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We studied an acute and chronic oral toxicity of the extract from Ziziphus attopensis (ZA) in male and female SD rats according to
the OECD guidelines. After a single oral administration of ZA 5 g/kg body weight, measurement of the body and organs, necropsy,
and health monitoring were performed. The body and organ weights and behavior were not changed relative to the control rats
indicating that ZA does not produce acute toxicity. The chronic toxicity was determined by oral feeding both male and female rats
daily with ZA at the doses of 1, 2, 4, and 8 g/kg body weight for 180 days. Body weight changes, hematological and biochemical
parameters, organ weights, gross finding, and histopathology examination were monitored during the experimental period. The
results did not show any differences from the control groups. Analyses of these results with the information of signs, behavior,
and health monitoring can lead to a conclusion that the long-term oral administration of ZA for 180 days does not cause chronic

toxicity.

1. Introduction

Ziziphus is a genus of about 40 species of spiny shrubs
and small trees in the Rhamnaceae family, distributed in
the warm-temperate and subtropical regions throughout
the world. Several pharmacological activities of plants in
Ziziphus genus have been shown in many scientific lit-
eratures, such as anti-ulcerogenic of Z. lotus extract [1],
antiproliferation of melanoma cells by Z. jujube [2], and
antiplasmodial and antimycobacterial activities of Z. mau-
ritiana [3]. Z. attopensis is one of the plants in this genus
and most commonly found in sparse forests, thickets, up to
1,500 m in Laos and Thailand. According to Thai traditional
folk medicine, the decoction of bark and wood plant of Z.
attopensis has been commonly used as tonic, carminative,
appetizer, and muscle analgesic. However, the toxicity of
ZA has not been studied. The aim of the present study is

therefore to evaluate the acute and chronic toxic effects of
the water extract from the bark of Z. attopensis in SD rats.

2. Materials and Methods

2.1. Plant Material and Extraction. The barks of Z. attopensis
were collected from Nong Khai, Thailand. The botanical
identification was done at the Royal Forest Department,
Bangkok, Thailand. The voucher specimen is conserved
under the reference number BKF 140768. The plant material
was cut into small pieces, dried in hot air oven at 50°C
for 6 hour, and ground into a fine powder. A water
decoction of herb is one of the effective methods used
in ayurvedic and Thai traditional medicine. A decoction
of Z. attopensis dried bark was prepared as follows: one
kilogram of bark powder of Z. attopensis was suspended
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FiGure 1: Body weights of rats in chronic toxicity of ZA extract.
TasLE 1: Hematological values of female rats in chronic toxicity of ZA extract.
ZA extract
Control extrac
1g/kg 2g/kg 4g/kg 8 g/kg? 8 g/kgP
RBC (x10%/ul) 7.57 £ 0.11 7.61 £0.17 7.13 £0.24 7.26 = 0.09 7.05 = 0.30 7.32+0.11
HGB (g/dL) 15.20 = 0.18 14.94 = 0.84 14.36 + 0.43 14.48 = 0.20 14.78 = 0.14 15.07 £ 0.21
HCT (%) 46.10 £ 0.58 46.90 = 1.04 43.40 £ 1.54 44.20 = 0.61 42.80 + 1.81* 46.00 £ 0.60
MCV (fl) 60.60 = 0.30 61.76 + 0.49* 60.77 = 0.33 61.04 £ 0.34 60.85 + 0.35 62.69 + 0.20*
MCH (pg) 20.08 = 0.18 19.58 = 0.96 20.13 £ 0.12 19.96 = 0.11 21.48 £ 1.36 20.60 = 0.06
MCHC (g/dL) 33.14 £ 0.25 31.67 + 1.44 33.13+0.32 32.69 +£0.26 35.30 = 2.25 32.83 +0.12
Platelet (x10°/ul) 6.28 +0.38 6.14 = 0.64 6.90 = 0.66 6.96 = 0.52 5.96 = 0.62 6.94 = 0.46

Values are expressed as mean + SEM, n = 10.
*Significantly different from control, P < 0.05.
2A group was given ZA extract at 8 g/kg daily over 180 days.

b A satellite group was given ZA extract at 8 g/kg daily over 180 days followed by no treatment for 28 days.

in fourteen liters of distilled water, brought to a strong
boil, and then simmered at low heat for 3-4 hours. The
residue from the filtration was boiled and filtered again. The
filtrates were collected and evaporated in a rotary evaporator
until concentrated. The ZA extract was stored at 4-5°C after
preparation.

2.2. Experimental Animals. Male and female Sprague-
Dawley (SD) rats, weighing 120-140 g, were detained from
the National Laboratory Animal Center (NLAC), Nakhon
Pathom. They were housed under standard environmental
conditions of temperature at 25+ 1°C under a 12 h dark-light
cycle and allowed free access to drinking water and standard
pellet diet. All experimental protocols were approved by
the Animal Ethics Committee of the Faculty of Medicine,
Thammasat University (no. 0001/2005).

2.3. Acute Oral Toxicity Study. According to the Organiza-
tion of Economic Co-operation and Development (OECD)
guideline for testing of chemicals [4] and the World Health

Organization (WHO) guideline [5], acute oral toxicity was
examined in male and female SD rats. Twenty rats of each
sex were randomly divided into two groups of ten animals.
Rats were deprived of food except water 16—18 hour prior to
the experiments. Test substance at the dose of 5,000 mg/kg
body weight was orally given once to one group of animals
whereas the control group administered with vehicle. Neither
food nor water was given up to 4h after the treatment.
Body weight, body weight change, signs of toxicity, behaviors
and mortality were observed for the initial 24th hour after
administration and once daily for 14 days. At the end of the
experiment period, all rats were sacrificed with overdose of
pentobarbital sodium (100 mg/kg, intraperitoneal injection)
for necropsy examination. The internal organs such as heart,
lungs, livers, kidneys, spleen, adrenals, sex organs, and brain
were performed on gross pathology and histopathological
examination.

2.4. Chronic Toxicity Study. The animals were divided into
six groups of twenty animals (ten male and ten female). Test
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TABLE 2: Hematological values of male rats in chronic toxicity of ZA extract.

Control ZA extract
1g/kg 2g/kg 4 g/kg 8 g/kg? 8 g/kg®
RBC (x10%/ul) 8.15 + 0.09 8.13 +0.17 7.86 = 0.25 7.81 +0.10 7.44 +0.37* 7.86 = 0.09
HGB (g/dL) 15.64 = 0.14 15.38 = 0.29 14.99 + 0.44 15.11 = 0.12 15.22 = 0.03 15.37 = 0.13
HCT (%) 47.60 = 0.52 47.00 = 0.92 45.90 = 1.51 46.10 = 0.50 44.10 = 2.10* 46.80 = 0.25
MCV (fl) 58.42 +0.34 57.87 £ 0.33 58.42 = 0.34 59.12 £ 0.37 59.21 £ 0.27 56.60 + 3.26
MCH (pg) 19.19 = 0.13 18.92 = 0.13 19.11 £ 0.12 19.38 = 0.19 21.04 + 1.48* 19.57 = 0.15
MCHC (g/dL) 32.84 = 0.08 32.68 +0.14 32.70 £ 0.18 32.75 +0.28 35.52 + 2.46 32.52+0.33
Platelet (x10%/ul)  6.48 = 0.72 7.54 = 0.55 6.99 + 0.84 8.31 £ 0.36* 7.24 +0.48 7.86 = 0.30
Values are expressed as mean + SEM, n = 10.
*Significantly different from control, P < 0.05.
2group was given ZA extract at 8 g/kg daily over 180 days.
b A satellite group was given ZA extract at 8 g/kg daily over 180 days followed by no treatment for 28 days.
TasLE 3: Clinical blood chemistry values of female rats in chronic toxicity of ZA extract.
Control ZA extract
1g/kg 2g/kg 4g/kg 8 g/kg 8 g/kg?
Glucose (mg/dL) 104.90 = 4.94 100.40 = 3.77 97.70 = 2.94 98.00 = 4.28 99.90 + 6.25 103.50 = 6.26
BUN (mg/dL) 18.90 = 0.90 18.80 = 0.99 19.30 = 0.63 17.10 = 0.96 17.00 = 0.61 19.50 = 0.70
Creatinine (mg/dL) 0.34 = 0.02 0.35+0.02 0.31 £0.01 0.31 =£0.01 0.33 £0.01 0.39 £0.02
Total protein (g/dL) 5.15 +0.09 523 +0.17 5.19 = 0.09 5.18 £ 0.05 5.21 £0.10 5.60 = 0.10*
Albumin (g/dL) 2.80 = 0.07 2.74 = 0.09 2.67 £ 0.05 2.72 = 0.05 2.72 = 0.06 2.98 +0.08
Total bilirubin (mg/dL) 0.12 = 0.01 0.19 = 0.04 0.19 = 0.06 0.10 = 0.00 0.13 = 0.02 0.21 = 0.03
Direct bilirubin (mg/dL) 0.05 + 0.03 0.12 = 0.06 0.13 £0.07 0.02 £ 0.01 0.07 £ 0.03 0.17 £ 0.04
SGOT (U/) 145.00 = 13.32 136.80 + 11.21 148.50 + 8.52 121.10 + 12.80 160.70 + 21.23 182.90 + 16.92
SGPT (U/1) 49.00 = 8.48 35.20 = 1.44 43.30 = 6.04 34.20 = 3.52 43.90 = 10.82 47.10 = 5.38
ALP (U/1) 33.40 = 1.33 36.00 + 2.44 33.60 + 1.98 36.20 = 1.40 35.90 = 2.15 31.80 = 1.83

Values are expressed as mean + SEM, n = 10.
*Significantly different from control, P < 0.05.
2A group was given ZA extract at 8 g/kg daily over 180 days.

b A satellite group was given ZA extract at 8 g/kg daily over 180 days followed by no treatment for 28 days.

substance was administered orally at the doses of 1, 2, 4, and
8 g/kg daily for 180 days, but the control group received an
equal volume of vehicle. In order to access reversibility, the
water extract was given to a group of rats (satellite group)
at 8 g/kg once daily for 180 days and no treatment for the
following 28 days. The toxic manifestations such as signs
of toxicity, mortality, and the body weight changes were
monitored daily [5, 6].

At the end of each experiment, rats were anesthetized
with pentobarbital sodium (intraperitoneal injection, i.p.)
and blood collected with heparinized and nonheparinized
tubes from common carotid artery for hematological and
blood chemical studies, respectively. After blood collection,
the internal organs (heart, lungs, thymus, livers, kidneys,
spleen, adrenals, small intestine, stomach and duodenum,
muscle with sciatic nerve, thoracic spines, brain, eyes,
sex organs, uterus, and epididymis) were isolated and
weighted to determine relative organs weights and observed
for gross lesions. All tissues were preserved in 10% neu-
tral buffered formaldehyde solution for histopathological
examination.

2.4.1. Measurement of Hematological and Blood Chemical
Parameters in Rats. The heparinized blood (2.5 mL) was sub-
jected to hematological tests using the Sysmex K-1000 fully
automated hematology analyzer for measuring white blood
cell and differential leukocyte count, platelet, hematocrit, and
hemoglobin contents. The nonheparinized blood (5 mL) was
allowed to coagulate, then centrifuged, and the serum was
separated. Serum was assayed for glucose, blood urea nitro-
gen (BUN), creatinine, total protein, albumin, total bilirubin,
direct bilirubin, serum glutamic-oxaloacetic transaminase
(SGOT), serum glutamic-pyruvic transaminase (SGPT), and
alkaline phosphatase (ALP). These levels were determined
automatically by using the COBAS INTEGRA System.

2.4.2. Histopathological Examination of the Internal Organs.
Samples of the internal organs were dehydrated by serial
ethanol solution and enclosed with paraffin. Micrometer
sections (5pm) cut with microtome were stained with
hematoxylin and eosin (H&E) and examined under a
light microscope; photomicrographs of the samples were
recorded.
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FiGurg 2: The histopathology of female liver from the control and treated groups (the 10x magnifications). No significant damage was

detected in any treatment group.

2.5. Statistical Analysis. Results were expressed as mean +
standard error of mean (SEM). Statistical significance was
determined by one-way analysis of variance (ANOVA) and
post hoc least-significant difference (LSD) test. The data
obtained from acute toxicity study were analyzed using
Student’s t-test. P values less than 0.05 were considered
significant.

3. Results and Discussion

3.1. Acute Oral Toxicity. Single oral administration of ZA
extract at a dose of 5g/kg did not show visible signs of
toxicity, abnormal behaviors, and mortality. Neither body

weight nor internal organ weight of treated rats was signifi-
cantly changed relative to that of the control group (data not
shown). Furthermore, gross and pathological examinations
of the internal organs revealed no pathological abnormality.
According to OECD guideline [4] and Kennedy et al. [7],
substances that explain the median lethal dose (LDsy) higher
than 5g/kg body weight by oral route can be considered
practically nontoxic. Thus, it can be concluded that ZA
extract is absent of the acute oral toxicity.

3.2. Chronic Oral Toxicity. The rats in chronic toxicity study
daily received the ZA extract at the doses of 1, 2, 4, and
8 g/kg for 180 days. No clinical toxicity signs and mortality
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FIGURE 3: The histopathology of male liver from the control and treated groups (the 10x magnifications). No significant damage was detected

in any treatment group.

were observed in the treated group compared to the control
group. Figure 1 shows the effects of the ZA extract on body
weight and body weight gain of female and male rats. The
body weight gain of the male rats treated with ZA extract
at 1, 2, and 4 g/kg was significantly decreased as compared
with that of the control group. However, food intake of all
groups was not significantly altered, and there was no sign
of morbidity and diseases after monitoring animal health in
the entire period of 180 days. Although the weights of some
internal organs of male rats (data not shown) were found to
be statistically different from the control groups, they did not
exhibit any gross morphological changes. Therefore, it seems
to be of little toxicological significance.

The hematopoietic system is very sensitive to toxic
compounds and can be altered by the ingestion of some
toxic plants. The changes in the hematological system have
a higher predictive value for human toxicity, when the
data are translated from animal studies [8]. The status
of bone marrow activity and intravascular effects were
monitored by hematological examination [9]. Moreover,
the morphological examination of red blood cells and
white blood cells indicates their production or destruction.
White blood cell counts (basophil, eosinophil, lymphocyte,
monocyte, and neutrophil) are also performed in order
to evaluate immune system [9-11]. In the present study,
some of the hematological values of female and male treated
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TaBLE 4: Clinical blood chemistry values of male rats in chronic toxicity of ZA extract.

Control ZA extract

1g/kg 2g/kg 4g/kg 8 g/kg? 8 g/kg®

Glucose (mg/dL) 117.30 = 5.90 116.70 = 6.05 122.80 = 2.48 122.40 = 7.28 121.00 = 6.11 117.50 = 4.61
BUN (mg/dL) 19.20 = 0.70 19.00 = 1.04 21.50 = 1.86 18.70 = 0.65 19.40 = 0.92 17.90 = 0.46
Creatinine (mg/dL) 0.29 = 0.02 0.29 = 0.02 0.31 £0.01 0.31 £0.02 0.31 £0.01 0.30 = 0.00
Total protein (g/dL) 4.90 = 0.05 4.83 +0.09 5.13 +£0.08 5.19 +0.10* 5.00 = 0.11 5.33 £ 0.09*
Albumin (g/dL) 2.65 = 0.04 2.48 +0.05* 2.57 =0.03 2.67 =0.04 2.56 = 0.04 2.71 = 0.06
Total bilirubin (mg/dL) 0.10 + 0.00 0.11 = 0.01 0.15 + 0.03* 0.12 = 0.01 0.10 = 0.00 0.13 = 0.01
Direct bilirubin (mg/dL) 0.00 + 0.00 0.04 = 0.02 0.03 £0.02 0.05 = 0.03 0.01 £0.01 0.07 = 0.03*
SGOT (U/) 120.80 + 14.62 129.60 = 12.93 122.90 = 11.83 138.80 = 16.10 119.40 £ 9.66 168.10 + 9.84*
SGPT (U/1) 46.70 = 4.91 39.30 = 2.07 41.70 = 1.58 45.10 = 3.47 42.90 = 2.53 42.30 £ 1.83
ALP (U/1) 53.10 = 2.86 66.20 = 12.60 80.40 = 7.61* 75.80 = 9.73* 62.30 £5.14 48.00 = 3.31

Values are expressed as mean + SEM, n = 10.
*Significantly different from control, P < 0.05.
2A group was given ZA extract at 8 g/kg daily over 180 days.

b A satellite group was given ZA extract at 8 g/kg daily over 180 days followed by no treatment for 28 days.

rats were slightly different from those of the control group
(Tables 1 and 2); nonetheless, the differential white blood cell
count values showed no difference between the control and
the treated groups (data not shown). Because all values lay
within the normal limits [12, 13]. Thus, the changes in all of
the criteria do not suggest that ZA extract produces chronic
toxicity.

Clinical blood chemistry examination was further per-
formed in order to intensely evaluate any toxic effects on
the pancreas function (glucose), kidney function (BUN,
creatinine), and liver function (SGOT, SGPT, ALP, total
protein, albumin, and total and direct bilirubin) [11, 14]. In
both female and male groups, some clinical blood chemistry
values such as total protein, albumin, bilirubin, SGOT, and
ALP were statistically different from that of the control group
(Tables 3 and 4). Nevertheless, these values are within the
normal range [15-18]. Bilirubin levels increase in anemia,
that is, a result of a hemolytic process [19]. The increased
levels of SGOT and SGPT in the blood are associated with
the damage of hepatic cells [20]. Moreover, the increase
of serum protein level is an indication of the tissue injury
and reflection of hepatic toxicity [21]. This observation of
a major increase in the levels of liver enzymes may indicate
the hepatotoxicity of ZA. The histopathological analysis of
the liver showed no alteration in the liver structure of ZA-
treated rats (Figures 2 and 3).

In conclusion, the present study demonstrated that the
water extract from the bark of Z. attopensis did not produce
any toxic signs and symptoms of acute and chronic oral
toxicity tests. Moreover, it did not cause any lethality nor
produced any remarkable hematological, and blood chemical
adverse effects both in chronic toxicity studies in SD rats.
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