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Background: Ginsenosides have been widely used clinically for many years and were regarded as very
safe. However, a few researches on the toxicities of these kinds of agents showed that some ginsenosides
may have side-effect on the rats or dogs. So it is extremely necessary to further clarify the potential
toxicity of ginsenosides. This study was carried out to investigate long-term toxicity and genotoxicity of
25-methoxydammarane-3, 12, 20-triol (25-OCH3-PPD), a new derivative of ginsenoside, in beagle dogs.
Methods: Twenty-four beagle dogs were divided randomly into four treatment groups and repeatedly
orally administered with 25-OCH3-PPD capsule at 60, 120, and 240 mg/kg/day for 91 consecutive days.
Ames, micronucleus, and chromosomal aberration tests were established to analyze the possible geno-
toxicity of 25-OCH3-PPD.
Results: There was no 25-OCH3-PPDeinduced systemic toxicity in beagle dogs at any doses. The level of
25-OCH3-PPD at which no adverse effects were observed was found to be 240 mg/kg/day. The result of
Ames test showed that there was no significant increase in the number of revertant colonies of 25-OCH3-
PPD administrated groups compared to the vehicle control group. There were also no significant dif-
ferences between 25-OCH3-PPD administrated groups at all dose levels and negative group in the
micronucleus test and chromosomal aberration assay.
Conclusion: The highest dose level of 25-OCH3-PPD at which no adverse effects were observed was found
to be 240 mg/kg per day, and it is not a genotoxic agent either in somatic cells or germs cells. 25-OCH3-
PPD is an extremely safe candidate compound for antitumor treatment.
� 2018 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cancer is one of the world’s most serious illnesses whose mor-
tality rate is second only to cardiovascular disease. With the
advancement of therapeutic interventions such as surgery, chemo-
therapy, and radiotherapy, the survival rate of cancer patients has
increased. Despite the progress of such treatments, the side-effects
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of patient intolerance and the destruction of healthy cells are
something that cannot be overlooked. Consequently, there has been
an increased focus on investigating agents that have the potential to
be more effective and less toxic from the Traditional Chinese Med-
icine [1]. Ginsenoside and notoginsenoside are themain constituents
in the roots, leaves, and seeds of the plant Panax ginseng and Panax
notoginseng. These derivatives have been shown to have activities
d polychromatic erythrocytes, MNPCE; polychromatic erythrocytes, PCE; normo-
RBC; white blood cells count, WBC; mean corpuscular volume, MCV; hemoglobin
T; red cell distribution width, RDW%; mean corpuscular hemoglobin concentration,
H; neutrophil cell, NEUT; eosinophils, EOS; monocytes, MONO; reticulocyte count,
se, AST; alkaline phosphatase, ALP; gamma-glutamyl transferase, g-GT; creatinine,
K; glucose, GLU; total protein, T.P; total cholesterol, T.CHO; total bilirubin, T.BIL; total
sciences.
ceutical University, Shenyang, 110016, China.

blished by Elsevier Korea LLC. This is an open access article under the CC BY-NC-ND

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:zyq4885@126.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jgr.2018.05.005&domain=pdf
www.sciencedirect.com/science/journal/12268453
http://www.ginsengres.org
https://doi.org/10.1016/j.jgr.2018.05.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jgr.2018.05.005
https://doi.org/10.1016/j.jgr.2018.05.005


Fig. 1. Chemical structure of 25-OCH3-PPD. 25-OCH3-PPD, 25-methoxydammarane-3,
12, 20-triol.
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against many illnesses such as diabetes [2e4], delayed onset muscle
soreness [5], diet-induced hypercholesterolemia [6], myocardial
ischemia [7], inflammation [8], and atherosclerosis [9]. Notably
attracting the attention of scientists, these constituents also have
effects on a spectrum of cancers such as breast [10,11], colon [12],
colorectal [13], cervical [14], prostate [15], liver [16], and lung can-
cers [17]. Investigations on the structureeactivity relationship with
ginsenoside show that the number of the sugars substituted on the
basic skeleton and the type of glycoside play an important part to the
anticancer activities of ginsenosides [18]. Researches have shown
that these antitumor effects were inversely correlated to the number
of sugar moieties [19].

25-methoxydammarane-3, 12, 20-triol (25-OCH3-PPD) is a new
derivative of ginsenoside first obtained from P. notoginseng and has
been shown to exhibit antitumor activities against various human
cancer cells lines such as breast, prostate, lung, and colorectal cancer
cell lines [1,20e23]. In the previous studies, 25-OCH3-proto-
panaxadiol (PPD) has been demonstrated to have the highest cyto-
toxic activity among all the tested ginsenosides (PPD and Rg3). The
half maximal inhibitory concentration (IC50) of this compound for
most cell lines were 5- to 15-fold lower than that of 20(S)-proto-
panaxadiol and 10- to 100-fold lower than that of Rg3 [20], a newly
clinically used ancillary drug in cancer treatment in China [24]. Initial
mechanistic examination with prostate and lung cancer cell lines
revealed that 25-OCH3-PPD could inhibit proliferation, reduce sur-
vival, and induce cell apoptosis as well as cycle arrest in G1 phase
and reactive oxygen species (ROS) production on human LNCaP and
PC3 prostate cancer cells and human A549, H358, and H838 lung
cancer cells [22,25]. Additionally, 25-OCH3-PPD upregulated the
phosphorylation levels of extracellular signal-regulated kinase (ERK)
and p38 and downregulated the expression of cyclin D1, cyclin E, and
MDM2 dose-dependently, which associated with the proliferative
inhibition [26]. Moreover, 25-OCH3-PPD dose-dependently inhibited
the growth of prostate cancer and lung cancer xenograft tumors
in vivo without affecting normal cell viability [25,26]. The mecha-
nistic examination of 25-OCH3-PPD in colorectal cancer indicated
that it wields its anticancer effect by targeting b-catenin signaling, a
key mediator in the Wnt pathway. b-catenin/T cell factor (TCF)
transcriptional activity was also significantly suppressed [23]. Phar-
macokinetics investigation in rats showed that the major metabolite
of this agent was 25-OH PPD, and the metabolic pathway is consider
to be phase I [27]. The CYP3A4 is one of the important enzymes in
the metabolic process of C-20 hydroxyl group of 25-OCH3-PPD [28].
In our previous studies, the oral long-term toxicity of 25-OCH3-PPD
in Sprague Dawley rats was reported [29]. Although some statistical
changes were seen in the hematology, biochemistry, and organ
weights relative to the vehicle control group, the parameters were
within the normal limits and the histopathological examination
show no abnormal responses. The highest oral dose level in rats with
no toxic response after treatedwith 25-OCH3-PPDwas considered to
be 600 mg/kg per day. Taking into account the different species and
as an important part of preclinical safety evaluation, the genotoxicity
and subchronic toxicity studies in beagle dogs were conducted. The
new results of this article will be necessary and helpful to determine
a suitable dose of 25-OCH3-PPD for clinical applications.

2. Materials and methods

2.1. Ethics statements

All animal work in this study was conducted under the Good
Laboratory Practice of P.R. China. All animals involved received
human care in compliance with accredited facilities of the Chinese
Association for Accreditation of Laboratory Animal Care. Our
institutional animal care and use committee, in conjunction with
the veterinary staff, created a comprehensive environmental
enrichment program that included social housing and social
interaction with caretakers.

2.2. Subchronic toxicological study in beagle dog

2.2.1. Compound and animals
25-OCH3-PPD (Fig. 1), with 99.0% pure, was prepared by our

laboratory. The compound 25-OCH3-PPD, weighing accurately, was
put into hard capsule according to the dose level.

Twenty-four beagle dogs (12 of each sex) aged approximately
4e6 months and weighing between 5.5 and 7.5 kg each were ob-
tained from the Zhejiang Laboratory Animal Center (Hangzhou,
China; No. 0014658). Each dog was kept in a stainless steel cage
separately. Other feeding conditions were as following: room
temperature: 20e22�C; relative humidity: 45e65%; air ventilation:
15 times/h; light condition: 12-h light/dark cycles. Body weight,
temperature, consumption, and clinical signs of all the dogs were
recorded for 2 weeks before experiment. Hematology and
biochemistry were conducted twice and urine, electrocardiography
(ECG), and ophthalmic examination for one time during this period.
Dogs that showed no abnormality of all above indexes were
selected for the study.

2.2.2. Treatment schedule
All the dogs were divided randomly into four treatment groups

(6 dogs/group): one control group (empty capsules) and three
treatment groups administrated orally with 25-OCH3-PPD at 60,
120, and 240 mg/kg. The dose was selected based on the effective
dose and the previous toxicity study. In the pharmacodynamic test,
the effective dose was 20 mg/kg in mice [28] which calculated for
3.5mg/kg in dogs. The administration doses 240,120, and 60mg/kg
were respectively about 68-, 34-, and 17-fold the effective dose. For
all the groups, two dogs were sacrificed after treatment for 46 days,
another two dogs were sacrificed after treatment for 90 days, and
the remaining dogs (two dogs) were autopsied after 4 weeks of
recovery.

2.2.3. Clinical observations, body temperature, and weight
All beagle dogs were recorded for the mortality, gross toxicity,

and clinical signs (including but not limited to the appearance, skin,
and fur, behavior patterns, manure and urine, nausea, and vomit-
ing) once a day during the whole experiment period. Body tem-
perature and weight were taken once a week. Standard veterinary
health-care practicewas conducted to keep the dogs healthy during
this experiment.

2.2.4. Electrocardiography and eye examination
Electrocardiograms were recorded using an Auto Electrocar-

diogram (SP2006, technical company, Beijing, P.R. China). All the
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dogs received this examination once every 2 weeks. The
ECG parameters included Q-T interval, P-R interval, Q-T ratio, heart
rate, QRS and S-T segment, Ⅱ lead of P and QRSwave time, and wave
voltage of P, R, and T.

The YZ6EI ophthalmoscope (He, Suzhou, P.R. China) was used
directly to detect the conjunctiva, cornea, pupil lenses, vitreous
humor, retina, and optic papilla.

2.2.5. Urinalysis
Autoanalyzer H-800 (Dirui, Jilin, China) was used to test the

urine samples. The parameters measured were bilirubin, pH, pro-
tein, vitamin C, occult blood, leukocytes, specific gravity, nitrite, and
glucose. The urine color and transparency were recorded as well.

2.2.6. Hematology and biochemistry
Blood samples were obtained from dogs on Day 0, 46, and 91 of

the study and again after recovery on Day 120 and collected into
vacuum tube containing EDTA-K2. Autohematoanalyzer
(ADVIA2120, Bayer, Germany) and automated coagulation analyzer
(CA-560, Sysmex, Japan) were used to evaluate approximately 20
parameters about the hematology.

An electrolyte analyzer (Xilaiheng IMS-972, Shenzhen, China)
and automatic serum analyzer (Hitachi 7020, Tokyo, Japan) were
used to assess 17 blood chemistry parameters.

2.2.7. Pathological examination
For pathological examinations, two dogs (one of each sex) were

euthanized respectively on Day 46, 91, and 120 (after 4 weeks of
recovery). The appearance and the weights of all the organs
including the kidneys, adrenals, brain, testes, heart, spleen, liver,
thymus, lungs, epididymis, uterus, and ovaries were recorded in
detail. About 33 tissues were obtained, paraffin embedded, and
stained with hematoxylin and eosin. The pathology slices were
then examined microscopically. All the methods used were carried
out in accordance with the standard operation procedure (SOP) for
laboratory animal use as outlined by the Zhejiang Institutional
Experimental Animal Care and Use Committee (histopathological
observation, SOP-ZJGLP-CZ03-47/1; pathological camera SOP-
ZJGLP-CZ03-46/1).

2.3. Genotoxicity study

2.3.1. Bacterial reverse mutation test (Ames test)
Five strains of histidine auxotrophic Salmonella typhimurium

including TA97, TA9, TA100, TA102, and TA1535 were used to test
the mutagenic effect with or without S9 mix. Dose range was
selected based on the results of preliminary work on TA100. The
dose at 1,500 and 150 mg/plate showed no obvious antibacterial and
reverse mutation effect. Therefore, the 1,500 mg/plate was selected
as the highest dose level, and 25-OCH3-PPD was assayed in five
different concentrations of 1,500, 150, 15, 1.5, and 0.15 mg/plate. If a
2-fold increase in the number of revertants compared with the
negative control was observed, the result was regarded as positive.

2.3.2. Micronucleus assay
Six male Institute of Cancer Research (ICR) mice with body

weight from 17.0 to 19.0 g per dose were used for this experiment.
The dose levels of 25-OCH3-PPD were 2,400, 1,200, and 600 mg/kg
according to the previous acute toxicology experiment on ICR mice
with the highest dose level at 2,400 mg/kg [29]. Cyclophospha-
mide, 50 mg/kg, and 0.5% CMC-Nawere selected as positive control
and blank control, respectively. All the animals were sacrificed after
24 h of administration. The bone marrow was collected, fixed with
menthol, and stained with 5% Giemsa [30]. 2,000 polychromatic
erythrocytes (PCEs) per animal were scored using double-blind
method to determine the clastogenic/aneugenic property for the
analysis of the micronucleated cells. PCE/(PCE þ normochromatic
erythrocyte) value in 200 erythrocytes/animal was calculated to
assess the cytotoxicity of 25-OCH3-PDD. If the ratio showed a sig-
nificant dose response increase at one tested point or one dose
group, the result was consider to be positive. The mean number of
micronucleated PCEs in individual dog was used as the experi-
mental unit, with variability (standard deviation) based on differ-
ences among animals within the same group.

2.3.3. Chromosomal aberration assay
The preliminary cytotoxicity assay of 25-OCH3-PPD on Chinese

Hamster lung fibroblast cells was calculated with IC50 at 8.188 mg/
ml. According to the Testing Guidelines for genotoxicity study of
Drugs (Notification [ZH] GPT2e1) issued by the China Food and
Drug Administration on Oct 2007, the highest dose level was
selected as 10 mg/ml, which was slightly higher than the IC50.
Therefore, the dose ranges of 25-OCH3-PPD were selected as 10, 5,
2.5, and 1.25 mg/ml. The Chinese Hamster lung cells were seeded on
a plastic plate and incubated in a CO2 incubator with 25-OCH3-PPD
of different concentrations in the presence and absence of S9 mix.
Cyclophosphamide and mitomycin C were used as positive controls
with 40 mg/ml and 0.1 mg/ml, respectively. Colcemid was then
added to the cell, incubated 2h, and harvested. Themixturewith 5%
Giemsa and phosphate buffer (1:9) was used to stain the cells for 20
minutes. All the chromosome deletion, exchange, and break were
recorded.

2.4. Statistical analysis

All of the data are expressed as mean � standard deviation. The
SPSS software, version 13.0, was used for the data analysis. One-
way analysis of variance was performed, and the significant dif-
ferences were confirmed by the Dunnett’s test. P values of less than
0.05 and 0.01 were used to indicate the statistical significance in
this study.

3. Results

3.1. The results of subchronic toxicity in beagle dogs

3.1.1. Clinical observations, body temperature, and weight
There was no death of animals during the whole experiment in

all groups. In both the experimental and control groups, no obvious
abnormalities were observed. All animals survived the length of the
experiment and all were necropsied at the appropriate time point.
The body weights were recorded with no statistical difference be-
tween compound 25-OCH3-PPD groups and control group (Fig. 2A).
All the tested indexes of ECG were all in the normal range.
Furthermore, the body temperatures of animals were fluctuated in
a normal range of 37.5e39.7�C (Fig. 2B). No statistical differences in
food consumption and drinking patterns were observed with 25-
OCH3-PPD at various doses when compared to the control group
(Fig. 2C).

3.1.2. Electrocardiography and eye examination
All the tested indexes of ECG were all in the normal range. The

results of ophthalmoscopic examinations of conjunctiva, cornea,
pupils’ lenses, vitreous humor, retina, and optic papilla of the dogs
appeared normal throughout the experiment regardless of doses.

3.1.3. Urine analysis
There were no significant differences observed in urine analysis

between the control group and 25-OCH3-PPD treatment groups for
all the tested items (data not shown).
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Fig. 2. The body weight change, temperature, and food consumption of beagle dogs during administration of different concentrations of 25-OCH3-PPD. (A) Mean body weight of
beagle dogs throughout the study. (B) Mean temperature of beagle dogs throughout the study. (C) Mean food consumption of beagle dogs for 13 weeks and 4 weeks recovery. 25-
OCH3-PPD, 25-methoxydammarane-3, 12, 20-triol.
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3.1.4. Hematological and biochemical analysis
The hematological data were analyzed on Day 0, 46, 91, and 120

after administering 25-OCH3-PPD and summarized in Table 1. On
Day 46, the value of eosinophils and mean corpuscular hemoglobin
(MCH) were decreased at 240 mg/kg/day and 60 mg mg/kg/day
group, and mean corpuscular volume could also be observed,
decreased both at 120 mg/kg/day and 60 mg mg/kg/day group. On
Day 91, reticulocyte count (RETIC) at 240 mg/kg/day group and
basophils, RETIC, mean haemoglobin concentration of reticulocytes
(CHCMr) at 120 mg/kg/day group and CHCMr at 60 mg/kg/day
group were decreased, while mean platelet volume was increased
at 240mg/kg/day group. On Day 120, RETICwas increased at 60mg/
kg/day group, while MCH and CH and red cell distribution width
were deceased at 60 mg mg/kg/day and 120 mg/kg/day group,
respectively.

In the serum biochemical analysis (Table 2), on Day 46, a decrease
in the levels of TP, urea nitrogen, and creatinine (Crea) at high dose
group and glucose at high- and mid-dose group could be observed.
On Day 91, total calcium and glucose were increased at high-dose
group, while gamma-glutamyl transferase was decreased at mid-
dose group. On Day 120, aminotransferase and Crea at high-dose
group, TBIL atmid-dose group, and alkaline phosphatase at low-dose
group were increased, while gamma-glutamyl transferase and Naþ

at mid-dose group and alkaline phosphatase at low- and high-dose
group were decreased. Other biochemical parameters presented no
statistically significant changes.

3.1.5. Absolute organ weights, relative organ weights, and
histopathological examination

There was an observed decrease in the absolute organ weights
(Table 3) of the thymus of 25-OCH3-PPD treatment group at 60 mg/
kg/day (p < 0.05) and 120 mg/kg/day (p < 0.01) groups on Day 46
and 120 mg/kg/day group (p < 0.01) on. In addition, the relative
organ weights (Table 4) of the thymus at doses of 120 mg/kg/day



Table 1
Hematological parameters in beagle dogs treated with 25-OCH3-PPD for 13 weeks
administration and 4 weeks recovery

Item Control 60 mg/kg 120 mg/kg 240 mg/kg

Day 0
WBC (10e3/mL) 15.34 � 3.22 15.75 � 4.32 16.14 � 4.83 14.32 � 3.90
RBC (10e6/mL) 5.86 � 0.98 5.75 � 4.32 5.66 � 0.36 5.82 � 0.66
HGB (g/dL) 114 � 16 112 � 12 113 � 10 115 � 11
HCT (%) 35.8 � 4.8 35.1 � 3.4 35.4 � 3.1 36.2 � 3.9
MCV (fL) 61.3 � 2.8 61.1 � 1.2 62.6 � 1.7 62.3 � 2.8
MCH (pg) 19.4 � 0.7 19.6 � 0.4 19.9 � 0.6 19.8 � 1.1
MCHC 317 � 4 320 � 4 318 � 2 318 � 5
CHCM 324 � 5 325 � 8 320 � 3 322 � 4
CH (pg) 19.8 � 0.7 19.7 � 0.3 19.9 � 0.5 20.0 � 0.9
RDW (%) 15.5 � 1.6 15.8 � 1.9 15.0 � 1.4 15.6 � 0.6
HDW (g/dL) 21.1 � 1.2 21.4 � 1.2 20.5 � 0.8 20.8 � 0.9
PLT (10e3/mL) 223 � 82 222 � 55 257 � 84 261 � 83
MPV (fL) 10.0 � 1.0 10.4 � 0.6 9.1 � 0.9 9.5 � 1.0
PT (s) 7.6 � 0.5 7.6 � 0.4 7.5 � 0.4 7.7 � 0.4
NEUT (10e3/mL) 5.7 � 1.1 5.7 � 1.2 7.0 � 3.7 7.0 � 3.3
LYMPH (10e3/mL) 7.2 � 2.6 8.3 � 3.6 7.0 � 3.4 5.5 � 1.4
MONO (10e3/mL) 0.94 � 0.34 0.79 � 0.11 0.93 � 0.38 0.82 � 0.33
EOS (10e3/ml) 1.17 � 0.35 0.62 � 0.18** 1.00 � 0.51 0.68 � 0.31*
BASO (10e3/mL) 0.14 � 0.04 0.13 � 0.04 0.13 � 0.08 0.15 � 0.04
RETIC (10e9/L) 129.3 � 42.1 124.3 � 28.0 119.1 � 33.6 127.0 � 33.6
Day 46
WBC (10e3/mL) 14.61 � 3.43 16.36 � 3.47 14.28 � 1.09 13.42 � 1.91
RBC (10e6/mL) 6.08 � 0.73 6.73 � 0.89 6.40 � 0.60 6.50 � 0.56
HGB (g/dL) 127 � 14 134 � 14 130 � 13 135 � 12
HCT (%) 38.3 � 4.2 40.2 � 4.4 39.1 � 4.3 40.6 � 3.5
MCV (fL) 63.1 � 1.9 60.0 � 2.0* 60.9 � 1.1* 62.6 � 1.2
MCH (pg) 20.9 � 0.7 20.0 � 0.6* 20.4 � 0.5 20.8 � 0.6
MCHC 332 � 9 333 � 4 334 � 9 332 � 6
CHCM 326 � 3 329 � 3 327 � 5 326 � 3
CH (pg) 20.5 � 0.6 19.7 � 0.7 19.8 � 0.5 20.3 � 0.5
RDW (%) 13.0 � 0.6 13.8 � 0.9 12.9 � 0.7 13.1 � 0.6
HDW (g/dL) 20.0 � 0.6 20.8 � 1.1 19.9 � 1.3 19.6 � 1.0
PLT (10e3/mL) 307 � 127 262 � 46 315 � 76 314 � 108
MPV (fL) 8.6 � 1.2 8.7 � 1.8 8.8 � 1.7 9.5 � 1.2
PT (s) 6.4 � 0.3 6.2 � 0.4 6.7 � 0.3 6.3 � 0.3
NEUT (10e3/mL) 5.6 � 1.7 6.9 � 4.3 5.9 � 1.5 6.9 � 1.3
LYMPH (10e3/mL) 6.6 � 1.9 7.3 � 2.6 6.5 � 1.6 5.0 � 0.8
MONO (10e3/mL) 0.79 � 0.22 0.80 � 0.46 0.78 � 0.16 0.72 � 0.17
EOS (10e3/ul) 1.40 � 0.47 1.19 � 1.15 0.97 � 0.52 0.59 � 0.09**
BASO (10e3/mL) 0.09 � 0.02 0.09 � 0.03 0.08 � 0.02 0.08 � 0.03
RETIC (10e9/L) 87.1 � 23.3 72.9 � 25.8 97.7 � 80.1 115.0 � 99.4
Day 91
WBC (10e3/mL) 12.77 � 2.36 15.14 � 2.94 14.61 � 3.00 13.14 � 4.08
RBC (10e6/mL) 7.52 � 1.08 7.18 � 0.92 6.33 � 0.50 6.38 � 0.44
HGB (g/dL) 158 � 18 147 � 17 131 � 13 135 � 12
HCT (%) 46.7 � 5.5 43.7 � 5.3 39.0 � 4.0 40.1 � 3.4
MCV (fL) 62.4 � 2.7 61.0 � 0.8 61.4 � 1.4 62.8 � 2.1
MCH (pg) 21.0 � 0.8 20.5 � 0.4 20.6 � 0.5 21.1 � 0.7
MCHC 337 � 4 336 � 4 335 � 4 335 � 2
CHCM 319 � 5 322 � 3 321 � 6 324 � 5
CH (pg) 19.9 � 0.9 19.6 � 0.3 19.6 � 0.2 20.3 � 0.6
RDW (%) 12.9 � 1.1 13.3 � 0.3 12.4 � 0.3 12.6 � 0.5
HDW (g/dL) 19.2 � 1.4 19.6 � 0.4 19.3 � 0.6 19.5 � 0.8
PLT (10e3/mL) 285 � 101 198 � 81 204 � 41 232 � 65
MPV (fL) 7.0 � 0.3 8.0 � 1.0 7.5 � 0.6 7.6 � 0.4*
PT (s) 6.6 � 0.4 6.7 � 0.5 6.7 � 0.2 6.4 � 0.3
NEUT (10e3/mL) 5.8 � 1.8 6.3 � 2.6 7.6 � 4.0 6.6 � 2.9
LYMPH (10e3/mL) 4.7 � 0.6 7.3 � 0.3** 4.9 � 0.9 4.7 � 0.9
MONO (10e3/mL) 0.57 � 0.21 0.63 � 0.20 0.58 � 0.08 0.71 � 0.29
EOS (10e3/ul) 1.44 � 0.54 0.62 � 0.16* 1.35 � 0.68 0.92 � 0.69
BASO (10e3/mL) 0.14 � 0.03 0.14 � 0.02 0.07 � 0.01** 0.08 � 0.02*
RETIC (10e9/L) 77.7 � 15.3 67.6 � 12.7 50.1 � 8.2* 33.8 � 11.7**
Day 120
WBC (10e3/mL) 14.03 � 0.93 16.32 � 3.61 11.25 � 1.55 14.21 � 1.38
RBC (10e6/mL) 7.24 � 0.12 7.30 � 0.93 6.94 � 0.37 7.42 � 0.18
HGB (g/dL) 166 � 1 157 � 18 157 � 18 169 � 6
HCT (%) 57.0 � 0.7 54.7 � 6.6 54.7 � 6.0 58.4 � 3.0
MCV (fL) 78.8 � 2.3 74.9 � 0.6 78.6 � 4.4 78.7 � 2.1
MCH (pg) 22.9 � 0.2 21.5 � 0.4* 22.6 � 1.4 22.7 � 0.3
MCHC 291 � 6 287 � 2 287 � 2 289 � 4
CHCM 272 � 4 270 � 0 266 � 1 270 � 6
CH (pg) 21.4 � 0.4 20.1 � 0.1* 20.8 � 1.1 21.2 � 0.1
RDW (%) 13.4 � 0.1 13.9 � 0.9 13.0 � 0.1* 13.1 � 0.4

Table 1 (continued )

Item Control 60 mg/kg 120 mg/kg 240 mg/kg

HDW (g/dL) 15.1 � 0.6 16.1 � 1.4 14.8 � 0.8 14.6 � 1.3
PLT (10e3/mL) 250 � 24 173 � 41 298 � 70 240 � 4
MPV (fL) 10.4 � 1.1 13.3 � 3.7 11.7 � 1.3 11.6 � 2.3
PT (s) 5.9 � 0.5 6.0 � 0.2 5.9 � 0.4 6.4 � 0.1
NEUT (10e3/mL) 7.8 � 0.1 8.5 � 2.9 5.6 � 2.6 7.8 � 0.1
LYMPH (10e3/mL) 4.8 � 0.9 6.0 � 0.0 4.0 � 0.5 4.9 � 0.9
MONO (10e3/mL) 0.68 � 0.09 0.85 � 0.16 0.57 � 0.03 0.69 � 0.04
EOS (10e3/ul) 0.57 � 0.01 0.67 � 20.52 0.81 � 0.47 0.55 � 0.33
BASO (10e3/mL) 0.14 � 0.03 0.12 � 0.02 0.08 � 0.01 0.08 � 0.04
RETIC (10e9/L) 41.7 � 2.1 57.4 � 1.1* 33.0 � 7.5 48.5 � 17.8

BASO, basophils; CH, corpuscular hemoglobin content; CHCM, corpuscular hemo-
globin concentration mean; EOS, eosinophils; HCT, hematocrit; HDW, hemoglobin
concentration distribution width; HGB, hemoglobin concentration; LYMPH, lym-
phocytes; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemo-
globin concentration; MCV, mean corpuscular volume, MONO, monocytes; MPV,
mean platelet volume; NEUT, neutrophil cell; PLT, platelets; PT, prothrombin time;
RETIC, reticulocyte count; RBC, erythrocyte count; RDW, red cell distribution width;
SD, standard deviation; WBC, white blood cell count.
The data represent mean � SD.
*p < 0.05.
**p < 0.01.
The normal range: MCV (51.2w71.40); MCH (16.3w30.4); CH (16.7w24.6); RDW
(7.2w22.9); MPV (7.0w49.3); LYMPH (0.18w10.02); BASO (0w0.1); EOS
(0.06w2.52); RETIC (17.4w223.1).
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(p < 0.05) on Day 46 could also be observed. However, the histo-
pathological examination (Fig. 3) revealed no 25-OCH3-PPDe
related pathological changes.
3.2. The results of genotoxitcity

3.2.1. Bacterial reverse mutation assay
No significant increase in revertant colonies of five strains could

be observed at all concentration levels of 25-OCH3-PPD (1,500, 150,
15, 1.5, and 0.15 mg/plate) with or without the S9 metabolic acti-
vation relative to the vehicle control (Table 5). The positive controls
caused two-fold or greater increase in the number of revertant
colonies in the absence and presence of S9 mix relative to the
negative control which confirmed the validity of the test.

3.2.2. Mouse bone marrow micronucleus assay
Frequency of micronucleated polychromatic erythrocytes

among 1000 PCEs were 2.75, 2.42, 1.75, and 2.83 and 57.83, for the
vehicle control, at 600,1,200, and 2,400mg/kg of 25-OCH3-PPD and
positive control, respectively (Table 6). The 25-OCH3-PPD admin-
istrated groups of these three dose levels showed no significant
difference relative to the negative control, while in contrast, the
positive control group showed significant increase (p < 0.01) when
compared to vehicle control.

3.2.3. Chromosomal aberration assay
The dose levels were obtained based on the preliminary cytotoxic

experiment and 10 mg/ml of 25-OCH3-PPD was determined as the
highest dose for this assay. The results showed that the chromo-
somal aberration rates of administration group at all four dose levels
were lower than 5% and had no significant difference comparedwith
the vehicle control group with or without S9 mix. In contrast, the
positive control indicated significant increases (p < 0.01) when
compared to the negative control with or without S9 mix, and the
chromosomal aberration rate was higher than 20% (Table 7).
4. Discussion

In recent years, there has been an increased interest in searching
for antitumor treatments from Traditional Chinese Medicine. There



Table 2
Blood chemistry parameters in beagle dogs treated with 25-OCH3-PPD for 13 weeks
administration and 4 weeks recovery

Item Control 60 mg/kg 120 mg/kg 240 mg/kg

Day 0
ALT (nmol/s.L) 369 � 99 383 � 52 431 � 96 411 � 55
AST (nmol/s.L) 561 � 129 606 � 123 626 � 55 588 � 102
ALP (nmol/s.L) 3759 � 897 3456 � 1297 3884 � 1084 3400 � 871
GLU (mmol/L) 5.374 � 0.191 5.476 � 0.784 5.419 � 0.458 4.743 � 0.873
T.BIL(mmol/L) 0.890 � 0.724 0.511 � 0.231 0.442 � 0.211 0.393 � 0.110
T.CHO (mmol/L) 4.230 � 0.604 4.776 � 0.869 4.201 � 0.441 4.876 � 1.145
ALB (g/L) 21.30 � 1.05 22.40 � 1.35 24.28 � 2.05* 23.43 � 1.06**
T.P (g/L) 58.32 � 12.12 56.13 � 8.73 54.17 � 6.61 53.13 � 6.27
BUN (mmol/L) 3.069 � 0.832 3.476 � 1.109 3.134 � 1.197 2.969 � 1.127
Crea (mmol/L) 63.09 � 8.56 66.14 � 7.81 65.98 � 7.78 68.46 � 12.91
g-GT (nmol/s.L) 65 � 19 65 � 20 50 � 21 61 � 35
CK (nmol/s.L) 5677 � 2065 6023 � 1368 6189 � 1583 5622 � 1642
TG (mmol/L) 0.507 � 0.134 0.454 � 0.112 0.481 � 0.149 0.494 � 0.097
Naþ (mmol/L) 143.5 � 1.2 142.9 � 0.7 143.0 � 0.9 143.5 � 1.0
Kþ (mmol/L) 5.01 � 0.35 5.19 � 0.09 5.37 � 0.27 5.27 � 0.25
Cl� (mmol/L) 107.8 � 0.8 107.8 � 0.4 107.7 � 0.9 107.9 � 0.8
TCa (mmol/L) 2.50 � 0.08 2.51 � 0.02 2.51 � 0.04 2.53 � 0.03
Day 46
ALT (nmol/s.L) 576 � 435 484 � 94 373 � 140 566 � 170
AST (nmol/s.L) 497 � 48 544 � 101 467 � 30 550 � 71
ALP (nmol/s.L) 2769 � 742 2516 � 459 2625 � 746 3014 � 1432
GLU (mmol/L) 6.997 � 0.527 6.550 � 0.633 5.874 �

0.226**
5.359 �
0.549**

T.BIL(mmol/L) 0.107 � 0.127 0.099 � 0.118 0.166 � 0.121 0.075 � 0.091
T.CHO (mmol/L) 5.036 � 0.953 5.294 � 0.659 5.505 � 0.753 5.133 � 0.928
ALB (g/L) 30.04 � 3.06 29.52 � 1.73 28.01 � 2.39 28.29 � 1.47
T.P (g/L) 59.85 � 2.94 61.07 � 7.20 55.65 � 4.80 54.31 � 2.89**
BUN (mmol/L) 4.064 � 1.826 4.043 � 1.478 2.995 � 1.791 2.1111 �

0.500*
Crea (mmol/L) 82.07 � 5.72 84.67 � 14.16 71.42 � 16.03 73.72 � 5.57*
g-GT (nmol/s.L) 68 � 18 54 � 27 48 � 29 49 � 29
CK (nmol/s.L) 4447 � 1234 4524 � 1081 3325 � 1162 5033 � 1418
TG (mmol/L) 0.392 � 0.064 0.320 � 0.064 0.380 � 0.117 0.412 � 0.098
Naþ (mmol/L) 144.9 � 1.9 145.1 � 1.0 145.5 � 1.0 144.7 � 1.6
Kþ (mmol/L) 4.66 � 0.31 4.61 � 0.38 4.78 � 0.25 4.58 � 0.10
Cl� (mmol/L) 109.0 � 1.7 109.4 � 0.8 110.3 � 0.6 109.4 � 1.6
TCa (mmol/L) 1.81 � 0.09 1.85 � 0.12 1.88 � 0.10 1.87 � 0.13
Day 91
ALT (nmol/s.L) 523 � 86 548 � 115 499 � 164 606 � 71
AST (nmol/s.L) 626 � 232 601 � 158 528 � 93 830 � 301
ALP (nmol/s.L) 2284 � 585 3183 � 1144 2806 � 613 2060 � 231
GLU (mmol/L) 5.164 � 0.209 5.348 � 0.153 5.564 � 0.398 5.770 �

0.376**
T.BIL(mmol/L) 0.159 � 0.218 0.351 � 0.265 0.466 � 0.315 0.511 � 0.207
T.CHO (mmol/L) 3.983 � 1.058 5.106 � 1.573 4.702 � 0.804 4.894 � 0.673
ALB (g/L) 31.04 � 4.33 28.10 � 2.40 27.74 � 1.36 29.15 � 2.17
T.P (g/L) 56.58 � 3.09 55.94 � 5.45 53.65 � 1.08 55.68 � 3.34
BUN (mmol/L) 4.088 � 2.768 3.532 � 1.646 3.163 � 1.713 2.337 � 0.390
Crea (mmol/L) 92.01 � 6.81 80.78 � 25.33 93.59 � 13.74 92.44 � 5.41
g-GT (nmol/s.L) 84 � 7 73 � 11 61 � 17* 65 � 21
CK (nmol/s.L) 3229 � 823 4398 � 2242 4201 � 849 4225 � 2129
TG (mmol/L) 0.386 � 0.132 0.320 � 0.060 0.372 � 0.066 0.444 � 0.122
Naþ (mmol/L) 147.5 � 0.7 147.5 � 1.4 147.1 � 1.6 146.8 � 2.3
Kþ (mmol/L) 5.27 � 0.26 5.33 � 0.15 4.91 � 0.17 4.90 � 0.20
Cl� (mmol/L) 113.1 � 0.7 113.1 � 1.2 112.7 � 1.5 112.0 � 1.5
TCa (mmol/L) 2.60 � 0.05 2.58 � 0.05 2.62 � 0.11 2.73 � 0.05*
Day 120
ALT (nmol/s.L) 386 � 12 619 � 85 619 � 95 606 � 67*
AST (nmol/s.L) 646 � 114 597 � 18 509 � 21 597 � 71
ALP (nmol/s.L) 3694 � 233 1624 � 530* 2559 � 380 1490 � 69**
GLU (mmol/L) 5.255 � 0.488 4.668 � 0.087 4.522 � 0.831 4.110 � 0.279
T.BIL(mmol/L) 0.153 � 0.039 0.463 � 0.356 0.751 � 0.163* 0.599 � 0.450
T.CHO (mmol/L) 7.032 � 0.519 6.331 � 0.139 6.591 � 0.697 5.954 � 1.358
ALB (g/L) 34.58 � 1.93 33.57 � 4.19 34.20 � 4.12 37.63 � 0.97
T.P (g/L) 70.85 � 3.78 78.55 � 6.61 76.52 � 0.52 74.66 � 1.23
BUN (mmol/L) 4.438 � 1.713 8.144 � 3.772 3.935 � 0.721 4.927 � 0.197
Crea (mmol/L) 79.59 � 2.93 108.01 � 15.49 93.50 � 10.88 99.12 � 1.26*
g-GT (nmol/s.L) 58 � 15 72 � 12 0 � 0* 15 � 21
CK (nmol/s.L) 9150 � 1809 3973 � 55 5210 � 626 4749 � 68
TG (mmol/L) 0.661 � 0.192 0.365 � 0.030 0.547 � 0.199 0.563 � 0.150
Naþ (mmol/L) 148.9 � 0.1 148.0 � 1.2 146.8 � 0.6* 148.2 � 1.3
Kþ (mmol/L) 4.71 � 0.01 4.75 � 0.05 4.96 � 0.16 4.35 � 0.28

Table 2 (continued )

Item Control 60 mg/kg 120 mg/kg 240 mg/kg

Cl� (mmol/L) 110.4 � 0.1 110.2 � 0.1 110.1 � 0.2 110.7 � 0.9
TCa (mmol/L) 2.93 � 0.01 2.91 � 0.03 2.88 � 0.04 2.92 � 0.00

ALB, albumin; ALP, alkaline phosphatase; ALT, aminotransferase; AST, aspartate
aminotransferase; BUN, urea nitrogen; CK, creatine phosphokinase; Crea, creati-
nine; g-GT, gamma-glutamyl transferase; GLU, glucose; SD, standard deviation; TG,
total triglyceride; T.P., total protein; TCHO, total cholesterol; T.BIL; total bilirubin;
TCa, total calcium.
The data represent mean � SD.
*p < 0.05.
**p < 0.01.
The normal range: ALT (206w1004); ALP (360w3978); BUN (2.054w10.013); Crea
(36.19w108.40); GLU (3.027w7.670); T.BIL (0w5.371); ALB (20.64w44.94); T.P
(49.96w74.86); g-GT (0w142); Naþ (145.5w172.9); TCa (2.29w3.19).
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are some investigations focusing on antitumor properties and other
pharmacological activities of active compounds in ginseng. The
active compounds are the ginsenosides in P. ginseng and other
Panax species. Ginsenosides (F1, F2, Rg3, Rh1, Rh2, and compound K)
are the hydrolyzed products of the sugar moieties of the major
ginsenosides [21e35]. However, although ginsenosides have been
widely used clinical for many years and were regarded to be very
safe, some studies on the toxicities of these kinds of agents showed
that some ginsenosides may have side-effects on the rats or dogs
[24,36e40]. The statistical changes could be observed in the he-
matological data in beagle dogs after treated with ginsenoside Rg3
for 13 weeks [24]. The subchronic study on ginsenoside CK in dogs
showed compound related toxicity on liver [38].

25-OCH3-PPD is a novel ginsenoside derivative obtained from
P. notoginseng with high effectiveness and low toxicity. Previous
studies demonstrated that 25-OCH3-PPD possessed broad-
spectrum functions in antitumor activity. Moreover, this com-
pound has the potential to inhibit the growth of cancer xenograft
tumors without killing normal cells [20]. Our previous subchronic
study in Sprague Dawley rats showed that no observable adverse
effect level of 25-OCH3-PPD was up to 600 mg/kg/day. Taking into
account the different species and as an important part of the
nonclinical safety evaluation program, the genotoxicity and sub-
chronic toxicity study in beagle dogs were conducted. Based on the
preliminary toxicity experiment for 14 days, the subchronic
toxicity, and the effective dose in rats, the highest dose level of the
present study was determined as 240 mg/kg/day in dogs. The mid-
and low-dose levels were considered to be 120 and 60 mg/kg/day,
respectively. In addition, the effective dose is 3.5 mg/kg in dogs
calculated on the level of mice at dose of 20 mg/kg [28]. The
administration doses 240, 120, and 60 mg/kg were, respectively,
about 68-, 34-, and 17-fold the effective dose.

Under the conditions of our study, there was no 25-OCH3-PPD
treatmenterelated death and toxicity at three dose levels. The
clinical condition including food consumption and body weights
showed no statistical changes between 25-OCH3-PPD treatment
groups and vehicle control group. As shown in the result, the
temperature of the dogs with administered 25-OCH3-PPD has no
observable abnormalities, and the data were all similar to that of
the control group. The respiratory rate and heart rate were all
within the normal limits during the whole experiment. No 25-
OCH3-PPD compounderelated effects on ECG data or urinalysis
parameters were observed.

Hematological examinations were performed on Day 0, 46, 91,
and 120. Despite some parameters including mean corpuscular
volume, basophils, RETIC, CHCMr, and red cell distributionwidth of
25-OCH3-PPD group showed statistical differences compared with
the control group, the mean values of the parameters were in the
normal range. Ultimately, there was no biological or toxicological



Table 4
The effect on organ weights in beagle dogs treated with 25-OCH3-PPD for 13 weeks
administration and 4 weeks recovery

Item Control 60 mg/kg 120 mg/kg 240 mg/kg

Day 46
Heart 67.9 � 6.2 66.2 � 4.9 66.7 � 12.1 62.1 � 4.6
Liver 318.2 � 59.9 276.6 � 52.8 285.4 � 15.5 255.1 � 20.3
Spleen 39.4 � 2.5 31.8 � 2.4 34.0 � 8.5 33.7 � 7.4
Lung 85.1 � 8.3 81.3 � 6.6 83.1 � 9.8 83.6 � 11.7
Kidney 64.5 � 4.2 52.0 � 8.7 59.5 � 11.6 57.3 � 17.4
Brain 84.2 � 2.0 76.1 � 5.4 75.6 � 2.1 80.5 � 8.2
Thymus 30.8 � 2.6 20.7 � 2.6 17.7 � 0.4* 28.7 � 2.6
Adrenal 1.4 � 0.6 0.9 � 0.0 1.0 � 0.2 1.1 � 0.3
Testis 6.9 4.6 5.8 1.9
Epididymis 2.0 1.3 1.7 1.3
Uterus 0.6 0.4 1.0 0.8
Ovary 1.0 0.4 0.7 0.5
Day 91
Heart 72.8 � 8.5 73.0 � 2.5 79.1 � 1.0 72.0 � 0.9
Liver 247.4 � 36.5 251.9 � 41.3 236.7 � 3.1 248.8 � 48.9
Spleen 26.4 � 2.4 24.5 � 1.8 28.6 � 0.7 19.9 � 4.9
Lung 83.4 � 9.4 76.5 � 11.5 77.8 � 11.1 80.3 � 11.2
Kidney 44.6 � 1.9 47.0 � 13.3 44.4 � 0.0 45.5 � 0.6
Brain 79.4 � 13.7 85.3 � 6.4 90.7 � 5.5 81.9 � 4.0
Thymus 17.2 � 0.9 19.8 � 0.1 16.7 � 0.7 16.7 � 7.9
Adrenal 0.9 � 0.2 1.0 � 0.1 1.0 � 0.1 1.1 � 0.2
Testis 12.1 9.0 13.6 7.4
Epididymis 2.1 2.0 2.9 2.0
Uterus 0.9 1.1 0.7 0.7
Ovary 0.5 0.7 0.7 0.5
Day 120
Heart 77.7 � 6.8 78.3 � 10.1 84.1 � 0.6 78.9 � 14.6
Liver 255.0 � 25.7 233.1 � 14.8 277.8 � 16.0 259.7 � 34.7
Spleen 31.8 � 7.7 31.1 � 11.2 32.9 � 6.9 35.8 � 14.8
Lung 75.1 � 0.6 73.2 � 6.7 90.3 � 12.4 85.9 � 17.7
Kidney 53.7 � 5.8 44.5 � 9.8 56.1 � 2.7 50.7 � 11.0
Brain 78.3 � 0.1 83.5 � 3.9 85.2 � 5.8 78.3 � 2.0
Thymus 20.1 � 0.3 21.2 � 2.0 21.3 � 0.5 22.2 � 7.3
Adrenal 1.1 � 0.0 1.2 � 0.2 1.2 � 0.2 1.3 � 0.3
Testis 15.2 16.5 14.8 18.1
Epididymis 3.3 3.8 3.1 3.9
Uterus 2.3 1.8 2.2 1.2
Ovary 0.7 2.3 0.7 0.7

SD, standard deviation.
The data represent mean � SD.
*p < 0.05.

Table 3
The relative organ weights (organ weights/body weights) (%) in beagle dogs treated
with 25-OCH3-PPD for 13 weeks administration and 4 weeks recovery

Item Control 60 mg/kg 120 mg/kg 240 mg/kg

Day 46
Heart 8.5 � 1.5 7.8 � 0.6 7.8 � 1.4 7.5 � 0.6
Liver 39.8 � 10.9 32.7 � 6.0 33.2 � 1.8 30.7 � 2.4
Spleen 4.9 � 0.7 3.8 � 0.2 4.0 � 1.0 4.1 � 0.9
Lung 10.6 � 1.9 9.6 � 0.7 9.7 � 1.1 10.1 � 1.4
Kidney 8.0 � 0.2 6.2 � 1.0 6.9 � 1.3 6.9 � 2.1
Brain 10.4 � 1.2 9.0 � 0.6 8.8 � 0.2 9.7 � 1.0
Thymus 3.8 � 0.0 2.5 � 0.3* 2.1 � 0.0** 3.5 � 0.3
Adrenal 0.181 � 0.09 0.103 � 0.01 0.122 � 0.03 0.128 � 0.03
Testis 0.80 0.54 0.68 0.22
Epididymis 0.23 0.15 0.19 0.15
Uterus 0.08 0.04 0.11 0.10
Ovary 0.14 0.05 0.08 0.06
Day 91
Heart 6.8 � 0.6 6.9 � 0.3 7.0 � 0.0 6.6 � 0.3
Liver 23.0 � 2.6 23.9 � 4.1 21.0 � 0.1 22.7 � 3.3
Spleen 2.5 � 0.3 2.3 � 0.2 2.5 � 0.0 1.8 � 0.5
Lung 7.7 � 0.6 7.3 � 1.1 6.9 � 1.1 7.4 � 0.6
Kidney 4.2 � 0.3 4.5 � 1.3 4.0 � 0.1 4.2 � 0.3
Brain 7.4 � 1.0 8.1 � 0.7 8.1 � 0.3 7.5 � 0.0
Thymus 1.6 � 0.0 1.9 � 0.0** 1.5 � 0.0 1.5 � 0.8
Adrenal 0.080 � 0.01 0.098 � 0.00 0.087 � 0.01 0.103 � 0.02
Testis 1.10 0.86 1.19 0.65
Epididymis 0.19 0.19 0.25 0.18
Uterus 0.08 0.10 0.07 0.07
Ovary 0.05 0.06 0.06 0.05
Day 120
Heart 6.4 � 0.7 6.5 � 0.3 6.7 � 0.0 6.3 � 0.3
Liver 21.1 � 2.1 19.5 � 2.1 22.1 � 1.1 20.7 � 0.1
Spleen 2.6 � 0.1 2.5 � 0.5 2.6 � 0.6 2.8 � 0.8
Lung 6.3 � 1.3 6.1 � 0.5 7.2 � 1.0 6.8 � 0.5
Kidney 4.4 � 0.4 3.7 � 0.2 4.5 � 0.2 4.0 � 0.3
Brain 6.5 � 1.3 7.0 � 0.9 6.8 � 0.4 6.3 � 0.7
Thymus 1.7 � 0.4 1.8 � 0.1 1.7 � 0.0 1.7 � 0.3
Adrenal 0.092 � 0.02 0.102 � 0.00 0.092 � 0.02 0.102 � 0.01
Testis 1.10 1.22 1.19 1.31
Epididymis 0.24 0.28 0.24 0.28
Uterus 0.22 1.77 0.17 0.10
Ovary 0.06 0.21 0.05 0.06

SD, standard deviation.
The data represent mean � SD.
*p < 0.05.
**p < 0.01.
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erelated clinical response in the hematology parameters analyzed
from blood samples collected in either male or female dogs
following administration of 25-OCH3-PPD. Blood chemistry exam-
inations were also performed for four time points. Although some
items such as albumin, aminotransferase, Crea, TP, and urea nitro-
gen showed significant differences between administration groups
and control group, the parameters were all in the normal physio-
logical range, and the dogs exhibited no obvious clinical response,
indicating that these fluctuations are considered to be of no toxi-
cological significance.

When compared to control, the absolute organ weight of
thymus in mid-dose group decreased by 42.5% (p < 0.05) and the
relative organweights in mid-dose and low-dose group reduced by
44.7% (p < 0.01) and 34.2% (p < 0.05) on Day 46 while all the pa-
rameters as described above returned to normal and showed no
statistical changes with 25-OCH3-PPD withdrawal on Day 91 and
120. Moreover, no abnormal changes were found in the 240mg/kg/
day group. Additionally, no treatment-related pathological changes
were found in the thymus, according to the histopathological ex-
amination. Considering that thymus is an important immunotox-
icity target organ among all the lymphoid tissues, it is of great
significance to evaluate the changes. Because the variation of
changes in lymphoid organ weights is very large and complex, the
analysis and explanation of the weight changes of the thymus
should be closely linked to histopathology changes and be assessed
on a case-by-case basis. If the weight variation of the lymphoid
organ lacks the corresponding changes on the histopathology, the
changes of the weight may need to be ignored [41]. The results of
histopathological study showed no abnormal changes in all three
dose levels groups treated with 25-OCH3-PPD. Hence, given the
result of this experiment, the changes of thymus was sporadic in
nature.

The subchronic toxicity of beagle dogs in this study lead to the
conclusion that administration of 25-OCH3-PPD at oral dosage level
of 240 mg/kg/day for a 13 week consecutive regimen revealed no
adverse effects in beagle dogs.

Ames assay, micronucleus test, and chromosomal aberration
assaywere conducted to evaluate the genotoxicity of 25-OCH3-PPD.
The result of Ames test showed that there was no significant in-
crease in the number of revertant colonies of 25-OCH3-PPDe
administrated groups compared to the vehicle control group, which
indicated that 25-OCH3-PPD has no mutagenic effect. There were
also no significant differences between 25-OCH3-PPD adminis-
trated group of all dose levels and control group in the micronu-
cleus test and chromosomal aberration assay. From all the above
data, we can conclude that 25-OCH3-PPD is not a genotoxic agent



Fig. 3. Representative photographs of liver, spleen, and lung from the control and high-dose group at different stage during 120 days. (AeB) The comparison of liver section
between a control and a high dose (240 mg/kg) with 25-OCH3-PPD treatment on Day 46. (CeD) The comparison of spleen section between a control and a high dose (240 mg/kg)
with 25-OCH3-PPD treatment on Day 91. (EeF) The comparison of lung section between a control and a high dose (240 mg/kg) with 25-OCH3-PPD treatment at the end of recovery
on Day 120. 25-OCH3-PPD, 25-methoxydammarane-3, 12, 20-triol.

Table 5
Effect of 25-OCH3-PPD on bacterial reverse mutation without or with S9 metabolic activation

S9 Substance dose(/plate) TA97 TA98 TA100 TA102 TA1535

(�) DMSO1) 0.1 ml 99.79 � 7.9 22.3 � 4.0 105.0 � 11.1 247.7 � 8.6 8.0 � 1.7
25-OCH3-PPD 0.15 mg 94.3 � 2.5 22.0 � 2.6 107.3 � 11.9 249.3 � 16.3 8.7 � 2.9

1.5 mg 95.3 � 10.5 23.7 � 5.5 115.7 � 8.0 254.0 � 26.5 7.3 � 1.2
15 mg 111.3 � 7.0 19.3 � 6.5 97.3 � 6.5 245.3 � 22.0 9.0 � 2.0
150 mg 94.7 � 9.3 19.0 � 5.6 108.0 � 6.0 250.7 � 18.0 7.7 � 0.6
1,500 mg 103.3 � 11.0 21.7 � 3.8 102.3 � 9.6 231.3 � 14.0 8.0 � 2.0

Dexon2) 50 mg 1770.7 � 99.5** 1124.0 � 124.4 d 1384.0 � 50.3 d

NaN3
2) 2 mg d d 1673.3 � 131.8 d 925.3 � 50.3

(þ) DMSO1) 0.1 ml 140.3 � 13.1 84.0 � 9.2 141.7 � 14.8 224.3 � 11.1 65.0 � 4.4
25-OCH3-PPD 0.15 mg 140.7 � 11.7 75.3 � 2.5 137.3 � 6.1 212.0 � 19.3 62.7 � 5.5

1.5 mg 132.3 � 7.6 81.7 � 9.3 148.0 � 9.8 221.3 � 13.5 59.0 � 2.6
15 mg 132.7 � 6.1 84.0 � 6.6 134.3 � 8.5 201.3 � 19.9 61.0 � 8.9
150 mg 133.0 � 14.1 74.0 � 2.6 138.3 � 11.7 207.3 � 15.6 65.3 � 4.5
1500 mg 136.0 � 3.6 79.7 � 6.0 117.3 � 7.6 186.7 � 8.1** 59.0 � 7.2

2-AF2) 20 mg 1368.7 � 187.2** 1581.3 � 43.7** 1485.7 � 131.0** 236.3 � 15.9 d

CP2) 200 mg d d d d 333.0 � 35.5**

AF, 2-Aminofluorene; CP, cyclophosphamide; DMSO, Dimethyl Sulfoxide.
**p < 0.01 compared to vehicle control.
1) Vehicle control.
2) Positive control.
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Table 6
Micronucleus assay results in mice following treatment with 25-OCH3-PPD (n ¼ 6)

Substance Dosage(mg/kg) MNPCE(&) PCE/(PCE þ NCE)

0.5% CMC-Na1) 50 ml/kg 2.75 � 0.69 0.42 � 0.03
25-OCH3-PPD 600 2.42 � 1.07 0.41 � 0.05

1200 1.75 � 1.41 0.44 � 0.06
2400 2.83 � 2.16 0.31 � 0.04

CP2) 50 57.83 � 10.66** 0.48 � 0.03

CP, cyclophosphamide; MNCPE, micronucleated polychromatic erythrocytes; NCE,
normochromatic erythrocyte; PCE, polychromatic erythrocyte.
**p < 0.01 compared to vehicle control.
1) Vehicle control.
2) Positive control.

Table 7
Results of chromosomal aberration induced by 25-OCH3-PPD

Substance Dose (mg/ml) Number of
cells scored

Aberration rate(％)

-S9(6h) -S9(24h) þS9(6h)

DMSO1) 0.1 ml/hole 200 2 2.5 2.5
25-OCH3-PPD 1.25 200 2.5 2.5 2.5

2.5 200 2 1.5 2
5 200 2.5 3.5 2.5
10 200 1.5 2.5 2

MMC2) 0.1 200 22** 24.5**
CP2) 40 200 22**

CP, cyclophosphamide; MMC, mitomycin C.
**p < 0.01 compared to vehicle control.
1) Vehicle control.
2) Positive control.
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either in somatic cells or germs cells. Combined with previous
pharmacodynamics research, 25-OCH3-PPD has proven to have low
toxicity and high effectiveness as a potential candidate with anti-
tumor activity, which further supports its candidacy for clinical use
in cancer patients.

5. Conclusion

In conclusion, the evaluation of genotoxicity and subchronic oral
toxicity of 25-OCH3-PPD in beagle dogs was first reported. The level
of 25-OCH3-PPD at which no adverse effects were observed was
found to be 240 mg/kg/day. Comparing with the effective dose
levels of 3.5 mg/kg in beagle dog, the safety dose level is approxi-
mately 68-fold higher than the recommended dose from this
subchronic toxicity study. The results of subchronic toxicity and
genotoxicity study suggest that 25-OCH3-PPD is an extremely
safety candidate compound for antitumor treatment.
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