1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Chin Med. Author manuscript; available in PMC 2023 May 26.

-, HHS Public Access
«

Published in final edited form as:
Am J Chin Med. 2011 ; 39(4): 779-788. doi:10.1142/S0192415X11009184.

Two-Year Toxicity and Carcinogenicity Studies of Panax ginseng
in Fischer 344 Rats and B6C3F1 Mice

Po-Chuen Chan,
National Institute of Environmental Health Sciences Research Triangle Park, NC 27709, USA

John C. Peckham,
National Institute of Environmental Health Sciences Research Triangle Park, NC 27709, USA

David E. Malarkey,
National Institute of Environmental Health Sciences Research Triangle Park, NC 27709, USA

Grace E. Kissling,
National Institute of Environmental Health Sciences Research Triangle Park, NC 27709, USA

Gregory S. Travlos,
National Institute of Environmental Health Sciences Research Triangle Park, NC 27709, USA

Peter P. Fu
National Center for Toxicological Research Jefferson, AR 72079, USA

Abstract

Ginseng is one of the most popular herbal supplements on the US market. Numerous reports

of adverse effects from products containing ginseng have been filed with the US Food and
Drug Administration (FDA) and the literature documents a “ginseng abuse syndrome” among
regular users. However, the chronic toxic effects of ginseng are not well characterized. Because
of its significant human exposure and the fact that little information on its toxicity is available,
Panax ginseng was nominated by the US National Institutes of Health (NIH) to the US National
Toxicology Program (NTP) to assess its carcinogenic potential. In this paper, we reported

the results of NTP chronic toxicity and tumorigenicity bioassay. It shows that, under these
experimental conditions, Panax ginseng is not toxic or tumorigenic.
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Introduction

Ginseng is a perennial aromatic herb with a short underground stem (rhizome) associated
with a fleshy white root (Sticher, 1998). Ginsengs are members of the genus Panax
in the Araliaceae family. Panax ginseng (Asian ginseng, also called Chinese or Korean
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ginseng) and Panax quinguefolius (American and Canadian ginseng) are the two most
popular species in use; other ginsengs include Panax japonicus (Japanese ginseng),
Panax notoginseng (Sanqui or Tiengi ginseng), Panax elegantior (Pearl ginseng), Panax
pseudoginseng (Himalayan ginseng), and Panax zingiberensis (ginger ginseng) (Chan and
Fu, 2007).

In China, Panax ginseng is regarded as “the all-healing man-herb.” In Asia, it is considered
as something of a panacea, purported to enhance stamina and endurance for both mental
and physical performances, and is widely used as a geriatric tonic. It is used as an
analeptic, tonic, stomach pain analgesic, and aphrodisiac (Chang et al., 1986). It has been
reported that ginseng enhances cholesterol biosynthesis and serum protein synthesis and
has immunomodulatory effects, anti-inflammatory activity, and antitumor activity (Foster,
1996a,b; Li et al., 2009; Jang and Shin, 2010). Evidence from /n vitroand in vivo studies
suggest that these actions are due to the antioxidant/nitric oxide stimulating properties
(Foster, 1996a,b). In general, the effects of ginseng reported in the literature are mostly
derived from observation of the use of ginseng extracts, not individual ginsenosides.

Since the Dietary Supplement Health and Education Act (DSHEA) were passed in the
United States in 1994, the use of herbal products has been rapidly growing, among which
ginseng has been one of the top sellers. In the United States and Western countries, ginseng
has been consumed for its purported ability to enhance mental and physical stamina.
Ginseng products are sold in the forms of whole root, root slices, extracts, powders,
capsules, tea bags, beverages, candy, lotions, and soaps. The most popular product is
Ginsana (G115 Ginseng, Pharmaton, Switzerland), a standardized product containing 4%
ginseng extract, comprising more than 50% of the market.

Because ginseng products are not subject to regulatory requirements, the composition

of preparations varies widely. Ginseng-induced toxicity has been reported, including
adverse effects from products containing ginseng filed with the US Food and Drug
Administration (FDA). In general, the reported adverse effects include CNS excitation and
arousal, hypertension, nervousness, sleeplessness, skin eruptions, morning diarrhea, edema,
euphoria, restlessness, agitation, insomnia, and confusion. In women, ginseng induces
estrogenic effects including mastalgia with diffuse mammary modularity and vaginal
bleeding in post-menopausal women (Chandler, 1988). Overexposure to ginseng has been
referred to as ginseng abuse syndrome (Siegel, 1979).

Because of its significant human exposure and the fact that little information on its toxicity
is available, Panax ginseng was nominated by the US National Institutes of Health (NIH)
to the US National Toxicology Program (NTP) to assess its toxicity and carcinogenicity
potential. The NTP is the US government program established to evaluate substances for
health-related effects. In this paper, we report the results of the NTP study on ginseng
extract including two-week repeated dose toxicity studies, three-month subchronic studies,
and two-year chronic toxicity and carcinogenicity studies in rats and mice.
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Materials and Methods

Materials

Animals

The ginseng extract used in the two-week repeated dose toxicity study (lot 3021261) and
the three-month subchronic study (lot 302500702) was obtained from Extracts Plus, Inc.
(Vista, CA, USA) and the extract used in the two-year chronic toxicity/carcinogenicity
study (lot 3031978) was obtained from Plus Pharma, Inc. (Vista, CA, USA). All lots were
produced by extracting Panax ginseng C.A. Meyer root with 80% aqueous ethanol. Identity,
purity, and stability analyses were conducted based on the profile of ginsenosides in the
test materials using methodologies based on the American Botanical Council’s Ginseng
Evaluation Program (2001). All lots of the extract were characterized as ginseng by IR
spectroscopy and HPLC and comparable to authentic standards. Weight percentage of the
ginsenosides in the test material was determined using the method of standard addition and
analysis by HPLC. For lot 3031978 used in the two-year studies total ginsenosides were
determined to be 7.4%. The infrared absorption spectrum and the weight percentages of the
seven major ginsenosides, Rgl, Re, Rf, Rbl1, Rc, Rb2, and Rd, of the ginseng extract were
1.5,1.4,04,1.6,1.0,0.9, and 0.6, respectively (NTP, 2009). The reports of analyses are
kept on file and are available for review at the National Institute of Environmental Health
Sciences.

Male and female F344/N rats and B6C3F1 mice were obtained from Taconic Farms, Inc.
(Germantown, NY) at four weeks of age and quarantined for 11 days before the beginning
of the two-week repeated dose toxicity studies and the three-month subchronic studies. Rats
and mice (from Taconic Farms at 6-7weeks of age) were quarantined for 13 (male rats), 14
(female rats), 18 (female mice), or 19 (male mice) days before the beginning of the two-year
chronic toxicity/carcinogenicity studies.

Animal Treatments

In the two-week repeated dose toxicity studies, groups with five male and five female rats
and mice were administered ginseng in 0.5% aqueous methylcellulose by gavage at doses of
0, 125, 250, 500, 1000, or 2000 mg/kg, five days per week for 16 days. In the three-month
subchronic studies, groups of ten male and ten female rats and mice were administered
ginseng in sterile water by gavage at doses of 0, 1000, 2000, 3000, 4000, or 5000 mg/kg,
five days per week for 14 weeks. In the two-year chronic toxicity/carcinogenicity studies,
groups of 50 male and 50 female rats and mice were administered ginseng in sterile water
by gavage at doses of 0, 1250, 2500, or 5000 mg/kg, five days per week for 104 weeks.

The health of the animals was monitored during the studies according to the protocols of the
NTP Sentinel Animal Program.

Animals were weighed individually on the first day on test, at sacrifice, and at regular
intervals throughout each of the studies. The animals were observed twice daily at least six
hours apart (before 10:00 AM and after 2:00 PM), including holidays and weekends, for
morbidity, death, and clinical signs of pharmacologic and toxicological effects of the extract.
Clinical signs were recorded daily by animal number and made a part of the study report.
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Organ weights were determined for all surviving animals until the end of the study. The
organs weighed were liver, thymus, right kidney, right testicle, heart, and lungs.

Necropsy and Pathology

For the two-year chronic toxicity/carcinogenicity studies, all animals received a complete
necropsy examination, including those that died before the end of the study. All tissues from
all animals were preserved in formalin as specified in the NTP Specifications.

Tissues were trimmed, embedded, sectioned and stained with hematoxylin and eosin for
histopathologic examination.

All animals that died (or were sacrificed in a moribund condition) were subjected to a
complete necropsy and slides of all tissues required for complete histopathologic evaluation
were prepared and evaluated.

The tissues for complete histopathologic evaluation included adrenal glands, brain (three
sections including frontal cortex and basal ganglia, parietal cortex and thalamus, and
cerebellum and pons), clitoral glands, esophagus, eyes, femur, gallbladder (mouse), gross
lesions, heart and aorta, large intestine, small intestine, kidneys, liver, lungs and mainstem
bronchi, lymph nodes, mammary gland with adjacent skin, muscle, thigh, nasal cavity and
nasal turbinates, ovaries, pancreas, parathyroid glands, pituitary gland, preputial glands,
prostate, salivary glands, seminal vesicle, spinal cord and sciatic nerve, spleen, stomach
(forestomach and glandular), testes with epididymis, thymus, thyroid glands, tissue masses
and regional lymph nodes, trachea, urinary bladder, and uterus.

Statistical Methods

The probability of survival was estimated by the product-limit procedure of Kaplan and
Meier (1958). Statistical analyses for possible dose-related effects on survival used Cox’s
(1972) method for testing two groups for equality and Tarone’s (1975) life table test to
identify dose-related trends.

Neoplastic and non-neoplastic lesions were tested for dose-related trends and for pairwise
differences from the control group using the Poly-3 test (Portier et al., 1986; Bailer and
Portier, 1988; Portier and Bailer, 1989; Piegorsch and Bailer, 1997). The variance of the
Poly-3 statistic was modified as recommended by Bieler and Williams (1993). Tests of
significance included pairwise comparisons of each dosed group with the controls and a test
for an overall dose-related trend. Poly-3 p-values are one sided.

Continuous variables, such as body weights, organ weights, hematology, clinical chemistry,
sperm parameters, were tested for trend using Jonckheere’s test (1954). If a significant trend
was found (at p < 0:01), Williams’ test (1971, 1972) was conducted on normally distributed
endpoints and Shirley’s test (1977; as modified by Williams, 1986) was conducted on
non-normally distributed endpoints to determine with dose groups differed significantly
from the control group. If the dose-related trend was not significant, Dunnett’s test (1955)
was conducted on normally distributed endpoints and Dunn’s test (1964) was conducted on
non-normally distributed endpoints. Prior to statistical analysis, extreme values identified
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by the outlier test of Dixon and Massey (1957) were examined by NTP personnel, and
implausible values were eliminated from the analysis.

Fisher exact test (Gart et al. 1979) was used to compare proportions, such as proportions of
females having regular estrous cycles, between each dose group and the controls.

In the two-week and three-month studies, all rats and mice were survived and there were
no differences in body weights, organ weights, hematology, clinical chemistry (including
serum corticosterone concentrations) that could be attributed to ginseng administration. No
microscopic findings were considered attributable to ginseng administration. There were no
significant differences in sperm parameters of male rats and mice or the estrous cyclicity of
female rats and mice between the control and ginseng treated groups.

In the two-year chronic toxicity/carcinogenicity studies, rats and mice were administered
ginseng at 0, 1250, 2500, 5000 mg/kg doses by gavage. Mean body weights of 5000 mg/kg
female rats were approximately 10% lower than the controls throughout the second year
of the study; otherwise, no differences were seen in body weights between the controls
and treated groups of rats or mice. Survival of the 5000 mg/kg female rats at terminal
sacrifice was significantly lower (48%) than the controls (72%); survival of all other dose
groups of male and female rats and mice were similar to their respective controls. No
treatment related increases in neoplastic lesions were observed in the treated rats and mice
except the incidence of alveolar/bronchiolar adenoma or carcinoma (combined) occurred
with a positive trend in male mice (vehicle control, 12/50; 1250 mg/kg. 6/50; 2500 mg/kg,
10/50; 5000 mg/kg, 19/50; trend p = 0.014 by Poly-3 test); the increased incidence in the
5000 mg/kg group was not significant. Negative trends were observed in the incidences

of mammary gland fibroadenomas in female rats (vehicle control, 32/50; 1250 mg/kg,
30/50; 2500 mg/kg, 30/50; 5000 mg/kg, 16/50; trend p = 0.001 by Poly-3 test) and ovarian
cystadenomas in female mice (vehicle control, 7/50; 125 mg/kg, 2/50; 2500 mg/kg, 3/50;
5000 mg/kg, 0/50; trend p = 0.01 by Poly-3 test).

Incidences of the minimal to mild inflammation of the respiratory epithelium of the nose
were significantly increased (pairwise p=0.019 by Poly-3 test) in 5000 mg/kg female rats
(vehicle control, 3/50; 1250 mg/kg, 2/50; 2500 mg/kg, 1/50; 5000 mg/kg, 10/50).

Ginseng was not mutagenic in bacterial mutagenicity assays in Salmonella typhimurium
strains TA97, TA98, TA100, TA102, TA104, or TA1535. Ginseng induced no significant
increases in the frequencies of micronucleated erythrocytes in the peripheral blood of male
or female B6C3F1 mice exposed for three-months to 5000 mg/kg via gavage.

Discussion

The ginseng used in this study was a water/alcohol extract from the plant Panax ginseng
C.A. Meyer in dried powder form. In the two-week toxicity studies, rats and mice were
exposed to ginseng at doses up to 2000 mg/kg. There were no changes in body weights,
survival, or histopathology between the dose groups and the controls both in rats and mice.
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Since there were no effects at the top dose of 2000 mg/kg, the highest dose level for the
14-week subchronic studies was increased to 5000 mg/kg, the upper limit for gavage studies,
for both rats and mice. In the 14-week studies, all rats and mice survived and there were

no exposure-related effects on body weights, organ weights, or histopathology. Thus, in the
2-year toxicity and carcinogenicity studies in rats and mice, the dose levels were selected

at 0, 1250, 2500, and 5000 mg/kg. In the two-year study, body weights of the highest dose
female rats were approximately 10% less than the controls, while those of the male and
female mice were similar to their respective controls. Survival of the highest dose female
rats was significantly lower than the female rat controls. Survival of all other dose groups of
male and female rats and mice were similar to their respective controls. The cause of early
death of the highest dose female rats was not related to any histopathological and clinical
changes. The deaths occurred in the last few months of the study and may not be related to
treatment.

The oral LD50s of ginseng for rats and mice have been reported to be 750 mg/kg and 200
mg/kg, respectively (NLM, 1998a’b). The present study showed that rats and mice tolerated
a dose as high as 5 g/kg. Thus, the oral LD50 level for rats and mice exceeded 5 g/kg. This
may be due to differences in ginseng preparations or strain of test animals.

In the two-year study, the incidence of alveolar/bronchiolar adenoma or carcinoma in male
mice increased with a positive trend; however, the incidence in the 5000 mg/kg group was
not significantly different from the controls. The incidence (38%) was slightly above the
historical range of 24-32% for gavage studies but within the range of 14-40% for all the
routes. Therefore, the effects observed were not considered related to ginseng treatment.

No other treatment related increases in neoplastic lesions were observed in the rats and
mice. Negative trends in the incidences of mammary gland fibroadenomas in female rats and
ovarian cystadenomas in female mice were observed. The decrease in incidences may be
related to lower body weight.

The results of the two-year study in rats and mice are in agreement with those reported in the
literature. Ginseng is considered to act in harmonizing body function according to the need
of body; its activity is not specific. Epidemiologic studies have shown the reduction in risk
of cancer development among people who regularly consumed ginseng and the decrease was
inversely related to the dose ('Yan and Choi, 1998). They concluded that Panax ginseng C.A.
Meyer has non-organ specific preventive effects against cancer. Experimentally, red ginseng
extract had anticarcinogenic effects against pulmonary, liver, mammary gland, ovarian and
uterine cervix tumors induced by chemical carcinogens in mice (Yun, 2003; Yun et al.,

1983, 1995; Bespalov et al., 1993, 2001; Shin et al., 2000; Panwar et al., 2005). In the
present study, ginseng at a dose of 5 g/kg, the highest permissible dose level for gavage
studies, did not induce neoplastic lesions. On the other hand, spontaneous tumors like
mammary gland fibroadenomas in female rats and ovarian cystadenomas in female mice
were decreased. The findings may be related to slightly lower body weights in the high

dose female rats and mice and not necessarily considered in support of the anticarcinogenic
activity of ginseng. Incidences of other spontaneous neoplasms commonly found in Fischer
rats, e.g. mononuclear cell leukemia, pituitary pars distalis adenoma or carcinoma, testicular
adenoma, thyroid gland C-cell adenoma, and uterine polyp, were not affected. In B6C3F1
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mice, incidences of spontaneous harderian gland, liver, and lung lesions were also not
affected.

Overexposure to ginseng in humans has been called ginseng abuse syndrome (Siegel, 1979).
The symptoms include hypertension, gastrointestinal disturbances, insomnia, nervousness,
confusion, and depression (Kitts and Hu, 2000). Cerebral arteritis has been reported to
associate with consumption of a large quantity of ethanol-extracted ginseng (Ryu and Chien,
1995). In the present study, no histopathologic changes were observed in the brain tissues
and no neurological or behavioral symptoms were observed in rats and mice administered
ginseng at a dose as high as 5000 mg/kg.

It has been postulated that the diverse effects of ginseng may be related to its modulation of
hormones. The present study found no evidence of hormonal effects in rats or mice.

It is worthwhile to compare the findings of this study with the Chinese medicinal reports.
“Shen Nong’s Herbal Classic” (#/24%i4€) is a more than 2000-year old Chinese medicinal
book and the oldest book on herbal medicine in China (Shen, 1998). This book classified
365 herbal species, animals, and minerals into three categories: the First Category (Superior
Class), the Second Category, and the Third Category. Based on this book’s compilation, the
medicines belonging to First Category are effective for multiple diseases, mostly responsible
for maintaining and restoring the body balance, and almost no unfavorable side effects.
Consequently the medicines in this category can be taken daily for a long period of time
without causing side effects. Panax ginseng was ranked among the top medicines in the
First Category, and was therefore the most exalted medicine in ancient times. Therefore,

the findings that Panax ginseng does not exert toxic or carcinogenic effects in the NTP
two-year study in F344 rats and B6C3F1 mice are consistent with this Chinese herbal
medicinal report. However, since adverse health effects of ginseng have been reported,
further investigation into the cause of these effects is warranted.

Currently, because of popular use of herbal products worldwide, the safe use of herbal
products is a serious concern. Since the United States Congress passed the Dietary
Supplement Health and Education Act (DSHEA) in 1994, sales and presumably use of
herbal products have been rapidly growing in the United States. The American Herbal
Products Association estimates that in 2004 there were about 3000 species of plants, in

as many as 50,000 different products, sold as herbal supplements in the United States
(Zurer and Hanson, 2004). To date, safety issues concerning potential side effects and toxic
contamination of herbal products have not been addressed adequately. The identification and
risk assessment of the toxic ingredients, including genotoxic and tumorigenic ingredients in
many raw herbs have not been systematically studied (Hu et al., 2005; Singh, 2005; Chan et
al., 2007; Fu et al., 2008, 2009; Guo et al., 2008, 2009, 2010a,b). Consequently, the quality
and safety of herbal dietary supplements, as well as the raw herbal plants used for dietary
supplement preparations, must be assured (CDC, 2002; CFSAN, 2001a and 2001b, 2002;
CFSAN, 2004; Lin et al., 2010). To date, more than 30 herbal dietary supplements and
active ingredients have been nominated by the US FDA and the NIH for testing by the US
NTP for determination of their toxicity and tumorigenicity. The herbal dietary supplements
that have been tested or are being tested include Aloe vera, Panax ginseng, kava, Ginkgo
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biloba extract, green tea extract, comfrey, symphytine, dong quai, ephedrine alkaloid, L-
ephedrine (ma huang), black cohosh, goldenseal root powder, pulegone, usnic acid, Ushea
herb, and berberine. The NTP chronic carcinogenicity bioassay results are highly useful
references for supporting regulatory decisions made by the US federal agencies.

In conclusion, there was no evidence of toxicity and carcinogenic activity of ginseng in
male or female F344/N rats or B6C3F1 mice administered ginseng at up to 5000 mg/kg.
Furthermore, Panax ginseng is not genotoxic.

Acknowledgments

We thank Drs. Frederick A. Beland, Rick Irwin, In Ok Surh and Charles Alden for critical review of this
manuscript. This research was partly supported by the Intramural Research Program of the NIH, National Institute
of Environmental Health Sciences.

This article is not an official guidance or policy statement of National Toxicology Program (NTP) or US Food and
Drug Administration (FDA). No official support or endorsement by the US FDA and NTP is intended or should be
inferred.

References

American Botanical Council. Ginseng Evaluation Report. HerbalGram 52. http//abc.herbalgram.org/
site, 2001.

Bailer AJ and Portier CJ. Effects of treatment-induced mortality and tumor-induced mortality on tests
for carcinogenicity in small samples. Biometrics 44: 417-431, 1988. [PubMed: 3390507]

Bespalov VG., Davydov VV, Limarenko AY, Slepian LI and Aleksandrov VA. The inhibition of
the development of experimental tumors of the cervix, uteri and vagina by using tinctures of the
cultured-cell biomass of the ginseng root and its germanium-selective stocks. Biull. Eksp. Biol.
Med. 116: 534-536, 1993 (in Russian). [PubMed: 8312554]

Bespalov VG, Aleksandrov VA, Limarenko AY, Voytenkov BO, Okulov VB, Kabulov MK, Peresunko
AP, Slepyan LI and Davydov VV. Chemoprevention of mammary, cervicx, and nervous system
carcinogenesis in animals using cultured Panax ginseng drugs and preliminary clinical trials
in patients with precancerous lesions of the esophagus and endometrium. J. Korean Med. Sci.
16(suppl.): S42-S53, 2001. [PubMed: 11748376]

Bieler GS and Williams RL. Ratio estimates, the delta method, and quantal response tests for increased
carcinogenicity. Biometrics 49: 793-801, 1993. [PubMed: 8241374]

CDC. Hepatic toxicity possibly associated with kava-containing products — United States, Germany,
and Switzerland, 1999-2002. Morbidity and Mortality Weekly Reports (MMWR) 1065-1067, 2002.

CFSAN. FDA Warns Consumers Not to Use the Dietary Supplement LipoKinetix. http://
wwwecfsanfdagov/~dms/ds-lipohtml, 2001a.

CFSAN. Letter to Distributor on Hazardous Dietary Supplement LipoKinetix. http://wwwcfsanfdagov/
~dms/ds-Itr26html, 2001b.

CFSAN. Center for Food Safety and Applied Nutrition (CFSAN): Kava-containing dietary
supplements may be associated with severe liver injury. US Department of Health and
Human Services, Food and Drug Administration, Rockville, Maryland, March 25, 2002. http://
www.cfsan.fda.gov/~dms/ds-warn.html, 2002.
Chan PC and Fu PP. Toxicity of Panax ginseng— An herbal medicine and dietary supplements. J.
Food Drug Anal. 15: 416-427, 2007.
Chan PC, Xia Q. and Fu PP. Ginkgo biloba leave extract: biological, medicinal, and toxicological
effects. J. Environ. Sci. Health C Environ. Carcinog. Ecotoxicol. Rev. 25: 211-244, 2007.
[PubMed: 17763047]

Chandler RF Ginseng — aphrodisiac? Can. Pharm. J. 121: 36-38, 1988.

Am J Chin Med. Author manuscript; available in PMC 2023 May 26.


http://wwwcfsanfdagov/dms/ds-lipohtml
http://wwwcfsanfdagov/dms/ds-lipohtml
http://wwwcfsanfdagov/dms/ds-ltr26html
http://wwwcfsanfdagov/dms/ds-ltr26html
http://www.cfsan.fda.gov/dms/ds-warn.html
http://www.cfsan.fda.gov/dms/ds-warn.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chanetal.

Page 9

Chang YS, Pezzuto JM, Fong HH and Farnsworth NR. Evaluation of the mutagenic potential of
American ginseng (Panax quinquefolius). Planta Med. 52: 338-339, 1986.

Cox DR Regression models and life-tables. J. R. Stat. Soc. B34: 187-220, 1972.

Dixon WJ and Massey FJ Jr. Introduction to Statistical Analysis, 2nd Ed. (McGraw-Hill Book
Company, Inc., New York, 1957), pp. 276-278, 412.

Dunn OJ Multiple comparisons using rank sums. Technometrics 6: 241-252, 1964.

Dunnett CW A multiple comparison procedure for comparing several treatments with a control. J. Am.
Stat. Assoc. 50: 1096-1121, 1955.

Foster S. American Ginseng: Panax quinquefolius, 2nd Ed., Botanical Series No. 308. American
Botanical Council, Austin, TX, 1996a.

Foster S. Asian Ginseng: Panax ginseng, Botanical Series No. 303. American Botanical Council,
Austin, TX, 1996bh.

Fu PP, Chiang HM, Xia Q, Chen T, Chen BH, Yin JJ, Wen KC, Lin G. and Yu H. Quality assurance
and safety of herbal dietary supplements. J. Environ. Sci. Health Part C 27: 91-119, 2009.

Fu PP, Xia Q, Guo L, Yu H, Chan PC. Toxicity of kava kava. J. Environ. Sci. Health C Environ.
Carcinog. Ecotoxicol. Rev. 26: 89-112, 2008. [PubMed: 18322868]

Gart JJ, Chu KC and Tarone RE. Statistical issues in interpretation of chronic bioassay tests for
carcinogenicity. JNCI 62: 957-974, 1979. [PubMed: 285297]

Guo L, Shi Q, Fang JL, Mei N, Ali AA, Lewis SM, Leakey JE and Frankos VH. Review of usnic
acid and Usnea barbatatoxicity. J. Environ. Sci. Health C Environ Carcinog. Ecotoxicol. Rev. 26:
317-338, 2008. [PubMed: 19034791]

Guo L, Li Q, Xia Q, Dial S, Chan PC and Fu PP. Analysis of gene expression changes of drug
metabolizing enzymes in the livers of F344 rats following oral treatment with kava extract. Food
Chem. Toxicol. 47: 433-442, 2009. [PubMed: 19100306]

Guo L., Dial S, Shi Q, Xia Q, Mei N, Li Q, Chan PC and Fu PP. Gene expression profiling in male
B6C3F1 mouse livers exposed to kava identifies — Changes in drug metabolizing genes and
potential mechanisms linked to kava toxicity. Food Chem. Toxicol. 48: 686-696, 2010a. [PubMed:
19948201]

Guo L, Mei N, Liao W, Chan PC and Fu PP. Ginkgo biolba leaf extract induces gene expression
changes in xenobiotics metabolism and the myc-centered network. OMICS 14: 75-90, 2010b.
[PubMed: 20141330]

Hu Z, Yang X, Ho PC, Chan SY, Heng PW, Chan E, Duan W, Koh HL and Zhou S. Herb-drug
interactions: a literature review. Drugs 65: 1239-1282, 2005. [PubMed: 15916450]

Jang HI and Shin HM. Wild Panax ginseng (Panax ginseng C.A. Meyer) protects against methotrexate-
induced cell regression by enhancing the immune response in RAW 264.7 macrophages. Am. J.
Chin. Med. 38: 949-960, 2010. [PubMed: 20821825]

Jonckheere AR A distribution-free A~sampletestagainst ordered alternatives. Biometrika 41:133-145,
1954,

Kaplan EL and Meier P. Nonparametric estimation from incomplete observations. J. Am. Stat. Assoc.
53: 457-481, 1958.

Kitts D. and Hu C. Efficacy and safety of ginseng. Public Health Nutr. 3: 473-485, 2000. [PubMed:
11276295]

Li XT, Chen R, Jin LM and Chen HY. Regulation on energy metabolism and protection on
mitochondria of Panax ginseng polysaccharide. Am. J. Chin. Med. 37: 1139-1152, 2009.
[PubMed: 19938222]

Lin WN, Lu HY, Lee MS, Yang SY, Chen HJ, Chang YS and Chang WT. Evaluation of the cultivation
age of dried ginseng radix and its commercial products by using (1)H-NMR fingerprint analysis.
Am. J. Chin. Med. 38: 205-218, 2010. [PubMed: 20128055]

National Toxicology Program (NTP). Technical Report on the Toxicology and Carcinogenesis Studies
of Ginseng (cas no. 50647-08-0) in F344/n rats and B6C3F1 Mice. TR 567. NIH Publication No.
5909. National Institutes of HealthPublic Health Service, US, Department of Health and Human
Series, 2010.

Am J Chin Med. Author manuscript; available in PMC 2023 May 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chanetal.

Page 10

NLM, RTECS (Registry of Toxic Effects of Chemical Substances), Bethesda, MD, July 1998 [RTECS
No. 38102].

NLM CCRIS (Chemical Carcinogenesis Research Information System), National Library of Medicine,
Bethesda, MD, August 1998 [Record No. 1416].

Panwar M, Kumar M, Samarth R. and Kumar A. Evaluation of chemopreventive action and
antimutagenic effect of the standardized Panax ginseng extract, EFLA400, in Swiss albino mice.
Phyther. Res. 19: 65-71, 2005.

Piegorsch WW and Bailer AJ. Statistics for Environmental Biology and Toxicology, Section 6.3.2.
Chapman and Hall, London, 1997.

Portier CJ and Bailer AJ. Testing for increased carcinogenicity using a survival-adjusted quantal
response test. Fundam. Appl. Toxicol. 12: 731-737, 1989. [PubMed: 2744275]

Portier CJ, Hedges JC and Hoel DG. Age-specific models of mortality and tumor onset for historical
control animals in the National Toxicology Program’s carcinogenicity experiments. Cancer Res.
46: 43724378, 1986. [PubMed: 3731095]

Ryu SJ and Chien Y. Genseng-assocciated cerebral arteritis. Neurology 45: 829-830, 1995.
[PubMed: 7723981]

Shen Nong’s Herbal Classic (4 #4€). The Divine Farmer’s Materia Medica: A Translation Chinese
Ginseng. Blue Poppy Press, Boulder, CO, 1998.

Shin HR, Kim JY, Yun TK, Morgan G. and Vainio H. The cancer-preventive potential of Panax
ginseng. a review of human and experimental evidence. Cancer Causes Control 11: 565-576,
2000. [PubMed: 10880039]

Shirley E. A non-parametric equivalent of Williams’ test for contrasting increasing dose levels of a
treatment. Biometrics 33: 386-389, 1977. [PubMed: 884197]

Siegel RK Ginseng abuse syndrome. Problems with the panacea. JAMA 241: 1614-1615, 1979.
[PubMed: 430716]

Singh YN Potential for interaction of kava and St. John’s wort with drugs. J. Ethnopharmacol. 100:
108-113, 2005. [PubMed: 16005588]

Sticher O. Getting to the root of ginseng. Chem. Tech. 28: 26-32, 1998.

Tarone RE Tests for trend in life table analysis. Biometrika 62: 679-682, 1975.

Williams DA A test for differences between treatment means when several dose levels are compared
with a zero dose control. Biometrics 27: 103-117, 1971. [PubMed: 5547548]

Williams DA The comparison of several dose levels with a zero dose control. Biometrics 28: 519-531,
1972. [PubMed: 5037867]

Williams DA A note on Shirley’s nonparametric test for comparing several dose levels with a zero-
dose control. Biometrics 42: 183-186, 1986. [PubMed: 3719054]

Yan TK and Choi SY. Non-organ specific organ cancer prevention of ginseng. A prospective study in
Korea. Int. J. Epidemiol. 27: 359-364, 1998. [PubMed: 9698120]

Yun TK, Yun YS and Han IW. Anticarcinogenic effect of long-term oral administraion of red ginseng
on newborn mice exposed to various chemical carcinogens. Cancer Detect. Prev. 6: 515-525,
1983. [PubMed: 6420059]

Yun TK Experimental and epidemiological evidence on non-organ specific cancer preventive effect of
Korean ginseng and identification of active compounds. Mutat. Res. 523: 63-74, 2003. [PubMed:
12628504]

Zurer P. and Hanson D. Chemistry puts herbal supplements to the test. Chem. Eng. News 82: 16, 2004.

Am J Chin Med. Author manuscript; available in PMC 2023 May 26.



	Abstract
	Introduction
	Materials and Methods
	Materials
	Animals
	Animal Treatments
	Necropsy and Pathology
	Statistical Methods

	Results
	Discussion
	References

