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Background: Tri-sa-maw recipe is a botanical preparation comprised of equal proportions of the three herbal fruits, namely
Terminalia chebula Retz., Terminalia sp. and Terminalia bellirica Roxb. This recipe is used for antipyretic, expectorant,
periodic maintenance, and relieving stomach tight.

Objective: To evaluate the acute and sub-chronic toxicities of Tri-sa-maw recipe extract in rats.

Material and Method: In the present study of acute toxicity, a single oral dose 5,000 mg/kg of Tri-sa-maw recipe extract was
administered to rats. Sub-chronic toxicity was studied by the daily oral administration of the extract at the doses of 600, 1,200
and 2,400 mg/kg body weight for consecutive 90 days.

Results: Tri-sa-maw recipe extract at the dose of 5,000 mg/kg showed no signs of differences as compared to the control rat.
No abnormalities were found in the sub-chronic toxicity study; none of the parameters for body and organ weights, hematol-
ogy, blood chemistry, necropsy, and histopathology showed any differences between the control and all treatment groups.

Conclusion: Tri-sa-maw recipe extract did not significantly cause acute toxicity or sub-chronic toxicity in rats.
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Tri-sa-maw recipe is a botanical preparation
comprised of equal proportions of the three herbal fruits,
including Terminalia chebula Retz., Terminalia sp. and
Terminalia bellirica Roxb. This recipe has long been
used for reducing fever, expectorant, periodic
maintenance, and relieving stomach tightness. The
toxicity evaluation of T. chebula and T. bellirica has
been reported in previous studies. The water extract of
T. chebula® and T. bellerica® given orally to female
and male rats did not produce acute nor chronic
toxicities. Nonetheless, toxicity effects of a Tri-sa-maw
recipe have never been determined. The aim of the
present study is therefore to assess the adverse effects
related to different doses in order to find the acceptably
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safe levels of the Tri-sa-maw recipe in rats by
determining both oral acute and sub-chronic toxicities.

Material and Method
Plant materials

The fruits of T. chebula, T. bellerica and
Terminalia sp. were identified by Associate Professor
Dr. Noppamas Soonthornchareonnon, Department of
Pharmacognosy, Faculty of Pharmacy, Mahidol
University, Bangkok, Thailand. The voucher specimen
has been kept at the Faculty of Pharmacy, Mahidol
University, Bangkok, Thailand.

Extraction method

Each plant material was dried in hot air oven
at 50°C, ground into a fine powder and sifted through a
sieve (No. 100). The Tri-sa-maw recipe was prepared
by the Thai-China Flavours and Fragrnces Industry
Co., Ltd. The quality control of raw materials and the
water extract of the Tri-sa-maw recipe was followed by
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Thai Herbal Pharmacopoeia including organoleptic
examination, % loss on drying, extractive values, total
ash and acid insoluble ash®. The chemical constituents
in raw materials and the extract were also studied using
thin layer chromatography (TLC) following the method
of Farnswort®.

Experimental animals

Male and female Sprague Dawley rats,
weighing within 220-270 g were obtained from the
National Laboratory Animal Center, Mahidol University,
Nakorn Pathom, Thailand. Animals were housed under
standard environmental conditions of 24+1°C, under a
12 h dark-light cycle, and were allowed free access to
drinking water and standard pellet diet. The Animal
Ethics Committee of Faculty of Medicine, Thammasat
University, Pathumthani, Thailand, approved all
experimental protocols (009/2555).

Acute toxicity®®

Ten rats per sex were administrated a single
oral dose of 5,000 mg/kg body weight while the control
group received water vehicle. The animals were
observed for any signs of toxicity, body weight, and
mortality over 14 days. On the 15" day, all rats fasted
overnight, and then sacrificed (pentobarbital sodium,
50 mg/kg, ip) for necropsy examination. The internal
organs (brain, heart, lung, liver, spleen, pancreas,
adrenal, kidney, ovary, uterus, testis, epididymis) were
excised and weighed. The gross pathological
observations of the tissues were performed.

Sub-chronic toxicity®”
Rats were divided into 5 groups of 20 animals
(10 male and 10 female). Tri-sa-maw recipe at the doses

of 600, 1,200 and 2,400 mg/kg were administered orally
for consecutive 90 days, while the control groups
received distilled water. Signs of toxicity, mortality and
body weight changes were monitored daily. At the end
of the experiment, all animals were kept fasted for 16-18
h and then anesthetized with pentobarbital sodium (50
mg/kg, ip). Blood samples were collected from the
common carotid artery for hematological examination
and clinical blood chemistry. The internal organs (heart,
lung, thymus, liver, kidney, spleen, adrenal, small
intestine, stomach and duodenum, muscle with sciatic
nerve, thoracic spines, brain, eyes, ovary, uterus, testis
and epididymis) were weighed and observed for gross
lesions. All tissues were preserved in 10% neutral
buffered formaldehyde solution for histopathological
examination.

Statistical analysis

The results were expressed as mean +
standard error of mean (SEM). The statistical
significance was determined by one-way analysis of
variance (ANOVA) and Dunnett’s test. The p-values
less than 0.05 were considered significant.

Results and Discussion

In the present study of acute toxicity, both
female and male rats received the Tri-sa-maw recipe
extract 5,000 mg/kg did not show any toxic signs and
symptoms during the experimentation period. The body
weight and internal organ weight of the treated rats
were relatively similar to that of the control group (Table
1-3). The internal organs (brain, lung, heart, liver, spleen,
pancreas, adrenal gland, kidney, and sex organ) of all
groups of rats had no difference in gross and weight
examinations. This suggests that the Tri-sa-maw recipe

Table 1. Effect of Tri-sa-maw recipe of body weights of rats in acute toxicity study

Body weight (g)
Day 0 Day 7™ Day 14" Weight gain
on 14" day

Female

Control 230.50+3.37 250.50+4.11 267.50+3.25 37.00+3.67

Tri-sa-maw recipe 5,000 mg/kg 229.00+5.04 248.50+3.73 264.50+3.53 35.50+4.18
Male

Control 229.00+3.05 262.50+4.03 302.00+5.88 73.00+4.48

Tri-sa-maw recipe 5,000 mg/kg 222.50+4.24 252.00+5.49 297.50+4.17 72.00+2.81
Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05
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extract is not toxic after an acute exposure in rats.

In the sub-chronic toxicity, Tri-sa-maw recipe
extract (600, 1,200 and 2,400 mg/kg) did not cause any
change neither in general behavior nor in health
condition during the experimentation period.
Furthermore, no morbidity or disease was observed
during the entire experimentation period. At day 90™,
the body weights of the female rats were not different
in all test groups (Table 4). However, we detected a
significant decrease in body weight of male rats
receiving extract at 2,400 mg/kg (Table 5). However,
the effect on body weight may have resulted from
physiological changes such as less food intake, and
metabolism. The internal organs of the treated and the
control rats were not different in both gross and
microscopic examination (Table 6, 7). Kidney weight of
the satellite female group and lung weight of 2,400 mg/

kg male treatment group showed significant differences
when compared with those of the control group.

The hematological values reflect any toxic
effects on function of bone marrow. White blood cell
count was used to evaluate the immune system. The
hematological values (Table 8, 9) and differential white
blood cell counts (Table 10, 11) of female and male
treatment rats were not significantly different from those
of the control.

The clinical blood chemistry values were used
to evaluate any toxic effects on liver, kidney and
pancreas, as shown in Table 12, 13. The significant
differences among the satellite female groups were
evident in the parameters of glucose, blood urea
nitrogen (BUN), total protein and total bilirubin. In the
treated male rats, the values of creatinine, total protein,
albumin and serum glutamic-oxaloacetic transaminase

Table 2. Effect of Tri-sa-maw recipe extract on internal organ weights (gram) of female rats in acute toxicity study

Control Tri-sa-maw recipe 5,000 mg/kg
Brain 1.81+0.03 1.80+0.03
Lung 1.43+0.03 1.42+0.03
Heart 0.86+0.03 0.81+0.01
Liver 7.63+0.19 7.25+0.17
Pancreas 0.91+0.03 0.86+0.03
Spleen 0.68+0.03 0.63+0.01
Adrenal 0.04+0.00 0.04+0.00
Kidney 0.88+0.01 0.90+0.02
Ovary 0.09+0.00 0.06+0.00
Uterus 0.63+0.09 0.52+0.06

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05

Table 3. Effect of Tri-sa-maw recipe extract on internal organ weights (gram) of male rats in acute toxicity study

Control Tri-sa-maw recipe 5,000 mg/kg
Brain 1.78+0.04 1.73+0.04
Lung 1.34+0.07 1.39+0.02
Heart 0.84+0.03 0.91+0.03
Liver 8.88+0.39 9.43+0.52
Pancreas 0.81+0.06 0.84+0.03
Spleen 0.71+0.04 0.63+0.03
Adrenal 0.03+0.00 0.03+0.00
Kidney 1.03+0.02 1.05+0.02
Testis 1.68+0.02 1.73+0.03
Epididymis 0.44+0.01 0.44+0.01

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05
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Table 6. Effect of Tri-sa-maw recipe on internal organ weights (gram) of female rats in sub-chronic toxicity study

Control Tri-sa-maw recipe (mg/kg)
600 1,200 2,400 Satellite
Brain 1.92+0.02 1.88+0.02 1.93+0.05 1.89+0.02 1.93+0.03
Lung 1.46+0.08 1.44+0.09 1.49+0.07 1.39+0.04 1.30+0.04
Heart 1.21+0.05 1.13+0.03 1.14+0.03 1.16+0.03 1.10+0.04
Liver 8.61+0.16 8.97+0.21 9.01+0.26 8.46+0.24 8.28+0.43
Spleen 0.70+0.02 0.75+0.03 0.77+0.03 0.70+0.03 0.64+0.02
Pancreas 0.67+0.02 0.68+0.04 0.70+0.02 0.73+0.04 0.80+0.07
Adrenal 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00
Kidney 1.04+0.01 1.06+0.02 1.08+0.02 1.05+0.03 0.90+0.02*
Ovary 0.06+0.00 0.07+0.00 0.06+0.00 0.06+0.00 0.06+0.00
Uterus 0.57+0.04 0.68+0.15 0.59+0.05 0.64+0.08 0.68+0.07

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05

Table 7. Effect of Tri-sa-maw recipe on internal organ weights (gram) of male rats in sub-chronic toxicity study

Control Tri-sa-maw recipe (mg/kg)
600 1,200 2,400 Satellite
Brain 2.02+0.01 1.99+0.02 2.01+0.02 2.00+0.02 2.01+0.02
Lung 1.52+0.06 1.55+0.04 1.60+0.04 1.99+0.23* 1.61+0.04
Heart 1.57+0.05 1.55+0.04 1.63+0.03 1.56+0.05 1.47+0.04
Liver 13.39+0.54 13.23+0.41 13.21+0.26 12.12+0.31 12.69+0.50
Spleen 0.88+ 0.02 0.88+0.03 0.93+0.03 0.93+0.03 0.91+0.03
Pancreas 0.76+0.03 0.86+0.06 0.81+0.04 0.84+0.07 0.92+0.12
Adrenal 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00
Kidney 1.54+0.04 1.46+0.03 1.56+0.03 1.39+0.03 1.47+0.03
Testis 2.01+0.02 2.01+0.02 2.01+0.02 1.99+0.02 2.02+0.02
Epididymis 0.75+0.02 0.73+0.01 0.75+0.01 0.76+0.02 0.79+0.01

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05

Table 8. Effect of Tri-sa-maw recipe on hematological values of female rats in sub-chronic toxicity study

Control Tri-sa-maw recipe (mg/kg)
600 1,200 2,400 Satellite

Red blood cell (x10%/ul) 7.23+0.09 7.13+0.07 7.24+0.12 7.14+0.06 6.81+0.12
Hemoglobin (g/dl) 14.45+0.12 14.16+0.12 14.24+0.20 14.10+0.17 13.81+0.19
Hematocrit (%) 41.40+0.40 40.50+0.45 41.20+0.65 40.80+0.33 39.70+0.65
Mean corpuscular volume (fl) 57.27+0.44 56.81+0.18 56.90+0.27 56.91+0.26 58.37+0.44
Mean corpuscular hemoglobin (pg)  20.01+0.17 19.86+0.08 19.67+0.09 19.86+0.10 20.30+0.14
Mean corpuscular hemoglobin 34.91+0.18 34.95+0.16 34.58+0.17 34.65+0.08 34.76+0.19
concentration (g/dl)

Platelet (x10%/ul) 6.41+0.16 6.55+0.16 6.09+0.33 5.62+0.45 6.61+0.18

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05
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Table 9. Effect of Tri-sa-maw recipe on hematological values of male rats in sub-chronic toxicity study

Control Tri-sa-maw recipe (mg/kg)
600 1,200 2,400 Satellite

Red blood cell (x10%/ul) 7.79+0.13 7.58+0.10 7.59+0.07 7.61+0.08 7.72+0.12
Hemoglobin (g/dl) 15.13+0.20 14.84+0.14 14.74+0.14 14.77+0.17 15.03+0.13
Hematocrit (%) 43.00+0.71 41.90+0.55 41.70+0.45 41.70+0.30 43.10+0.46
Mean corpuscular volume (fl) 54.98+0.24 55.17+0.19 55.90+1.05 55.49+0.42 55.74+0.42
Mean corpuscular hemoglobin (pg) 19.44+0.17 19.59+0.12 19.43+0.11 19.42+0.16 19.49+0.22
Mean corpuscular hemoglobin 35.35+0.27 35.50+0.20 35.24+0.19 35.00+0.33 35.00+0.22
concentration (g/dl)

Platelet (x10%u) 6.78+0.44 7.59+0.25 7.15+0.19 7.00+0.35 7.72+0.72

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05

Table 10.  Effect of Tri-sa-maw recipe on differential white blood cell count values of female rats in sub-chronic toxicity

study
Control Tri-sa-maw recipe (mg/kg)
600 1,200 2,400 Satellite
White blood cell (x10%/ul) 2.46+0.11 2.97+0.21 2.97+0.27 2.33+0.18 3.18+0.41
Neutrophil (x103/ul) 0.46+0.06 0.46+0.06 0.46+0.05 0.32+0.03 0.61+0.15
Lymphocyte (x10%/ul) 1.83+0.09 2.26+0.15 2.26+0.22 1.81+0.14 2.34+0.21
Monocyte (x10%/ul) 0.11+0.01 0.18+0.03 0.20+0.03 0.16+0.03 0.16+0.04
Eosinophil (x10%/ul) 0.06+0.01 0.06+0.01 0.06+0.01 0.05+0.01 0.07+0.02
Basophil (x10%/ul) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05

Table 11.  Effect of Tri-sa-maw recipe on differential white blood cell count values of male rats in sub-chronic toxicity

study
Control Tri-sa-maw recipe (mg/kg)
600 1,200 2,400 Satellite
White blood cell (x10%/ul) 4.59+0.29 4.65+0.23 4.33+0.41 4.68+0.31 4.13+0.23
Neutrophil (x10%/ul) 0.83+0.09 0.86+0.06 0.73+0.11 0.85+0.06 0.76+0.15
Lymphocyte (x10%/ul) 3.37+0.24 3.31+0.18 3.30+0.28 3.41+0.29 3.09+0.15
Monocyte (x10%ul) 0.35+0.08 0.39+0.05 0.24+0.05 0.33+0.07 0.21+0.03
Eosinophil (x10%/ul) 0.09+0.01 0.09+0.01 0.06+0.01 0.09+0.01 0.06+0.01
Basophil (x10%/ul) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05

(SGOT) were significantly different from those of the  than one-fold when compared with those of the control
control. However, these values were not lower or higher  group, and these significant values remained within
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Table 12.

Effect of Tri-sa-maw recipe on clinical blood chemistry values of female rats in sub-chronic toxicity study

Control Tri-sa-maw recipe (mg/kg)
600 1,200 2,400 Satellite
Glucose (mg/dl) 138.00+4.28 127.60+4.13 131.80+4.77 128.10+3.23 169.60+11.0*
BUN (mg/dl) 24.32+1.32 19.89+1.00* 21.55+0.84 21.35+0.73 20.37+0.52*
Creatinine (mg/dI) 0.72+0.03 0.66+0.03 0.70+0.03 0.67+0.03 0.73+0.02
Total protein (g/dl) 6.88+0.13 6.65+0.15 6.76+0.18 6.45+0.20 7.68+0.16*
Albumin (g/dI) 3.39+0.05 3.29+0.04 3.38+0.06 3.27+0.07 3.24+0.04
Total bilirubin (mg/dl) 0.13+0.02 0.15+0.02 0.14+0.02 0.13+0.02 0.28+0.02*
Direct bilirubin (mg/dl) 0.07+0.00 0.08+0.00 0.07+0.00 0.07+0.00 0.08+0.00
SGOT (U/l) 126.80+4.60 149.50+28.04 136.80+9.79 119.40+12.45 114.70+7.81
SGPT (Ul 39.40+2.70 61.30+21.37 42.80+3.98 39.60+1.69 45.30+4.52
Alkaline phosphatase (U/l) 49.90+3.15 49.30+2.20 46.60+1.80 46.40+2.09 46.50+3.15

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05

Table 13.  Effect of Tri-sa-maw recipe on clinical blood chemistry values of male rats in subchronic toxicity study
Control Tri-sa-maw recipe (mg/kg)

600 1,200 2,400 Satellite
Glucose (mg/dl) 136.00+2.98 139.10+5.88 134.00+5.07 127.70+5.32  150.60+3.72
BUN (mg/dl) 16.61+0.40 34.69+16.93 17.69+0.57 18.26+0.72 16.44+0.32
Creatinine (mg/dI) 0.55+0.03 0.52+0.02 0.53+0.01 0.52+0.02 0.45+0.01*
Total protein (g/dl) 7.07+0.08 6.94+0.10 6.95+0.10 6.99+0.16 6.03+0.05*
Albumin (g/dI) 3.27+0.03 3.19+0.03 3.30+0.03 3.16+0.03* 3.16+0.02*
Total bilirubin (mg/dl) 0.10+0.00 0.10+0.00 0.10+0.00 0.10+0.00 0.10+0.00
Direct bilirubin (mg/dl) 0.06+0.00 0.06+0.00 0.06+0.00 0.06+0.00 0.06+0.00
SGOT (U/l) 129.00+5.20 125.00+4.91 137.70+6.38 123.20+4.89 84.70+7.36*
SGPT (Ul 39.10+1.48 38.50+1.48 45.90+3.56 43.30+3.67 45.00+5.93
Alkaline phosphatase (U/l) 60.90+2.00 58.40+2.58 55.30+1.93 67.90+9.20 51.80+1.35

Values are expressed as mean + SEM, n =10
* Significantly different from control, p<0.05

the normal range®.

Necropsy and histopathological examinations
were performed further to confirm whether or not the
internal organs or tissues had been damaged®. The
results showed neither macroscopic nor microscopic
changes in the internal organs or tissues in any of the
treatment rats, indicating that this test substance has
no toxic effect.

In conclusion, Tri-sa-maw recipe extract did
not produce both acute and sub-chronic oral toxicities
in either female or male rats. These data confirm that
this Tri-sa-maw recipe is safe for experimental animals.

S14

Further study regarding toxicology of this extract should
be carried out in non-rodent or humans in order to
increase the confidence in their safety for the
development of pharmaceutical products in the future.
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