045 4491099 4431091 4171063 4371041
Chioride (mmol/l) 12201101 | 112934133 | 112871141 | 112474178 | 120804203 112.33%1.23

anummvusadluguineiytdnadnsnngu

* uangRnnEnRI ARl Tl s AR MDA ( p<0.05)
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4 & w na
AN 7 wnm‘m‘:mﬁaLuamm:mognwmmwmmmuu

piEns mswasuuyasiing

Uan Lymphoid proliferated
peribronchioles

Wl Focal myocardiosis (+1)

M Hepatocyte degeneration
Protein cast deposited in
sinusoids (+1)

naswIsavI | Submucosal edema with
PMN infiltration

flugou Focal nodular hyperplasia

anlsan Lymphaid aggergatad in
submucosa

dnlalan)

foung Atrophy
Hemorrhagic supperative
epididymitis

‘ ﬁw\mrﬂl | Cortical fatty degeneration

el was 3 -
W Li'lﬂ@VIlﬂ'iUﬂ'ﬁ:’,‘ﬁ"IUﬂ’l whaan 6 iou

FUIATSIEHANSZBIBAT (Un./NN.1TU)

12/16 | 6/16* | 11/16 5/15* | 3/15° | 118

|

|

|

0 1 20 200 | 1000 2000 mnl
n=15 | n=15 n=15 | n=15  n=15 n=15

14115 | 1215 | &n5* | 815t | 71150 | 74457 |

|

715 | 315 | 415 | 6/15* | 415 | 2/15
1015 | 12/15 14715 | 1215 | 515 | 7115
015 | 015 | 1415 | O/15 | ©/15 | 1/15
0/15 | 015 | 145 | 0156 | 015 | 0/15
ons | 015 | 0/15 | 1/15 | 0715 | 015
815 | o715~ | 0/15* | 3/15 | 0/15° | 2/15°
2/15 | 415 | 515 | 115 | 115 | 1/156
015 215 | DS | OM5 | 015 | 1/15
015 | 0415 | 0115 | 0/16 | 0715 | 1/15
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| 20 200 1000 | 2000 |2000-R
n=15  n=15 | n=15 n=15 | n=15
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Uon Lymphoid proliferated 1315
peribronchioles

wla Focal myocardiosis (+1) 115

] Hepatocyte degeneration 0/15
Protein cast deposited in 0/15
sinuscids (+1)

In Chronic pyelititis 0115
Tubuiar dilataion 0/15
Pelvic epithelial proliferation 0/15

Erait] Congestion 0/15

alddn Lymphoid aggercated in 4/15
submucosa

alaflvnj 1/15

815 | 218 | 2/15* | a5 | 208"

0/15 | 0115 115 | 015 | O/15
0/15 | 118 0/15 | 0/16 | O/15
015 | O/18 115 | 015 | 2/15

0rs | 118 0/15 | 0DMG5 | O/15
oMs5 | 0/15 iAs5 | 015 | OS5
018 | 015 045 | 116 | 0/15
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4/15 | 0/15 0/15 ‘ 2118 | 0715

0/15 | 8/15 115 | 1118 1/15 ’

sanshummuuseagluesinaugins WS WAnOwATun gy
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T biiisomsRsiduuwsiuuazmyg oy nnmaAnsisfdsuwduszeznm 28 Fu Tuwyuan
Aam§ Snnu 150 fudsesniu 5 ngwg Ay 15 dasaiwa ﬂsznauv‘w’wnéumuvzuﬁauﬁmé’u uag
nguneansldsuasainwdamusamahnlumne 0.24, 2.4, 120, uaz 60.0 #n/nn/Mu uansli
Wiuh ansainliinasatmings mafiuenns thwinetensdning dmainfindiinuazlivhlifn
pnTTREagan sumsiindusesiansialummednguilésussaiaunn 12.0 waz 60.0un./nn./
u fhotfluasmnfiuazdnaiiu minor change nanmsinzndugasliwunsuasuidasnemmens
A (gross pathological lesions) F8983tMBTy znnmsns'mﬁmﬁaai‘mquawmBﬁwmuﬂm
Wihuh wyilldumsanawdamuanlifimmieunduaveinzmelushe sndumymergngadle
Fusnafinnnagogeailatfnscizessadiuidenwuulefugeiuuinsuldsuudasiifiusedy mid
fatty change wimiu dviuntaliasatnudamuaaindvsdudussudibionsldiAnugmie
wadusnnidulusazaisanfoBnumsshdndfifeglumssialdun bixin uaz norbixin %
WerSuanaldmnzantueusss)ssumiersrumsgasaiaueuuunlnrossinadugsis

ABSTRACT

Toxicity study of Bixa orellana Linn. extract, produced by Medicinal Plant Research Institute
was investigated. The maximum dose of 16.0 g/kg extract was orally administered to mice and
it was shown that the extract cause no acute toxic signs and no death. Oral subacute toxicity
study in five group of Wistar rats consisting of water control and four extract-treated groups
at the doses of 0.24. 2.4, 12.0 and 60.0 mg/kg/day revealed that the extract did not cause any
toxic sign and there was no alteration on body weight, food consumption, relative organ weight
and blood chemistry values. The increases of neutrophil in male rats receiving the extract at
the dose 12.0 and 60.0 mg/kg/day were minor change and still within normal range. Necropsy
results showed no gross pathological changes of visceral organs. Histopathology revealed no
abnormalities in any organs except male rats receiving the highest dose of extract had higher
incidence of mild fatty change. Therefore, application of the extract for coloring agent at high
concentration or overdose should be avoided and the amount of active ingredients (bixin and
norbixin) in the extract should be taken into account for appropriate concentration in each food
stuff as reported in other countries.

Key word : Bixin orellina, Toxicity
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f ] § vy v, 3 v, v o8 - o
arefl 1 dngeanbmings (n) wasdminateazdsaing (nnimiinga 1000 ni) TeykIARRALEL

M9 Fieuwaadmuae Wua 28

Dose of Bix;: orellana extract (mg/kg/day)

Organs Control 0.24 2.4 12 60
n=15 n=15 n=15 n=15 n=15
Initial 256112 261112 25611 257110 259:+10
body weight
Final 393+33 407+27 3B1E33 400129 39725
body weight
Brain 5.02+0.31 49110.26 5.11%0.37 4,99+0.41 4.9610.33
Heart 2.88+0.18 2.87£0.18 2.854+0.20 2,89+0.19 2.98+0.21
Lung 3811037 36210.27 3.78%0.35 3.7240.36 3771029
Liver 30.78+2.56 20.03+1.68 28.84+2.01* 29.3142.07 20.53+2.15
Stomach 4461053 4141041 4.4410.40 4191037 4184032
Spleen 2.00+0.30 200x0.24 1.8240.16 2.04+0.19 1991036
Right Kidney 29210.19 2.8110.16 2.861+0.23 2.81+0.20 2.85+0.21
Letft Kidney 2804+0.19 267+0.11 2.784+0.28 2.6910.20 271+0.15
Right Testis 7.40%1.03 7.16£0.97 7.55+0.84 7441091 7.34%£1.01
Left Testis 7.33+0.91 7.1910.89 7.5611.07 7.18+0.73 7.271061
Right Adrenal 0.080+0.012 0.086+0.013 | 0.084+0.018 0.08440.012 0.085£0.012
Left Adrenal 0.088+0013 0.098+0.011 0.097+0.016 0.095+0.012 0.091£0.011
Bladder 0.279:£0.041 0.327%0.054 0.428+0.050

|

0.35110.081

= uanAnTInnERATUANateiteiAuMIaGa (p<0.05)
anlummauandlugl meant+SD.

0.338+0.092

TN fdnunduuas oo somaaiawiamuasbininaas

l'l'th.'FIr_I"ﬂ'll.iIF":lI'I":-lui'l"l'll'l; MENTINEI O 1 59



a1 2 Avaesenimings (i) weiinadisdeivg (dalminga 1000 nsy) Doy Nl

R #RARALER T80 28 Su

Dose of Bixa orellana extract (mg/kg/day) 7 T_
Organs Control 024 24 E
n=15 n=15 n=15 n=15 n=15

Initial 21248 211%10 216t8 21218 21418
body weight |
Final 243115 243+12 241111 245113 249116
body weight

| Brain 7551%0.45 7.4710.38 7.661+0.54 7.5510.39 7.281+0.42

‘ Heart 32140.19 3.23+0.26 ‘ 8.1730.19 3.09+0.20 2.95+0.76
Lung 4.661+0.27 4.7810.28 4.70+0.38 4.661+0.34 4671041
Liver 28234206 28.00+262 27.4712.38 27.18%2.77 27.0812.50
Stomach 52710.55 5.48+1.01 5.40%0.55 5.12%0.70 5.12+055
Spleen 2.33+0.25 2411043 2251026 2.30%0.32 2.30+021
Right Kidney 3.04+0.21 3.051+0.19 3044024 2.99+0.20 2.93+0:28
Left Kidney 2.89+0.19 2.89+0.19 2891+0.22 286%0.20 2.811024 |
Right Adrenal 0.153:0.026 0.160+0.024 0.148+0.019 0.15420.017 0.1521+0.028
Left Adrenal 0.17240.03 0.18310.033 0.16110.024 0.171£0.021 0.162+0.021
Right Ovary 0.28940.009 0.32540.011 0.305%0.011 0.227£0.066 025710,076
Left Ovary 0.2994+0.011 0.348+0.012 0.2294+0.014 0.268+0.013 0.2500.064
Uterus 211050 2424057 217+0.82 2.3410.65 1.891+042
Bladder 0.3151+0.069 0.29340.034 0.289+0.059 0.2884:0.051 0.286+0.040
alummusasluzl mean+sD.
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Dose of Bixa orellana extract (mg/kg);i;ay) .

Organs Control 0.24 24 12 60
n=15 | n=15 n=15 n=15 n=1s___
Hematocrit (%) 5217+263 50.4718.68 | 50.01+267 48.9842.60" 49.71£3.75
RBC (x105cells/mm3) 9.24710.50 8.8310.42 8.8716.39 8.6010.52" 8.9010.63
Hemoglobin (g/dl) 16954067 | 16.33£058 | 16324067 | 16.1340.69" | 16.30£0.99
MCV (Um3/red cell) 5646+118 56.16£1.72 | 66391150 56.36£1.08 55.85%1.26
MCH (pg/red cell) 18351042 | 18511056 | 18411046 | 1858£049 | 18.34+0.46
MCHC (g/dl RBC) 31.93+230 329710.49* | 326514045 32.95+0.53 32.84%0.62
WBC (x103cells/mm3) 5.1511.28 4814129 | 4381+1.03 4571073 4741102
Neutrophil (%) 1358+2.19 15.58£3.81 1542+3.60 18.67%5.28" = 20.4317.84*
Ecsinophil (%) 1.0140.37 0981029 | 096+0.42 0.8910.32 1.13%045
Lymphocyte (%) 7551£509 | 76.16£6.62 | 77.14%580 | 72.57£7.68 | 68631954
Monacyte (%) 6.3713.81 444+385 | 4,40%2.42 56112384 6831438
Basophil (%) 3.42+1.56 2.93%1.70 2.0810.99 2261094 2971259
Platelet (x103celis/fmma3) 1102498 ‘ 1078£128 1072+ g6 10391110 10991120
* usneivannnguenuQuetnsiiufdumeaiia (p<0.05)
ftumatouaalugl mean-sp.
s il 4 Anrnladaimsoguanmadisilfuamsaiomdaduan e 28 u
Dose of Bixa orelfana extract (mg/kg/day) '
‘ Parameters | Control | 0.24 24 12 €0
 n=15 | n=ts =15 n=15 =15
Hematacrit (%) 48.24%2.90 474213275 | 47.9512.48 46.7681+2.61 4809+354
RBC (x106cells/mm3) 8294053 820%0.49 8.46+0.61 8174043 8.5710.66
Hemoaglobin (g/dl) 15.6510.81 16471079 | 156010.77 16.4740.44 16.02+1.05
MCV (Hm3/red cell) 58.19%1.65 57.83%£144 | 56,7711.44 57.186£1.74 57.18%1.54
MCH (pafred cell) 18.89+060 | 18891060 | 18.48£0.58 = 18974092 | 18714049
MCHC (g/dl REC) 32.46+0.54 32641063 | 32551037 33.231+1.96 32731049
WBC (x103cells/mm3) 2841066 3.0010.83 3.04+096 3.06%0.71 3.23%1.19
Neutraphil (%) 16804302 = 18324501 | 1857+429 | 1817777 | 17.14+421
Eosinophil (%) 1.024045 1112045 | 1061034 1.21£0.46 0.92:£0.42
Lymphocyte (%} 77.59%571 | 74801592 | 74414543 | 74644732 | 7591%54.4
Monocyte (%) 425%3.47 448%2.16 | 456292 4.46£2.25 4.6412.18
Basophil (%) 1324075 1474053 | 1404083 1.520.82 1.30+0.67
| Platelet (x103cells/mm3) 1049%110 1042130 10794102 1082195 1103%84

lumnsuaeviugl meantso,
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- = Dose of BI;XO orellana extracti(img‘/k.g/day)
Parameters Control 0.24 [ 24 12 60
n=15 n=15 | n=15 n=15 n=15

ALP (U/L) 81.53+17.65 | 75931857 | 78001906 | 81.20X1054 | 736719.38
ALT (U/L) 31.1317.06 2480%3.30" | 29671664 29.9314.49 27.73+4.48
AST (U/L) 93471830 91.80+8.86 | 96.33+12.13 96.27+9.28 95.73£8.48
Total protein (g/dl) 5.81+0.18 6.65£0.15 6.6710.20 6.66+0.18 6.741018
Albumin (g/dl) 4.6610.14 455%+0.12 4624012 4,6010.11 4624009
Bilirubin (ma/dl) 0.0810.03 0.0710.03 0.07£0.02 0.08+0.02 0061003
BUN (mg/dl) 17.37+1.69 18.35+2.48 | 18151207 17.681+1.80 18.391£1.85
Creatinine (mg/dl) 0.5610.04 0.53+0.05 0.53%0.08 0.51+0.05 0551007
Glucose (mg/dl) 2072343175 | 194.99+25.217| 211.97145.88 |189.64+34.02* | 193.03130.36
Uric acid {mg/dl) 4.45%1.48 228%1.15* 2.61%1.66 217+1.64" 2.81+161*
Triglyceride (mg/dl) 998142160 | 120.35121.36 | 10059£30.36 | 105.15+23.96 | 113.12+37.21
Cholesterol (mg/d!) 51.5719.95 605911083 | 54.73110.45 59.24+9.17 5958+14.50

* upnANTMINNENAIUANREWIILEANVERf (p<0.05)
Alummousashum meanZSD.

ms9i 6 undindinoosmyuanildiussatawiaduss Munm 28 Tu

. e Dose of Ei;a_orellana extract (mg/kg/day)
Parameters Control 0.24 2.4 12 60 5
n=15 n=15 n=15 n=15 n=15

ALP (U/L) 36.87L£5.55 38.93+531 | 38331+8385 37.2713.99 36.8016.76
ALT (U/L) 10871272 | 240011489 | 21.93%7.25 19.73+4.79 19.80£3.36
AST (U/L) 8047+7.87 | 876711860 | 8273+1532 | 84.40%7.22 81.0713.69
Total protein (g/dl) 6771027 6.87+0.25 6.8710.23 6.91+0.24 6.9310.17
Albumin (g/dl) 4801018 4.8410.18 4891017 4911+0.16 4981016
Bilirubin (mg/dl) 0091003 0.08+0.04 0102003 0.09+0.04 0.09+0.03
BUN (mg/dl) 21.93+3.94 22754347 | 22091361 21441447 21.50+4.13
Creatinine (mg/dl) 0591008 0.621+0.08 0.60+0.09 0.5610.07 0.6210.07

| Glucose (mg/dl) 1639843685  15307+20.82 [ 1668113820 | 145.98+15.42 | 147.15+20.39 |
Uric acid (mg/dl) 220115 1.9710.97 2394147 1.9510.84 2.8311.20
Triglyceride (mg/di) 44.05%7.81 40214574 | 4447877 39.631595 40.911+6.15
Cholesterol (mg/di) 506411456  53.32%11.58 | 5358%9.98 54111895 | 49.44111.04

| — | —

* uanFINNANAIUANBHNENEAYNIEDA (p<0.05)
tusnsrsuandluzy mean+SD.
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Dose of Bixa orellana extract (mg/kg/day)

Organs Microscopic Control 0.24 24 12 60
findings n=15 n=15 n=15 n=15 n=15
Lung Lymphoid 715 915 5/15 10/15 13/15
praliferated
bronchiole
Heart Myocardiosis 0/15 115 0/15 115 1/15
Liver Hepatocyte 015 | 0M5 s | 2ns 5/15*
Fatty degeneration :
Pancreas Aciﬁarih)i/perglésiia 3 0/1; 6/15 0/15 \ 7 071g = 1/1‘5_.
small | GALT 2115 2115 os | 3% 1715
j intestine &iferation { X:
Large GALT 3/15 | 2/15 5/15 4,15 4/15
intestine | praliferation |
Adrenal | Cortéx fatty 015 | 0M5 0/15 3/15 0M5
gland degeneration

* wanehwnnnguaiuayainsiniushdumnealid (0<0.05)
wamansruaaslugiany SnoumyiwunswSesasesumyiions

GALT = Gut associated lymphoid tissue

MINT 8 HRMIATIEIEMANIEIN YRy IAdERlF U TN RLEed s Wune 28 4u

Dose of Bixa orellana extract (mg/kg/day)

intestine

" uansemnnauaIuRuaieiilbddveaiii (p<0.05)
uﬂm‘smwmnﬂugxlmm 5’1!1’]11“1‘1%?;1'01Jn’l‘inlﬁﬂullﬂﬂ\‘l/ﬁ\ﬂ’luw\dﬁ.m‘i’ﬂ
GALT = Gut associated lymphoid tissue

Organs Microscopic Control l 024 s ' 24 * 12 60
findings n=15 | n=15 | n=15 n=15 n=15
Lung Lymphoid /15 } 6/15 515 | 11115 10/15
proliferated ‘
bronchiole
' Liver Hepatocyte Fatty 0115 015 1/15 0/15 215
degeneration
Kidney | Congesticn (mild) 015 015 715" ms | o5
“Spleen NRL Jr— 7\ -
I Pancreas | Acinar hyperplasia /15 ‘ 0715 0115 | DA15 115
Small GALT 115 115 2115 4115 1/15
intestine praliferation
Large GALT 5/15_ 2115 315 ns | 3115
proliferation

FROARINTIONMG IEsT 1T 163
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Fuudiadsauavanavadniteddy (@< 0.06) uazwgtwmLﬁwﬂé’%’uaﬁaﬁmagﬂwmﬂunm
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ey : sannmulng, sndadu, 3ile exae, ividos
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DEVAILITIUAND indnss Weldihmuzdoius syulnsuday
-~ - e’ ) ) - - o a’l
anasnnayulng Wl oxas ndunsn  wladasswanusanalfded
wevsnT siafldeniis ¢ via Ao wnoinm wWnoi (Canna indica L.) vuie e

(Canna indica L) . Tinlrish (Polygala trifiora  Cannaceas® dhwusifiuliiduan dasou tseTem
L), W8 (Clinacanthus nutans Lindau), w1 enlgifiuenudle, iiadmlse, viqeden,
sglwin (Ammania baccifera L) widandamus  sesueiou Wulafauasidumssnu®. nln
(Acanthus ebracteatus Vahl), e (Mallotus @ (Polygalar triflora L.) 296 Polygalaceae (il
philippensis MuellArg) F1ufumils (Smitax  Woduan Ffotusdanbhiuduiiaans Iidun
corbuloria Kunthr), wazdBuls (Pygmoeo- 1B utanandrduiinseiiulsed mfwﬁnﬂ'\je
premma herbacea (Roxb.) Mold.). tanulws  Tafis, thgemdsmeing, mnﬁuﬁwﬁaﬁ'\qeﬁmu.
FiuiiannlnuanmAiuuasaL 9AmMs mﬁan”mfwwnﬁqﬁuﬁqwﬁﬁwnﬂw%mﬂENn‘ia

aendavtRgu v ianwnaaadnone
=gwin%nns naxTauaanimiuwnd
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sanhmyuas fhuiusiaimadusioluananaans
" Wanea (Clinacanthus nutans Lindau) (il
29¢ Acanthaceae {{ulifidse sdudiden T
wi Tuaaldfnnlsaamivniuuazgaio,
wifisuaavaR iAo, uananilmsaiengiee
AqniwAsuwasnmeuauservgiiduuuy
waald’. nelwun (Ammania baccifera L) flu
fduanlined Lythraceae® Sumsiiduuay dugs
mo-co 1. fdufideuunss Sliwumsidlushs
nlny ualinenudng i ssaimemues
apvselndovissinhaluwyfudng, wian
1U8msa (Acanthus ebrateatus Vahl) ag‘lm\zﬁ
Acanthaceae® fiasmaumunsulumousiil T
wanin Ay unadniay. wmdtneldioh
duenuilv fiil gnldduntulsineshouse”
wagiinpmuhasatasehsovmdondavue
sansallasiunsidanziGeiuTuvynasnld®
WnIWe (Mallotus philippensis Muell.Arg.) Wé
Euphorbiaceae® {iulifufusunatauiaun
nane Aumdauilsaidey, Suwens, ufld, Tsnsy
waziflaawng”. drafiumils (Smilax corbularia
Kunth.) Wuieaed Smilaceae® Lazdiiula
(Pygmaeopremma herbaceae (Roxb.)Mold.) 1fu
e Verbenaceae® Wathifuldudidusinms,
thdasde, mulsaszendndod fafudu. o
Inslunompaumaindsusassewhiniur.

ninmsfAnsgnivesansanaayulns
GPO1986 %11 ﬁqwﬁ"ﬁuf\mmﬁﬂ prolifera-
tion 98y endothelium cell 989 HUVEC (human
umbilical vein endothelial cells) a2 GB (glio-
blastoma multitorm cells) ﬁL’§UﬁTﬂﬂ conditional
medium 138 "x’j‘?mﬁnw:ﬂm glioblastoma™.n13
ﬁnmn%’qﬁﬁ'ﬁmqmsmé WefnEfisiiosvany
arsafinayulns Wl oxes ludninasaviiie
Timnuivdeysruusanibsesenmnayulns
il noudesihlugmanaaasmeeiinlug
thessdadasalluazfumsdueseefuilon
nmntls.
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Wuarluuaanasediniudosay av.ce uaz
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0.00c, 0.0 LAY o.mbd N./UA.
nineany
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ndu Fasndindorimeansuissnenann shin
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AnuniaifeSovasansainmguing il ecas 19
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waspsldSumsainaaulng 3iille ecrao muhn
Tumneiuss ooz, oo UAY md n/nA, MudE
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gueilsluey e oo niwemy i TnsAninemd
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n./nn. AuAsURYLA b Wauiguil udEE
aysplUBniduna & fuaminowihmssen
Fugeaialiimn gimandsuwasvises
Rinusn@finudeave vieAugammusnd. ngu
il v Wunduamueuldfinhnaumahniunes
Funz o0 aa/NN. unengui o Wungamasesi
Iasumsainsaulnsunaiuas ao n/on. i
187 o« DL,
Tuwmmeaevihdoinneimaninyand
wazmslApuuaesineg . Sufinthwiings
wazURBnmuoNsiyiudUAWaz o A, e
dnineans[iuasaiansuimug anpwnImy
Hunan ev thlne nniuenaaumydedivad
Dandeaios inzidoannvaeaifeaing
wapaudy Wlupsameaiosdinnsiwsd e
\Bandnlwif Cell-Dyn® Ju m&oo tHpA
wsiasimwlafinininde Sinlaese, Hlulnady,
uudinidaauny, merilidalasuas (mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH) wag mean corpuscular
hemoglobin concentration (MCHC) ), 112
uuazarfsuazinianynilasila, dled
Tufla, auTled, Tululed, wlvils uszdnou
ndaiden. SndSnhlunsnamoniasiinast
wiluidondaludd Hitachi® ju 912 1fiadn
anouloidanladnwaaning (ALP), azail
uazilumsnalaiss (ALT) waahinmasilu
nuaaLsa (AST), gisululasiau (BUN), a3
oatu, Tsfusan, dayiu, Dagbusu, ngles,
nsagdn, lasnfgnlsd, Aatasnasan, ladun,
Tunadon wazasalsn
Tmfuhmaimndainaaesitensa
meuvmeniinmansauns. wals. ea. fu, la,
VIRDRAY, ¥ABADTWS, NSeiwzanms, dw, a1,
fugew, Sams, dongnvann, guiuihidin s,
uagn, Aawnitun, seahat, s, sas
Susond, sosmanlpuasnszmnstinamy. Tufin
vhwiinettnziuieiasds Metter Toledo® fUPB

153 fuamnmiineYosdininslasda i
viineTeazramiingany 0,000 NFN. Liuadaz
g 9 avluhenwileinefinfuidnduiena:
a0 udthiunssumssseualadidaide
Fnendandauifnienlsauuasdleduianse
wganeiiven.
msiszidaye

Vi, UAinaemsiiiu, dmaladia
Trenuazededin, dwinetuasduing 1Hada
Wawssaun TumsnasasisGese o wau 19
one-way ANOVA uduinuifisuaadslan
T¥manesey Bonferroni fistdusidadty dnil
< 0.0¢ UAzNIMARANREEN o iy 1¥ms
yagey Student’s t laslusunsy SPSS version
o0& sugiAmsaiyoemswdvuulamiega
wenFveld Fisher exact # (Al < 0.08).
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(37 o uaz w)
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pavefuazineg biuansennngumunn unvu
wymadisnguiiud (@s-873) dithwinganing
gevapamnnlategeninaunIUaNeE ity
d1dy (P39 o LAY 1)
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BALT : Bronchiole-associated lymphoid tissue

GALT : Gut-assceiated lymphoid tissue
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Abstract

Chronic Toxicity of GPO 1986 Herbal Extract
Songpal Chivapat®, Aimmanas Attawish™, Pranee Chavalittumrong™. VanidaChantarateptawan#
*Medicinal Plant Resecrch Institute, **Senior Technical Office. Department of Medical Sciences,
Nonthaburi Province, Thailand, “Research and Development Institute, Government Pharmaceutical Orgaonization

GPO 1986 is a mixture of eight herbal extracts from Canna indica L., Polyagala chinensis
L., Clinacanihus nutans Linddu, Ammadnia baccifera L., Acanthus ebracteatus Vahl, Mallotus
Philippensis Muell. Arg., Smilax corbuldria Kunthr, and Pygmaeopremma herbacea (Roxo.) Mold.
This recipe is used by the Government Pharmaceutical Organization in a clinical trial on mam-
mary cancer. Chronic toxicity of GPO1986 was conducted in 168 Wistar rats randomly divided
into 7 groups of 24 rats each (12 males and 12 females). Group 1 was a control group receiving
distilled water and group 2 to 4 were orally administered with GPO 1986 at doses of 0.24, 1.2,
3.6.g/kg/day, respectively, for 6 months. Group 5 was their recovery group receiving GPO 1986
at the dose of 3.6 g/kg/day for 8 months; after that, the animals were further raised without
GPO 1986 for 2 weeks before autopsy. Group 6 was the contral group receiving distilled water.
Group 7 was orally administered GPO 1986 at the dose of 3.6 g/kg/day for 9 months. The results
showed that GPO 1986 did not affect body weights and animal health. Male rats receiving GPO
1986 at doses of 1.2 and 3.6 g/kg/day for 6 months and male rats receiving GPO 1886 for 9
months showed significant decreases of hematocrit, hemoglobin and red blood cells. Female rats
receiving GPQO 1986 for mouths had a significant reduction in platelet counts (p<0.05). However,
these hernatological changes were within the rat reference values. Male rats receiving GPO 1986
for nine months had asignificant increase in AST level (p<0.05) Whereas the potassium level was
significantly decreased (p<0.05). Histopathological results of visceral organs in the six-month
and the nine manth treatment groups did not show any alterations caused by GPO 1986. In
conclusion, GPO 1986 did not produce chronic toxicity in Wistar rats.
Keywords: herbal extract, toxicity, GPO 1986, mammary cancer

Autdasmasasaaaing 3illa ocas

bl MR CTUR NG TR, o I TR0 1 ?g






NIANWINE IRAUNFUIAZAY T T5U DN a13a1A
Hnunyaingloan

NIINR Feiand’
wstu Swasalnlee®
sl sans159”

UNARED

rnugsindlanaiusiusifioniananudulain Yazneusauiniossaaulns 10 vin
gnonulddmnfimdnmauasassineugeindlaanlosilaugsaiovmonuninygfiudnsngy
vaaey 3 naxlupnn 2.5, 5.0 wag 10.0 n/nn. wuh msaiabivhliwyusasoimsiieounilen wy
yndhiBimsanuaclinuanaiaunfvase fuazmelumenmmending suevesensaiaiiviilinyg
fudnsmederay 50 ffmnnnd1 10.0 n/nn. Fegenirnadldluau Yszanm 1,000 wh Tumsdinen
Redofvpsnm 6 wWau Tnatloussfheiugeindlasomanuimuaniudiamisunu 144
1 wivaaniiu 6 ngi az 24 ¢ (AR 12 uaz Ay 12 §7) duil naudl 1 way 2 Hungumugy
Fehuay 1% tragacanth n'sg'w?l 3fve Lﬂunajwaaa\sﬁlé'%’umsaﬁﬂmmtyaﬁwzﬁaﬂnﬂmm 10, 100,
500 uaiz 500 an/nn./fu mastuTsengaaenedungufnnmziug (500-R) mevdwgalion
anodunm 2 dlsni namameasswudn ssanamwysivdlasaliduasanisiedaidula msiu
oS I WAnssHpesvLsn waglivihbirmlefinzesmunsamasasunnehestiviitd Ay
yinngumugu wamilianeimdindind e sowyndanasey wuh swsiltsfturaaludSuiudu
ssiitisddyawsTumwaiinguilldiumsaiaina 500 un/nn. Sedvaverlughomindeune
vgnd shusimnmfne$dug Lifianaunndweeihivshaty nemsansedzmehmmeganend
newuh wyaeEsAlFEumsaiaue 100 un/nn/Au fgiRaaalavaasiidaumniiluiuge
pthefitiuddny vanmniivungudnanuazngn 500-R Geflatfmanivasnisdadani lngeniings
sty duwilinuemaianfvasineaweTavasialausedwla man/aeuuavau i
wuldlunenziulifuiusfunnedl§Suisenaidldiiannasaraeungeindlasn aqleh
saaniwgsivdlosobide et doundunssivdofitquussiodrinases
dshdn : snwgeiineloan, Rudnuwau, fuidae

gﬁﬁeuzmqﬂa afiadu 1 driusnugsindleanysznaudan

evaineloan dudfuomauding
Wanmaswndurulnsuazniawsndnndon
vinesalvayuuazd sl in sl ludums
auagznmaesgtelananaduladin Woeen
fimamsfinsmaindainendt enshdviliignian
anwiulafnlddidanFoudivuiumivomen

wiosmanulng 10 oda [fud nquan nmung
anmaEITY Sumitne szen wazinaa 5 Thur
12l @si Tavane na way yuna Tasssulng
uanssiiadasswanuaindisunulusiune
sznalddsd nquan theeladn Tsefiuen
trgenaginulsadials numguiiasmemiion ui

* sowuRvayulns nadneamsnimsund, < dninmmspsyinrmanimang

& o o
WEONUAENTANADIRAN lﬂﬂ i

-
Ml

madnnAydnunduea

FTHTRLIAIRR ST IW L NISNTIeR 0TI 1 81



fin winulafin uiiosdy gnnazliduimme
dulaiin duan thgsomuasnssrmian fund
nAwifisesay wifeulu uwithesngn fuanuaz
helafin sziew uilsalune thutesems ur
iRamaaneu sy 113957 Fulaame Neithgy
wals siufndeu thgenssd udld sadldudld i
wanuflinnae uilddiiesou finautau thg
Taiin ynaldudld *
PMPIUMTENHN IS LA NN
apesyulwaieg Alsifuiedavenlushsumws
fwdloan wudh fuadascuusieg welswana
Teioiod qndannistiumasnssmnzemnsuas
ald Tdun nseam © uae muwg’ qnisuns
Wannalunssizewns laun mung *° qnd
aneuduladin dun fins” qvsmuimaduuse
Toun nquan *, zien ® wazmsd ¥ gndsums
Sy Ieun nquan qm‘f’;ﬁwﬁmwﬂﬁﬁuua:
Toda Toiun weiesdefigndlunmsmudouueiide
wnanwan, detnlan uasideliady * gulna
FfwarpssuuUszanmaunaresdgniiainacey
KaMALY8YEN pentobarbital W Taur
aamyuna ! grsusTmamatae Idud aen
yna ? ussdumime * qrisoudszam Teud
Fumiva * dofuasiuléd enwasindlean
Hushiuefszneusowiosenasyulwaine i
ﬁqwémqmé’w"’mummnwmmiasxuuahw E N
THNMY wAgveRdayad ueNNUaDAfET DY
nesuil nadinemandmsunndsaaiunsy
wannmauwngunulnes Jelednsanuig
Tssendnumauuasdafovoeasainiiuen
waviwdlaanTudninaase welwlddoyame
Anmaniadusyumsldanwgsiwdlasals
stiwsiulsluainanadesialy

seiliguAsanm
snsefinemsuwgeiindlasn
arsaneeasaFusiuyiwe lagn
wienlae 57.01. e5uws Bgimilasany A

caa

WWnEAEnd NinAnensussuaand 9500

182 uvsransen S Wi Tnem

wsunTavag dofl unaylwsusiazeiind sy
Usgnauzavisur iFifunsasfen dumomulng
anaaFuldun ngen nuwg gnnszu Yumi
WA URsTzien S08as 1042, 1042, 16.67, 20.83
W&y 20.83 My sunasied ldun wsa
#7308 Tman Wns 1nn eeas 1 8w
mulfseras 20.83 ﬁfld'mwauﬁv'\mummﬂqnmﬁw
Whdmulumaluafifidtauaznsindan o5%
musaneyity unar 72 $alue ddau
maummﬂﬁmnsmua”zszmnﬁqmngﬂ 50
finfund ieswsusansgadoanlvviun vians
VENUAZNIBNIUATY 3 A9 TINFTHAATIFIN
MaTemeanan wudn wawaedile (% yield) An
Wudoeay 112
nsLASENEY IFRRINeany

Wansanauugefindlaganiurau
mznauly 1% tragacanth Uiuliiaadadu
e masavms aldvessuivludainaans
aRinaaay

nyfuanswuglodions thwinszwine 20
fiv 25 Nl UL 50 i) (WARg 25 6) Az
usANufIseNSuI 144 6 weiguou 72 62
dwiinagwite 140 i 160 N3y ivAdiBIILIY
72 61 shwiinsewing 130 s 150 ndw Fp9n
fundninasevuiemfaIaIe anIneas
witna ausluinadniveanssedy strict conv
entional hygienic 984n3nInpIfmansnis
wwnd Samugugangiifl 2551 s iFum
Pnutudinsioras 60 ldSuuseatneiuag 12
thlue Bienaddagumaouisnia st
e nazlhusahiibinimBinm dousiiu
maeEsuRyEsuNT WM IERe W YiUing
diuom 2 dhlae wazinmusadsumsmasas
fmdeffaliduiasiuanzuasdomdy
e 2 e lasems@nnisessansanae
weyriinglasnludninaassaivil Idiueynn
mnmmznﬁums@uan’mﬁva\mazmﬂﬁﬁmi
NARDITBINTNINUFIEATNISUNTE 1BNE3
AwpulATIMIMINLIeY 53-002



MIneasLAEEILIWAY
uﬁenq’uvgﬁuﬁnﬂmyﬁﬁﬁuaan1ﬂu 5
nguq 8z 10 A (WAl 5 i uasiweLdl 5 )
oivil ngamanas 3 neuldFuIRAREWRTTWT
Tesamhnifesafadionlusunn 25, 5.0 wag
10.0 n/nN. AHEIAD FUNFHAIUANTBINEN
Tesuihndunazansasaiy 1% tragacanth 19
thnTuyana 20 ua/nn. FnAaINIsuazM3
wiasuulaedneg aenslnddinly s salueusnuay
siafunnuauasy 14 fu wissmiufindununymy
wedunmawnaiivhl¥mesesas 50 (LD,)
wensurvug 14 Y4 vnmsniesna (Euthanasia)
wyfudmlnelfiadosnuimeiveulnooniod
HATUFRTHIIIVNATITY daUndanvaduazmelu
NNHANENTINYT
msvarauRrIase
uovynsnlaviSgueenilu 6 ngs ax
24 67 (oA 12 @ uasiwAde 12 61) ol
nduit 1 uaz 2 dungumuauildFinduuay
@avane 1% tragacanth muthnlwSann 10
a./AN/Au oEneil ngnd 3 f 5 dundunaaay
filgsumsatamsusnunsindlasametnlu
UA 10, 100 WAL 500 un./AN./Tu AINAIAY
Anrofaniu Witz 6 Wiew uaznguil
6 unaudnnmzilu (500-R) Iisusnaain
dduenweefinglaanaing 500 un/nn/iu
ATU 6 WeudmealviaaainuazdsiallauATy
14 Fu Tuszwihemsveaavduineainiswaini
wasmatasuuyaeseg (physical appearance)
yn¥u fobwiinduasiufimAnoemniingiu
dmviaz 1 atv Sflwymonsoagluanmelnd
g (moribund) veimsiimIndugnaiui e
ATUMAUA 6 Weuana M InusEazIan 16
#alay ndususaumydalaiefinfined s
finafing @LEPANNWANALANA posterior vena
cave Himhlunmefuiniasnsaiiensiead
inReasnlusi@ Cell-Dyn * fu 3500 (Ve
mndnoimeladaiverdudaludl Bunlnase
slulnatu Vinaudinifanums Asoiidfiofon

wad LA mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH) itau
mean corpuscular hemoglobin concentration
(MCHC) $unwidinidentnn Seuavaouiinfan
ameiiafinlasila Aladluila dulwlad Tululss
wlzfla usslSnniaden sndiniluans
Faptasiansiiailudondalul@ Cobas
Integra * §u 400 plus iWeTarhLaulssiozaniiu
woiluvsiavoiaa (ALT) woawimawaiily
nyuaNaLse (AST) wazueaa [aiwaawea
(ALP) giFululngisu (BUN) a%eniiu Tusium
dayfiu 0830usn nglaa nangSn lasnd el
poladiAaTea lowdun munadon wasaanlsh
TR maaoviReniiam
mswasundnemaumwenEivenzeveTeeaneg
#oid muey wals Uea iu Tn viaanss vaarens
nszIwnzaNg 1ha anldaausgg dudau dumg
siongrvann goufuthide Sald angn Aarhus
sionthane dasbm doslnseud uasdonvenn
Tn vinbmineduasisunndelddeedes
Foaviduanaiien 3 suvin Mettler Toledo ®
$u PB153 tipsuauvnthwiinasinzauing
(n.Awiinda 1,000 n.) Nnuiiuaitnzugiim
fasviasanduanuiduduionaz 10 uaah
Tuiunssuunsiedenalad Lﬁmﬁmaqawm%
P ENNEN RN TN
msi Lﬂiﬁ:ﬁiﬁgwqmﬁﬁ
Foyavonimings nafiuermns A
Tafieinen dmviaiiadin dwinadinsduing
JasevlaeldadfiBenssann mvasey
gl one-way ANOVA uiSeuiiieud
wavlapld Bonferoni test TanlUsunsy SPSS/
PC version 15 auwan wyaavvgane 1§ive)
14 Fisher exact test fisvduiiushaty 0.05

n g ER TR IS TR IS 183

nAn B AL ass Gafmavensaninmgaindloas



WA
MsNAFaURSLELUNAY

vfiudnsngsmaaseil@sumsaing
wosiindlagnawa 2.5, 50 wag 10 n/nn. 14
ugavenmIiennAnssufineunilen meviasle
Fuasade wasmmndridinTensunsuimug
wansHmnFugns liwummialnfvavedng
malunesvmendinenlunynguneansiiis
uhuumsunwunmmmwmm muuwmﬂ
[y mu’mmaomﬁﬂnﬂmmngwwrﬂaﬂnwnﬂn
wyiivdnimeissas 50 (Lo,) fanannni 10
n/nn.

700

msnArpUABiTase
wasvsssinsuninglasnsadmings
MANUBIMTHATFIMNYBITAINARDY

WARUAIWAEBT Uiy
ndlasnanm 10, 100, 500 un/nn./Auuazngs
500-R uuwunmmmﬂ.uLmnmﬂmnnaumuﬂu
(gﬂw 1) vmmﬂmmﬂwlﬂmmsﬂnmmmzywm
Toanfiuawnsldliuansnennngumugy snchy
diai 5 wywadefildsumsataguna 10 un/
nn/Au fusmnslfnnninnguraugudaeiesg
fifushéty QUi 2) masmzuzaIMIMARBYl
wuTmmewgAnsmidaundivesvyndgamaney
nnnguuAat e

&0

500 4

400 1

300 4

o [
e
— A0 20 00 T
— e i

e A3500 000 141 T80

VimvinA 8o (niu

200

10 1

- A
- o b fmpann
B SRl (PRI

1 0 TN

sz (ani

unmmawaamdmﬁu (M) wazewede (F) #ilesi

T T —e e T A0y Y

Suasainuunfindlasniiune 6 e

s

wariu)

R v (nda

= et sesongun i und e viiiiod g frenns

— A
e M Triga0
e MO0 0T
—
—— AN e
-7 .i\.‘é\n

- Ll apanth
-l M T

-—

f 3 5 7 9 i < R}

sz 0 (Fda )

a1 2

1 8-’51 Vs R T IE v eI

-

Uinuasiiueeymag (M) wszaadie () dldsusssinenugindlaandunm 6 @ou



nazassnsanosniwlonndaiminetiny
fuug

Tumwadwuhndadldsumsainoigy
finelasnmng 500 un/nn./Au fbwiinduing
yasRugeTrhngamuRsivantatsliba Y
wagihhmiinduwnsgaslausseoamsanlagie
soganhnaumuansehesitsdid nan
500-R frbwinditndvesledoaviuotuiie
ddty (el 1) wywadianguilisumsain
guIn 500 un./nn./Au dwinduinisasdiu
gonhingumuasivaavaswifuiduasngu
500-R fhwiindindsosiugeningsaiugu
fuhotisitoddt (M 2)
wanasssainenugeindlosadadimalain
nm

vyinaguaymadefldzumsatagny
u’mﬁﬁi’mw‘[aﬁmﬁwmﬁv’mmbiu,mnohwmna'u
MUANMELNUAE tragacanth nnnwg AN
500-R A MCHC mmwnaumumv‘fmmaﬂw

il 1 i (1) washwiinoFunzdiing (/1,000 n) savywAg

181 6 Hou

fiuddty e 3 uag 4)
wazavansaiaeugafinglasanaAmaad
ARLN

wynnilldSuasaiamgainedloan
nnunedidmaaiirdtnifeuiommliunnsi
mnnq’umuquﬁ’:mfmaz tragacanth a9ty
At snumywadeildduasataowos
indlaanawin 500 un./nn.Au fszdulysiu
mudfugeninguauguiuthothfieddy
(397 5 uaz )
wazava1sNiasuysiinglasasonis
wisuugasedurzmewenFine

Tnmsimndugaslinumsiasana
ya0aiurslaq meuwwmmnuﬂumnauﬂmu
msaﬁ’ﬂmmmaﬁwsﬁaanua:nqnmu@u Wams
A9 IEMNaNENEINe WU AR LS
Sumsanaowaaivglasozina 10 an/nn.Au
dgiinsnisevmsiisdnuvideniamond mag
vinuseuvasasusnaidnlussdiniings

Sussataeweindlagn i

NRUAAN NEHMAREY - FUAKIIAA (/0. i) i

BivIE hndu tragacanth 10 100 ‘ 500 500-R
ANy 3624032 3601032 3.81+0.19 362+0.41 3.804038 3934033
wls 254+0.16 2601026 2504017 258+0.12 2784042 2,6040.21
Uag 2891033 3.221051 3.26t024 305t040 | 3241040 3a7t022
il 23581219 2325%1.50 2471%1.20 26231211 | 2768t321°% | 2581214
NSNS 369+047 3.78+0.33 4.02+047 379+0.36 2154034 4201056
ha 1534017 1463013 1.631t024 161£0.16 1.63£020 1.6120.24
lasm 2251023 2224016 2.351019 229+027 2.48+036 2471018
ladhy 2101022 2064013 2171012 214%0.17 239+0.33* 2.391027
funzem 4784070 5304063 5131056 462£0.84 5011095 5091078
funst 487+085 | 5294055 5.241046 4721085 5381130 5.2610.79
wasvannlnm 0.05%0.02 0072001 0071001 007£0.02 0.07£001 0.0620.01
sasvsnnlngy 006530012 | 007710016 | 00730010 | 0.075£0.017 | 0082+0.012* | 007810.010
nrswilaay 0.30£0.06 020006 0314005 02920.08 0.324007 0.26+0.05
in S 192,70%7.97 | 1921241313 | 19358£1379 | 123.56+12,80 | 192,08+1759 | 193.70+11.80
\iwﬁnﬁ'-uegm 805.67152.13 | 587.3646048 | 56203£3539 | 6D497E63.88 | 566.34+5905 | 55863142.92
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NENAIAN DHUVIARDS - BUMETIAAA (snnn. /)
iy vindu | tragacanth 10 ‘ 100 500 500-R
s £6.38+0.68 ‘ 6374046 5481057 6.36+0.70 684:£0.54 657055
wls 3204030 3141018 3.23£035 3.32+0.39 3294020 3424033
UpA 4224055 4174024 4.15£034 452+0.45 4.43+0.43 4391033
i 23414503 24.261169 25441369 26111283 | 3009k1.79°4 | 28.24t298
NUZNS 519+0.74 5.0310.36 5741075 5.50£0.51 5964055 5901091
gt 207£0.22 2.05+0.18 2.13%036 2124021 217030 2.162037
Tnam 277£0.33 2742021 2751026 2.89+0.25 300+0.31 3.0310.28
Tnghy 26410.24 2652019 2611027 2.76£0.13 2784023 2.832030
aasnlann 0.15£0.03 0.14£0.02 0.14+003 ‘ 0.16+0.03 014£0.02 0.15+003
soannladp 0.1610.03 0.15£0.02 0.16£003 0.16£0.02 0154002 0.1510.04
nasvnsilaeny 0.32:£0.06 | 0.29£0.05 0281007 0.33£0.05 0:33£0.04 0.3110.06
HAgn 2124069 2121034 2401061 2.13+0.62 276%0.85 2412070
Folgon 026007 0.27+0.05 0.24:007 0.28£0.05 026£0.08 028007
Foladhy 0271007 0.2810.04 D.24£0.11 0.26+0.06 028+0.07 0.2930.07
o 155261587 | 196981927 | 157774953 | 157724687 | 15400814 | 161.69+8.87
dnm’fnéu:gn 3040812391 | 307.03118.66 | 3010942656 | 29577+1869 | 2904842129 | 309.43+40.37
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* uandennnguaIuanmeweiitudAty (p<0.05)
# WANFITINNFUATLANAE tragacanth ateiibinAty (p<0.05)
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DENAILAY NANNAREY - BNPATIANA (n./nn./3u)
iz dindu | tragacanth 10 100 500 500-R
finlnain () 3001110 | 3033+1.33 30424134 | 3045%1.33 | 2964+1.01 30.7241.83
dlulnatiu (n/e) 15791053 ‘ 15941075 | 1596k086 | 1578%0.72 | 1555%045 & 1593098
UindEARAY (x106 wadmg) | 90810.35 ‘ 9.1 5+0.43 9.08£058 9141041 2.881032 | 9241048
MCV (fUred cell) 3308+064 | 3315%039 | 33561097 | 33004109 | 3340%062 | 33.25%1.02

17.43%0.29 1764£0.56 17.27£0.66 17.51£0.30 17.24+0.48
52.56£0.42 52524040 52371042 52441051 | 51.87H0.66"#
3.16£0.72 3191073 3251075 3.202£097 2951044

MCH (pg/red cell) 17.4040.40
MCHC (n./eq, ulnidaauee) | 5259+0.67
dindensm (x103 wadamd) | 3474071

tlasila (%) saartset | 32854573 | 37024968 | 352041137 | 97484890 | 29.97+7.54
alodlusla a) 1854050 | 2.35£092 1.601063 152066 1452055 1614039
Aulwlad (%) 50434766 | 6280%578 | 5972021 | 604941161 | 50231810 | 65711861
Tulul (%) 303+382 | 151£147 1255080 | 2.08+241 1.14£0389 2004275
wlafla (%) 128+1.28 | 081051 0.42021 096£046 | 0702034 0714077

niniien (x103 1wRa/ama) | 878176532 | 865914015 | 863648569 | 9127118534 | 893.25+13239 | B81.13£87.29

mlumanuaastigigosiieiy Taudswunaag
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* uansinTnngaaauani e oE NIty (p<0.05)
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NENATLAN NENNAREN - TUIAETTENR (4n./nn./5u) ‘
aiuay windu | tragacanth 10 100 s0 | 500-R :
Funlarda (%) 2003+099 | 28.23%105 2052+1.54 20.18+1.40 3037+1.12 2048+129 |
#hilnaii (n/a0) 15891062 | 15.63+056 15.70£0.77 15454072 | 16030.64 15614065 |
dindonrues (x106 1wRdMNd) | 8.4610.25 824%035 840043 8271055 8584048 828+047 |
MCV (fired cel) 3638+050 | 3546074 35151049 | 3533+106 | 35467089 35.5311.07
MCH (pg/red cell) 18.7840.35 18.95+0.48 18,7010.31 18.7310.49 1870=0.48 18.88+0.70
MCHG (n./m. timifemuay) 53.10£0.71 53472072 5316%042 | 53.001053 5276+0.60 53152074
imFanaum (103 wed/aed) [ 1573042 1.6810.39 1524035 1731047 1.801046 1591047
ilasia (%) 30084551 31.45+841 2923+825 | 2074+799 | 2840%571 31361841
BloRTuia (36) 2312077 1.97+1.08 1.744065 1.741+0.60 | 1491045 183%0.88
anlnled (%) 64.19%6.70 | 64871905 67.04£7.88 | 66501890 | €810£6.03 | 03.09%922
TarTuTaei (96) 2524310 081057 1114080 111%1.62 1251098 2481288
wlvila {#) 0924065 0.80+0.44 0814035 0014044 | 0771033 | teatiie
wnfiniRon (x103 \nad/and) | B4G.SDE57.34 | BOT.00+6659 | 867.79+64.00 | 865.54:+65.08 | 91 7.67£86.45 | 877.08£05.01
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MEHATURN NEHNARDY ~ TUIRETIRNA (M0./00./Tu)
iy vindi tragacanth 10 100 | 500 500-R
ALT () a758+1522 | 37.45+1281 | 31.00+733 | 31754508 | 4550557 | 34171642
AST (L) 6723342008 | 78554683 | £073+1006 | 7858+1320 | 851742080 | 76081888 |
ALP (W) 48174624 | 4273+4556 | 44914738 | 45504563 | 456741008 | 41.83+522
BUN (un/na.) 1835+135 | 1791%289 | 1802t313 | 1890k2es | 1779+223 | 16.93k181
AdeAi (n.en) 0564007 | 053008 | 0544008 | G57+007 | 0534007 | 049+0.04
aayiu (n/eal 4554045 | 450023 | 452%014 | 4834015 | 4484033 | AdaE014
ifigiiu (un/na.) 007to02 | 008003 | 007002 | OCek00z | 0064003 | 007+0.02
Tuafums (n/08.) 6731031 8611025 6541020 6651024 5.504053 6381017
ngles (/) 250.45+32,00 | 238.80+2485 | 24066+4271 | 2527814578 | 27080+24507 | 217.01127.80
nIGAin (Hn/oR) 543102 | 508142 576+1.34 | 615%163 5.58+1.41 459+1.08
Tanifimalsdd (un.os) @aeto703 | B150+3018 | e943t1544 | s7est2ace | 823142057 | 881142652
AAARADIBA (HN/05.) 7a52+7.04 | 704741350 | 659811037 | 744812462 6€851%2096 | /72411475
Na= [mmol/i 144502147 | 144274174 | 144731140 | 1454241424 | 14450%162 | 14433+193
K- (mmol/) 7574063 | 7.060.56 7874055 | 7043057 7382077 | 740%058
G- (mmol4) 104674098 | 105272119 | 105554151 | 105502181 | 10492t156 | 104422116
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NHHATLAN NANNARDY — DUIAETAAR (3n./n0./3)

97u2E ndy tragacanth 10 100 500 | 500-R
ALT (UA) 27254760 | 2683%775 | 27.4241092 | 2450728 | 23504345 | 2533%720
AST {UL) 8183+1203 | B317+1412 | 84241772 | 8333+832 | 50254407 | 74004735
ALP (UL) 10834335 | 10674446 | 1075k501 | 10584516 | 19254770 | 19.00+367
BUN (un./ma.) 2120+422 | 21004384 | 2081278 | 21514346 | 21084305 | 20854356
it (0 /ma) 0534015 | 050+0.09 0514006 0514012 050007 0.49%008
Wstusu (n/ea) 6334025 6621040 6.58:£035 543+036 | B74%028° = 6523025
gy (n./ma.) 4824019 5034030 4964034 4.80+£0.29 50514026 4883017
830 (wnsas) 0094003 | 0104004 009+002 | 0094002 | 0074002 | 009002
nglAa (mn/ma) 1224241884 | 114731998 | 1097941149 | 1152742495 | 11990+12.82 | 137.38425.06
ATRYEN (HN/AR.) 2.28+0.69 2184063 2514096 2.15+1.04 222+067 2324051
lrandimalad (un/en) 38704868 | 486211038 | 42584605 | 3624+647 | 32964516 | 5331+36.86
ARIRAIADIDA (N/0R) 5898+1103 | 661511872 | 659441606 | 612642320 | 7205+1008 | 787832105
Ma-s (mmcl/) 142.424+100 143.00+128 144.00%1.65 143584173 143.83+1.80 142.83+£0.04
K (mmoll) 7014128 | 680%1.00 6854175 6.04+135 643+1,20 6.48:1.01

‘ Cl- (mmol/) 107254142 | 10808162 | 108174140 | 10700186 | 10658+131 | 106.00£1.41
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" oinE  mswAsuuYasiing nesaTAN NEUNARDY - MGAESHAA (3n./an./Au)
1 dhniu| Tragacanth | 10 100 500 | S00-R
:
Uan BALT proliferation 812 7 211 %% 6/12 72 1012
‘ jirla Myocardiosis 212 3t 1711 ‘ 112 112 alall
gt} Cantrilobular fatty degenaration 2/12 211 2111 mM20g 2/12 8/12
Centrilobular hydropc degeneration 412 1 o nz 112 oz
In Congestion 142 012 o2 | Wik | oA2k | T2 #
Hydronephrosis D2 012 oz 1712 0i12 1712
sldidin GALT proliferation in submucosa 212 11 11 12 212 2112
aldlvel  GALT proliferation in submucosa 212 111 1711 1412 212 2/12
c»inwannlﬁ Cortical fatty infiltration B2 511 2 1112 "2 ‘ 712 1012

ﬁ')Lmﬂumﬂouﬁm'lugahno‘éﬂmw\dﬁmﬁmmﬂuJ5uuux)mi$1uwwv?aww’luna"m
* Lmnvh\mnnq‘umxmuMuﬁwadﬁcﬂﬁud’xﬁwmuaﬁﬁ [p<D.05)

£ UMNANTINNRKAIANAIY tragacanth ashafiludndnvadil (p<0.05)

BALT : Bronchicle - asscciated lymphaid tissua

GALT : Gut - associated lymghold tissue
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UINAY Tragacanth| 10 100 500 500-R
1an BALT praliferation 412 12 a/12 6/12 22 a2
iy Centrilobular fatty degereration 012 112 o012 /12 1712 2/M12
Cantrilobular hydropic degsneration 012 /12 02 012 12 1712
Tn Hydronephrosis 2/12 2712 0/12 1712 112 2412
#laan GALT proliferation 1/12 0/12 012 012 0/12 o2 |
dlalsn GALT proliferation 2/12 2/12 2/12 12 1712 2/12

Faslurmonaadluglmshomyiinnwmunswasaouismsetung

BALT : Bronchiole — assaciated lymphoid fissue
GALT : Gut - associated lymphoid tissus
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dauuanuaralu (cortico-medullary junction
congestion) tisriu B alafinm linuweBamm
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ference) wufieafumsifemenluaumafivintu
uriyrieosing wuh smouaardulafialy
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waeiiwdloananadiansgiuea (sugencl) Hewy
Ttunmmg svsiintifnumnifiseomsenidon
(vasorelaxant) Wlvdnmslvazevidan iy
wazamduladinanae 7 uananifinesy
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vuuan ® fvendishuiisdouiuamziResdod
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sanfinenwgvindlosohamywamiugiamilay
Doumsthnlusuna 10, 100, 500 un./nn/Au wio
Wsuwintsznns 1, 10 uag 50 whapeenadls
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LBNE5819BY

s wiswde, faen suanzonynaed. nua aisd
AT, msﬁnmwﬁ“lumsﬁw;qﬁﬁ'lwmmwnu.
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Abstract
Acute and Chronic Toxicity Study of Benjathiposoth Extract
Songpol Chivapat *, Pornchai Sincharoenpokai *, Pranee Chavalittumrong
* Medicinal Plant Research Institute, + Senior Technical Office, Department of Medical Sciences, Ministry of
Public Heaith, Nonthaburi

A Thai traditional medicine called Benjathiposoth has been reported to possess hypotensive ac-
tivity. The recipe for preparing medication contains 10 types of herbal materials. An acute toxicity study
in mice by gavaging the ethanolic extract of Benjathiposoth at single doses of 2.5, 5.0 and 10.0 g/kg
showed that the extract produced neither abnormal signs nor mortality and its LD50 value was more
than 10.0 g/kg , which is approximately 1,000 times greater than the human therapeutic dose. The oral
six-month chronic toxicity study of the extract was investigated in 144 Wistar rats divided into six groups
(each of 12 per sex]. Groups 1 and 2 were control groups given with distilled water orally and 1.0%
tragacanth solution respectively. Groups 3 to 6 were experimental groups administered orally extract of
Benjathiposoth at doses of 10, 100, 500 and 500 mg/kg/day. After six menths, the last group (500-R)
was further raised without the extract for two weeks in order to assess reversibility of any adverse ef-
fects. The results revealed that the Benjathiposoth extract did not affect growth, food intake, health and
behaviors of the test animals. The extract at the doses given caused no significant differences in any
hernatological parameters between the treatment and control groups. Clinical chemistry assays revealed
a significant increase in total serum protein In the female group treated with the highest dose of the
extract, which was still within the reference interval of normal rats, whereas other parameters showed no
significant deviation from the controls. Histopathology of various visceral organs showed that the male
groups receiving the extract at 100 mg/kg and higher have a higher incidence of fatty liver. Moreover,
these male groups as well as the 500-R group, had higher incidence of kidney congestion when compared
with their corresponding control groups. Nevertheless, no pathological change was found in glomerular
and tubular kidneys. The incidence of histopathological findings in some organs did not show any dose
dependency; therefore, it was considered as not having been contributed by the extract. In summary,
the exiract of Benjathiposoth produced no serious acute or chronic toxicity in experimental animals.
Key words: Benjathiposoth, acute toxicity, chronic toxicity
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Acute and Chronic Toxicity of Moringa oleifera Linn
Leaves Extracts

Songpol Chivapat” Pornchai Sincharoenpokai’ Nalinphat Saktiyasuthorn'
Aussavachai Shuaprom' Pratom Thongsrirak' Apirak Sakpetch' Anudep Rungsipipat”

ABSTRACT

Meringa oleifera leaves have been reported to possess potential hypotensive and hy-
pocholesterolemic and hypoglycemic activities; nevertheless toxicological data of this herb in
animal models have still been scanty. The objective of this study was to evaluate both acute and
chronic toxicity of the water extract of M. oleifera leaves by oral administration. Acute toxicity
test in mice by gavage with the extract twice, each at the dose of 10 g/kg, revealed that the
extract produced no acute toxic symptoms and gross lesions of vital organs. Chronic toxicity
study was investigated in eighty Wistar rats allocated into four groups, each of ten per sex.
Group 1 was the control group receiving distilled water. Group 2 to 4 were experimental groups
receiving the extract at the doses of 10, 100 and 1000 mg/kg/day for six months consecutively.
The results revealed that the extract at different doses did not affect growth, food consumption,
general health status and any hematological values of the animals. Blood chemistry profiles of
the extract-treated male rats were not significantly different from those of the control-group male
rats. In the female, when compared to the control group, the group receiving the extract at the
doses of 100 mg/kg/day had significantly higher albumin and the highest dose-treated group
had significantly lower potassium levels. Histopathological results revealed that the incidence of
lesions in some organs of all extract-treated groups were not significantly different from those
of the control group. In conclusion, the water extract of M. oleifera leaves at the tested doses
produce no acute toxicity and serious chronic toxicity in experimental animals.
Keywords: M. oleifera leaves extract, acute, chronic toxicity, mice, rat

1 Medicing! Plant Resecrch Insiitute, Department of Medical Sciences, Muaeng District Nonthaburi Province, Thaiiand 11000
2 Department of Vieterinary Pathalogy. Faculty of Veterinary Scienca, Chulalongkom University. Bangkek. Thoiang 10330
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INTRODUCTION

Moringa oleifera Lam. is a short, slender

Hawaii and many parts of Africa (Sabale,
2008). In Thailand it is commonly known as

and perennial tree belonging to the Moringaceae  “Marum” and immature fruits or pods of this

family. It is widely cultivated and naturalized in
tropical India, Africa, tropical America, Sri lanka,
Mexico, Malaysia and the Phillipine Islands
(Sabale, 2008). The plant is used widely as
antispasmodic, stimulant, expectorant, diuretics
and also for the treatment of hiccough, influenza
and internal abscess in Indian traditional
2000). Mareover,
leaves, fruit flowers and immature pods of this

medicines (Mishra et al,

plant are used as a highly nutritive vegetable
in many countries such as India, Pakistan,

1 ﬁn‘nm')Wﬂuuf!‘u AIIMETEARS NI mmu:l 11000

plant have long been used as vegetable or
as foog ingredient (Wutythamawech, 1997).
The leaves were proven to be a rich source
of ﬁ-carotene. protein, vitamin C, calcium,
potassium and antioxidant compounds such
as ascorbic acid, flavonoids, carotenoids,
phenolics (Sabale, 2008) and various amino
acids (Mishra et al., 2000). Biological and
pharmacological studies of the compounds
and and the crude extract from M. oleifera
leaves have been extensively investigated, Gilani
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(1994) demonstrated that pure compounds from
the leaves had hypotensive and spasmolytic
activities. The glycosides, niaziminins A and
B and isothiocyanate isclated from the leaves
extract were shown to have hypotensive effects
on normotensive rats (Faizi et al., 1995). Small
peptides from the aqueous exiract of M.
oleifera leaves possess antimicrobial activity
against Escherichia coli. Staphylococcus
aureus, Bacillus subtilis, Klebseilla aerogenes
and Aspergillus niger (Dahot, 1998). The
methanol fractions of its leaf extract were
reported to possess antiulcer activity and
enhancement of healing process in chronic
lesions (Pal et al., 1995). The water extract of
M. oleifera leaves had a significant cholesterol
lowering action in the high fat diet rats (Ghasi
et al., 2000) including hypoglycemic and
antidiabetic activities (Jaiswal et al.. 2009).
Recently, it has been demonstrated that the
aqueous extract of M. oleifera leaves possesses
antimutagenicity in Salmonella typhimurium
strain TA100 (Charoensin and Wongpoomchai,
2010). Although many studies have confirmed
various health benefits of M. oleifera leaves,
very little information is available regarding the
toxicology of this plant. Thus, this study aimed
to investigate acute and chronic toxicity of the
water extract of M. oleifera leaves in animal
models, which may be useful to assess whether
the leaves are safe or possibly harmful for the
employment as food supplement or heaith herb.

MATERIALS AND METHODS
Plant material: The leaves of M. oleifera
were collected from Chanthaburi Medicinal
Plant garden of Department of Medical Sci-
ences. Chanthaburi Province, Thailand. The

plant specimen were identified by Thawatchai
Wongprasert, Forest Herbarium, Department of
National Parks, Wildlife and Plant Conservation.
A voucher specimen of M. oleifera Lam. (DMSC
5174) was deposited at the DMSC Herbarium,
Medicinal Plant Research Institute, Department
of Medical Science, Thailand.

Preparation of M. oleifera extract
(MOE): M. oleifera leaves were washed, dried
at 400C for 10 hours and were then pulverized
into coarse powder. The dried powder was
refluxed with distilled water twice, each for
two hours. The solution from both extraction
were pooled together and then dried using
lyophilizer. The yield of the dried extract was
about 19.15%. Total phenol content in the
extract was determined using the method
modified from Folin Ciocalteu (Obanda and
Owvor, 1997). It was found that the total
polyphenol content was equal to 53.7 mg gallic
acid equivalents/g extract. The extract was
suspended in distilled water and was adjusted
for the differently desired concentration for
further acute and chronic toxicity study in mice
and rats, respectively.

Animals: Twenty ICR mice, (10 males
and 10 females), each weighing 20-22 g, and
eighty Wistar rats, 40 males weighing 180-200
g and 40 females weighing 170-190 g, were
purchased from The National Laboratory Animal
Center, Mahidol University. The animals were
housed in strict hygienic conventional mice
and rat rcoms at the laboratory animal center,
Department of Madical Sciences where the
environment of the room was maintained at
2541°C with 60% humidity and 12 hour-light-
dark cycle. They were raised with commercial
pellet diet (082 CP” feed. Perfect Companion

Acule and Chronic Toxicily of Moringa oleifera Linn [eaves Extracts
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Group, Thailand) and clean water ad libitum.
The mice were fasted for two hours before
the acute toxicity testing. Prior to the chronic
toxicity study, the rats were acclimatized with
the environment for two weeks, This study was
approved by the Institutional Animal Care and
Use Committee, Department of Medical Sci-
ences (Approval No. 52-031)

Acute toxicity test: The mice were
randomly divided into two groups, sach of
ten animals (five male and five female). The
experimental group was orzally given MOE
suspension at dose of 10 g/kg and observed
for five hours. The process was then repeated
with an equal dose. The control group was
given distilled water at the volume of 20 ml/
kg twice. Following administration, they were
observed for abnormal signs and mortality for
14 days. At the end of the observation period,
the mice were sacrificed with CO2 inhalation
and necropsy was performed to examine gross
pathology of their visceral organs,

Chronic toxicity study: The wistar rats
were randomly allocated to four groups of ten
animals of each sex. Group 1 was the control
group receiving distilled water at the volume of
10 mi/kg. Group 2 to 4 were treatment groups
orally administered with MOE at the doses of
10, 100 and 1000 mg/kg/day for six months,
which were approximately equivalent to 1, 10
and 100 times of the dried Marum leaf used in
human foaod supplement, respectively. During
the experimental period, body weight and food
intake were recorded weekly and the animals
were observed for general appearance, behavior
and signs of abnormalities. At the end of the
six-month treatment period. the animals were
fasted overnight and anesthesized with diethyl
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ether inhalation. blood samples were collected
from posterior vena cava for determining hema-
tological and serum clinical chemistry values.

Hematological analysis was performed
using automatic hematological analyzer Cell
Dyn" 3500 (Abbot Laboratories Ltd., USA).
Parameters examined were hematacrit [Hct),
hemoglobin (Hb), erythrocyte (RBC), mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), white blood cell
(WBC), neutrophils, eosinophils, lymphocytes,
monocytes, basophils and platelets. Clinical
chemistry values were measured by using au-
tomatic chemistry analyzer Cobas” Integra 400
plus (Roche Diagnostics Ltd., Switzerland) and
parameters assayed were alkaline phosphatase
(ALP), alanine transminase (ALT), aspartate
transminase (AST), total protein, albumin, bili-
rubin, blood urea nitrogen (BUN), creatinine,
glucose, uric acid, triglyceride, cholesterol, so-
dium, potassium and chloride ions. A complete
necropsy was performed to determine gross
lesions of various visceral organs. The brain,
heart, lung, liver, kidney, stomach, spleen, tes-
tis, uterus urinary bladder and adrenal glands
were weighed by using Meittler Toledo® PB
153 balance (Metler Toledo International Inc,
Switzerland). Organ weight was calculated into
relative organ weight (g/1000 g body weight).
Visceral organs were fixed in 10% buffered
formalin, and subjected to conventional histo-
logical process. Histopathological examination
was performed on the above mentioned organs
including trachega, lymph node, esophagus,
pancreas, intestines, thyroid gland, lacrimal and
salivary gland, prostate gland, seminal vesicle,

ovary, uterus, and mammary glands



Statistical analysis: The data were
statistically evaluated by one way ANOVA.
Comparison between treatment and control
groups were made by Bonferroni test. For histo-
pathological results, Fisher's exact was applied.
Differences between groups were considered
significant at p<0.05.

RESULTS

Acute toxicity testing: Mice receiving
MOE extract at dose of 10.0 g/kg twice did not
manifest any clinical signs or behaviors during
the observation period when compared to the
control group. All MOE-treated mice survived
until the end of the experiment. Necropsy
revealed no gross lesions of their visceral

organs when compared with the control group.

Chromic toxicity study:

Effect of MOE on body weight, food
consumption health status and relative
organ weights: Both male and female rats
receiving MOE at different doses showed no
significant difierence in their average body
weight and food consumption when compared
with the corresponding control group over the
whole experimental period (Figs 1 and 2). All of
the MOE-treated groups revealed healthy and
showed no clinically toxic signs, as compared to
the control group. Relative organ weights of all
MOE-treated groups were not significantly dif-
ferent from those of the control group (Table 1).
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Effect of MOE on hematological and
biochemical value: As shown in table 2
there were no significant differences in any
hematological values between all MOE-treated
and control groups. Blood chemistry profiles
showed no significant differences in almost
all of the studied parameters between the
treatment and control groups. Except in the
females, the group receiving 100 mg/kg/day of
MOE had significantly higher albumin and the
highest dose-treated group had significantly
lower potassium level than their corresponding
control group (Table 3).

Effects of MOE on histopathological
lesions: At necropsy, there was no remarkable
macroscopic lesion in any organs of both
MQE-treated and control groups. Except a
male rat receiving the extract at dose of 100
mg/kg had splenomegaly caused by splenic
lymphoma confirmed by histopathology. The
incidence of histopathological lesions in the
lung, heart, liver, kidney, intestines, adrenal
glands of both sexes and female mammary
glands of the MOE-treated groups revealed
no significant differences when compared with
those of the corresponding control group (Table
4). Furthermore, there were no remarkable
histopathological changes in the other organs
in both treatment and control groups.

Table 1 Relative organs weight (a/1000 g body weight) of male and female rats receiving MOE for 8 months

Male Female
Dose of MOE (mg/kg/day) Dose of MOE (mg/kg/day)
Organs 0 | 10 100 1000 0 | 10 100 1000
\  n=10 n=10 ‘n=9% | n=10 n=10 | n=10 n=10 | n=10
| Brain 395+0.38 | 3.84+0.30 | 3901056 | 3.67+0.45 | 7152074 | 583061 | 703+058 | 7.15+055
Hearl 2.72:£019 | 2504020 | 270%026 | 2.63:£0.20 | 335+029 | 3.30%0.17 | 384+026 | 3.35+0.21
Lung 3341023 | 3124024 | 3211037 | 3.12+0.38 | 4461044 | 4441053 | 4431046 | 4.3010.32
Liver 2559225 2532+1.74 | 26.30+0,60  26.21+1684 | 26024260 | 261215280 |27.53+2.42 EQ?.AS:hAG
Stomach 4074033 | 3954056 4124055 | 3771053 | 5731056 | 5561071 | 5821054 | 5.58%0.77
Spleen 1625021 | 169016 | 1724029 | 1.61£0.19 | 2274028 | 2244023  239+021  2.0410.18
Rt Kidney 2461024 | 24134022 2464020 | 2374024 | 300£0.10 | 2034020 206+030 @ 3.02+0.24
Lt Kidney 240%024 | 230E020 232+023 | 21912020 | 280+030 | 2714017 | 275£027 | 2.82%0.20
At Adrenal 0071001 | 0.07£0.02 | 0072002 | 0.06£0.01 | 0171003 I 0152003 | 016003 | D.17+0.03
Lt Adrenal 007+002 | 0.0740.02 | 008+£001 | 0.07£0.01 | 0182002 | 0.17£0.03 | 0,16£002 | 0.18£0.02
Bladder 0291003 | 0.28:£0.05 | 0291004 | 0.27+0.06 | 0.32£005 | 0.30£0.05 | 0.30£008 | 0.31+0.06
Rt Testis 5261072 | 532066 | 5241068 | 4.70+0.87
Lt Testis 5381073 | 5324056 | 5321068 @ 4.84t1.02
Uterus 2281069 | 2451053 | 243+110 | 2.11£0.49
Rt Ovary 030009 | 0.2620.07 | 025006 | 0.30+0.08
‘ Lt Ovary ‘ 0291007 | 0.28+0.06 | 030008 ‘ 0.3310.10

Data shown were mean®3D. #Autopsy revealed one male rat with splenic lymphoma
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Table 2 Hematological values of male and female rats receiving Moringe oleifera extract (MOE) for 6 months, _§> '
Male Female E &
Dose of MOE (mg/kg BW/day) Dose of MOE (mg/kg BW/day) My
Parameters o | 10 | 100 1000 [+ o 10 100 1000 =)
n=10 n=10 n=04 n=10 n=10 n=10 n=10 n=10 5 ‘%
Hematoerit (%) 3158:£1.43 | 3202:+1.54 | 31.36:2.09 | 3038+0.85 | 32.64:1.63 (33.6842.52 |32.41:£2.49 |31.07+1.26 =
Hemoglokin {g/dl) 162620.77 | 1656068 16.13£1.09 | 15552035 | 16.95:£082 [17.47+1.22 [16.76:£1.22 |16,18£0.48 §
RBGC (x 10° cells/mm’) | 9.264037 | 9504051 | 9334071 | 9.06+0.21 | 9.061049 | 92414084 | 8.7840.77 | 861£0.27 g
MGY (fl) 34,1110,681 33762062 | 33671076 33541066 |35.06:£0.65 |36.5011.00 | 36.94+1.30 |36.08+£0.66 2
MCH (pg) 17574033 | 17441044  17.3112039 | 17182031 18.70IO‘38!18.941‘0,64 19.1010.61 |18.79+0.27 “5
MCHC (g/dl) 5150048 | 5169:£0.74 51432074 | 51192077 | 51.87£0.30 |51.88+0.64 |51.7310.46 |52.0810.99 ‘?-;’
WBC (x 10” cellsimm’) | 3374045 | 3384090 | 2.96+090 | 358+1.56 | 2.19+0.54 l2.24t1.(]6 2.42+051 | 1.73:10.31 fg:
Neutrophil (%) 22674+438 | 2674+800 | 2723+628 31.9541327| 25 90+4.77 |29.23+060 | 25.73:+5.34 |26 83+3.75 i)
Eosinophil (%) 1544006 | 1844043 | 1.70+088 | 1504076 | 1.85+061 | 1314040 | 1524058 | 2374213 g
Lymphocyte (2] 71514662 | 678014844 66061037 61.23+12.04] 69.974559 |66.41+0.28 |67.42:46.01 |66.0646.74 §
Morocyte (%) 3424251 | 2764299 | 3.6743.32 | 3.45+2.88 | 1.85%1.74 ’2.444_-2.17 3.30+3.46 | 359+2.37 :
Basophil (%) 1.46£119 | 1064114 | 1.324151 | 1.76k1.74 | 044065 | 0.61+0.65 | 0.95+0.73 | 095+0.98 g
Platelet (x 10" celisfmm’) [ 962.60:476,68 97610212091 257.72:£96.32 | 9506516302 |931.951680.74 ‘;seo.soiaoss 9592548808 (921.55£98.96 %
' . 2

Data shown were mean=+SD,
#Autopsy revealed one male rat with splenic lympnhoma

Table 3 Clinical chemistry values of male and female rats receiving Moringa cleifera extract (MOE) for 6 manths.

Male Female
Dose of MOE (mag/kg BW/day) Dose of MOE [mg/kg BW/day)

Parameters 0 10 100 1000 0 10 100 1000

n=10 n=10 - n=10 n=10 n=10 n=10 n=10
ALP (U/) 4660E470 51.30%8.94 | 4078+7.60 | 50.80E887 | 25504803 | 2230+3.5) | 25.00+5.19 | 21.70+6.17
ALT (U/) 38.60-12.29 47.40%22.50|34.78+12.25 | 38.30:£6.88 | 2350+5.40 | 30.30+14.35| 27.00+6.14 |2850+10.50
AST (UA) 90.20417.87 96.80%27.601102.5674.88 £4.20:£6.76 | 75.10%9.30 | 81.10+15.78|82.80+11.24| 79.80+0.15
BUN (mg/dh 1805:£1.68 | 16.66x2.11 | 168.71£5.17 | 16.03::207 | 22.00%288 | 20.592.78 | 20.91+3.02 | 22.24+2.91

Creatinine (mg/dl) 0.5310.05 0491003 | 05514009 | 0511007 | 0481003 | 0472005 | 0502009 | 0.51£0.04
Total Protein (gfa) | 6613027 @ 6591021 | 6414020 | 6.56%0.22 | 6274031 | 6531034 | 6551039 | 6371£0.36
Albumin (g/dl) 4512011 4524010 | 4431014 | 4431034 | 4771018 | 4861024 | 4951026 | 4811024
Bilirubin (ma/dl) 0.08+001 0081002 | 0071C01 | 0.08+0.01 | 0.081+0.01 | 0.082002 | 0112002 | 0.08L0.02
Glucose (mg/dl) 2706014761 | 2853725094 | 2564117079 | 2719140010 | 1195643314 | 1158112193 | 113.43%21.35 | 111.95%1813
Uric acid (mg/dl) 5581111 6591108 | 568t138 | 592%+1.96 | 2324050 | 2764049 | 26514044 | 206T0.38
Triglyceride (mg/dl) |71.684:25.36 §3.20%35.74 0360+38.44 96.20+6154| 37804561 | 38324400 44.90114.39%4319:14_15
Cholesterol (mg/dl) [68.53+16.08 68.22111.60?69.93112.85 170.08+10.77|65.48+16.34 60.70£10.67 | 60.37421.30 | 6326:+17.92

Ne+ (mmol/) 144.80:+1.10| 144.1011.52 | 144.111.06 | 144.70::1.42[ 1421020.99| 142.70£1.25|142.40+1.26 | 142.9040.88

K- (mmol/) 7544034 | 7202044 | 779%0.80 ‘ 7.23+0.69 | 8.00£0.66 ‘ 7.83£057 ’ 7561045 | 7211066

Cl- {mmol/1) 104.40%1.35(104.401:1.07 1 104.67£0.87 | 104.70£1.15| 106.50£1.27| 106.60£1.71|106.100.88 | 107.90+1.29
i | .

Data shown were meanSD.
*Significantly different from control group (p<0.03)
#Autopsy revealed one male rat with splenic lymphoma
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Table 4 Histopathological results of male and female rats receiving MOE for 6 months.

Male - Female 5
Dose of MOE (mg/kg/day) Dose of MOE (ma/kg/day)

Organs Microscopic findings 0 10 |, 100 | 1000 o | 10 100 | 1000
| Lung BALT proliferation 8/10 /10 9/10 410 &10 | 7/10 5/10 510
Heart Focal myocardiosis 0/10 010 010 110 NRL NRL NRL NRL
Liver Centrilobular fatty degeneration 2/10 410 4110 2/10 210 110 0/10 1/10
Centrilbular hydropic degeneration | 3/10 1710 010 4710 010 010 0/10 010

Bile ductule proliferation 0/10 1710 110 0710 010 0/10 /10 0n1e

Spleen Lymphema 0/10 0/10 1110 0110 NRL NRL NAL NRL
Kidney Dilated tubule 0/10 110 110 110 010 0/10 /10 0/10
Chronic interstitial nephrits 0/10 0/10 1/10 110 NRL | NRL NRL NRL

Small intestine | GALT proiiferation in submucosa NRL NRL NRL NRL 1/10 110 0/10 /10
Large intestine | GALT proliferation in submucosa 210 2110 1/10 210 1/10 1710 2/10 0/10
Adrenal gland | Cortical fatty infiltration 4110 5/10 7/10 8/10 NRL NRL NRL NRL
Mammary gland | Glandular hyperplasia 2110 310 5/10 2110

Data shown were number of rats with histopathological lesions / total number of rat in cach group

(NAL : No remarkable lesions, BALT : Branchicle-asscciated lymphoid tissue, GALT ; Gut-associated lymphoid tissue)

DISCUSSION

In acute toxicity study, total dose of MOE
administered to mice within 24 hours was 20
9/kg which do not cause any acute toxic signs,
gross lesions of visceral organs and induced
mortality rate. Hence, the median lethal dose
{LD50) of MOE should be more than 20 g/kg
and this given dose was approximately 500
times higher than dried Marum leaf powder used

in human food supplement (~40 mg/kg/day).
Chronic toxicity study in Wistar rats
showed that MOE did not affect body weight,
food consumption. general health status, relative
organ weight and hematological parameters
values in both sexes. Blood chemistry analysis
suggested that MOE did not cause any
significant changes in almost all of the examined
parameters. A significant increase in albumin in
the female rats treated with MOE at the dose of
100 mg/kg did not show any dose dependency
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and was still within the rat reference range
(Pimainog et al, 2003). Therefore, it may not
be caused by MOE. However, the significant
decrease in serum potassium in the female
rats receiving the highest dose of MOE might
contribute to MOE effects since it tended to
show dose dependency. However, this group
of rats did not show any abnormal signs
related to hypokalemia status such as muscular
weakness. Caceres et al. (1994) demonstrated
that the hot water infusion of M. oleifera leaves
exerted diurelic activity in the rats. Thus, MOE
may possibly act as a potassium-losing diuretic
and result in the decreased potassium level,
which needs further investigation. The incidence
of histopathological lesions in some organs
showed no significant differences between
the MOE-treated and control groups of both
sexes. In addition, no remarkable lesions was
found in other studied organs. Taken together,



these findings may be indicative that MOE
does not induce any histological lesions in
various visceral organs. The finding of splenic
lymphoma in a male rat receiving MOE at dose
of 100 mg/kg may not be attributable to MOE
since this finding was not found in any of the
MOE-treated groups. Moreover, this type of
tumor was also found in histopathological study
in control laboratory rats (Peckham, 1995)

In conclusion, MOE produced no
acute toxic effect and had LD50 value in mice
more than 20 g/kg. The chronic toxicity study
in Wistar rats revealed that MOE at different
doses did not affect growth, food consumption,
organ weight, hematological values and almost
all of clinical chemistry values. In addition MOE
did not cause any abnormalities in the studied
visceral organs. However, the decrease in
potassium level in the female rats receiving the
highest dose of MOE suggest that the leng term
consumption of highest dose of MOE may af-
fect potassium level, and therefore it may not
be suitable for patients with hypokalemia and
arrhythmia.
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Chronic Toxicily Study of Kaempferia parviflora
Wall ex. Extract

Songpol Chivapat” Pranes Chavalittumrong’ Aimmanas Atiawish' Anudep Rungsipipat®

ABSTRACT

K. parvifiora is a medicinal plant possessing high potential for development of various health
products. The objective of this chronic toxicity study was to investigate the safety of ethanolic
extract of chronic Kaempferia parvifliora Wall ex Bak in Wistar rats. The animals were randomly
divided into five groups, twenty four rats each (12 males and 12 females). Three treatment
groups were orally administered with K. parviflora extract at doses of 5, 50 and 500 mg/kg/day
for six months respectively, which were equivalent to 1, 10 and 100 times of human use, while
two ceontrol groups were orally given with distilled water and 1.0% tragacanth, respectively. The
results showed that male rats receiving K. parviflora extract at dose of 500 mg/kg had significantly
lower body weight than both control groups (p<0.05). The alterations of a few hematological
parameters in the highest dose-treated groups were within the normal range. Male rats receiving
the highest dose of K. parviflora extract had significantly lower triglyceride level than their two
control groups (p<0.05) whereas female rats receiving the same dose had significantly higher
glucose and cholesterol levels than their control groups (p<0.05). Histopathological study of
visceral organs revealed no remarkable lesions related to the toxicity of K. parviflora extract.
Keywords: Chronic toxicity test, K. parviflora extract, rat
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INTRODUCTION

Kaempferia parviflora Wall Ex. Baker or
Krachaidam is a plant belonging to the family
Zingiberaceae (Sirirugsa, 1992). The rhizomes
of this plant have been traditionally used for
leucorrhea, oral diseases, abdominal pain, health
promotion and aphrodisiac (Wutythamawech,
1997). Phytochemical studies revealed that
the rhizomes of K. parviflora contained volatile
oil (Wongsinkongman et al., 2003), chalcones
(Herunsalee, 1987), phenolic glycosides
(Azuma et al., 2008) and many flavonoids
such as 5- hydroxy-7-methoxyflavonone, 5,
7-dimethoxyflavoneand 3, 5, 7-trimethoxyflavone
(Jaipetch et al.. 1983). The K. parviflora has
been demonstrated to possess antifungal,
antiplasmodial, antimycobacterial (Yenjai et al.,
2004), anti HIV-1 protease (Sookkongwaree et
al., 2006), anti-allergic (Tewtrakool et al., 2008)
and anti-gastric ulcers (Rujjanawate et al,, 2005).
It has been reported that the ethanolic exiract
and 5- hydroxy-3,7,3",4’ -tetramethoxyflavone
of this plant exhibit appreciable inhibitory
effects on nitric oxide and PGE2 release
from murine macrophage cells (Tewtrakul
and Subhadhirasakul, 2008). In addition, the
ethanolic extract of Krachaidam has been
shown to induce relaxation of both aortic rings
and ileum precontracted with phenylephrine
and acetylcholine (Wattanapitayakul et al.,
2008). Although K. parvifiora has been shown
to possess high potentials for development
of health products, chronic toxicity study of
its extracts has never been reported. In this
study, we investigated chronic toxicity of the
K. parviflora ethanolic extract in Wistar rats
to support the use of health products from K.
parvifiora.
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MATERIALS AND METHODS

Kaempferia parvifiora extract: K.
parviflora was cultivated in Chattrakarn District,
Phitsanulok Province, Thailand and two-month
aged rhizomes were harvested in January 2004.
The plant materials were identified by Dr. Bungorn
Sripanidkulchai and the voucher specimen (KP-
CRD10D) was kept in Herbarium at the Center
for Research and Development of Herbal Health
Products, Faculty of Pharmaceutical Sciences,
Khon Kaen University, Thailand. The 95%
ethanclic extract of K. parviflora rhizome (KPE)
was prepared by the Center for Research and
Development of Herbal Health Products, Khon
Kaen University, Thailand. The KPE powder was
brown in color and had a yield of 4.09% of K.
parviflora dried rhizome powder. The content
of total flavonoids were 35.52 mg/g of dried
powder and the amount of three major markers:
5,7- dimethoxyflavone, 5, 7, 4'-trimethoxyflavone
and 3, 5, 7, 3' 4’-pentamethoxyflovone assayed
by Gas chromatography were 24.138 mg/g
dried powder. The KPE was homogeneously
suspended in 1.0% tragacanth solution and
adjusted to the desired concentrations for
chronic toxicity study.

Animals: One hundred and twenty
Wistar rats (60 male rats and 60 female rats
weighing approximately 180-200 and 170-190 g,
respectively) were purchased from The National
Laboratory Animal Center, Mahidol University.
Animals were housed in a hygienic conventional
animal room of the laboratory animal center,
Department of Medical Sciences, where the
environment of the room was maintained at
25+1°C with 60% humidity and 12 hour-light-
dark cycle. They were raised with commercial
pellet diet and clean water ad libitum. Prior to



the chronic toxicity study, the animals were
acclimatized to the environment for two weeks.
This study was approved by the Institutional
Animal Care and Use Committee, Department
of Medical Sciences as (permission No. 49-011).

Experimental design: The Wistar rats
were randomly divided to five groups, 12
males and 12 females in each group. Three
experimental groups were orally administered
with KPE at the doses of 5, 50 and 500 mg/
kg /day, respectively for six months. These
doses were approximately equivalent to 1, 10
and 100 times of dried Krachaidam in human
use (5-10 g/day/person). The other two control
groups orally received distilled water and
1.0% tragacanth at the volume of 10 mi/kg
respectively. Body weight and food consumption
were recorded weekly and the animals were
closely observed for general appearance,
behavior and signs of abnormalities. At the
end of the six-month treatment period, the
animals were fasted overnight, anesthesized
with diethyl ether inhalation. Blood samples
were collected from posterior vena cava for
determining hematological and serum clinical
chemistry values.

Hematological analysis was performed
using automatic hematological analyzer Cell
Dyn” 3500 (Abbott Laboratories Ltd., USA).
Parameters examined were hematocrit (Hct),
hemoglobin, total red bload cell count (RBC),
mean corpuscular volume (MCV), mean
concentration hemoglobin (MCH), mean cell
hemoglobin concentration (MCHC), total
white blood cell count (WBC) including
differential cell count (neutrophils, eosinophils,
lymphocytes, monocytes and basophils) and
total platelet count. Clinical chemistry values

were measured by using automatic chemistry
analyzer Hitachi®9312 (Hitachi Ltd., Japan) and
parameter assays were alkaline phosphatase
(ALP), alanine transminase (ALT). aspartate
transminase (AST), total protein, albumin,
bilirubin, blood urea nitrogen (BUN), creatinine,
glucose, uric acid, triglyceride, cholesterol,
sodium, potassium and chloride ions.

A complete necropsy was performed
to determine gross pathological alterations of
various visceral organs. The brain, heart, lung,
liver, kidney, stomach, spleen, testis, uterus and
adrenal glands were weighed by using Mettler
Toledo“PB 153 balance (Mettler Toledo Inter-
national Inc., Switzerland). The visceral organ
weights were calculated into relative organ
weight (g/1000 g body weight). The visceral
organs were fixed in 10% buffered formalin and
subjected to conventional histological process.
Histopathological examination of visceral organs
was performed on the brain, heart, lung liver,
stomach. spleen, kidney. pancreas, intestines,
bladder, adrenal and thyroid gland, lacrimal
gland, salivary gland including testis, prostate
gland, seminal vesicle in the male, ovary, uterus
and mammary glands in the female.

Statistical analyses: The data was
analyzed using one way ANOVA and Bonferroni
test in multiple comparison. Histopathologi-
cal result was analyzed using Fisher's exact.
Differences between groups were considered
significant at p<0.05.

RESULTS
Effect of KPE on body weight, food
consumption and relative organs weight. All
KPE-treated groups had no significant differ-
ences in body weight compared to both water
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and tragacanth control groups, whereas male
rats receiving KPE at dose of 500 mg/kg/day
had significantly lower body weight than both
control groups at week 8 till the end of the
experiment (Figure 1). Male rats receiving KPE
at dose of 500 mg/kg/day had significantly less
food cansumption than the water control group
during week 12 to 15 and week 20 {ill the end
of the experiment. Moreover, this group had
significantly less food consumption than their
tragacanth control group in some weeks. All
KPE-treated female groups had no significant
reduction in food consumption throughout the
experiment (Figure 2).
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Only the highest dose-treated group, had
significant increases in relative weight of some
organs. Both male and female rats of this group
had significantly higher relative weight of heart,
liver, stomach, right kidney than both water and
tragacanth control groups. The relative lung
weight of the females was higher than that of
the males and the tragacanth control groups
and significantly higher than that of the water
contral group. The relative left kidney and
bladder weight of the male rats was significantly
higher than that of both water and tragacanth
control groups (Table 1).
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Figure 1. Growth curves of male and female rats receiving KPE for 6 months
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Figure 2. Food consumption of male and female rats receiving KPE for 6 months.
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Effects of KPE on hematological and
clinical chemistry values: Eosinophils in both
male and female rats treated with 500 mg/kg/
day of KPE were significantly lower than those
in both water and tragacanth control groups.
Lymphocytes in the highest dose female group
were significantly higher than those in both
water and tragacanth control groups whereas
neutrophils were significantly lower than those
in only the water control group (Table 2). In
the male rats, ALP and triglyceride levels of the
highest dose-treated group were significantly
lower than those of the water control group and
the latter's were also lower than those of the
tragacanth control group. Creatinine value of the
50 mg/kg/day treated males was significantly
lower than that of both water and tragacanth
control groups. In the female rats, uric acid in
the group receiving KPE at dose of 50 mg/
kg/day was significantly lower than that in the
water control group. Glucose and triglyceride
levels of the highest dose treated group were
significantly higher than those of both water
and tragacanth control groups. Besides, BUN
and sadium levels of the 50 mg/kg/daytreated
fermales were significantly higher than those of
the water control group (Table 3).

Effects of KPE on histopathological
alterations of the visceral organs: Necropsy
revealed no remarkable gross lesions in any
organs in all KPE-treated groups including
both water and tragacanth control groups.
Histopathological alterations found in all KPE-
treated groups were not significantly different
from those in both water and tragacanth control
groups except maie rats receiving KPE at doses
of 50 and 500 mg/kg/day had significantly lower
incidence of mild centrilobular fatty degenera-

tion in the liver and GALT proliferation in large
intestine than both of water and tragacanth
control groups. In other argans, there was
no remarkable histopathological lesions in
KPE-treated groups and both control groups.
Histopathological results are shown in table 4.

DISCUSSION

In the present study, KPE at the dose
of 500 mg/kg/day affected the body weight
in only male rats after receiving KPE for two
months onwards. This finding is in accordance
with previous finding in the male rats receiving
K. parvifiora rhizome powder at 2000 mg/kg/
day in the sixth month of chronic toxicity study
(Chivapat et al., 2004). The significantly lower
body weight in the highest dose treated male
group may contribute to the decrease in their
food consumption. These alterations indicated
that the highest dose of KPE may affect some
regulation signal of food intake and metabolism
of the animals (Berdanier, 2004). However, there
were no overt signs of toxicity and sign and ill
health animal found in this group. The increase
of relative heart, lung, liver stomach. kidney
weights in the highest dosetreated male and
female rats including urinary bladder in the male
may be due to the decrease of body weight as
histopathology of these organs did not show
any associated abnormalities. Hematological
results revealed a significant decrease in
neutrophils and an increase in lymphocytes in
the highest dosetreated female group including
a decrease of eosinophils in both male and
female treated with the highest dose, however
these alterations were within the normal range
(Gad. 1992). In addition, the decrease of
eosinophils in both males and females treated
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with the highest dose of KPE was consistent
with our previous study (Chivapat et al., 2004).
Although the decreases in ALP and triglyceride
level in the male rats receiving the highest dose
were observed, these findings did not indicate
any clinically pathologic states (Stockham and
Scott, 2002). The significant decreases in uric
acid and potassium levels in the female rats
receiving KPE at 50 mg/kg bw/day showed no
dose dependency and thus might not be related
to KPE. There were increases of BUN and
sodium leve! in the highest dose female group:
however these alterations were in the normal
range (Gad, 1992). It was found that the highest
dose-treated female group had higher glucose
level, compared to their control groups whereas
our previous report revealed no alterations in
glucose level in the female group receiving the
highest dase of K. parviflora rhizome powder
(Chivapat et al., 2004). This discrepancy may be
due to the difference in chemical constituents
and their contents between KPE and the crude
drug. The elevated level of cholesterol of only
the highest dose of KPE-treated female rats was
similar to that found in the six-month treatment
of K. parviflora crude powder (Chivapat el al.,
2004). The significant decrease of centrilobular
fatty degeneration in the liver of the male
groups receiving KPE at doses of 50 and
500 mg/kg/day compared to the tragacanth
group may be due to KPE. Wu et al. (20086)
demonstrated that total flavonoids from the
aerial parts of Laggera alata possessed both
in vitro and in vivo hepatoprotective effects and
nine flavonoids such as 3', 4’, 5-trihydroxyl-3,
7- dimethoxyflavone, 5-hydroxy-3.3",4",7-
tetramethoxyflavone were isolated. As there
are various flavonoids in Krachaidam rhizomes
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(Sutthanut et al.. 2007) and thus some of them
might be responsibie for hepatoprotective effect.
The decrease of large intestinal lymphoid tissue
proliferation in the male rats receiving KPE at the
dose of 50 and 500 mg/kg/day compared to the
tragacanth control group may contribute to anti-
inflammatory effect of KPE. It is demonstrated
that the ethanolic extract of K. parviflora and
some of its methoxyflavones exhibit high activity
against the release of inflammatory mediators
i.e. nitric oxide and PGE2 from LPS-induced
macrophage (Tewtrakul and Subhadhirasakul,
2008). Histopathological findings in some
organs of all KPE-treated groups were not
different from those of both control groups,
therefore these may not contribute to KPE.

In conclusion, our chronic toxicity
study of KPE in rats at doses of 5, 50 and
500 mg/kg/day indicated that KPE did not
produce any overt pharmacatoxic signs and
abnormality in hematological values including
most of clinical chemistry values. Moreover, KPE
did not cause any histopathological alterations
in various studied organs. However, female
rats receiving KPE at dose of 500 mg/kg or
approximately 100 folds higher than the dose of
dried Krachaidam in human use had significantly
higher level of glucose and cholesterol whereas
the male rats receiving this dose had less food
consumption and body weight than their control
groups. Hence, this information will be beneficial
guidance to consider the appropriate dose level
of KPE in further health product developments.
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Chronic toxicily study of Hyplis suaveolens (1..) Poil
in rats

Aimmanas Attawish', Songpol Chivapat’,
Pranee Chavalittumrong’. Songpol Phadungpat’,
Jaree Bansiddhi’ and Burjong Chaorai®

ABSTRACT
Attawish, A., Chivapat, S., Chavalittumrong, P., Phadungpat, S., Bansiddhi, J. and Chaorai, B.
Chronic toxicity study of Hyptis suaveolens (L.) Poit in rats
Songklanakarin J. Sci. Technol., 2005, 27(5) : 1027-1036

The effect of water extract of Hyptis suaveolers (H. suaveolens) was evaluated for 6-month
chronic toxicity in Wistar rats. Control group received distilled water orally 10 mli/kg/day. The
extract was orally given to five treatment groups at the doses of 8, 50, 250, 500 and 500 mg/
kg/day for 6 months. The last group was served as the recovery group. Changes in the body
weights, actual and relative organ weights were not significantly demonstrated in all groups
throughout the study. The results of hematological, biochemical parameters and histopathological
lesions showed that the extract did not produce any significant dose related changes. Therefore,
it may be concluded that the extract of H. suaveolens at the given doses did not produce any
significant toxic effect in rats during 6-month period of the treatment.

Key words ' Hyptis suaveolens, chronic toxicity, rat
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Hyptis suaveolens (L.) Poit (H.
suaveolens) (Labiatae) is commonly called in
Thai as “Maeng lak kha"” (Smitinand, 2001). It is a
strong-scented herb, 30-150 cm high; spreading
stem hispid. Leaves are ovate to broadly ovate,
2-8 cm long, 2-6 cm wide, pubescent; and
have serrulate margins. Flowers are arranged
in vertcillate cymes, calyx campanulate,
5-toothed, spine-like teeth; corolla, blue or
bluish violet, 2-lipped. Fruitlets are flattened,
broadly obovoidal and emarginated at apex;
pericarp swelling to a gelatinous mass when
soaked in water (Keng, 1978; Li and Hedge,
1994). The plant is naturalized as weeds in
open areas, found throughout Thailand. The
main chemical constituents were 1,8-cinsole
and [S-caryophyllene obtained from distillation
(Peerzada, 1997). Azevedo et al. (2001) reported
that the essential oils of H. suaveolens were
sabinene, limonene, bi- cyclogermacrene,
ﬁ-phellandrene and 1,8-cineole. After that
Ziegler et al. (2002) isolated dehydro- abietinol
from this plant. H. suaveolens was reported to be
of therapeutic value as a stimulant carminative,
antiseptic, sudorific and galactagogue (Saluja
and Santani, 1993). The essential oil of H.
suaveofens inhibited the growth of both gram-
positive and gram-negative bacteria as well as
had mild antifungal activity against Candida
albicans and Aspergillus niger (lwu et al.,
1990). Ethanclic extract of H. suaveolens leaves
showed wound healing activity. The activity
may be due to free radical scavenging action
of the plant and enhancing level of antioxidant
enzymes In granuloma tissue (Shirwaikar et
al., 2003).

However, no report for long-term toxicity
test has been made. Thus in order to obtain
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safety data of this plant extract prior to the
clinical trial of H. suaveolens in humans, six-
menth toxicity study of H. suaveolens water

extract was performed in rats.

MATERIALS AND METHODS

Plant material

The aerial part of H. suaveolens was
collected from Kanchanaburi Province. The
botanical identifications were determined using
description of Keng (1978) and Li and Hedge
(1994), and compared with the authentic
specimen (Kerr 10204) at the Bangkok Herbarium
(BK), Department of Agriculture, Ministry of
Agriculture and Cooperative, Bangkok, Thailand.
A voucher specimen (Bansiddhi 45-1) was
deposited at the Botanical Laboratory, Medicinal
Plant Research Institute, Nonthaburi, Thailand.
Plant extraction

H. suaveolens aerial part, was washed
with water, cut and dried in. an oven at 50°C
then refluxed. The filtrate was dried to give a
residue (yield: 13.0 % w/w). The residue was
dissolved in distilled water to concentrations
needed for the study.
Animals

Ninety male Wistar rats weighing 15010
g and 90 female rats weighing 13010 g from
the National Laboratory Animal Center, Mahidol
University, Nakornpathom province, were
used. The animals were housed in the animal
facility of the Department of Medical Sciences,
Ministry of Public Health, maintained in standard
environmental conditions and were allowed to
have free access to food and clean water.
Six-month toxicity study

According to the WHO guideline (2000),
ninety Wistar rats of each sex were randomly



divided into 6 groups of 15 animals per sex.
Group 1 (water control) receivec distilled water
10 ml/kg/day for 6 months. Groups 2-5 were
orally treated with the water extract at the
doses of 5, 50, 250 and 500 mg/kg/day which
were equivalent to 1,10, 50 and 100 folds the
therapeutic dose in human, respectively. A
further group, group 6, was treated with 500
mag/kg/day and used as a recovery group.
Body weight and food-intake were measured
weekly and the animals were observed for
signs of abnormalities during the six-month
of the treatment. At the end of the treatment
period, the I"-5% groups of rats were fasted
for 18 hours, then anesthetized with ether and
sacrificed by drawing blood samples from the
posterior vena cava for hematological and
biochemical examinations. The 6" group of the
rats, the recovery group, was withdrawn from
of the feeding of the extract for 14 days before
being sacrificed in order to determine whether
toxic effects observed in high-dose group were
reversible or permanent.

Hematological analysis was performed
using an automatic hematological analyzer
(Cell Dyn 3500, Abbott). The parameters of
the blood samples measured were: hematocrit
(Het), hemeglobin (Hb); red blood cells (RBC),
mean cell volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), white blood
cells (WBC), % neutrophil (%N), % lymphocyte
(%L), % monocyte (%M), % eosinophil (%E), %
basophil (%B) and platelet.

Biochemical analysis of serum
samples was performed using an automatic
chemistry analyzer (Hitachi Model 812, Roche).
Biochemical parameters measured were alkaline

phosphatase (ALP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST),
blood urea nitrogen (BUN), total protein,
albumin, bilirubin, creatinine, glucose, uric acid,
triglyceride, cholesterol, sodium, potassium and
chloride.

The positions, shapes, sizes and colors
of the internal organs; namely, brain, heart,
both kidneys, lungs. salivary gland. thyroid
gland, parathyroid gland, trachea, esophagus,
stomach, liver, pancreas, intestine, spleen,
bladder, adrenal gland and testis in male
rats or ovary and uterus in female rats were
visuelly observed for any signs of gross lesions.
These organs were then collected, weighed to
determine relative organ weights, and preserved
in 10% phosphate buffered formalin solution.
Tissue slides were prepared and stained with
hematoxylin and eosin. Histopathological
examination was performed by a pathologist.
Statistical Analysis

The data were analyzed by one-way
ANOVA followed by Dunnett multiple ranges
test to determine significant differences between
groups at P<0.05. Histopathological data were
evaluated by the Fisher exact test and the
significance level was set at P<0.05.

RESULTS AND DISCUSSION

Effects of H. suaveolens extract on
body weight, food-intake and relative organ
weight

In both male and female rats, there was
no difference in the average body weights
between extraci-treated groups and control
groups through out the experimental period of
six months (Figure1). However, relative food

consumption of rats receiving the extract was
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Figure 1. Growth curves of male and female rats receiving H. suaveolens for 6 months.
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Figure 2. Food consumption of male and female rats receiving H. suavealens for 6 months.

significantly different from the control groups
for several weeks. Male rats receiving 5 mg/
kg/day and 5, 50 mg/kg/day of the extract
had significantly lower relative food-intake than
the control group during 3" and 6" weeks,
respectively. All female rats receiving the
same amount of extract as male rats also had
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significantly lower relative food-intake than the
control group at 8" week. During 9", 10" and
24" weeks they showed the same incidence at
the dose of 500 mg/kg/day (Figure 2). In both
male and female rats, there was no difference in
the relative organ weight between extract treated
groups and control groups (Tables 1 and 2).



Tabie 1. Body weight (g) and relative organ weight (g/kg) of male rats receiving H. suaveclens for 6.months.

7 s T Dose of H. suaveolens (mg/kg BW/day-)

Organs control | 5 50 250 500 500-R

n=15 | n=15 n=15 n=15 n=15 n=15
Initial body weight 15149 14619 14717 14619 14718 149110
Final body weight 606149 681£38 500156 618148 596160 58660
Brain 3741034 3.721032 3.651042 3504037 3.7010.33 3731040
Heart 2481025 2.40%021 2401020 2.361018 2374022 2581024
Lung 308t041 | 3031033 | 3064025 | 2934025 | 3.004031 | 2.82+061
Liver 24431171 | 23701130 | 23981171 | 23554149 | 2381£1.32 | 24421151
Stomach 3.7910.49 3.5910.36 3.824043 3561045 3891+035 3741040
Spleen 1.71£0.33 1.712025 1781050 1601017 1674024 1.70£0.20
Right Kidney 2261020 | 2231020 | 2281020 | 2161021 2271025 | 2313021
Left Kidney 2.16%0.19 2.2330.20 2211023 2091019 2211020 2253018
Right Testis 550+068 5472071 | 5081060 | 5221052 | 5291056 | 54710866
Left Testis 5471058 | 5471068 | 5191063 | 5231057 | 5401062 & 5561063
Right Adrenal 005810018 | 006210.020 ‘ 005510012 | 0.057£0.008 | 0.061£0.013  0.057+£0013
Left Adrenal 008510020 | 006420.021 | 006020014 | 006310010 | 00670011  0.06510015
Bladder 028740076 | 0268+0.048 ’ 024240055 | 026110058 | 0.27840.065  0.303+0.055

R: Recovery group
The values are expressed as meantSD.

Table 2. Body weignt (g) and relative organ weight (g/kg) of female rats receiving E. suaveolens for 6 months

Dose of H. suaveolens (r%gfkg BW/day)
Organs control 5 50 250 500 500-R
n=15 | n=15 n=15 n=15 n=15 n=15

Initizl body weight 137110 | 134110 137113 135110 134112 138L11
Final body weight 327+20 314431 30923 31844 318127 327+36
Brain 6.3240.43 6.51%0.77 5.561+0.58 6.3040.72 6.45+052 6.27+0.55
Heart 2761025 | 2861031 | 3001028 | 2854030 | 2852028 | 3.04+0.34
Lung 4204043 | 4304030 | 4411038 | 4041040 | 4164045 | 214+038
Liver 23641199 | 24451325 | 25221223 | 22701168 | 23801237 | 2479%1.44
Stomach 5081043 | 5131072 | 5271076 | 4801058 | 5091061 | 5.091044
Spieen 2.35+0.37 2.2740.31 2.5010.52 2181028 2.251032 2324032
Right Kicney 2591024 2724025 2731020 2.70+0.28 2621024 2761024
Left Kidney 2541024 2564023 283+023 2554030 2511023 2661026
Right Adrenal 0.12410020 | 0.127£0.030 | 0.136+0.030 | 0.12510.024 | 0.12210.016 | 0.131£0.025
Left Adrenal 013410018 | 01380030 | 0.14310.021 | 0.130£0.022 | 012530057 | 0.145:£0.024
Bladder 0278+0.054 | 0.256520,086 | 0.20820.051 | 0.289+0.055 | 0.268£0.038 = 0.296+0.043

R: Recovery group
The values are expressed as meantSO.
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Table 3. Hematological values of male rats receiving H. suaveolens for 6 months.

‘ 7 Dose of H. suaveolens (ma/kg BW/day)

Parameters control 7 5 50 I 250 500 SDC-R

=15 n=15 n=15 | =15 n=15 | n=15
Hematocrit (%) 49951351 | 50081155 | 50.20£257 ' 50.7812.55 | 5191155 | 50.40+2.21
RBC (x106 cellsfmm3) 9.21+1.00 9421043 | 9361050 = 9.38+064 9611046 | 9.331046
Hemoglobin (g/dl) 16295118 | 16291055 | 16441071 | 16581075 | 16994049 | 15.94+2.15
MCV (Um3/red cell) 54511312 | 53171146 | 53.74+156 | 5421+1.41 } 54.06+1.80 | 54.03+167
MCH (pg/red cell) 17771094 | 17.32£043 | 17591047 | 17.701£055 ‘ 17.69+053 = 17.58%+057
| MCHC (g/dl RBC) 32061045 | 32571046 | 32701059 | 32.65+047 | 32741040 | 32.53+0.49
| WBC (x103 celis/mm3) 5001143 | 4651098 | 4681108 | 487167 | 4561078 | 467H114
Neutrophil (%) 1826774 | 14.87£344 | 16.791431 | 18.38%7.60 | 17.87+6.67 & 14.86+3.35
| Eosinophil (%) 1431054 1551040 1384056 1472050 2131243 14010238
Lymphocyte (%) 65.97X990 | 71.34%615 | 69.6015.34 | 68.021955 | 67.97+7.78 | 71.14+488
Monocyte (%) 8811276 | 778%336 | 7431280 | 7741439 | 8013233 | 7344259
Basaphil (%) 553%1.93 44611563 4801152 4381158 5251278 5.26£203

Platelet (x103 cells/mm3) | 1070172 | 1007£106 9771134 9521150 I 10241108 1023108

R: Recovery group
The values are expressed as mean®SD.

Table 4, Hematolagical values of female rats receiving H. suoveolens for 6 months.

[ Dose of H. suaveolens (mg/kg BW/day)

Parameters control 5 50 250 500 | 500 |
=15 | net5 | nei5 nel5 | 15 | iS5 |

Hematocrit (%) 4959£191 | 51134277 | 50644228 ‘ 50161126 | 51.09+239 | 50462262
RBC (x106 cells/mm3) 841044 = 8701049 | 8751041 | 8641031 | 8721050 | 850+0.41
Hemoglobin (g/dl) 1615055 = 16724086 = 16561067 | 16361040  16.56X074 | 16.321088
MCV (Um&/reg cell) 58511186 = 58774160 | 57931221 58051161 & 5865%112 | 5037+163
MCH (pg/red cell) 19674083 | 19231051 | 18951064 | 18941047 | 19.021050 | 19211062
MCHC (g/dl RBC) 32571037 | 32733054 | 32724046 | 32641032 | 32421034 | 32361071
WBC (x103 cells/mm3) 2121046 | 2154055 | 2331046 | 218t075 | 2274053 | 2421069
Neutrophil (%) 16881396 = 18121381 1839+458 | 18261562 = 15741541 | 14511446
Eosinophil (%) 1512046 1624056 = 1574058 @ 1504058 = 1564056 | 1401073
Lymphocyte (%) 67714759 | 55224454 | 54901621 6533+911 66681910 | 6205:+12.01
Monocyte (%) 10504535 | 11014372 | 10701467 1065145¢ = 11481598 | 16321882
Basophil (%) 3414127 | 403+153 | 4444213 | 4161204 | 4191168 5724301

| Platelet (x103 cellsfmm3) | 942479 9224108 95995 9564120  99atis 950172

" significantly different from control group (p<D.05)
R: Recovery group
The values are expressed as meantSD.
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Effect of H. suaveolens on hemato-
logical parameters

There was no difference of the number
of red blood cells, hemoglebin, hematocrit.
MCV, MCH, MCHG, the number of white blood
cells, %N, %L, platelet between extract-treated
groups and control groups of either male or
female rats (Tables 3 and 4). Whereas in female
rats, %M and %B of the recovery group wera
significantly higher than those of the control
group, %M and %B of other extract-treated
groups were not different from those of the
control. Hence, these changes may no be due
to the effect of the extract.

Effect of H. suaveolens on biochemi-
cal parameters

In both male and female rats, no differ-
ences (Tables 5 and 6) in the serum levels of
ALP, ALT, AST, total protein, aloumin, bilirubin,
creatinine, triglyceride, cholesterol, sodium and
potassium were found between H. suaveolens
treated groups and the control groups. It was
found that serum BUN of male rats receiving
H. suaveolens at the dose of 500 mg/kg/day
was significantly lower than that of the control
group; however, the value was still within normal
range (Semler et al., 1992). Serum glucose of
male rats receiving H. suaveolens at the dose
of 50 mg/kg/day was significantly lower than
that of the control group. Since this change
did not occur in other H. suaveolens-treated
groups, it was not a dose-dependent change
and should not be due to the plant extract.
Male rats receiving H. suaveolens at the dose
of 250 mg/kg/ day and the recovery group had
significantly higher and lower levels of chloride
ion compared to the control group, respectively;
however, the values were within normal range
(100-110 mmol/l) (Semler et al., 1992) and the

changes were not dose-dependent. In female
rats, the group receiving H. suaveolens at the
dose of 500 mg/kg had significantly higher
serum uric acid than the control group but the
value was still within normal range (1.2-7.5 mg/
dl) (Semler et al., 1992).

Effect of H. suaveolens on histopa-
thology of related changes of internal organs

No abnormal signs of internal organs
were observed by gross examination. Histe-
pathological examinations of the brain, lung,
salivary gland, 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 were performed. Pathological changes
were observed in some tissue samples in
some groups of animals. Fatty changes of the
liver, myocarditis of the heart, nephrocalcinosis,
pyelonephritis and hydrocalyx of the kidney,
splenomegaly and spermatic granuloma were
found (Tables 7 and 8). However, all of these
histopathological findings occurred in a small
number of animals and were neither a significant
change nor dose-related, and some changes
oceurred in the control group only.

The result indicated that the water
extract of H. suaveolens given orally at doses of
5, 50, 250 and 500 mg/kg/day did not produce
any sign of toxicity in the rats during the
6-month administration period. H. suaveolens
was a Thal medicinal plant that was tested
for anti-HIV activity in the “Project Herbs for
AIDS" of the Department of Medical Sciences,
Ministry of Public Health. It was found that
water extract of this plant possessed in vitro
anti-HIV activity. Using enzyme inhibition assay,

it was found that the mechanism of action of
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this plant extract might be due to the inhibition
of HIV-1 reverse transcriptase and protease.
Chronic toxicity study of this plant extract was
therefore performed in rats in order to obtain
safety data of this extract prior to the evaluation
of its therapeutic efficacy in humans.

CONCLUSION

Six-month chronic toxicity study of H.
suaveolens in Wistar rats indicated that the
water extract of H. suaveolens at the doses
of 5, 50, 250 and 500 mg/kg/day, which
were equivalent to 1, 10, 50 and 100 folds
the therapeutic dose, respectively, did not
produce any significant dose-related changes of
hematological parameters, serum biochemistry
or histopathology of any internal organs.

Therefore, it is concluded that the water extract
of H. suaveolens at the given doses does not
produce any significant toxic effect in rats

during a six-month treatment period.
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Table 5. Biochemical values of male rats receiving H. suaveolens for 6 months.

Dose of H. suaveolens (mg/kg BW/day)

Parameters control | 53 il 50 250 775-(-]0 500-R

[ n5 | 15 | =15 | nt5 n=15 =15
ALP (U/L) 605011067 | 58.13110.96 | 5873+9.35 | 6360£10.69 | 61.00+1560 = 60271997
ALT (U/L) 33001894 | 30.13%2.85 | 30731390 | 20671429 | 34.27+6.12 | 30871398
AST (U/L) 81.00114.75 | 82.33%£7.22 | £14019.69 | 76.6017.95 | 80.67+9.98 | 83931803
Total protein (g/dl) 6671038 | 6591023 | 6741033 | 6761025 | 6791033 | 6.71%0.21
Albumin (g/dl) 4214042 | 4262017 | 4324018 | 4283024 | 441%014 | 4.3410.09
Bilrubin (mg/dl) 0.08+0.03 | 0091003 | 0.08+0.03 | 008+004 | Q101004 0.0810.04
BUN (mg/dl) 19641184 | 1850141 | 19004225 | 18561167 | 17.73+241" | 18194275
Creatinine (mg/dl) 0724006 | 0731006 | 0.72+0.06 ' 0.73+0.04 | 0751005 0.7210.04
Glucose (mg/dl) 21606149.73 | 190.04£27.21 179.06+28:33*| 200.14+30.71 | 206.16+£33.71 | 202.8456.76
Uric acid (mg/d!) 3981175 | 303t1.71 2771175 | 3061188 | 3611188 3771190
Triglyceride (mo/dl) 10372129.00| 99.11 27.65 | 1104212619 [111.67+31.59 | 117.32+28.18 | 112.841+35.42
Cholesteral (ma/dl) 87.83+11458 | 8097+12.42 | 84.68+18.12 | 855312007 | 7898+1539 | 80.84+1118
Na+ (mmol/1) 14512 14512 1461+ 3 146+3 147+ 3 14411
K+ (mmol/l) B.17+0.98 6101157 5.70+1.63 5741105 ‘ 5704099 8.02%1.16
Cl- (mmol/1) 105+2 1054 10642 10741* 1062 | 103%1”

* significantly different from control group (p<0.05)
R: Recovery group
The values are expressed as mean=®SD.
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Table 6. Biochemical values of female rats receiving H. suaveolens for 6 months,

Chronic loxicity study of Hyplis suaveolens (L.) Poit in rat

Dose of H. suaveolens (mg/kg BW/day)

Parameters control | 5 50 250 500 500-R

n=15 | n=15 n=15 n=15 n=15 | n=15
ALP (U/L) 23271430 | 2480L5.67 | 22274519 | 23601412 | 23534381 | 22601494
ALT (U/L) 26671728 | 335311687 | 32001282 | 81.07£1021 | 3153+9.19 | 25471684
AST (U/L) 843311399 | 97.13129.39 | 956012116 | 94.27+18.99 | 88.67+11.11 | 836711596
Total protein (g/dl) 6851041 | 6921031 | £93+034 | 6&3+045 | 7074034 | 7014029
Albumnin (g/d)) 4854030 | 4691020 | 4881024 | 487+033 | 5104030 | 4934021
Bilirubin (ma/dl) 0131004 | 0131004 | 0121003 | 0141005 | 0134003 | 0111004
BUN (mg/dl) 25355407 | 22131249 | 23514243 | 24401356 | 2465%5.13 | 21201348
Creatinine (mg/dl} 0874010 | 0804007 | 08:+008 | osso12 | osrtot2 | osr+006
Glucose (mg/dl) 126.00£19.95 | 120.27£28.32| 116.69:+26.06 [ 127.27427.42 | 13890+32.45 | 138.33127.30
Uric acid (mg/dl) 2074089 | 274+118 | 260+123 | 2644105 | 351%137° | 3004091
Triglyceride (mg/dl) 5216121.83 | 49.1011586 | 49.14114.74 | 51.30117.38 | 625811760 | 45941505
Cholesterol (mg/dl) 6856+1832 | 73,32%1701 | 679811528 | 60.69+12.76 | 757441798 | 722111054
Na+ (mmol/1) 14542 145+ 145% 2 1462 14542 145+1
K+ (mmol/l) 517%1.34 6.02+1.36 602148 553%117 6431147 6.05+1.51
Cl- [mmol/1) 10812 10943 1082 10912 10912 1071

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

Table 7, Histopathological values of male rats receiving H. suoveolens for 6 months,

Dose of H. suaveolens (mg/kg BW/day)

Organs Microscopic control 5 | 50 250 500 500-R

findings n=15 n=16 | n=15 n=15 n=15 n=15
Lung 0/15 D/15 i 0/15 015 0/15 0/15
Heart Myocarditis 115 15 | 015 315 0/15 015
Liver Fatty change 115 0/15 0/15 2/15 015 018
Kidney Hydrocalyx 1/15 0/15 0156 0/15 0/15 015
Spleen Splenomegaly 1/15 0/15 0/15 015 0/15 0/15
Pancreas 0/15 0/15 015 0/15 0/15 0/15
Gl tract 0/15 0/15 0/15 015 015 0/15
Testis Spermatic 0/15 0/15 1/15 0/15 0/15 015

granuloma
Adrenal grand 0/15 0/15 0/15 0/15 0/15 0/15
Salivary grand 0/15 0/15 015 0/15 015 0115

R: Recovery group
The results are expressed as number of rats with pathological findings / total number of rats examined.
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Table 8. Histopathological valuss of female rats receiving H. suaveolens for 6 months.

o Dose of H. suaveolens (maglkg BW/day)
Organs Microscopic | control 5 50 250 500 500-R
findings . n=15 n=16 n=15 n=16 | n=15 n=15
Lung 0/15 0/15 015 0/15 D/15 0/15
| Heart 0/15 015 015 0/15 D/15 | 0/15
T Liver Fatty change 0715 015 115 0/15 D/15 0/15
Kidney Nephrocalcinosis 115 0/15 015 0/15 0/15 115
Pyelonephritis 015 /15 015 1/15 0715 0/15
[ And hydrocalyx
Spleen 015 0/15 015 0415 0/15 /15
Pancreas 0/15 /15 0/15 0/15 015 0/15
Gl tract 015 /15 0/15 0/15 015 0/15
Ovary 0715 0/15 0/15 0/15 0115 0/15
Uterus 0/15 0/15 0/15 0/18 0/15 0/15
Cervix 0/15 015 015 0/15 0715 0/15
Adrenal grand 0/15 0/15 0/15 0/15 0/15 015
Selivary grand 0/15 0/15 015 0/15 0/15 0/15

R: Recovery group

The results are expressed as number of rats with pathological findings / total number of rats examined.
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Chronic toxicity of Passiflora foetida L. extract

Chivapat S ', Bunjob M ', Shuacprom A ', Bansidhi J ',
Chavalittumrong P ', Rangsripipat A °, Sincharoenpokai P '

' Medicinal Plant Research Institute, Department of Medical Sciences, Ministry of Public Heclth, 88/7 Tiwanen
road, Mnang, Nonthaburi 11000, Thailond. ° Department of Veterinary Pathology, Faculty of Veterinory Sci-
ence, Chulalongkern University, Bangkok. Thailond 10330

Summary: The extract of Passifiora foetida leaf has been reported to possess vari-
ous interesting biological benefits. The objective of this study was to investigate the safety of
ethanolic extract, containing 0.84% vitexin in Wistar rats. The animals were randomly allocated
into five groups, each of twenty four rats (12 male and 12 female). Four experimental groups
were orally given the P. foetida extract at the doses of 16, 160, 800 and 1600 mg/kg/day for
six months respectively, whereas the control received distilled water. The extract did not affect
the body weights, food intake and relative organ weights of the animals, and nor did cause the
abnormal changes of hematological and biochemical values. Histopathological alterations in the
various organs of all extract-treated group did not show any significance, except the adrenal
glands of the highest dose male group showed the appearance of fatty infiltration in the cortex;
however this phenomenon might be physiclogical rather than pathological change. The results
suggested that the ethanolic extract of P. foetida extract at the given doses did not induce any
harmful effects in the rats.

Industrial relevance: In this study, 40% ethanolic extract from Passifloro foelida leaves
contained 0.84% vitexin which was reported to possess potent anti-inflammatory effect. In
addition, other compounds i.e. Kaempferol, apigenin and luteolin in this plant were found to exert
anti-histamine release. The present toxicity study revealed no harmiul effect in the experimental
animal. Therefore, the quality control of the above mentioned compounds in the extract could
lead to anti-inflammatory and anti-allergic drug development for compensation of excessive
steroidal drugs usage.

Keywords : Chronic toxicity: Passiflora foetida; rat

INTRODUCTION

Passiflora foetida (Passifloraceae) is
a herbaceous vine with the auxillary tendrils
and yellowish white hairy stems (Backer et al,
1963; De Wilde, 1963; Satterthwait, 1982). This
plant is native to the West Indies, North South
America and naturalized weed in Taiwan and
China (Yinzheng et al., 2007). It is also widely
*Corresponding Author

E-mail: songpol.c@dmsc.mailgo.th
Tel +66-25BG9850

distributed in Thailand (Radanachaless and
Maxwell, 1997). The leaves of this plant have
been widely used as traditional therapeutics for
insommia, hysteria, emmenagogue, biliousness,
asthma and skin inflammation in some coutries
such as India, Nigeria, Brazil and also in La
Reunion (Dhawan et al., 2004). The major
phytochemical constituents of P.foetida leaves
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are C-glycosyl flavonoids such as chrysoeriol,
apigenin, luteolin, kaempferol, isoschaftoside,
2"-xylosylvitexin, isovitexin and vitexin (Ulubelen
et al., 1982). There are many reports indicating
biological benefits of these flavenoids and crude
extracts of P.foetida leaves. Vitexin exhibited
potent hypotensive, anti-inflammatery and anti-
spasmodic properties (Prabhakar et al., 1981).
Recently vitexin and isovitexin have been shown
to effectively inhibit the formation of advanced
glycation endproducts (AGEs) which are found
to be implicated in diabetic complications
(Peng et al., 2008). Kaempferol, apigenin
and luteolin were demonstrated to possess
anti-allergic effect by inhibition of histamine
release (Kawasaki et al., 1994). Regarding
the crude extract of the leaf, the ethanolic
extract of P.foetida displayed antiproliferative
activity on human breast adenocarcinoma in
potential range of IC50 (Moongkarndi et al.,
2004). It was shown that the ethanolic extract
possesses remarkable antibacterial against
Ps. putida, V. cholerae, S. flexneri and Si.
pyogenes (Mohanasundari et al., 2007). Chan
et al (2008) reported the analgesic activity of
the hydro-alcoholic extract in mice. Furthermore,
the extract from the callus of P.foetida leaf
has been demonstrated to exert promising
hepatoprotecive effect in CCl4 induced hepatic
injury rats (Rasool et al, 2011). Even though
P.foetida is abundant in Thailand and it has
been extensively used in the folklore medicine
of some countries, there has been no report on
the long-term toxicity of P.foetida. The present
study aimed to investigate the safety or possibly
harmful systemic effects of the P.foetida leaves
extract in animal model. The results may be
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further clinical trial and phytopharmaceutical
development in the future.
Materials and methods

Plant material. Passiflora foetida L.
leaves were collected from the central part of
Thailand {Figure 1). The botanical identification
were determined using the description of Backer
(Backer and Bakhuizen van den Brick, 1983)
and de Wilde (De Wilde, 1963), and compared
with the authentic specimens at the Bangkok
Herbarium (BK) of the Department of Agricul-
ture, Ministry of Agriculture and Cooperative,
Thailand. A voucher specimen of P. foetida L.
(Bansiddhi 48-1) was deposited at the Botanical
Laboratory, Medicinal Plant Research Institute,

Departmeni of Medical Sciences, Thailand.
Figure 1. Aerial parts of Passiflora foetida L., leaves

(arrow) were used for extract preparation

Extraction preparation and
Phytochemical Analysis of P. foetida extract.
P.foetida leaves, washed with water and dried
at 50 C, were coarsely pulverized into powder.
The powder was marcerated with 40 % ethanol
(ratio 1:3) at 70°C for three consecutive days.
The ethanol extract was evaporated under
reduced pressure using rotary evaporator and
then lyophilized to give brown extract powder.



The yield of dried extract from dried leaves
was 14.9%. The high-performance thin layer
chromatograms (HPTLC) of the standard vitexin
and P. foetida extract were determined by
the applied method of Vunduc " etal (2005).
Chromatography was performed on 10 x 20 cm
silica gel 60 Fzs‘l HPTLC plates (Merck). Standard
vitexin and P. foetida extract solution, each of
10 L. were spotted on the plates by use a
Camag automatic TLC Sampler IV (Muttenz,
Switzerland). The plates were developed in a
saturated chromatographic chamber with ethyl
acetate: methanol: distilled water: formic acid in
the proportion 50:2:3:6 (v/v) as mobile phase.
The chromatograms were then subjected to
densitometric analysis at A= 340 nm using a
CamagTLC Scanner Il with Wincats software
V 1.34 (Muttenz, Switzerland).

Animals. Twenty ICR mice weighing 18
to 20 g (10 of each sex) and 120 Wistar rats
(60 of each sex) were purchased form The
National Laboratory Animal Center, Mahidol
university, Nakornpathom Province. The body
weight range of male and female rats were
140 to 160 g and 120 to 140 g respectively.
The animals were housed in the strict hygienic
conventional room of Laboratory animal center,
Department of Medical Sciences, where the
environment of the room was maintained at
25°C with 60% relative humidity and 12-hour
alternate light-dark cycle. Prior to acute toxicity
testing, the mice were fasted for two hours.
In the chronic toxicity study. the rats were
acclimatized in that environment for two weeks
and they were raised with commercial food and
free access to clean water. The protocol of
animal housing and treatment used in this study

was approved by the Institutional Animal Care

and Use Committee of Department of Medical
Science, Thailand (permision no.49-009)

Acute toxicity testing. Mice of each
sex were randomly allocated into two groups
containing 5 animals per sex. Control group
was given distilled water while the tested group
was orally administered with the suspension of
P. foetida extract at the dose of 20 g/kg twice.
The second dose was given after administration
the initial dose for six hours. Mice were daily
observed for fourteen days and the number of
dead animals in each day were recorded. At
the end of the testing, they were euthanasized
with CO? inhaltion and were necropsied for
determining macroscopic alterations of the
visceral organs.

Chronic toxicity study. The experimental
design was conducted according to WHO
guideline (WHO, 2000). Wistar rats of each
sex were randomly divided into five groups
containing 12 animals per sex. Group 1
(water control) received water 10 ml/kg/day
and group 2-5 were orally treated with the
water suspension of P. foetida extract at the
doses of 16, 160, 800 and 1600 mg/kg/day
respectively for six months. Body weight and
food consumption were measured weekly and
the animals were observed daily for signs of
abnormality throughout the study. At the end
of the treatment, the animals were fasted for
overnight and then anesthetized with diethyl
ether inhalation. Blood samples were collected
from the infericr vena cava of each animal for
determining hematological and biochemical
values using automatic hematological analyzer
Cell Dyn” 3500 (Abbot, USA) and Hitachi® 912
(Hitachi, Japan) respectively. Hematological

parameters measured were hematocrit,
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hemoglobin, red blood cell (RBC), mean cell
volume (MCV), mean cell hemoglobin {MCH).
mean cell hemoglobin concentration (MCHC),
white blood cell (WBC), neutrophil, ecsinophil,
lymphocyte, monocyte, basophil and platelet.
Biochemical parameters measured were
alanine aminotransaminase (ALT), aspartate
aminotransminase (AST), alkaline phosphatase
(ALP), Total protein, albumin, bilirubin, blood
urea nitrogen (BUN), creatinine, glucose, uric
acid, triglyceride, cholesterol, sodium, potassium
and chloride ions. A complete necropsy was
performed to determine various visceral organs.
Organ weights were recorded and calculated
into relative organ weight (g /1000 ¢ of body
weight ). The organs were then preserved
in 10 % phosphate buffered formalin and
subjected to conventional histological process
for histopathological examination.

Statistical Analysis. All quantitative
data were analyzed by one-way analysis
of variance (ANOVA) and Bonferroni test in

multiple comparison. Histopathological result
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was incidence was analyzed by Fisher's
exact test. Differences between groups were
considered significant at p<0.05. The significant
level of analysis was set at p<0.05.

Results

Phytochemical analysis of P. foetida
extract. The vitexin was used as a marker
component of P. foetida extract. The retention
factor (Rf) of vitexin was found at 0.7 and the
content of vitexin in the P. foetida extract was
found to be 0.84 %. The HPTLC chromatograms
of the standard vitexin and the P. foetida extract
was shown in Figure 2.

Acute toxicity testing. The tested group
treated with the extract at the dose of 20 g/kg
did not show any signs of abnormality. After
repeated with the same dose, all extract-treated
mice were still normal, as compared with the
control group. All animals survived till the end
of the testing and there was no macroscopic
alteration of the visceral organs in both treated

and control groups.

Figure 2. Chromatograms of the standard vitexin (A} and the P. foetida extract (B)
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Effect of P. foetida extract on body
weight, food intake, and relative organ
weight. The average body weight and food
intake in both male and female extract-treated
groups were not significantly different from
those of their carresponding control groups
throughout the six-month experimental period
(data not shown). There was no significant
difference in relative organs weight of both male
and female extract-treated rats when compared
with their control groups (Table 1 and 2). In
addition, the extract-treated rats did not show
any signs of abnormality and nor did the control
groups during the study.

Effect of P.foetida extract on hema-
tological parameters. Male rats receiving the
extract at the doses of 800 and 1600 ma/kg/

day had significantly higher neutrophil whereas
lymphocytes were significantly lower, compared
to the control group (Table 3). However, these
changes were still within the normal range
(Gad, 1992). There was no significant difference
in hematological values of all extract-treated
female rats compared to those of their control
group (Table 4).

Effects of P. foetida extract on
biochemical parameters. In both male and
female rats, there was no significant difference
in most biochemical parameters between the
extract-treated and the control groups, with
the exception that creatinine level in the male
group receiving the extract at the doses of 800
and 1600 mag/kg/day was significantly lower
than that in the control group (Table 5 and 6).

Table 1, Body weight (g) and relative organ weight (g/kg) of male rats receiving P. fostida extract for 6 months

Dose of P. foetida exiract (mg/kg/day)

Organs 0 16 160 800 1600

‘ [ n=12 n=12 n=12 n=12 n =12
Initial body weight 17074704 | 175.73+16.79 | 180.17£11.59 | 180.15£1265 176.971+21.26
Final body weight 30583+20.26 30050+3889 | 308.65126.59 = 300.88122.46 | 296.78134.62
Brain 6.42+0.39 6.70+0.72 6.47+0.45 65010.40 6.6510.84
Heart 2881031 2961033 3.06+0.28 3.1440.31 3.19£0.31
Lung 4391062 4301050 4201070 4171048 432+047
Liver 24671226 24324143 25.1912.64 25.39+3.47 268514.28
Stomach 5.2610.70 5201052 5.08%0.72 5411047 5.6110.50
Spleen 2.2240.30 2.16£0.20 2.41x0.20 2.17+0.29 2.21+0.27
Right kidney 2.70%0.30 2761022 2.01%0.33 2.81+0.30 2961017
Left kidney 2.58+0.22 263018 2741023 26810.27 2.84%0.16
Right adrenal 0.131£0.04 0.14£0.03 0.13+0.03 0121004 0.13+0.03
Left adrenal 0.14+004 | 0151004 0.1410.02 ' 0.13+0.03 0.1410.08
Bladder 0.29+0.03 0.32£0.09 0.29+0.06 030+0.04 0.32+0.12
Uterus 2.0010.55 2.38£0.58 2.38%1.03 2171042 2.95+1.60
Riaht ovary 0.221+0.07 0.2210.05 0.23%0.05 0231005 0.2210.08 ‘

| Left ovary 0234005 | 024+005 0.23£0.06 ' 025007 0.231£0.07

The values are expressed as mean=S.D.
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Table 2. Body weight (g) and relative organ weight (g/kg) of female rats receiving F. feetida extract for 6 months

. Dose of P. foetida extract (mg/kg/day) A\
Organs 0 16 160 800 1600

( n=12 | =12 \ n=12 n=12 n=1zj

Tinital body weight | 17974794 | 1757311679 | 1801741150 | 180.15+1265  1769721.26 |
Final body waeight 30683142026 | 300.50L£38.88 | 3086512659 | 300.88122.46 = 296.78134.62
Brain 5.4210.39 6.7010.72 6.47£0.45 6.501+0.40 6.6510.84
Heart 2.88+0.31 2.96+0.33 3.060.28 3141031 3.1920.31
Lung 4.3910.62 4301050 4.20%0.70 417+048 4324047
Liver 24671226 24324143 25.19+2.64 25391347 26.85+4.28
Stomach 5,26£0.70 520+052 5.0810.72 5411047 5611050
Spleen 2.2210.30 2154020 2.11£0.20 2171029 221027
Right kidney 2.700.30 2761022 2.9110.33 281£0.30 2.96+0.17
Left kidney 2.580.22 2631018 2.7410.23 2.681+0.27 2.8410.16
Right adrenal 0.13£0.04 0141003 0.13%0.03 0.12+0.04 0.1310.03

| Left adrenal 0.1440.04 0.15+0.04 0.1420.02 0.13£0.03 0.14£0.03
Bladder 0.2810.03 0.3210.09 \ 0.291+0.06 0.30%0.04 0.32+0.12

| Uterus 2.001+0.55 2.3810.58 2.38+1.03 2.17£0.42 2.9511.60
Right ovary 0.2240.07 0.22+0.05 ‘ 0.2310.05 0.230.06 0221008 |
Left ovary 0.23+0.05 ‘ 0.2410.05 0.230.06 0.25+0.07 0231007

The values are expressed as meanS.D.

Table 3. Hematological values of male rats recewving P. foetida extract for 6 months

Dose of P. foetida extract (mg/kg/day)
Parameters 0 l 16 160 800 1600
" n=12 | n=12 n=12 n =12 n=12 |

Hemalogrit (%) 49,30%2.17 47921204 48.88+1.87 48451259 47.10%1.42
Hemoglobin (g/dl) 16.73+0.61 1555+0.58 18.74£0.45 15.68£0.77 15.180.54
RBC (x106celis/mm’) 9.10+041 9.0310.48 9.08+0.38 8921054 8.86%0.31
MCV [um3/red cell) 5424217 53101205 53.90+2.39 54.37+2.31 53171145
MCH (pg'red cell) 17.2910.55 17.2210.65 17.35£0.52 17.5810.76 17132045
MCHC (g/dl RBC) 31911068 32.43+0.31 32221053 32.35:+0.58 32,23+0.60
WBC (x103cells/mm’) 3.701059 3.65+0.72 3.831+0.68 2.99+0.84 4.42+1.35
Neutrophil (%) 18.75+3.58 23.58+559 20.04+589 2570+457* | 31.31%12.08
Eosinophil (%) 1841077 1.7620.51 1.9410.54 1911053 1.3510.63
Lymphocyte (%) 77.63+3.92 71.001+6.08 75514542 68.62£549" | 6358+13.06
Monocyte (%) 1.3511.34 2.8612.48 1.77£1.60 2931185 2821299
Basophil (%) 0.86+0.40 0.80+0.38 0.72%0.42 0.85+0.40 0.95+0.58
Platelet (x103cels/mny’) | 93171193.42 | 89892+107.50 | 90896£72.20 & 874.92+87.44 | 904.88%75.27

The values are expressed as mean £S.D.
* Significantly different from control group (p<0.05)
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Table 4. Hemalclogical values of femals rats receiving P. foetida extract for 6 months

=
Dose of P. foetida extract (mg/kg/day) _é
Parameters 0 16 160 800 1600 =
_ n=12 n =12 n=12 n=12 n=12 g
| Hematocrit (%) 47221088 47104232 | 48.08+263 46451258 46.121%1.52 :5;
Hemaglobin (g/di} 15.4410.74 15.4040.81 15.67+0.82 15234073 15124053 %
REC (»106cells/mm’) 8.17£051 8.190.36 8.3420.41 7.831+067 8074028 5
MCV (um3/red call) 57.841.41 57.51+1.70 57.65+0.84 5813+1.98 57.19%1.42 é
MCH (pgrred cal} 18.9310.45 18.81+067 18.80£027 19.0820.74 18.7520.43 =
MCHC (a/d REC) 32.70+0.62 32.7420.73 32611034 3280t058 32791040 =
WBG (x103cels/mm’) 2311089 2211074 2.0040.84 2611093 2734133
Neutrophil (36) 19724560 20924553 : 20251514 21551507 10614493
Eosinophil (%) 1.50£0861 1,450.66 1.50+0.94 1.7511.18 1251047
Lymphocyta (%) 76.8416.15 74771496 75531672 74781592 76.75+5.06
Monaoyte (%) 1311072 2.14%1.79 2.08+1.93 1.2741.13 1.59+1.05
Basophil (%) 0.6520.36 0722034 0624021 0.65+0.38 0.81+0.24
Platelot (x103celie/mm’) | 8508817300 | 85055+67.81 | 80158+111.41 | 8574619707 | B4438+6582 |
| e e gy B | M i -y |
The values are expressed as mean +8.0.
Table 5. Biochemical values of male rats receiving P. foatida extract for 6 months
Dose of P. foetida extract (mg/kg/day) ]
Parameters 0 16 160 800 ' 1600 '
n=12 n=12 n=12 _Fn=12 n=12 |
ALT (UnL) 34831754 3933%8.37 | 3008+1251 | 425011145 | 35.33%7.87
AST (L) 80.33+10.71 88.7518.43 796711457 B208x15.42 77671228
ALP (/L) 54.58+568 4900%6.35 | 57.92t1006 | 551711008 | 5667%13.12
Total protein (g/dl) 7.0010.29 7.0410.21 7.10£0.20 7081021 707t0.27 ,
Albumin (gfdl) 4484015 4521014 454£0.18 4621018 45240.28
[ Bilirubin (ma/d) 0084003 0.08+0.03 0.09+003 0081002 0.08+0.03
BUN (ma/di) 19.78£193 18221175 18.89%1.62 18.4311.95 19.3012.80
Creatinine (mg/dl) 0.5610.06 0.521£0.07 0601005 0.59+0.04" 0.58+0.08 ,
Glucoss (mg/dl) 186.1914333 | 17955:42280 | 203.89+03.32 | 204.58:k51.62 | 186.99121.94
Uricacid (mg/dl) 2.83+1.45 1.9440.95 2.77+1.43 268+201 2561099
Triglyceride (mg/dl) 1203844593 | 1188843881 | 1624345484 | 117.06+3240 | 1281515123
; Cholesterol (ma/dl) 758711457 | 778311845 | 16515424107 | 78.83%1447 | B4.99E1677
| Na= {mmol/[) 144251912 | 145671995 | 14258%13.27 | 1420811629 | 145421083
K+ (mmol/l) 6.42:+1.25 5.83+1.18 557£1.01 554£1.18 5581130
Ci- {mmol/1) 101331654 102,587 56

The values are expressed as mean 8.0,

108.33+7.35

% Slgnilit:antly different from control group (p<0.05)

Toxicity of P. foetida L. extract
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Table 6. Biochemical values of female rats receiving P. foetida extract for 6 months

Dose of P. foetida extract (mg/kg/day) ‘—l
' Parameters 0 16 | 180 800 1600 |
n=12 n=12 h n=12 | n=12 | n=12
ALT (UL) 324241000 | 30481735 | 33334897 | 558346950 | 41.08+27.70
| AST (L) 81502174 = 678241664 | 90.83119.80 | 1013316190 = 89.92+2881
ALP (UAL) 2133+274 | 21554503 | 23424427 | 2083424 | 247541028
Total protein (o/d) 7004024 | 720034 ‘ 733044 7501051 | 7.45%050
| Albumin (g/d) 5154020 = 5051028 | 5264038 | 5154028 5214040
Bilirubm (mg/d) 0104003 | 0112003 = 0104005 | 0124005 | 0.13%005
BUN (mg/dl) 2255+2.92 23.63+294 21651349 23.6714.53 2268%4.18
Creatinine (mg/d) 064£009 | 0661007 | 0644008 | 0664011 0.60+0.10
Glucose (mg/d) 1511742645 | 1477442170 | 1557341406 | 1449611951 | 161542398
Uricacid (ma/d) 178093 1881097 | 240%151 1604155 1334120
Trighoeride (mo/d) | 637742067 | 45881967 = 46881296 \ 475041191 | 53.49+1384
Cholesterol (m/d) | 708641340 | 635041467 | 756911862 | 761842934 | 86.7743276
Na+ (mmol/) 148674156 | 148481376 | 14658+1193 | 147754490 & 150.420.90
K {mmoll) 5524151 5684144 | 608+2.19 ‘ 4714209 4254001
Cl- (mmol/1) 107674156 | 10664311 | 105.174007 = 106567+408 | 10758144

The values are exprassed as mean £S.D.

Effect of P. foetida extract on
histopathological alterations of visceral
organs. Necropsy revealed no remarkable gross
lesions in any organs of all extract-treated
groups as well as those in the control groups.
Histopathological result of the adrenal glands
in the male rats receiving the extract at dose
of 1600 mg/kg/day showed significantly higher
incidence of cortical faity infiltration than that
in the control group (Figure 3). There were
no significant difierence of histopathological
findings in the heart, lung, liver, kidney, small
and large intestine between all extract-treated
groups and the control groups (Table 7 and 8). In
addition, no remarkable histopathological lesion
in the brain, stomach, spleen, pancreas, trachea,
esophagus, urinary bladder, reproductive organs
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(testes, prostate gland, seminal vesicle in the
male, ovaries, mammary glands and uterus in
the female), lymph nodes. thyroid, lacrimal and
salivary glands was detected in all extract-
treated groups as well as their corresponding
control groups.



Table 7. Histopathological evaluztion of male rats receiving P. foetida extract for € months

Organs Microscopic findings Dose of P. foetida extract (mg/kg/day)
Control | 16 160 800 | 1600
i Heart Focal myocardicsis 012 112 112 0/12 2/12
Lung BALT 72 4/12 6/12 312 10712
Liver Centrilobular fatty degeneration 5M12 212 4/12 B/12 612 |
Kidney Dilated tubule 2112 0/12 2/12 112 112
Small intestine | GALT proliferation 112 112 0/12 3/12 112 ;
| Large intestine | GALT proliferation 112 1/12 112 212 0/12
Adrenal glands | Cortical fatty infiltration 0z 1712 012 4,12 5/12*

The results are expressed as number of rats with pathological findings.
* Significant difference from contral group (p<0.05)
(BALT: Bronchiole assaciated lymphoid tissue, GALT: Gut associated lymphoid tissues)

Table 8. Histopathological evaluation of female rats receiving P. fostida extract far 8 months

‘ Organs Microscopic findings Dose of P. foetida extract (mg/kg/d;y)‘y ]
Control 16 160 800 1600
1| Lung BALT 612 2/12 6/12 812 an2 [
Heart Focal myocardiosis 0712 1712 0/12 112 0712 ‘
| Liver Centrilobular fatty degeneration|  3/12 0/12 112 012 312 |
Kidrey Tubular casts 1/12 ‘ 112 2/12 1/12 0/12
hydronephrosis 012 012 0/12 012 212
Small intestine | GALT profiferation 1/12 3/12 412 2112 112
Large intestine | GALT proiiferation 0/12 ‘ 2/12 | 012 212 a4/12

The results are expressed as number of rats with pathological findings.
(BALT: Bronchiole associated lymphoid tissue, GALT: Gut associated lymphoid tissues)

Figure 3. Histopathology of adrenal glands showing normal morphology from the control (A) and cortical fatty
infiltration in the male rats {reated with Pfoetida exiract at the dose of 1600 mg/kg/day (B).
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DISCUSSION

In the present study, P. foetida extract did
not cause any acute toxic effects and mortality
in mice. Therefore its LD, should be more than
40 g/kg, which could be regarded as practically
non toxic compounds (Frank, 1985). Chronic
toxicity study suggesting that the extract at the
given doses did not affect body weight gain,
food intake, relative organs weight and nor did
the animal health. Hematological resuit revealed
the increase of neutrophil and the decrease of
lymphocyte in the male groups receiving the
exiract at the doses of 800 and 1600 mg/kg;
however these alterations were still within the
rats normal range (Gad, 1992). The significant
reduction of creatinine in the above mentioned
two groups was not only within the normal range
(Gad, 1992), but no clinical significance also
(Stockham & Scott, 2002). While in the female,
there was no hematological and biochemical
alterations in the extract-treated groups. Taken
together, it was suggestive that the extract
causes no abnormality in hematological and
biochemical values. The presence of cortical
fatty infiltration in the adrenal glands of the
male rats receiving the extract at dose of
800 and 1600 mg/kg tended to show dose
dependency, this phenomenon may be due
to the exiract. Watanabe and Ayugase (2008)
has demonstrated that the Buckwheat sprouts
flavonoids containing about 40 % of vitexin
and isovitexin caused the reduction in the
plasma corticosterone and the flavonoids
was proposed to suppress the activaticon
of the hypothalamic-pituitary-adrenal axis.
Phytochemical investigations showed that

the leaves of the P.foetida containing major
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C-glycosyl flavonoids such as vitexin and
isovitexin (Ulubelen et al., 1982). Therefore
the P.foetida extract might possibly play these
roles causing the decrease of corticasteroids
synthesis in the adrenal cortex. As a result,
the lipids that are precursors of the steroids
synthesis may accumulate or be retained in
the cortical cells, which may be related to
adrenal gland histological alteration, However,
this change may be physiological response
rather than pathological change and further
evaluation of the P.foetida extract on plasma
corticosterone and histopathology of the adrenal
glands is required. Histopathological findings
in some organs of the extract-treated groups
were not suggestive of any toxicity caused by
the extract. Therefore, it was conclusive that
the extract at the given doses did not produce

chronic toxicity in Wistar rats.
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Abstract

Several plants species in the genus Ardisia contained various biologically active compounds.
Ram Yai or Pilangkasa (Ardisia elfiptica Thunb.) has been used in traditional medicines. The
objective of this study was to evaluate the safety of ethanolic extract of A. elliptica fruit in animal
models by oral administration. Acute toxicity test in mice by gavage the extract at each dose of
2.5 g/kg twice revealed no abnormal signs, martality and gross lesion of vital organs. Subchronic
toxicity study was investigated in one hundred Wistar rats separated into five groups, each
of twenty (ten males and ten females). Two control groups received distilled water and 0.5%
tragacanth respectively. While three experimental groups were orally administered with the extract
at the doses of 20, 200 and 2000 mg/kg/day for 90 days consecutively. The results revealed
that the exiract at different doses did not affect growtn, food consumption, health status, organ
weights and clinical chemistry values of the rats. Hemalological results revealed that the male
rats receiving the extract at 200 mg/kg had higher MCHC value than the water control group:
however it did not show any dose dependency. The significant alterations of neutrophil and
eosinophil in the highest dose-treated male group were within the reference range. The incidence
of histopathological lesions in some organs did not show any dose response relationship. In
conclusion, the sthanolic extract of Ram Yai fruit at the tested doses did not produce any acute
and subchronic toxicity in experimental animals.
Keywords: A. elliptica extract, acute, mice, rat, subchronic toxicity
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INTRODUCTION

The genus Ardisia is the largest in
the family Myrsinaceae, and several species
produce several groups of biologically active
phytochemicals such as peptides, saponins,
isocoumarins quinines and alkylphenols
(Kobayashi and Mejia, 2005). Of these, Ardisia
elliptica Thunb., also known in Thailand as
Ram Yai or Pilangkasa, is one of the interesting
medicinal plants. In traditional medicines, the
Malaysians used the decoction of the leaves to
treat chest pain. herpes and measles. The fruits
were prescribed in Thai traditional medicines
for curing diarrhea with fever (Ling et al., 2009).
The crude extract and some phytochcmical
constituents from A. elliptica were proven to
possess various biological activities. Ethanolic

extract of the fruit showed antiproliferative
activity on human breast adenoma cell line
(Moongkarndi et al., 2004). ﬁ-amyrin exhibited
more potent activity than aspirin in inhibiting
platelet aggregation (Ching et al., 2010).
Berginine exhibiting a wide range of biological
activities including hepatoprotective, antifungal,
antiarrhythmic and hypolipidemic was found
in the highest content in A. elliptica when
compared with other 18 species naturally
occurring in China (Kobayashi and Mejia,
2005). Embellin was demonstrated to possess
analgesic (Atal el al., 1984), wound healing
(Swamy et al., 2007) antibacterial (Chitra et
al, 2003) and antioxidant (Joshi et al., 2007).
Recently. embellin extracted from the fruits of
A. elliptica showed high potency of antiglycation
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activity and it has been developed for external
use as cosmcticeutics for aging (Shuayprom
et al., 2010). Even though phytochemicals of
A. elliptica indicate that it has potential for
health products development, toxicological data
of this plant has not been fully explored. The
objectives of this study were to evaluate the
safety of the ethanolic extract of A. elliptica
fruits in animal models and the results may
be useful to support the utilization of health
products from A elfiptica.

MATERIALS AND METHODS

Ardisia elliptic extract (AE): The
fruits of A. elliptica were collected from the
plantations in The Medicinal Plant Garden of
the Department of Medical Sciences, Rayong
Province, Thailand. The plant specimens were
identified by Rachan Pooma, Office of the
Forest Herbarium, Department of National
Parks, Wildlife. and Plant Conservation. A
voucher specimen of A. elliptica (BKF No.
110703) was deposited at the Forast Herbarium,
Thailand, The dried fruits of A. elliptica were
coarsely pulverized into powder. The powder
was exiracted with 95% ethanol using soxhlet
apparatus. The extract solution was evaporated
using rotary evaporator at 50°C under reduced
pressure and then the concentrated extract was
dried using lyophilizer. The yield of dried extract
from the dried fruits was about 28.28% (w/w).
Embellin. a major biclogical active compound
in AE, was found to be 2.04% according to
HPTLC analysis. The extract was kept in well-
closed container, protected from light at 20°C
for further toxicological investigation.

Animals: Thirty ICR mice (15 males
and 15 females weighing 20-22 g) and one

hundred Wistar rats (50 males weighing 180-200
g and 50 females weighing 170-180 g) were
purchased from The National Laboratory Animal
Center, Mahidol University. The animals were
housed in a hygienic conventional animal room
of the Laboratory Animal Center, Department
of Medical Sciences where the environment of
the room was maintained at 251°C with 60%
humidity and 12 hour-light-dark cycle. They
were raised with commercial pellet diet (082
CP" feed, Perfect Companion Group, Thailand)
and clean water ad libitum. The mice were
fasted for twao hours before acuie toxicity test.
Prior to the subchronic toxicity study, the rats
were acclimatized with the environment for two
weeks. The protocol study was approved by the
Institutional Animal Care and Use Committee
(IACUC) of the Department of Medical Sciences
(Code No. 53-011).

Acute, toxicity test: The mice were
randomly divided into three groups, each of
ten animals (five males and five females).
The experimental group was orally given AE
suspension at dose of 2.5 g/kg while two
control groups received distilled water and
tragacanth solution at the volume of 10 ml/kg
respectively. The animals were observed for
four hours and the process was then repeated.
Following administration, they were observed for
abnormal signs and mortality for 14 days. At the
end of the observation period, the mice were
sacrificed with CO‘, inhalation and necropsy
was performed, to examine gross pathology
of their visceral organs.

Subchronic toxicity study: The Wistar
rats were randomly divided into five groups of
ten animals of each sex. Group | and 2 were

control groups receiving distilled water and
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0.5% tragacanth at the volume of 10 mi/kg.
respectively. Group 3 to 5 were experimental
groups orally administered with AE suspension
at the doses of 20, 200 and 2000 mg/kg/
day for 90 days consecutively. During the
experimental period, body weight and food
intake were recorded weekly and the animals
were observed for general appearance, behavior
and signs of abnormalities. At the end of the
90-day treatment period, the animals were
fasted overnight, anesthesized with diethyl
ether inhalation. Blood samples were collected
from posterior vena cava for determining
hematological and serum clinical chemistry
values.

Hematological analysis was performed
using automatic hematological analyzer Cell
Dyn® 3500 (Abbot Laboratories Ltd, USA).
Parameters examined were hematocrit (Hct),
hemoglobin, erythrocyte (RBC). mean cell
volume (MCV), mean cell hemoglobin (MCH),
mean cell hemoglohin concentration (MCHC),
white blood cell (WBC), neutrophil, eosinophil,
lymphocyte, monocyte, basophil and platelet.

Clinical chemistry values were measured
by using automatic chemistry analyzer Cobas”
Integra 400 plus (Roche Diagnostics Ltd,
Switzerland) and parameters assayed were
alkaline phosphatase (ALP), alanine transminase
(ALT), aspartate transminase (AST), total
protein, albumin, bilirubin, blood urea nitrogen
(BUN), creatinine, glucose, uric acid, triglyceride,
cholesterol, sodium, potassium and chloride
ians.

A complete necropsy was performead
to determine gross lesions of various visceral
organs. Brain, heart, lung, liver, kidney, stomach,
spleen, testis, uterus, urinary bladder and
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adrenal glands were weighed by using Mettler
Toledo” PB 153 balance (Metler Toledo
International Inc, Switzerland). Organ weights
were calculated into relative organ weight
(971000 g body weight). The visceral organs
were fixed in 10% buffered formalin, and
subjected to conventional histological process.
Histopathological examination was performed
on the above mentioned organs including
trachea, lymph node, esophagus, pancreas,
intestines, thyroid gland, lacrimal and salivary
glands, prostate gland, seminal vesicle, ovary,
uterus, and mammary glands.

Statistical analysis: The data were
statistically evaluated by one way ANOVA.
Comparison between treatment and control
groups were made by Bonferroni test. For histo-
pathological results, Fisher's exact was applied.
Differences between groups were considered

significant at p<0.05.

Results

Acute toxicity test: The mice receiving
AE at the dose of 2.5 g/kg twice did not
manifest any abnormal signs or behaviors
during the observation period. All AE - treated
mice survived until the end of the experiment.
Necropsy revealed no gross lesions in the
visceral organs when compared with both
control groups.
Subchronic toxicity study

Effect of AE on body weight, relative
organ weights, food consumption and health
status: Both male and female rats receiving AE
at the doses of 20, 200 and 2000 ma/kg/day
showed no significant difference in their average
body weight (Fig 1) and relative organs weight
(Table 1 and 2) when compared with their corre-



sponding water and tragacanth control groups.
Measurement of the weekly food intake in the
AE - treated male rats showed no significant
difference over the whole experimental period
as compared with the corresponding control
groups. In the female, only the highest dose-
treated group had significantly lower food intake
than the tragacanth conirol group at week 6, 7,
9 and than the water control group at only week
10 (Fig 2). All of the AE-treated groups revealed
healthy and showed no sign of abnormality, as
compared to both contral groups.

Effects of AE on hematological values:
Male rats receiving AE at dose of 200 mgrkg/
day had significantly higher MCHC than the
water control group. The highest dose-treated
male rats had significantly higher neutrophil but
significantly lower eosinophil when compared
with those of the water control group (Table 3).
In the female, there was no significant difference
in any hematological parameters between the
treatment and control groups (Table 4).

Effects of AE on clinical chemistry
values: Both male and female rats receiving
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Table 1 Relative organ weight (g/1000g of body weight) of male rats receiving AE for 0 days

Dose of AE (mg/kg/day)
Organs DW 0.5% Tragacanth 20 200 2000
n=10 n=10 n=10 n=10 . n=10
Brain 4.0810.30 4161045 4271031 4161024 4.0910.38
Heart 2.8810.13 2831012 2.81+014 2744013 2.8240.15
Lung 3.18+021 3.16+034 3.16+0.16 3.14+021 3.0240.29
| Liver 27.40£2.55 2824:+2.01 27.54+2.24 27.50%2.01 28.511+2.34
Stomach 4101038 4081045 400047 4111043 4.23+024
| Spleen 1.74%0.15 1.74+0.19 1771022 1.6610.17 1.7310.18
| Right kidney 2.52+0.20 2611014 2.50+0.16 2491021 2531018
Left kidney 2.43+0,19 2431015 2.441016 2.36+0.17 2.45+020
Right testis 5701062 5.82+054 5761058 5621049 5651053
Left testis §.7710.71 5.87+0.54 5.80+049 5504042 5.681047
Right adrenal 0.08+0.01 0.07+0.02 0.07+0.01 0.0810.01 0.07%0.01
Left adrenal 0.09+0.01 0.0810.01 0.0810.01 0.0910.01 0.0810.02
Bladder 0.2810.05 0.31£0.05 0.28%0.07 0271004 0.291+0.06

The values are expressed as meantSD, DW: Distilled water, TG: Tragacanth

Table 2 Relative organ weight (g/1000g of body weight) of female rats receiving AE for 80 days

| Dose of AE (mg/kg/day)

Organs DW 0.5% TG 20 200 2000
[ n=t0 n=10 n=10 n=10 n=10

Brain 6011081 | 6844055 7.09£0.38 7.3110.42 7.08£0.51
Heart 33410.34 3.23+0.25 3.32+0.24 331%0.14 3.22+0.21
Lung 4.30£0.31 4.23+0.25 4324031 4.31+0.26 4.23+0.48
Liver 272514222 26.51+2.63 27.254+291 27.23+2.15 27471285
Stomach 5621+0.52 485%1.05 5.4810.66 53040.37 5.28+0.66
Spleen 225+0.22 2180.16 221+0.21 218+0.16 2.36+0.43
Right kidney 292+0.19 2.88+0.12 2.86+0.19 3041+0.28 2951029
Left kidnay 275+0.15 266+0.24 26810.15 290+0.25 2791033
Right adrenal 0.15+0.04 0.15£0.02 0.1610.04 017%0.02 0.15%0.03
Left adrenal 0.1710.04 0.16£0.01 0.18£0.03 017+0.02 0.16+0.03
Bladder 0.33£0.04 0.27+0.08 0.32£0.09 0.29+0.04 031+0.03
Uterus 2241066 1.9410.46 2.03+0.73 1.97+0.27 2.08+0.50
Right ovary 02710.06 0.28+0.05 0.2840.04 0.30£0.04 0.3010.06

L|_eft ovary 0.33+0.06 0.320.08 0.31+0.07 0.33£0.05 0.30£0.09

The values are expressed as mean+SD

“significantly different from water control group (p< 0.05), DW: Distilled water, TG: Tragacanth
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Table 3 Hematological values of male rats receiving AE for 90 days

Dose of AE (mg/kg/day)

Parameters DW 0.5% TG 20 200 2000

n=10 n=10 n=10 n=10 n=10
Hematocrit (%) 34.361+1.44 34.08%1.52 34471154 33.1711.06 32.75+0.73
Hemoglabin (g/dl) 16.2010.75 16.1610.65 ‘ 16.29+0.67 15.8740.49 15631042
RBC (x 106cells/mm’) |  9.25£0.50 8.3610.39 9.33%0.41 9131037 8.87£0.28
MCV (fi/red cell) 37.14%1.00 36.4310.82 36.97+0.88 36.35+0.65 36984077
MCH (pg/red cell) 17.53+0.44 17.2910.40 17.4810.40 17.4010.42 17641039
MCHC (g/d! RBC) 47.1710.41 47.4410.40 47.3010.43 47.85+0.64* 47.70% 45
WBC (x 103 cells/ mm’) 3.3510.62 3.5610.59 3.55%0.79 3.331056 3.2911.23
Neutrophil (%) 2164+313 24 561617 21581283 24711557 285514.82"
Eosinophil (%) 1.91£0.56 1.5310.69 1.7210.49 2.01£0.75 1.00t0.21*
Lymphocyte (%) 74.35+3.12 71.0717.20 75.38+2.82 71.2815.68 68.20£5.41
Monacyte (%) 1.4011.49 2.20+302 0.86125 1.341+136 1.4310.88
Basophil (%) 0.7210.45 0.651061 0.4510.21 0.6810.38 0.7310.31

‘ Platalet (x103celis/mm’) | 955.351+98.01 | 1,028.10+85.29 | 956.00+76.20 [1,020.201108.23 968.001116.54

The values are expressed as meantSD

*significantly different from water control group (p< 0.05), DW: Distilled water, TG: Tragacanth

Table 4 Hematological values of female rats receiving AE for 90 days

Dose of AE (mg/kg/day)

Parameters DW 0.5% TG 20 200 2000

n=10 n=10 |  n=10 n=10 n=10
Hematocrit (%) 31.70%5.07 33.02%1.70 3317%£1.35 32.55+1.77 32531152
Hemoglobin (g/dl) 16.06+0.63 15.7710.83 15931066 15.5910.88 15801065
RBC (x 106cells/mm’) 8.5410.42 8481057 8.4810.40 8.331048 8.4310.42
MCV (il/red call) 39.20+0.74 38.981+1.16 39131058 39.07£0.73 38.5810.89
MCH (pg/red cell) 18.831+0.41 18.61+0.52 18.81+0.45 18.7110.34 18.78+0.77
MCHC (g/dl RBC) 48001041 47.761£0.55 48.02+0.53 47.88+0.58 48691175
WBC (x 103 cells/ mm’) 1.8310.50 2.06+067 1.7520.49 1.76+049 1.93%0.56
Neutrophil (%) 24551573 28.56+8.19 271214589 24.261+3.89 25331848
Eosinophil (%) 1.8611.00 1.681£0.86 205%1.17 1771094 1.3610.56
Lymphocyte (%) 71.7616.00 68.93£8.06 69.2514.31 72.21%£3.73 70431833
Monocyte (%) 1.17£0.59 1.9811.84 1.0410.44 1.22+040 207£1.30
Basophil (%) 0.6610.33 0.82+050 054£0.21 0.521+029 08110.30
Platelet (x103celis/mny’) | 896.80+11491 | 895.45+5513 | 891.3+101.59 | 206.851+8851 | 918.05+56.66

The values are expressed as mean=SD, DW: Distilled water, TC: Tragacanth
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Table 5 Biochemical values of male rats receiving AE for 90 days

Dose of AE (mg/kg/day)

Parameters DW 05% TG 20 200 2000
n=10 n=10 n=10 n=10 n=10
ALP (U7 ) 54.0018.93 51.80%6.53 52.501+4.86 52.401599 53.00%5.29
ALT (U/1) 30.20£5.01 29.1016.08 27.90+3.48 29.40%574 29.0016.85
AST (UN) 89.00%8.92 82.801+6,88 84.00+£9.63 83.20£10.08 79.3019,15
BUN (mg/dl) 20.45%2.92 2021+361 1869+2.30 20.35+3.19 18,4613.50
Creatinine {mg/dl) 05410.06 0.53%0.11 04910.04 0.4810.06 0.48+008
Total Protein (g/dl) 6.381+0.13 6.3210.18 6391022 6.3710.16 6.35+0.14
Aloumin {g/dl) 4.4910.10 4,4510.009 4541015 451%£0.15 4481015
Bilirubin (mg/dl) 0.0510.03 0.06£0.02 0.0510.02 0.0710.03 0.040.02
Glucose (mg/dl) 238.32156.06 | 243.43145.93 21921412960 | 2135546322 | 219.53127.14
Uric acid (mg/dl) 495+1.29 5.18+1.18 4.70%+1.12 4.40%1.87 4.69£1.10
Triglyceride (mg/di| 93.69+24.51 95.58+18.76 | 104.341223.74 | 91.39+1371 79.24112.67
Cholesterol (mg/dl) 56.54+5.62 63.98+11.96 55.261+13.82 58.4419.15 51.80%12.34
Sodium (mmol/1) 144.80+253 144.10+2.08 143.80+1.89 143501143 143.60£1.58
Potassium (mmol/1) 794+0.55 7.8410.96 7551095 7.26%1.23 8341084
Chloride (mmol/1) 104.10£1.29 103.80£1.25 103.80£1.14 104,0010.82 104.20%1,62
The values are expressed as meantSD, DW: Distilled water, TG: Tragacanth
Table 6 Biochemical values of female rats receiving AE for 90 days
Dose of AE (mg/kg/day)
Parameters DW 0.5% TG 20 200 2000
n=10 n=10 n=10 n=10 n=10
ALP (U/ 1) 22.30+3.71 25.0046.70 236013.34 26.7016.15 24.10+5.80
ALT (UA1) 20.40%3.17 20.90+4.36 18.00%1.76 18.40%2.12 19.40+1.84
AST (U) 82.40+14.47 80.301£6.43 7860£5.78 84.40+9.83 80.3018.84 ‘
BUN (mg/dl) 23.20%2.84 21.581+594 2571£7.69 21.02£3.52 20.13£2.5D
Creatinine (mg/dl) 0501008 6.46118.81 0.5710.14 047£0.05 0.43+0.06
Total Protein (g/dl) 6.3240.15 6.1710.22 6.2810.19 6.32+0.33 6.23+0.16
Alburnin (g/dl) 4.7210.08 4.6210.15 4741015 46810.24 4681017
Bilirubin (mg/dl) 0.07£0.02 0.06£0.01 0.07£0.01 0.06£0.02 0.0610.01
Glucose (mg/dl) 103.40£16.75 = 121.29+24.81 10352%1400 | 101.46%11.64 | 100.27£10.69
Uric acid (mg/dl) 2.38+099 2.38%0.85 2.214+065 2081082 2.39%0.59
Triglyceride (ma/dl) 34.3514.81 30.761+5.52 34161827 33821505 28.07+4.09
Cholesterol (mg/dl) 62.72113.08 563911372 58.30114.48 | 5898111.49 52.38+10.44
Sodium (mmal/1) 142.50£1.90 | 142.80%1.91 142.90%1.37 143.2010.79 142.80£1.55
Potassium (mmol/1) 8.641+1.61 6.6411.24 6.6111.57 65111.64 6.6911.13
Chloride (mmol/1) 106.5010.97

The values are expressed as meant38D, DW: Distilled water, TG: Tragacanth
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107.20%1.40

107.30+1.49 106.9010.88

106.7011.34



Table 7 Hisiopathological rasults of visceral organs of rats receiving AE for 80 days
Male Female
Dose of AE (mg/kg/day)

Dbse of AE (mg/kg/day)
DW 05%TC 20 200 2000| DW 0.5% TG 20 200 2000

Organs Microscopic. findings

Lung BALT proliferation 910 | 7/10 | 4/10 | 6410 | 6710 | 6410 | 2/10 | 510 | 4/10 | 4/10
Heart Focal myocardiosis 0/10 | 0710 | 0/10 | G/10 | 1710 | NRL | NRL NRL | NRL | NRL
Liver Centrilobular fatty 3/10 | 0/10 | 110 | 1/10 | 0410 | 6410 | 3/10 | 1/10 | 3/10 | 1/10 |

degeneration ’
Centrilbular hydropic 9/10 | 5410 | 2/10" | 1/10" | 3/1C* | 1/10 | 0/10 0/10 | 0/10 | 0/10 |
degeneration ‘
Small GALT proliferation in 3/10 | 1/10 | 3/10 | 2/10  0/10 | 8/10 | 2/10  1/10 | 1/10 | 0/10 |
Intestine
Large GALT proliferation in 110 | 110 | 110 | 210 3/10 | 1/10 | 1/10 | 2/10 | 0/10 | 0/10
intesting

submucosa layer

submucosa laver
Adrenal

Gland
Medullary congestion
Mammary | Glandular hyperplasia

gland

Cortical fatty infiltration | 7/10 | 6/10 5110 | 7/10 | 3/10

3110 | 1/10
2/10

1/10 | 0/1Q | 0/10 | 4/10#

| 0710 | 071G 010

The results are expressed as the number of rats with pathological findings per total number of rats ireated

* significantly different from the water contrel group (p< 0.05), # significantly different from the tragacanth control

group (p= 0.05)

DW: Distilled water, TG: Tragacanth. NRL: No remarkable lesions. BALT: Branchiole-associated lymphoid tissue,

GALT: Gutassociated lympnoid tissue

AE had no significant difference in any of their
clinical chemistry values as compared with the
corresponding control groups (Table 5 and 6).

Effects of AE. on histopathological
alterations: At necropsy, there was no
remarkable gross lesions in any visceral argans
of all AE-treated and both control groups.
Male rats receiving AE at the doses of 20,
200 and 2000 mg/kg/day had significantly
lower incidence of hydropic degeneration of
hepatocytes than the water control group.
Female rats receiving AE at the dose of 200
mg/kg had significantly higher incidence of
mammary glandular hyperplasia than the

tragacanth control group, The incidence of
histopathological lesions in the lung, heart,
intestines, adrenal glands of the AE-treated
groups revealed no significant differences when
compared with those of the corresponding
control groups (Table 7). No remarkable
histopathological lesions was observed in other

organs in both treatment and control groups.

Discussion
The total dose of AE administered to
mice within 24 hours in the acute toxicity test
was 5 g/kg, which did not cause any acute
toxic signs, gross lesions of visceral organs
and mortality. Hence, the oral LD:D value of
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AE should be more than 5 g/kg and this result
indicates that AE is practically nontoxic after
acute oral exposure (Chan and Hayes, 1994).

The ninety-day subchronic toxicity study
in Wistar rats showed that AE at the given dose
range did not affect body weight, general health
status and relative organ weight. The decrease
of food consumption in the highest dose-treated
female group was transient and could recover
in the last three

weeks, therefore it may not be concluded
that AE suppresses the animal food intake.
Hematological results showed an increased
MCHC in the male rats treated with AE 200 mg/
kg/day. This phenomenon may not contribute to
AE since it did not show any dose dependency.
The alterations of neutrophil and eosinophil in
the highest dose-treated male rats were within
the normal range (Gad, 1992). In addition,
hematological values in the AE-treated female
rats did not show any significance. Taken
together, it might be concluded that AE did
not produce any abnormal changes in rat
hematological values. Blood chemistry analysis
in both sexes indicated that AE did not affect
any examined parameters. The decrease in
hepatocyte hydropic degeneration in the AE-
treated male rats including the increase of
female mammary glandular hyperplasia at the
dose of 200 mg/kg/day may not be attributed to
AE since it did not show any dose dependency.
Other histopathological lesions in some organs
of the males and females showed no significant
difference between the treatment and the
corresponding control groups, therefore these
may not contribute to AE.

In conclusion, AE at the oral dose of
5 g/kg produced no acute toxic effect and
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mortality in mice. The ninety-day subchronic
toxicity study in Wistar rats revealed that
AE at the doses of 20, 200 and 2000 mg/
kg/day did not produce any abnormalities
in growth, food consumption, organ weights,
hematological and clinical chemistry values.
Furthermore, it did not cause any dose-related
histopathological lesions of visceral organs.
Hence, these data suggest that AE has potential
for further phytophamaceutical or health product
development.
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