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Abstract

AIM: To evaluate the pharmaceutical safety of a Chinese
herbal formula, Chunggan extract (CGX), traditionally
prescribed as a hepatotherapeutic drug via systemic
acute and subacute toxicological study.

METHODS: Twenty male dogs and 20 female dogs
were fed doses 50 times and 4 times greater than the
clinically-recommended drug dosages in an acute and a
subacute toxicological study, respectively. Adverse effects
were examined by comparing the differences between
normal and drug-administered groups using clinical
signs, necropsies, histopathologic findings, haematology,
urinalysis, and biochemical analysis.

RESULTS: In the acute study no change in the body
weight, diarrhoea, apetite, mortality rate and histopa-
thology of major organs was observed in male or female
dogs with a single administration of CGX at 5 g/kg. No
drug-induced abnormalities at analysis of histopathology,
haematology, urinalysis, and biochemistry were found
with any dose of this drug.

CONCLUSION: CGX is supposed to be very safe when
used in a clinical application with a wide therapeutic index.
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INTRODUCTION

Worldwide use of complementary and alternative
medicines, including herbal products for various health
benefits, has recently increased"”. Botanical compounds
and medical plants have also attracted attention among
drug investigators and the pharmaceutical industry. Many
herbal formulae have been traditionally prescribed for
patients with hepatic disorders, and researchers have
recently studied many compounds from natural resources
as potential hepatotherapeutic candidates”™ .

However, many issues related to a lack of scientific
evidence about the efficacy and safety of herbal remedies
remain unresolved'™”. Many reports and warnings
have been published, particularly about the potential
hepatotoxicity of herbal products, because the liver is a
prime target for the toxic effects of general drugsw’w].

Chunggan extract (CGX) is a potentially hepatothera-
peutic drug derived from natural herbs. It has hepatopro-
tective effects on alcohol-, dimethylnitrosamine (DMN)-,
and D-galactosamine-induced liver injury, a therapeutic
effect on chronic liver disease, and an inhibitory effect on
intestinal absorption and storage of cholesterol ™", How-
ever, no animal-based high-dose toxicological study has
been performed in conjunction with tests to confirm the
drug’s safety and efficacy in the appropriate dosages.

This study applied acute and subacute toxicological
tests using beagle dogs to evaluate the wide-range toler-
ance and safety of Chunggan extract. This report aims to
provide vital information about the efficacy and safety of
multi-herbal plant-derived traditional Chinese medicine.

MATERIALS AND METHODS

Components of CGX and fingerprinting analysis
The ingredients of CGX include 5 g each of Artemisia
capillaris Herba, Carapax Trionycis, Semen Raphani; 3 ¢ each

www.wjgnet.com



7498 ISSN 1007-9327

CN 14-1219/R  World J Gastroenterol

December 14, 2006 Volume 12 Number 46

of Rhizoma Atractylodis Macrocephalae, Poria, Alismatis
Rhizoma, Atractylodis Rhizoma, Salviae Miltiorrhizae
Radix; 2 g each of Polyporus, Amomi Fructus, Aurantii
Fructus, and 1 g of Glycyrrhizae Radix or Helenii
Radix. The 10.71% (w/w) lyophilized water-extract was
obtained from the initial dried mixture according to the
Korean standard over-the-counter (OTC) monographs,
and its high-performance thin layer chromatography
(HPTLC)-based fingerprint was produced by the CAMAG
application system (Muttenz, Switzerland) (Figure 1A-D).
For the HPTLC analysis, water extracts of CGX,
Artemisia capillaris Herba, Aurantii Fructus, Glycyrrhizae
Radix, Poria cocos and their standard components,
6,7-dimethoxycoumarin (Sigma Chemical Co., St. Louis,
MO, USA), Poncirin (Fluka, St. Louis, MO, USA),
Glycyrrhizic acid ammonium salt (Sigma Chemical Co., St.
Louis, MO, USA) and Pachyman (Megazyme Co., Wicklow,
Ireland) were dissolved in HPLC-grade methanol and
applied to pre-washed silica gel 60 F254 HPTLC plates (size
20 cm X 10 cm, thickness of the silica gel 0.2 mm; Merck,
Darmstadt, Germany) with an automated applicator
(Linomat IV; CAMAG). The samples were then sepatrated
(migration distance 80 mm) using HPLC-grade ethyl
acetate/formic acid/acetic acid/water (15:1:1:2) except
for Poria cocos (migration distance 70 mm, n-butanol/
methanol/water as 50:25:20). The migrated components
were visualized under UV radiation at 366 nm or 254
nm using Reprostar 3 with a digital camera (CAMAG).
Only Poria coco was visualized under white light after
derivatization with aniline-diphenylamine-phosphoric acid
solution.

Animals
In total, 40 beagle dogs (20 males and 20 females) were ob-
tained from Jung-Ang Lab Inc. (Seoul, Korea). Each dog
was acclimatized to conditions in kennel units (1.08 m®)
and was subjected to routine examination and acceptance
procedures for 6 wk. Animal housing was maintained at 22
+ 3°C with a 12-h light/dark cycle, and air was exchanged
approximately 13-18 times/h. Each dog was fed 400 g/d
of a standard dry diet (Gold Pet; Agribrands Purina Korea
Inc., Seoul, Korea) and had free access to automatically
filtered tap water that was checked using routine chemical
monitoring (Korea Chemicals Inspection & Testing In-
stitute). At the beginning of treatment, the dogs averaged
approximately 5 mo of age and 8.5-11.5 kg in weight.
Prior to the experiment, a veterinarian performed an
animal health review. This study complied with the Testing
Guidelines of the Korea Food and Drug Administration
(KFDA; notification no. 1999-61).

Acute toxicity

After 12 h of fasting, two males and two females in each
of four groups received oral doses (5000, 2500, 1250,
and zero mg/kg respectively) of CGX dissolved in dis-
tilled water through a catheter. Clinical observations were
performed hourly for 6 h, after which mortality or clinical
signs of toxicity were monitored daily for the following 2
wk. Body weight was measured weekly, and necropsy-gross
findings were recorded on the final day.
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Figure 1 High-performance thin layer chromatography method-based fingerprint
for Chunggan extract. HPTLC analysis was performed to characterize CGX and
its three major components (extracts from Artemisia capillaris Herba, Aurantii
Fructus, Glycyrrhizae Radix and Poria cocos) with reference components,
6,7-dimethoxycoumarin, Poncirin, Glycyrrhizic acid ammonium salt and Pachyman
(indicated by arrows). A: 2 pL of CGX (200 mg/mL) and 1 uL of the extract from
Artemisia capillaris Herba (50 mg/mL) were subjected to HPTLC with 1 pL of
6,7-dimethoxycoumarin (0.1 mg/mL), then visualized under UV radiation at 366
nm; B: 2 ul of CGX (200 mg/mL) and 1 uL of the extract from Aurantii Fructus (50
mg/mL) were subjected to HPTLC with 1 uL of Poncirin (5 mg/mL), then visualized
under UV radiation at 366 nm; C: 4 uL of CGX (200 mg/mL) and 4 ul of the
extract from Glycyrrhizae Radix (50 mg/mL) were subjected to HPTLC with 4 L
of Glycyrrhizic acid ammonium salt (1 mg/mL), then visualized under UV radiation
at 254 nm; D: 2 L of CGX (40 mg/mL) and 1 L of the extract from Poria cocos
(10 mg/mL) were subjected to HPTLC with 10 uL of Pachyman (100 mg/mL), then
visualized under white light after derivatization.

Subacute toxicity

Over 4 wk, three male and three female dogs received
orally administered CGX in one of four dosages: 400, 200,
100, and zero mg/kg as a control. They were subsequently
checked and measured carefully for mortality and clini-
cal signs of toxicity (daily), body weight and food intake
(weekly), ocular fundus examination, and slit lamp exami-
nation (before drug administration and 2 d before the final
day). On the final day, all dogs were deprived of food, but
not water, for 16 h. Urinalysis, hematologic, and various
biochemical parameters of all dogs were measured using
blood samples after collection via the jugular vein (before
and on the final day of the experiment). After necropsy,
organs (brain, hypophysis, heart, liver, spleen, kidneys,
adrenal glands, prostate, testes, and ovaries) were weighed.
Microscopic examination of the following organs was also
done: lungs, trachea, heart, thymus, liver, kidneys, pan-
creas, spleen, thyroid, adrenal glands, testes, epididymes,
ovaries, uterus, esophagus, stomach, duodenum, jejunum,
ileum, cecum, colon, urinary bladder, aorta, brain, pituitary,
prostate gland, and tongue. A histopathologist performed
a complete examination of the tissue samples after they
were stained with haematoxylin-cosin (H&E) following a
10% formalin fixation and embedded in paraffin wax.

Statistical analysis
Distributions of body and organ weight, food intake, and
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s s : : 257 H Male
Table 1 Summary for clinical observation and histological ﬂ O Female
examination 2 0
5
CGX (mg/kg per day) O 100 200 400 'g 1.51
Mortality - o - - <
ini i B8 1.0p 1
Clinical signs NAD NAD NAD NAD Q T
Anorexia - - - - 2 05k T T
Soft feces - - - - g
; 0.0
R N/AD) NAD  NAD  NAD Control CTX 1250 CTX 2500 CTX 5000 (mg/kg)
Ophthalmologic findings NAD NAD NAD NAD
Relative organ weight NS NS NS NS B 500, B Male
Necropsy findings NAD NAD NAD NAD — O Female
Histopathological Rarely in some Rarely in some samples % 400
findings samples = T T
Liver Focal necrosis Subcutaneous necrosis % 300 T T
Lung Yellow pigmentation  Yellow pigmentation % 200
Kidney Glomerular hyperemia Glomerular hyperemia §
Spleen White pulp atrophy ~ White pulp atrophy g 1000
Stomach Helicobacter Helicobacter i
Control CTX 100 CTX 200 CTX 400 (mg/kg)
Three male and three female beagle dogs in each group were fed CGX,
and the clinical symptoms including mortality were monitored for 4 C Male -0 -m-100 D Female -0 -B-100
wk. At the end of the experiment, ophthalmologic, necropsy-based, and 13r 4200 400 131 4200 =400
histopathological examinations were performed. NAD: No abnormality ;-\s =
detected; NS: Not significant; -: Absent. =11k I < 111
g = € L
.a %
= z ]
. o g° 5 °
haematological and biochemical parameters were analysed @ &
using Levene’s test of equality of variance. When vari- T T e
ance was homogenous, a one-way ANOVA was applied. 4d #d

Statistical differences in the means among groups were
analysed using Dunnett’s multiple comparison test!™>',
When variance was not homogenous, Dunnett’s ~test was
performed. Statistical analyses were conducted using SPSS

Base 10.0 (SPSS, Inc., Chicago, 1L, USA).

RESULTS

Acute toxicity

After administration of CGX and distilled water (DW) as
a control, all dogs exhibited decreased activity for 1 h. No
clinical symptoms including diarrhoea, anorexia, or death
were observed in any of the dogs during the remaining
2 wk of the experiment. Hach group exhibited a normal
range in weight gain (Figure 2A), and no abnormal find-
ings were seen at necropsy in the major organs of males or
female dogs treated with CGX (data not shown).

Subacute toxicity

Food consumption and body weight: Food consump-
tion did not appear to markedly differ in any CGX-treated
group compared to the control over 4 wk (Figure 2B), al-
though females in the CGX-treated groups consumed less
food than the control group. This result may have been
due to a lower body weight among females at the starting
point, leading to reduced food consumption. Similarly, no
groups exhibited significant gains or losses in body weight
during the 4-wk experimental period (Figure 2C and D).
Clinical signs, necropsy, and histopathological findings:
No clinical signs including anorexia or soft facces were
observed in any dogs during the 4 wk of the experiment.
No tested groups exhibited any changes in ophthalmo-
logic signs (summarised in Table 1). Macroscopic autopsy

Figure 2 Body weight and food consumption. A: Final gains in body weight for
each group administered with indicated Chunggan extract (CGX) after 2 wk of
the acute toxicity experiment (n = 2 males and 2 females); B: Average daily food
consumption for each group (n = 3 males and 3 females) during the subacute
toxicity experiment; C: Change in body weight during 4 wk of the subacute
toxicological experiment, shown separately for males (n = 3) and females (n = 3).
Values represent the mean + SD.

examination did not reveal any pathological findings in
any organs, and no significant changes to body weight
ratio were found in any of the 13 tested organs of either
treated or control groups: liver, kidneys, spleen, adrenals,
ovaries, brain, pituitary gland, lungs, heart, thymus, thyroid,
uterus, and urinary bladder (data not shown). However,
microscopic examination detected rare pathological find-
ings, such as focal necrosis with macrophage, lymphocyte,
plasma cells, hyperaemia, and subcutaneous edema in liv-
ers, bronchopneumonia in lungs, glomerular hyperaemia
in kidneys, white pulp atrophy in spleens, and Helicobacter
in stomachs; similar findings were exhibited by groups
treated with CGX and the control group. However, no
systematic histopathological differences were observed be-
tween groups. Figure 3 presents the only observed focally
pathological features in kidneys and livers between the
control group and the group treated with the highest levels
of CGX (400 mg/kg per day).

Haematology and urinalysis: Before the experiment
began, tests indicated that all dogs (12 males and 12 fe-
males) had normal haematological values (data not shown).
Haematology was measured again on the final day of the
experiment, and results revealed a significant decrease in
mean corpuscular haemoglobin concentration (MCHC)
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Table 2 Haematological analysis after administration of Chunggan extract for 4 wk

Number of dogs Male (12) Female (12)
CGX (mg/kg-d) 0 100 200 400 0 100 200 400
Erythrocyte (M/UL) 6.4+0.6 6.80 £ 0.4 6.56 + 0.4 6.70 £ 0.1 6.22+£0.5 6.70 £0.5 6.77 £ 0.5 6.59 £ 0.2
Hemoglobin (g/dL) 18.6 £2.1 17.6 £ 0.4 182+1.0 181+1.3 16.5+1.7 175+1.8 17.8+0.4 17.7£0.1
Hematocrit (%) 413+4.1 428+1.8 428+22 422+1.0 39.2+28 40.1+2.1 433+3.9 41.6+0.9
MCV (fL) 64.1+0.3 63.1+24 654+28 629+1.0 63.1+£0.1 60.1+4.1 63.9+14 63.1+19
MCH (pg) 289+1.1 260+14 278+23 27.0+1.7 265+1.2 261127 264124 26.8+0.7
MCHC (g/dL) 452+15 41.7 +0.6" 424422 429+22 421+22 435+25 413+4.6 42.6+0.7
RDW (%) 15.1+0.1 159H0:3) 153+ 04 15:91H0:3) 15.7+0.1 159+ 0.6 15.7+0.5 15.1+0.1
Reticulocytes (%) 0.30 £ 0.1 0.23+0.1 0.37£0.2 043 +0.2 0.77 £0.2 0.50 £ 0.4 0.53 £ 0.6 0.50 £ 0.2
Platelets (k/UL) 349+13 320+125 334 £ 50 344 + 46 347 + 94 333 +90 239 £ 87 245+18
MPV (fL) 12.8+0.3 151+1.2 14.6 £2.2 14.0+1.3 134+1.6 128 £1.6 164+4.2 15.0+4.7
PT (s) 6.73+0.2 720+ 0.6 6.63 £ 0.3 6.77 £0.2 6.73+£0.3 7.00 £ 0.4 6.77 £0.1 6.93 £ 0.5
aPTT (s) 142+ 0.5 19.3+5.2 154+0.7 152+ 0.9 15.7£0.2 154+£09 16.1+2.6 165+ 0.7
Leukocytes (k/UL) 9.86 £1.2 951+1.3 8.56 £1.3 114+14 9.64+13 10.6 £ 0.2 11.8+3.8 89+1.6
Neutrophil (%) 61.0+10 59.8 + 15 65.7 + 14 66.9 + 10 57.0+13 60.9 + 14 492+23 62.8+13
Lymphocyte (%) 195+4.1 237442 214447 21.8+26 282452 26.7+85 355+13 271479
Monocytes (%) 75120 8.0+£3.2 69+1.2 53+£09 72+1.0 7.6 +£57 104 +£5.1 78+22
Eosinophil (%) 11.6 £9.1 841+42 5.96 £5.8 570+1.7 747 £11 425+1.9 415+1.7 270+24
Basophil (%) 0.30+0.3 0.11£0.1 0.12+0.3 0.26 £ 0.2 0.31+£0.6 0.13+£0.1 0.34£0.5 0.11£0.1

After administration of Chunggan extract (CGX) for 4 wk, haematology was analysed to compare CGX-treated groups to the control group. MCV: Mean
corpuscular volume; MCH: Mean corpuscular haemoglobin; MCHC: Mean corpuscular haemoglobin concentration; RDW: Red cell distribution width; MPV:
Mean platelet volume; PT: Prothrombin time; APPT: Activated partial thromboplastin time. aindicates a significant difference at a level of P < 0.05.

only in male dogs treated with 100 mg/kg per day CGX
compated to control dogs; 200 or 400 mg/kg per day male
and all female dogs produced normal values (Table 2). No
other haematological indicators revealed any significant
change.

No other unusual results were revealed by urinalysis
before and after administration of CGX (data not shown).
Serum biochemistry: The serum chemistry in all dogs (12
males and 12 females) was checked before beginning CGX
administration. Another chemistry analysis was conducted
on the final day. Results did not reveal any significant

changes to biochemistry values between the control and Figure 3 Histopathological findings. On the final day of the subacute toxicological
CGX groups, except the BUN levels in female dogs who experiment, 13 main organs (indicated in the text) were removed from each dog,
were administered 400 mg/kg pet day CGX when com- and microscopic examinations were carefully performed after a general H&E

staining process. Livers, lungs, kidneys, spleens, and stomachs from the control
and the group fed CGX revealed uniformly rare focal pathological findings. This
figure presents the only pathological findings among livers and kidneys from the

pared to the control group (Table 3).

control and the group treated with the highest level of CGX, such as focal necrosis
DISCUSSION and hyperemia in livers, and glomerular hyperemia in kidneys (HE stain, X 200).
Among the variety of complementary and alternative LMC: liver from male control; LFC: liver from female control; LMH: liver from male

medicines. Asian doctors have prescribed herbal mixtures high dose (400 mg/kg); LFH: liver from female high dose (400 mg/kg); KMC:
> kidney from male control; KFC: kidney from female control; KMH: kidney from

to treat various diseases according to traditional Oriental ooy dose (400 mokg); KFH: kidney from female high dose (400 mghk).
pharmacology. Since this traditional treatment is based on
extensive knowledge gathered from applications of natural
resources to humans, people have usually assumed that

the treatment is safe. However, as Oriental remedies have In clinical application, the therapeutic dosage of CGX
been rapidly growing in popularity worldwide, researchers is 100 mg/kg per day, usually divided into three daily
are paying as much attention to safety issues as to their doses. We treated dogs with 50 times the clinically recom-

therapeutic efficacym’z”. Many studies have therefore mended dosage of CGX, but observed no clinical signs of

been conducted to evaluate the safety of Oriental herbal adverse effects except slightly decreased activity for 1 h in

medicines or the associated risk of adverse effects™ . every group including the control. The decrease in activity

This study applied a systemic acute and subacute toxi- might have resulted from the forced administration of a
cological examination using beagle dogs to investigate the high volume of CGX (or water in the control group) via a
possibility of adverse effects associated with Chunggan ex- catheter. Typical adverse signs of any drug include changes
tract, a modified-traditional hepatotherapeutic herbal drug. in appetite or faeces; even a 50-fold increase in CGX did

www.wjgnet.com
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Table 3 Serum chemistry analysis after administration of Chunggan extract for 4 wk

Number of dogs Male (12) Female (12)

CGX (mg/kg per day) 0 100 200 400 0 100 200 400
AST (IU/L) 37.0+34 36.3+2.0 40.3+14.2 413+83 40.6 + 8.5 343+57 37.0+43 40.0+9.5
ALT (IU/L) 57.6+7.3 48.6 £8.1 493 +£29.7 65.6 +£24.0 38.0+7.0 46.6 +16.2 440+1.7 33.6£9.0
ALP (IU/L) 328 + 46 299 + 102 390 + 221 238+ 74 271 +104 391 +93 377 £159 174 +43
BUN (mg/dL) 182+1.3 20.1+3.1 22.8+3.6 116),3) 22 345 134+19 17.6 £2.6 13.9+£39 244 +48°
Creatinine (mg/dL) 1.05+0.1 1.20+0.1 1.23+0.1 1.18 £0.1 1.03+0.2 1.15+0.1 1.09+0.1 1.11+0.1
Glucose (mg/dL) 99.0 £15.5 115.6 £5.1 1123 +11.9 110.7 £ 4.2 114 +14 121 £10.2 117 +£5.6 116 £ 26.1
Total chol. (mg/dL) 252 +30 223 +34 260 + 25 217 £ 51 299+73 296 + 34 263 +24 261 +58
Total bilirubin (mg/ dL) 0.23+£0.1 0.27 £0.1 0.23+0.1 0.30£0.1 0.30£0.1 0.30£0.0 0.30+£0.1 0.33+£0.1
Total protein (g/dL) 7.83+£0.2 7.37+£0.2 733+0.2 757 26 0.3 7.60+0.3 747 £0.6 740+0.4 7.53+0.2
Albumin (g/dL) 4.73+0.3 4.33+0.2 447 +0.1 4.60+0.4 477 £0.3 4.50+0.3 4.63+0.3 457 +0.2
AG ratio 1.53+0.2 143 +0.2 1.60 £ 0.2 1.67 £0.3 1.70£ 0.1 1.50£0.1 1.70£ 0.1 1.57+0.1
C.phosphokinase (IU/L) 133 +15 130 £ 39 171 £ 89 157 £48 199 £ 30 116 £ 24 155 £ 37 144 +23
Triglyceride (mg/dL) 25.0+3.0 35.6 +24.8 30.0+3.6 287 +7.2 36.0 £ 16.6 284+95 36.0+5.2 473 +17.1
Calcium (mg/dL) 148 +£0.5 145+ 0.5 146 £0.3 144 +£0.2 145+ 0.5 14.7 £0.9 141104 14.6 £0.7
Inorganic pho. (mg/dL) 3.33+1.1 443+03 4.23+0.3 443 +0.6 3.80+ 0.5 3.90+0.6 4.03+0.8 3.63+0.3
LDH (IU/L) 105 +45.7 1272 5 7315 91.7 £32.8 106 + 60.3 80.0+11.5 68.3£9.7 146 + 60.7 146 +126.1
GGT (IU/L) 4.63+0.3 BIOBELN[NG! 4.03+04 437+13 493+1.0 513+04 457+1.0 5.53+0.5
Sodium (mmol/dL) 148 £2.0 146 +1.1 144 +2.1 144 £ 0.6 146 +1.2 148 +1.00 147 £2.0 147+ 0.4
Potassium (mmol/dL) 4.21+0.1 4.32+0.1 4.31+0.2 418+0.2 4.08 £0.23 3.95+0.2 4.24+03 442+04
Chloride (mmol/dL) 116 +1.1 115+25 115+2.3 116 £ 0.6 117 +1.5 114+1.5 114 +3.2 114+1.5

After administration of Chunggan extract (CGX) for 4 wk, serum chemistry was analysed to compare CGX-treated groups to the control group. AST: Aspartate

aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; BUN: Blood urea nitrogen; AG ratio: Albumin globulin ratio; LDH: Lactate
dehydrogenase; GGT: Gamma glutamy] transferase. °P < 0.05 among BUN in female grops treated with 0 mg, 100 mg, 200 mg and 400 mg CGX.

not affect appetite or faeces in any group, nor did it affect
body weight changes in any group (Figure 2A). A similar
pattern was exhibited over repeated CGX administration
for 4 wk with dosages ranging from 100 to 400 mg/kg
(Table 1). However, no dog in any group (male or female)
gained body weight during the 4 wk, which may have
resulted from the daily repeated stress of drug or water
administration. The variations in body weight on the final
day corresponded to the differences in initial body weight
at the starting point (Figure 2C and D).

During the subacute toxicological study, no groups
exhibited changes in clinical signs. Ophthalmologic exami-
nation, analysis of organ weights, and autopsy findings on
the final day revealed dogs were free of pathologic states.
Because the microscopic examination revealed that every
group including the control exhibited focally pathological
findings in livers, kidneys, lungs, stomachs, and spleens
(Table 1, Figure 3), they were not caused by CGX admin-
istration. Furthermore, the positive results for H pylori in
all groups might be related to statistics showing that this
disease has infected 78% of dogs in Korea™,

Haematology and chemistry analysis revealed that
groups treated with CGX showed no significantly changed
values except MCHC in males treated with 100 mg (41.7
1+ 0.6) and BUN in females treated with 400 mg (24.4 +
2.8), shown in Tables 2 and 3 respectively. However, the
significance of these changes is doubtful since the values
were within the normal range for dogs and the results did
not exhibit a dose-dependent or histopathological correla-
tion. It is important to examine potential hepatotoxicity in
herbal products because therapeutic and toxic properties
apply similar biological processes, especially in the liver””.,

Serum values of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and
bilirubin are among the most sensitive markers of liver
damage™. As expected, treatment with CGX during this
study resulted in normal values identical to the control
group.

In conclusion, this study verifies that CGX could be
safely used in a clinical application with a very large thera-
peutic index.
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