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Abstract

ethanamizuril.

using of ethanamizuril as a novel coccidiostat.

Background: Triazine coccidiostats are widely used in chickens and turkeys for coccidiosis control. Ethanamizuril is
a novel triazine compound that exhibits anticoccidial activity in poultry. This study was designed to evaluate the
subchronic toxicity of ethanamizuril in beagle dogs at doses of 12, 60 or 300 mg/kg/day in diet for 90 days.

Results: Ethanamizuril was well tolerated at low and middle dosages in beagle dogs, and no drug-related toxical
effects were observaed in terms of survival, clinical observations, organs weight and damage in these dose groups.
However, in high dose administration group, food consumption and histologic changes in kidneys were noticed in
both sexes of beagle dog, although the renal lesions were finally resolved at the end of 4 weeks exposure of

Conclusions: No-observed-adverse-effect level (NOAEL) was considered for ethanamizuril at dose of 60 mg/kg/day
in Beagle dog. This result added toxicity effects of ethanamizuril to the safety database, which might guide safely

Keywords: Ethanamizuril, Oral subchronic toxicity, Beagle dogs, Triazine coccidiostats, Nephrotoxicity

Background

Coccidiosis is a detrimental disease of the intestinal
tract of animals caused by several species of Eimeria
protozoa. In the commercial broiler industry, Eimeria
protozoan is parasitizing on the intestinal epithelium
of chicken, which led to considerable impairment of
growth and feed utilization, and resulted in significant
impact on mortality and morbidity. Coccidiosis is able
to inflicte devastating economic losses to poultry op-
erations. It is estimated that the substantial economic
burden caused by avian coccidiosis was more than $
3 billion annually to the industry worldwide [1, 2].
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Lack of safe and effective coccidiosis vaccines, com-
mercial synthetic anticoccidial drug has been used as
the main strategy for control of coccidiosis since the
late 1940s [3]. However, more and more clinical stud-
ies showed the widespread resistances to commercial
anticoccidial drugs have emerged in coccidian para-
sites due to misuse of anticoccidial drugs [2, 4]. Con-
sequently, the resulting of letdown treatment suggests
a constant demand for innovative products with safe
and efficient. Triazines are benzene-aceto-nitrile com-
pounds including diclazuril, toltrazuril, ponazuril and
clazuril, which have been used globally in the inter-
ception and therapy of protozoal diseases, most com-
monly in coccidiosis of veterinary interest since 1980s
[5]. However, the widely use of triazine coccidiostats
have generated resistance to the genus Eimeria in re-
cent years [5, 6]. Fortunately, no cross-resistance was
observed in triazine coccidiostats [5].
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Ethanamizuril (Fig. 1), a novel triazine coccidiostat,
namely (N-(4-(4-(3,5-dioxo-4,5-dihydro-1,2,4-triazin-2-
(3H)-yl)-2-methylphenoxy) phenyl)acetamide, has been
independently established by the Shanghai Veterinary
Research Institute of the Chinese Academy of Agri-
cultural Sciences in recent years and exert wide appli-
cation prospective in future [5, 7]. In China and
Japan Patents, the chemical synthesis of ethanamizuril
and the chemical structure of this compound have
been published [8]. Ethanamizuril has displayed excel-
lent efficacy against Eimeria protozoa such as Eimeria
tenella, Eimeria. necatrix, Eimeria. acervulina, and
Eimeria. maxima in broiler chickens. Typical dosage
was reported as 10 mg/kg in the feed or 10 mg/l in
the drinking water [7, 8]. At the recommended dose,
ethanamizuril could significantly improve feed conver-
sion ratios and live weight, reduce oocyst excretion,
and also decrease mortality and lesions in broilers.
ACIs (anticoccidia indexes) of ethanamizuril could be
reached to as high of 185~ 190. Furthermore, the
preclinical pharmacodynamic studies demonstrated
ethanamizuril did not cause cross-resistance with
diclazuril or toltrazuril resistant Eimeria. tenella in
broilers.

Because of the diverse toxicities, the use of some
coccidiostats, such as arprinocid, roxarsone and arsa-
nilic acid has been forbidden in poultry industry [9,
10]. Up to now, a series of studies have been con-
ducted to evaluate the safety of diclazuril and toltra-
zuril for use as coccidiostats. Increase of liver weight
and swelling of the centrilobular hepatocytes were
seen in diclazuril treated mice and rats [11-13]. The
slight effects on haematological parameters, distur-
bances of the liver function and decreased on the
weight gain and the daily feed intake were observed
in toltrazuril treated rats [11, 12, 14]. In addition, in
two teratogenicity studies, teratogenicity and embryo-
toxicity were observed at the toltrazuril highest dose
in rats [14, 15]. With high anticoccidial effectiveness,
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ethanamizuril would be used widely in poultry indus-
try in future. A series of toxicity evaluation of ethana-
mizuril has been carried out in rats and mice, and
the NOAEL for the dietary administration of ethana-
mizuril in the 90-day oral toxicity study for rats was
greater than 20 mg/kg. According to VICH’s guide-
lines, the dog is the default non-rodent species re-
quired for repeat-dose toxicity testing [16]. However,
to the best of our knowledgee, the toxicity evaluation
in beagle dogs has not been reported. In order to
gain our understanding of the toxicity for ethanami-
zuril, we conducted a 90-day toxicity study of ethana-
mizuril in beagle dogs as following guidelines of
veterinary safety evaluation.

Results

Survival and clinical observations

No unscheduled mortality occurred during the study.
During the experimental period, there were no ethana-
mizuril related clinical signs of toxicity observed, and no
abnormal behaviour or altered activities were noted. All
observed phenomena in the study period were normal
for laboratory dogs of the breed and age. Ophthalmo-
logical examinations did not find ethanamizuril related
changes.

Food consumption and body weights

The body weight changes of beagle dogs after ethana-
mizuril administration were shown in Fig. 2. The
body weights of males and females showed a steady
growth tendency and no significant statistical differ-
ence was noted at each time points. As shown in
Table 1, the body weight of remaining dogs of control
and high dose groups in convalescence showed no
significant difference (the data were not analyze by
statistics). No significant statistical difference was also
observed for average body weight gains of all groups
in each stage (Fig. 3). The weight gains of day 1-45
were higher than that of day 46-90, which showed a

ethanamizuril

OO

toltrazuril

Fig. 1 Chemical structure of triazine coccidiostats, including ethanamizuril, diclazuril, toltrazuril and ponazuril
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Fig. 2 Body weights of beagle dogs at each time points. The body weights of males and females showed a steady growth tendency. Control,
Low, Middle and High refer to 0, 12, 60 and 300 mg/kg ethanamizuril dose. A for male dogs, B for female dogs
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normal growth pattern of animals. A statistically sig- to the control group in the whole treatment time
nificant reduction in food consumption was observed  (Fig. 4). Daily food consumed in the 300 mg/kg etha-
in the 300 mg/kg/day groups of both sexes compared namizuril group were 3-11.0% less than untreated
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Table 1 The rate during the recovery period versus raw values in body weight of control and high dose groups in convalescence

(Mean % SD, %)

group male female
Control (n =2) High (n = 2) Control (n = 2) High (n = 2)

Day 95 346 £ 083 071 £ 354 027 £ 391 012+ 522
Day 100 459 £ 142 191 £ 468 1.01 £ 3.55 140 £ 7.08
Day 105 593 +£1.18 248 + 458 230 £+ 451 268 £ 7.55
Day 110 6.85 £ 031 313+ 442 3.03 +459 291 + 801
Day 115 7.59 £ 0.53 379 £532 357 £453 36 £ 871
Day 120 7.88 £ 034 493 £593 493 + 586 421 £899

Note: The rate = 100%*(body weight in the recovery period - body weight in Day 90)/ body weight in Day 90. Control and high refer to 0 and 300 mg/kg
ethanamizuril dose treated. No significant statistical difference was observed for the body weight

Fig. 3 Body weight gains of beagle dogs at each time points. Low, Middle and High refer to 12, 60 and 300 mg/kg ethanamizuril dose. A for
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Fig. 4 Food consumption of beagle dogs at each stages. Low, Middle and High refer to 12, 60 and 300 mg/kg ethanamizuril dose. A for male
dogs, B for female dogs. * Significantly different from those of the control group at p < 0.05

control group. No other noted ethanamizuril related Clinical pathology
effects on food consumption or body weights were The hematology, clinical biochemistry and urinalysis pa-
observed. rameters of day 0, 45, 90 (scheduled necropsy), and 118
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(end of convalescence) were analyzed in this study
followed the test guideline 409 of OECD. The results
showed that no significant ethanamizuril related changes
in hematology and clinical biochemistry were noted in
either males or females (Tables 2, 3). In addition, there
were no ethanamizuril related effects noted on the
evaluation of urinalysis parameters. It's no statistically
significant differences between the control and test etha-
namizuril treated groups. Detection data of SG, pH and
URO were presented in Table 4.

Macroscopic examination and organ weights

Dogs were euthanized on day 90 and 118 separately.
The euthanasia method was abdominal aorta bleeding to
death after being anesthetized with 50 mg/kg pentobar-
bital sodium. The organs or tissues of the animals were
necropsied with macroscopic inspection. No ethanami-
zuril related systemic changes were observed in macro-
scopic inspection when the animals treated with 12, 60
and 300 mg/kg/day ethanamizuril. In addition, compared
to the control group, there were no significant differ-
ences on the organ weights in either males or females
when animals treated with 12, 60 and 300 mg/kg/day
ethanamizuril. Summary data for organ relative weight
were presented in Table 5.

Microscopic examination

Microscopic examination revealed increased incidence
of slight congestion in renal tubulointerstitium for dogs
of both sexes in the 300 mg/kg ethanamizuril group
from day 90 after treatment (Fig. 5). However, the histo-
logic changes of kidneys were recovery in dogs after
drug withdrawal 4 weeks. There were no signs of ethana-
mizuril related histologic alterations appeared in other
scheduled organs and tissues in the microscopic examin-
ation. The kidney was identified as the targets of a po-
tential toxicity of ethanamizuril based on the results of
this study.

Discussion

Ethanamizuril, a novel coccidiostat, has potential high
usage in the prevention and treatment of protozoal dis-
eases in poultry industry. However, the toxicity in non-
rodent species remains unclear. The current study is the
first time to investigate a comprehensive toxicology of
ethanamizuril in beagle dogs. Our results showed that
daily administration of ethanamizuril at dose of 60 mg/
kg are typical safe in Beagle dog.

In previous studies, we found that the NOAEL of etha-
namizuril for rats was 20 mg/kg dietary dose level [10,
11]. Based on this result, we assumed that the dose of
the dog would be greater than 60 mg/kg/day through the
dose conversion with body surface area between differ-
ent animals. In this study, dogs were administered
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ethanamizuril daily by diet for 90 consecutive days at
dosage levels of 12, 60, and 300 mg/kg/day. During the
experiment, no early animal death was observed, and no
obvious behavior or external appearance changes related
to ethanamizuril were observed. In addition, there were
no ethanamizuril related impact on blood routine exam-
ination, serum chemistry, urine routine test, organ
weights, and macroscopic evaluations. However, statisti-
cally significant reduced food consumption in the high-
dose (300 mg/kg/day) group was observed. It’s speculate
that a high concentration of ethanamizuril in the diet
may cause the dogs feel discomfort and lead to slightly
loss of appetite. Meanwhile, the histologic changes of
kidneys noted in the high-dose (300 mg/kg/day) group
in both sexes compared to controls, which may be re-
lated to treatment with ethanamizuril. Nevertheless the
parameters related to renal function, such as BUN and
creatinine, and urine analysis were not affected even in
high-dose group. Furthermore, the tubules and the renal
lesions caused by ethanamizuril were recovery after drug
withdrawal.

With distinguished anticoccidial effectiveness, both
diclazuril and toltrazuril are widely used to control coc-
cidiosis of veterinary interest. Meanwhile, their toxicities
have been concerned for a long time. In rat, there were
slight effects on the haematological parameters and dis-
turbances of the liver function in toxicity study of dicla-
zuril and toltrazuril [11, 13, 14]. Beagle dogs
administered 80 mg/kg bw/day diclazuril for 3 months
displayed a fine granular, yellow to brown pigment in
the cytoplasm of the hepatocytes [13]. In addition, the
high dose of toltrazuril caused the weight of the testes
and weight of the prostate decreased [13]. However, no
obvious body weights, fetal body lengths, tail lengths, lit-
ter weights, number of viable fetuse, sexternal, skeletal
or visceral malformations in fetuses were noted in any
groups in two-generation reproduction and teratogenic
test with ethanamizuril, and no adverse effects on the
central nervous system, cardiovascular system, and re-
spiratory system were showed in safety pharmacology
test either [15, 17, 18]. Furthermore, the studies of 30
and 90-day subchronic toxicity with feeding ethanami-
zuril fed to SD rats revealed that the high dose of etha-
namizuril, above 60 mg/kg dietary level, could cause
minor damage to the liver, kidneys, and other organs,
and induce alopecia [11, 12]. Moreover, the disorder on
the hematologic and biochemical parameters was ob-
served in rats when they were treated with high dose of
ethanamizuril [11, 12]. Fortunately, the lesions induced
by ethanamizuril in rats could be rehabilitated obviously
after cessation of the drug [11, 12].

An enormous array of animal factors and environmen-
tal conditions affect the outcome of hematologic and
clinical biochemistry analysis. In the present study,
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Table 4 Urinalysis of dogs on day 0, 45, 90 and 118
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male female
SG pH URO SG pH URO
Day 0
High (n = 6) 1.08 £ 0.03 760 £ 032 311 £0.13 1.04 £ 0.04 744 £ 051 3.15+0.08
Middle (n = 4) 1.09 £ 0.08 774 £ 056 3.07 £ 0.08 1.09 £ 0.15 739+ 031 3.10 £ 0.09
Low(n =4) 111 +£004 749 £ 045 3.09 £ 0.06 1.09 £ 0.04 733 £0.42 3.17+0.06
Control(n = 6) 1.05 + 0.02 7.29 £ 027 3.09 £ 0.07 1.13 £0.08 749 £ 0.27 3.17 £ 0.06
Day 45
High (n = 6) 1.07 £ 0.05 732 £ 033 311 £0.13 111011 741 £0.53 3.15+0.08
Middle (n = 4) 1.09 + 0.05 730 £0.14 3.10 £ 0.07 1.03 +£0.10 742 £ 034 312+ 003
Low(n = 4) 1.00 £ 0.03 747 £ 038 3.13 £ 0.09 1.06 £ 0.10 734+0.17 3.19+0.03
Control(n = 6) 1.05 + 0.06 731 £025 3.08 £0.10 1.15 £ 0.08 737 £0.28 3.17 £0.10
Day 90
High (n = 6) 1.09 + 0.05 746 £ 042 313+0.12 1.06 + 0.03 7.26 £0.53 3.13 £ 007
Middle (n = 4) 113 £0.10 719+ 0.12 305+ 0.13 1.08 £ 0.06 731+£033 3.11 £ 0.09
Low(n =4) 1.04 £ 0.07 7.55 £ 035 3.15 £ 001 1.10 £ 0.07 7.58 £0.36 316+ 0.04
Control(n = 6) 1.08 £ 0.07 739+0.12 3.12+0.10 1.18 £ 0.04 735+ 025 313+ 002
Day 118
High (n = 2) 110+ 0 748 £0.12 3.08 £ 0.06 1.03 £ 0.06 7.29 £ 0.80 3.17 £ 0.04
Control(n = 2) 1.08 £ 0.07 735+ 030 3.08 + 0.06 1.09 £ 0.01 7.74 £ 001 3.15 £ 0.02

Note: Control, Low, Middle and High refer to 0, 12, 60 and 300 mg/kg ethanamizuril dose. There were no statistically significant differences when the control and

test article-treated groups were compared

compared with the control group, there was no signifi-
cant fluctuation in the indexes of hematological, serum
chemistry, urinalysis, organ weights, macroscopic evalua-
tions in beagle dogs. However, it should be to pay atten-
tion to the reduced food consumption and the histologic
changes of kidneys that were observed in beagle dog
when animal treated with the high-dose (300 mg/kg/day)
ethanamizuril. Notably, in the rat subchronic toxicity
study of ethanamizuril, renal tubular atrophy, tubule
protein casts and interstitial cell hyperplasia in kidneys
in 130 mg/kg dose groups were also reported previously
[11, 12]. Our results further supported that the renal le-
sions were the major concerns among several different
animal models, which suggests that the kidney is the
main toxic target organ of ethanamizuril with a long-
term use.

Conclusions

In conclusion, the results of the 90-day toxicity investi-
gation described here provide a comprehensive toxicity
profile of ethanamizuril. The limited toxicity changes of
ethanamizuril related were reduced appetite and histo-
logic lesions in kidneys at the 300 mg/kg/day. Nonethe-
less, oral administration of ethanamizuril for 90
consecutive days were well tolerated in mature beagle
dogs, when the dosage of ethanamizuril was less than
300 mg/kg/day. For this reason, it was considered that

the no-observed-adverse-effect level (NOAEL) is 60 mg/
kg/day.

Methods

Test materials

Ethanamizuril (CAS:1560840-75-6, C;gH;(N,O4 mo-
lecular weight 352.3 g/mol, purity 98.6%), N-(4-(4-(3,5-
dioxo-4,5-dihydro-1,2,4-triazin-2-(3H)-yl)-2-methylphe-

noxy)phenyl)acetamide, was synthesized by Shanghai
Veterinary Research Institute, Chinese Academy of Agri-
cultural Science (Shanghai, P.R. China) and character-
ized by NMR, IR, LC-MS, and LC-UV methods (data
were not shown).

Animal receipt, acclimation and husbandry

Forty beagle dogs (20 males and 20 females), approxi-
mately 4—6 months of age, were obtained in good health
from Xinglong Laboratory Animal Breeding Plant,
Haidian District, Beijing (Batch No. SCXK (Jing) 2016—
0003). Each animal was immunized as planned prior to
the study. All animals were under 7 days acclimatization
of the testing facility conditions prior to dose adminis-
tration. At the initiation of ethanamizuril administration,
body weights of dog ranged from 6.0-7.0 kg. Each group
of animals was housed in a separate room maintained at
18-25°C, with 30-70% relative humidity, natural venti-
lation, and a 12-h light-dark cycle. Each dog stayed and
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Table 5 Relative organ weights (g/100 g final bw) in dogs fed ethanamizuril on day 90 and 118 in subchronic toxicity study
(Mean £ SD)

Day 90 Day 118
High (n = 4) Middle (n = 4) Low(n = 4) Control (n = 4) High (n = 2) Control (n = 2)
male
liver 48.1 £ 258 4919 + 177 5026 £ 0.79 4866 + 2.15 50.02 £ 0.88 5043 = 031
kidney 463 £0.15 49 +£0.27 501 + 065 481 £0.12 455+0.12 456 £0.20
spleen 419 £0.18 435+0.22 431 +0.22 418 £0.28 417 £ 004 423 £0.10
stomach and intestine 84.93 + 4.51 85.17 £ 393 84.84 + 8.21 8533 + 467 7961 £ 035 7937 £ 2.74
lung 892 +022 9.12 +0.16 927 £ 045 9.08 £ 035 9.04 £ 0.13 922 £ 043
heart 886 + 047 9.06 + 039 10.10 £ 0.15 890 £ 0.18 885+ 0.24 883 £ 0.11
brain 7.81 £0.23 8.16 £ 0.72 8.04 = 0.25 797 £ 037 767 £0.12 760 £ 0.26
adrenal gland 0.20 £ 0.02 021 +0.02 022 +0.02 022 £ 001 0.16 £ 0.01 0.16 £ 0.01
testes 0.94 £ 0.09 093 £ 0.04 095 + 0.04 0.94 £ 006 1.08 £ 0.06 101 £0.15
epididymides 0.36 £ 0.03 038+ 0.03 031+ 001 03+ 003 030 + 0.02 030+0
female

liver 4781 + 149 4865+ 2.26 488 £ 143 4815+ 212 46.13 £ 095 4726 £ 2.66
kidney 4.88 £ 0.26 489 £0.19 515+ 031 491 +0.20 4.88 + 0.06 493 £ 039
spleen 383 +0.10 39+0.16 389 +0.19 386 +0.12 3.66 + 0.05 3.78 £ 046
stomach and intestine 89.78 + 2.10 9143 +3.18 88.14 + 4.81 88.79 + 4.65 86.06 + 0.55 8443 + 290
lung 981+ 026 10.15 £ 0.19 10.16 + 0.38 9.80 + 041 9.67 +0.20 954+ 032
heart 947 + 042 961+ 028 9.14 £ 0.55 957 £ 055 934+ 034 959 + 057
brain 817+£028 862 +0.19 834+0.14 83+ 031 8.14 £ 092 833+038
adrenal gland 0.19 £ 0.02 0.19 £ 001 0.17 £ 0.02 0.19 £ 0.01 018+ 0 0.18 £ 0.01
uterus 0.15 £ 0.02 0.15 £ 0.01 0.15 £ 0.01 0.15 £ 001 0.13 £ 0.02 0.13 £0.01
ovaries 0.55 £ 0.03 057 £ 001 057 £ 0.02 0.56 + 0.02 053 £ 004 054+0

Note: Control, Low, Middle and High refer to 0, 12, 60 and 300 mg/kg ethanamizuril dose. No test article-related effects were noted on the organ weights of the
male and female animals treated with ethanamizuril compared to the control group in either males or females

was fed in individual stainless steel cages measuring 100  study. Regular opportunity for exercise and social inter-
cm in height, 100 cm in length, and 90cm in width. action were allowed for all animals. The study was ap-
Noise was controlled below 50 dB. The animals were fed  proved (20160105) by the Institutional Animal Care and
2 times daily with a medicated diet at 9:00 and 15:00. Use Committee at Shanghai Veterinary Research Insti-
Distilled water was available ad libitum throughout the tute, Chinese Academy of Agricultural Sciences.

Fig. 5 Slight congestion in renal tubulointerstitium was observed in the kidneys at 40X for the dogs treated with 300 mg/kg ethanamizuril in the
90 days chronic toxicity study with hematoxylin-eosin staining. (@) 300 mg/kg ethanamizuril treatment group, and — showed congestion in renal
tubulointerstitium. (b) control group
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Diet preparation

According to the requirements of different doses in the
beagle dog 90-day oral toxicity study, the diets were
mixed separately by group and ethanamizuril was evenly
incorporated in basal diet respectively. The processing of
diet was in the charge of Beijing Keao Xieli Feed com-
pany (Beijing Keao Xieli Feed Co., Ltd., Beijing, China),
and the components of the diet include: water content
<10%, crude protein >20%, crude fat >8%, Crude fiber
<4%, Crude ash <9%, calcium 0.7-1.0%, Total phos-
phorus 0.5-0.8%. To ensure the homogeneity and effect-
iveness, the drugs were weighed carefully and were
thoroughly mixed and prepared every 4 weeks. In
addition, the stability and homogeneity of the diets were
verified prior to the study by HPLC method [19].

Assignment of animals to treatment groups

The animals were randomly divided into four groups by
using of Excel software based on the body weight, and
each group of dogs were fed basal diets mixed with 0,
12, 60 and 300 mg/kg ethanamizuril for a total period of
90 days, respectively. The low and middle dose groups
each consisted of 4 males and 4 females, and the control
and high dose groups each consisted of 6 males and 6 fe-
males. Animals were dosed for 90 days and four dogs/
sex/group were sacrificed under anesthesia with sodium
pentobarbital. The remaining dogs of control and high
dose groups were administered control feed for a further
4 weeks (convalescence) after which they were killed in
the same manner and subjected to examination.

Parameters evaluated

Clinical observations

All animals in the study were observed at least twice
daily for any changes in appearance of coat, activity and
respiration, food and water intake, micturition and stool
excretion. The presence or absence of findings in each
animal was recorded regularly.

Prior to the start of ethanamizuril administration and
at the end of the treatment period, ophthalmological ex-
aminations with fluorescein sodium method were per-
formed respectively in control and high dose groups. If
there were the changes of ophthalmology in the high
dose group, all animals in the other dosing groups
should be examined.

Body weights, food consumption

The individual body weight and food consumption
weights of animals were recorded every 5 days through-
out the study period. Food consumption was calculated
as g/animal/day. In addition, the body weight on the day
of randomization was also recorded.
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Clinical pathology/laboratory examinations

To detect hematology and serum chemistry parameters,
blood samples of treated animals were collected during
study day 0, 45, 90 (scheduled necropsy), and 118 (end
of convalescence). Prior to blood collection, animals
were fasted overnight. Hematological test parameters
were basophil (BAS), eosinophil (EOS), erythrocyte
count (RBC), hematocrit (HCT), hemoglobin (HGB),
leukocyte count (WBC), lymphocyte (LYMPH), mono-
cytes (MO), neutrophils (NEU), platelet count (PLT). Al-
bumin (Alb), alanine aminotransferase (ALT), blood
glucose (Glu), blood urea nitrogen (BUN), creatinine
(Cr), glutathione aminotransferase (AST), total choles-
terol (TCH), total protein (TP), triglyceride (TG) were
included in clinical chemistry test parameters.

During study day 0, 45, 90 (scheduled necropsy), and
118 (end of convalescence), urine samples were also col-
lected from all animals by using cage pans. Bilirubin (T-
BIL), glucose (GLU), ketones (KET), occult blood (BLO),
protein (PRO) and white blood cells (WBC) were de-
tected using qualitative indicators of analyte concentra-
tion. Urine pH, specific gravity (SG) and urobilinogen
(URO) were measured quantitatively.

Necropsy and pathology

After injected sodium pentobarbital with small saphe-
nous vein, the dogs were euthanized by exsanguination
via the abdominal aorta under anesthesia. Four dogs/
sex/group were euthanized on day 90 and the remaining
dogs of control and high dose groups were euthanized
on day 118. The necropsy included, but was not limited
to, examining the body external surface, all orifices, and
all organs in coelom. All the organs from animals at the
scheduled necropsy including the adrenals, brain, heart,
kidney, liver, lung, spleen, stomach and intestine, testis
and epididymides, ovaries and uterus were weighed. The
organ relative weight (the percentage of organ weight to
body weight) was calculated. Based on the SOPs of
histopathology technical operation, the tissue sampling,
paraffin embedding, sectioning, and hematoxylin-eosin
staining were conducted for the above organs from each
animal, and then evaluation via light microscopic for
morphological alterations. Tissues from other groups
were examined as necessary to determine NOAEL in
target organs.

Statistical methods

The treated groups were compared to their respective
control groups. To determine intergroup differences, the
data in the study were applied to a parametric one-way
analysis of variance (ANOVA) [20]. When statistically
significant (p < 0.05) intergroup variance was revealed by
ANOVA, Dunnett’s test was applied to compare the
groups.
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