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ABSTRACT — Taiwanofungus camphoratus is an edible and medicinal mushroom originating in Tai-
wan. Several researches have revealed T. camphoratus possessed various biological activities, including 
anti-cancer, immunomodulation, liver protection and anti-inflammation. Recently, it has been widely used 
in food supplements and drug development for its health benefits and medicinal properties. Therefore, the 
safety issue is the primary concern for consumers. The aim of this study was to evaluate the toxicological 
effects of T. camphoratus extract that was composed of extracts from cut-log cultivated fruiting body and 
solid-state culture of T. camphoratus. The genotoxicity tests, rodent and non-rodent repeated dose toxic-
ity studies were performed. The results of the genetic toxicology tests including in vitro bacterial reverse 
mutation assay, in vitro chromosomal aberration test, and in vivo mouse bone marrow micronucleus assay 
were all negative that indicated neither mutagenicity nor clastogenicity was caused by T. camphoratus 
extract. Moreover, 13-week and 26-week repeated dose oral toxicity studies in rats showed that no signif-
icant adverse effects of T. camphoratus extract were found up to dosages of 3400 mg/kg and 1700 mg/kg  
for male and female rats, respectively. The results of 28-day repeated dose oral toxicity study in bea-
gle dogs showed no-observed-adverse-effect-level (NOAEL) of T. camphoratus extract up to dosage of  
1500 mg/kg for male and female dogs. Accordingly, these results provided the safety information of T. 
camphoratus extract that supported for using in food supplements or medicinal usage.
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INTRODUCTION

Taiwanofungus camphoratus, also known as ”Niu-
chang-chih”, is a rare and precious medicinal fungus 
originating in Taiwan. Cinnamomum kanehirae Hayata  
(Lauraceae), a native tree of Taiwan, is the only natural 
host of T. camphoratus. T. camphoratus has been used as 
traditional medicine by the aboriginals in Taiwan to pro-
mote health, treat liver disease, drug and food intoxica-
tion, hangover, exhaustion and cancers (Geethangili and 
Tzeng, 2011; Wu, 1997). Many active components of T. 
camphoratus have been identified, such as polysaccha-

rides, terpenoids, benzenoids, nucleic acid, benzoquinone 
derivatives, steroids, and maleic/succinic acid derivatives 
(Geethangili and Tzeng, 2011; Lu et al., 2013). Triterpe-
noids are the most abundant compounds in fruiting body 
of T. camphoratus, but is much less in mycelium. Besides, 
several researches have revealed that T. camphoratus pos-
sessed a variety of pharmacological activities, including 
immune regulation (Chen et al., 2018; Lin et al., 2010; 
Lin et al., 2018), anti-cancer (Chang et al., 2013; Hseu et 
al., 2017; Shang et al., 2017), hepatoprotection (Chiu and 
Hua, 2016; Li et al., 2017; Wu et al., 2011), and anti-in-
flammation (Chen et al., 2017; Huang et al., 2014; Shie et 
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al., 2016).
The growth rate of wild T. camphoratus is very slow, 

therefore, different artificial cultivation methods have 
been developed to produce T. camphoratus to meet the 
increasingly market demand. It can be classified as cut-
log culture, solid-state culture, submerged fermentation 
and dish culture. Culture medium and methods signifi-
cantly affect the quality and quantity of components in T. 
camphoratus, thus pharmacological or toxicity effects of 
T. camphoratus products predominantly depends on cul-
tivation techniques (Chung et al., 2016; Lu et al., 2013). 
Due to its multiple health benefits and medicinal proper-
ties, T. camphoratus has been wildly used in nutritional 
supplements, health food products and drug development. 
However, there is still no sufficient information regard-
ing the toxicity properties of T. camphoratus. Currently, 
some toxicology studies have demonstrated the safety of 
T. camphoratus, but mostly focus on mycelium products. 
The 90 days repeated toxicity study showed the no-ob-
served-adverse-effect-level (NOAEL) value of submerged 
fermentation and solid-state cultivation T. camphoratus 
mycelium is 3000 mg/kg and up to the dosage of 7.6 g/kg  
in rats (Chen et al., 2010; Lo et al., 2016). The previous 
study also showed no adverse effects found in rats treat-
ed with mycelium of solid-state cultivation of T. campho-
ratus and no genotoxicity and mutagenic effects were 
observed (Lo et al., 2016; Lin et al., 2016).

This study aimed to investigate the toxicological effects 
of T. camphoratus extract that was composed of extracts 
from cut-log cultivated fruiting body and solid-state cul-
ture of T. camphoratus. Results from genotoxicity stud-
ies including bacterial reverse mutation test, mammalian 
chromosome aberration test and mammalian erythrocyte 
micronucleus test showed T. camphoratus extract did not 
induce genotoxic and mutagenic effects. Furthermore, the 
repeated dose oral toxicity tests in rats and beagle dogs 
demonstrated that no significant adverse effects of T. cam-
phoratus extract were found up to dosage of 3400 mg/kg  
in male rats, 1700 mg/kg in female rats and 1500 mg/kg  
in both genders of beagle dogs. Taken together, these 
results support the safe use of T. camphoratus for human 
consumption.

MATERIALS AND METHODS

All studies were performed at Level Biotechnology  
Inc. Preclinical Testing Center in compliance with the 
Good Laboratory Practice for Non-clinical Laboratory 
Studies (FDA, 21 CFR, Part 58), Good Laboratory Practice  
for Non-clinical Laboratory Studies (Ministry of Health 
and Welfare, R.O.C., 3rd ed., 2006) and OECD Principles 

of Good Laboratory Practice (as revised in 1997). These 
studies were also conducted in accordance with ICH 
(2009) M3 (R2) Non-Clinical Safety Studies for the Con-
duct of Human Clinical Trials and Marketing Authoriza-
tion for Pharmaceuticals (CPMP/ICH/286/95).

Test substance
The test article, T. camphoratus extract (named as 

LEAC-102), was composed of ethanol and water extracts 
from cut-log cultivated fruiting body (FB) and solid-state 
culture (SC) of T. camphoratus that provided by Taiwan 
Leader Biotech Corp. (Taipei, Taiwan). The cut-log cul-
tivated FB and solid-state culture of T. camphoratus were 
manufactured by R&D Center of Taiwan Leader Biotech 
Corp. (Taichung, Taiwan). The dry powders of FB and SC 
were mixed in the ratio of 1:10 (w/w) and were extracted 
with 10 volumes of 95% ethanol for 2 hr twice, followed 
by extraction with 10 volumes of boiled water for 2 hr 
twice. The ethanol and water extracts from FB and SC 
were combined and concentrated to obtain LEAC-102.  
1 gram of T. camphoratus extract equivalent to the extract 
from dried raw material of 0.22 g of fruit body and 2.2 g 
of solid-state culture.

Bacterial reverse mutation test
The histidine-dependent Salmonella typhimuri-

um strains TA98, TA100, TA102, TA1535 and TA1537  
(Moltox Inc., Boone, NC) were used to evaluate the geno-
toxicity of T. camphoratus extract. T. camphoratus extract 
was dissolved in DMSO to obtain the dosing solution and 
the highest dose of this study was set at 5 mg/plate based 
on the results of dose range finding test in TA100. Hence, 
five concentrations, 0.050, 0.158, 0.50, 1.58, 5 mg/plate, 
were used in this study. Positive controls, negative control 
(sterile water), vehicle control (dimethylfloxide, DMSO) 
and test solutions with or without metabolic activation 
(S9 mixture, Aroclor 1254-induced; Moltox, BOONE, 
NC) were included in study. Positive controls are as fol-
lows (all reagents were from Sigma Aldrich, St. Louis, 
MO), (1) without S9: 2-nitrofluorene for TA98, sodium 
azide for TA100 and TA1535, mitomycin C for TA102, 
and 9-aminoacridine for TA1537, (2) with S9: 2-ami-
noanthracene for TA98, TA102, TA1535 and TA1537, 
benzo[a]pyrene for TA100. 0.05 mL of test solutions,  
0.1 mL of bacterial broth and 0.5 mL phosphate buff-
er (0.2 M, pH 7.4) (without S9 metabolic activation) or  
0.5 mL S9 mixture were mixed with the molten top agar 
and poured onto the surface of a minimal glucose agar 
plate. The plates were incubated at 37°C for 48-72 hr then 
the number of revertant colonies per plate was counted. 
The data of revertant colonies count on triplicate plates 
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was represented with Mean ± S.D., and its coefficient of 
variation (CV.) was calculated as well. If an increase in 
revertants of T. camphoratus extract treated plates (more 
than 2-fold in TA98, TA100 and TA102 or 3-fold in 
TA1535 and TA1537) were noted, statistical analysis by 
ANOVA and Dunnett’s test would be performed. Besides, 
an additional dose-related response analysis will be used 
if the ANOVA results are statistically significant. Proba-
bility of 0.05 (p < 0.05) was used as the criterion of sig-
nificance.

In vitro Mammalian Chromosome Aberration 
Test

Chinese Hamster Ovary (CHO-K1) cell line was 
obtained from Bioresource Collection and Research Cent-
er (BCRC, Hsinchu, Taiwan). CHO-K1 cell was cul-
tured in HAM’s F12 medium with 2 mM of L-glutamine,  
100 U/mL of penicillin and streptomycin, 10% of heat-
inactivated FBS (all supplements were from Biological 
industries, Grand Island, NY) in a humidified atmosphere 
containing 5% CO2 at 37°C. T. camphoratus extract was 
dissolved in DMSO to obtain the test solution of 6.2, 18.5, 
55.6, 166.7, 500 and 1500 µg/mL that used in dose range 
finding cytotoxicity test for selecting the high dose used 
in main study. CHO-K1 cells (3-5 x 105 cells/dish) were 
seeded in 6 cm culture dishes and culture for 24 hr before 
treatment. For short-term treatment with or without S9 
activation, cells were treated with T. camphoratus extract 
(18.5, 55.6, 166.7 µg/mL), 0.5 µg/mL mitomycin C (pos-
itive control for without S9) or 25 µg/mL benzo(a)pyrene 
(positive control for with S9) for 3-6 hr. For long-term 
treatment without S9 activation, cells were treated with T. 
camphoratus extract (6.2, 18.5, 55.6 µg/mL), 0.5 µg/mL  
mitomycin C (positive control) for 18-22 hr. The 1% 
DMSO solution and culture medium were used as vehicle 
control and negative control, respectively. After treatment, 
0.1 µg/mL Colcemid solution was added into culture 
medium for 1-3 hr. Cells were harvested and treated with 
hypotonic solution (0.075 M KCl) and fixed with a mix-
ture of methanol/acetic acid (3:1, v/v). Cells were placed 
on clean slides and stained with Giemsa solution. The 
chromosome aberration was evaluated by examination of 
at least 300 well-spread metaphase cells with a number of 
centromeres equal to the modal number (20 ± 2) for each 
dose in duplicate. The structural chromosome aberrations, 
including chromatid breakage (ctb) and exchange (cte), 
chromosome breakage (csb) and exchange (cse), and oth-
er abnormalities, such as polyploidy, shall be scored and 
recorded by photographing. The statistical evaluation was 
analyzed by Poisson distribution. The statistical signifi-
cance level was defined at p < 0.05. The number of cells 

with chromosome aberration in positive control should be 
significantly increased comparing with that in negative 
control. If more than two testing dosages show significant 
increase in number of cells with chromosome aberration, 
it was considered that the test article would induce struc-
tural chromosome aberration in CHO-K1 cells. If only 
one testing dosage shows significant increase in number 
of cells with chromosome aberration, the Cochran-Armit-
age trend test (C-A test) will be performed for dose-de-
pendent analysis. Only if there is a dose dependent trend 
in number of cells with chromosome aberration, the test 
article would be considered genotoxic in CHO-K1 cells.

Mammalian erythrocyte micronucleus test
The micronucleus test was performed using 7-8 weeks 

old ICR mice (BioLASCO Taiwan Co. Ltd) and the test 
article, T. camphoratus extract, was prepared in ster-
ile water at the designated concentration. Animals were 
housed in the SPF grade animal room in the AAALAC 
International accredited facility of Level Biotech. Inc. 
under 12 hr light/12 hr dark cycle at 19-23°C with relative 
humidity 35-75%. The highest dosage was determined 
based on the result of preliminary dose range finding. The 
mice were randomly divided into 5 groups, including neg-
ative control, positive control and three treatment groups, 
10 mice in each group of 5 male and 5 female. Mice 
were orally administered T. camphoratus extract at dos-
es of 1700, 3400 and 6800 mg/kg bw. The positive con-
trol group was intraperitoneally injected with 80 mg/kg  
bw cyclophosphamide and negative control group was 
given sterile water orally. The daily dosing volume for 
oral dosing was 20 mL/kg bw and BID dosing was con-
ducted at 2-3 hr interval (10 mL/kg bw per dosing time). 
The mortality of animals was observed once daily during 
study period and peripheral blood samples were collect-
ed from tail vein at 48 ± 2 and 72 ± 2 hr after dosing. The 
positive control group was sampled only at 48 ± 2 hr after 
dosing. The peripheral blood was smeared on the acridine 
orange coated slide, and the staining was performed in 
room temperature for 2-3 hr. The fluorescent microscopes 
(Zeiss AXIO Scope.A1 and Zeiss AXIO Imager.A1) with 
460-490 nm exciting and 515 nm long pass filter were 
used for polychromatic erythrocytes (PCE) and micronu-
cleus identification and counting. The proportion of PCE 
in erythrocytes was determined by counting at least 2000 
erythrocytes. At least 4000 PCE per animal were scored 
for frequency of micronucleated cells (MN ‰PCE). The 
data was presented with mean ± S.D. The micronucleus 
frequency was analyzed by Poisson distribution. Proba-
bility of 0.05 (p < 0.05) was used as the criterion of sig-
nificance. If significant difference has shown in testing 
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group comparing with concurrent negative control, the 
Cochran-Armitage trend test (C-A test) will be used for 
dose dependent analysis. Furthermore, the test article will 
be considered to display genotoxic if the dose dependent 
response has existed. In addition, if the PCE percentage 
of testing group was 50% less than the negative control, 
it indicated that the test article inhibit erythropoiesis. The 
study was approved by the Institutional Animal Care and 
Use Committee (IACUC number 160101-C1).

13-week repeated dose oral toxicity test in rats 
with a 4-week recovery

The 6 weeks old Sprague Dawley (SD) rats  
(BioLASCO Taiwan Co. Ltd.) were randomly divided 
into four groups, 12 rats per sex in each group with addi-
tional recovery groups (6 animals/sex/vehicle control and 
high dose group). The animals were housed in the AAA-
LAC International accredited facility of Level Biotech. 
Inc. under 12 hr light/12 hr dark cycle and the tempera-
ture of animal room was at 19-23°C with relative humidi-
ty 35-75%. The rats received T. camphoratus extract oral-
ly at doses of 425, 850 and 1700 mg/kg once daily for 
13 weeks and the recovery animals in vehicle control 
and high dose groups were allowed a 4 weeks treatment 
free period. The animals had free access to diet and the 
clinical signs were observed during the experiment peri-
od. The body weight and food consumption were meas-
ured weekly. Hematology, serum biochemistry, urinalysis 
and gross necropsy were conducted on all surviving ani-
mals at scheduled sacrifice. Organs and tissues were col-
lected, weighed and examined microscopically. The data 
was presented with mean ± S.D. and analyzed by one-
way ANOVA followed by Dunnett’s method (SPSS, Ver. 
12.0 or Ver. 22.0). In addition, student’s t-test was used to 
analyze the data of recovery groups. The statistical sig-
nificance level was defined at p < 0.05. The study was 
approved by the Institutional Animal Care and Use Com-
mittee (IACUC number 151101).

26-week repeated dose oral toxicity test in rats 
with a 4-week recovery

The 6 weeks old Sprague Dawley (SD) rats  
(BioLASCO Taiwan Co. Ltd) were randomly divid-
ed into four groups, 22 rats per sex in each group with 
additional recovery groups (12 animals/sex/vehicle con-
trol and high dose group). The animals were housed in 
the AAALAC International accredited facility of Level 
Biotech. Inc. under 12 hr light/12 hr dark cycle and the 
temperature of animal room was at 19-23°C with relative 
humidity 35-75%. The male rats received T. camphoratus 
extract orally at doses of 850, 1700 and 3400 mg/kg and 

female rats received 425, 850 and 1700 mg/kg once daily 
for 26 weeks and the recovery animals in vehicle control 
and high dose groups were allowed a 4 weeks treatment 
free period. The animals had free access to diet and the 
clinical sings were observed during the experiment peri-
od. The body weight and food consumption were meas-
ured weekly. Hematology, serum biochemistry, urinaly-
sis were conducted on all surviving animals on week 13 
and at the end of the study. Organs and tissues were col-
lected, weighed and examined microscopically. The data 
was presented with mean ± S.D. and analyzed by one-
way ANOVA followed by Dunnett’s method (SPSS, Ver. 
12.0 or Ver. 22.0). In addition, student’s t-test was used to 
analyze the data of recovery groups. The statistical sig-
nificance level was defined at p < 0.05. The study was 
approved by the Institutional Animal Care and Use Com-
mittee (IACUC number 160202 and 160202-C1).

28-day repeated dose oral toxicity test with a 
14-Day recovery in beagle dogs

The 6-7 months old male and female beagle dogs were 
purchased from Covance Inc. (Cumberland, VA). The 
animals were housed individually by using stainless cage 
in the AAALAC International accredited facility of Lev-
el Biotech. Inc. under 12 hr light/12 hr dark cycle and the 
temperature of animal room was at 19.2-22.3°C with rel-
ative humidity 43.7-67.4%. The diet (400 g/animal/day) 
was applied once daily for approximately 1 week and 
twice daily (200 g/animals/time) thereafter. Naïve beagle 
dogs were randomly assigned to four groups (vehicle con-
trol, 540, 900 and 1500 mg/kg/day groups, 3 animals/sex/
group) with additional recovery groups (2 animals/sex/
vehicle control and 1500 mg/kg/day groups). The animals 
were orally administered with T. camphoratus extract 
in gelatin capsules (Empty Porcine Hard Gelatin Cap-
sules, Torpac Inc., Fairfield, NJ) or empty capsules (vehi-
cle control) three times daily that a quantity of one-third 
total daily dose was given at 2 hr interval for consecu-
tive 28 days with designated doses. At the end of treat-
ment period, the recovery animals of vehicle control and 
high dose groups were maintained for a 14 days treatment 
free period. The mortality, body weight, food consump-
tion and clinical signs were observed during the study 
period. Electrocardiographic (ECG) examination was per-
formed on animals during pre-dose period, Day 28 (end 
of treatment) and Day 42 (end of recovery). Ophthalmo-
logic examinations were performed for all animals at the 
grouping day and before terminal sacrifice. Hematology, 
serum chemistry and urinalysis were performed for all 
animals at pre-dose and at the end of treatment and recov-
ery periods. Gross necropsy and histopathology exami-
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nation are performed at the end of study. The study was 
approved by the Institutional Animal Care and Use Com-
mittee (IACUC number 171104-C1 and 171104-C2).

RESULTS AND DISCUSSION

Bacterial reverse mutation test
The genotypes of five Salmonella typhimurium strains 

(TA98, TA100, TA102, TA1535, and TA1537) for this 
study were identified and met the criteria as described 
in Table S1-S2. The results of dose range finding test in 
TA100 showed T. camphoratus extract had no cytotox-
ic and mutagenic effect (Table S3), therefore, 5 doses 
(0.050, 0.158, 0.50, 1.58 and 5 mg/plate) of T. camphor-
atus extract were chosen in this test. The test results were 
summarized in Table 1. The revertant colonies in positive 
control group were over two-fold (in TA98, TA100, and 
TA102) and three-fold (in TA1535 and TA1537) com-
pared to negative control groups.

T. camphoratus extract at all testing doses (0.050- 
5 mg/plate) did not cause significant increase in revertant 
colony number under both with and without S9 metabol-
ic activation conditions. Thus it’s indicated that no muta-
genic effect of T. camphoratus extract was noted on five 
S. typhimurium strains in all testing groups.

Mammalian Chromosome Aberration Test
Three analyzable concentrations used in the chromo-

some aberration test were selected by cytotoxicity test 
that produced greater than 50% cell viability. The cell via-
bility of testing concentrations at 18.5, 55.6, 166.7 µg/mL 
for 3 hr treatment without S9 metabolic activation were  
80.26 ± 8.72%, 88.19 ± 11.98% and 89.71 ± 10.08%, 
respectively. Of 3 hr treatment in the presence of S9, the 
cell viability of testing concentrations at 18.5, 55.6, 166.7 
µg/mL were 92.55 ± 7.03%, 91.95 ± 10.94% and 97.32 ± 
9.02%, respectively. In long term (18 hr) treatment with-
out S9, the cell viability of testing concentrations at 6.2, 
18.5, 55.6 µg/mL were 146.82 ± 8.95%, 110.18 ± 17.80% 
and 51.64 ± 7.41%, respectively (Table S4). The result 
of chromosome aberration was summarized in Table 3. 
Clear positive responses in positive control group were 
observed that the cell numbers of chromosome aberra-
tion were 22, 35 and 50 in short term with or without S9 
and long term without S9, respectively. The chromosome 
aberrations in T. camphoratus extract treated cells were 
1, 1 and 0 at 166.7, 55.6 and 18.5 µg/mL, respectively 
under 3 hr without S9 and 1, 0 and 3 at 166.7, 55.6 and  
18.5 µg/mL, respectively under 3 hr with S9. Moreover, the 
chromosome aberrations were 2, 2 and 2 at 55.6, 18.5 and  
6.2 µg/mL, respectively under 18 hr without S9. The 

results showed that no significant increase in chromo-
some aberrations at all tested dosages under the test con-
ditions and indicated that T. camphoratus extract could be 
considered nonmutagenic in this system.

Mammalian erythrocyte micronucleus test
According to the dose range finding test in ICR mice, 

animals were found no abnormal symptoms and mortali-
ty at the highest dose (6800 mg/kg). Therefore, the dos-
es of T. camphoratus extract were set as 80, 1700, 3400 
and 6800 mg/kg bw in micronucleus test. As shown in 
Table 2, the PCE percentage of negative control group 
at 48 and 72 hr were 3.28 ± 0.04% and 3.34 ± 0.05% in 
male, 3.44 ± 0.11% and 3.46 ± 0.11% in female, respec-
tively. The PCE percentage of positive control group at  
48 hr was 1.02 ± 0.04% in male and 1.40 ± 0.38% in 
female. As expected, the inhibition of erythropoiesis by 
cyclophosphamide was noted based on the decreased PCE 
percentage, while no significant decrease in PCE percent-
age was observed in all testing groups which is indicat-
ed that T. camphoratus extract did not inhibit erythro-
poiesis. The micronucleus frequency of 1700, 3400 and 
6800 mg/kg T. camphoratus extract at 48 hr after dos-
ing in male was 0.72 ± 0.41‰PCE, 0.42 ± 0.11‰PCE 
and 0.44 ± 0.22‰PCE and that at 72 hr after dosing in 
male was 0.66 ± 0.23‰PCE, 0.50 ± 0.27‰PCE and 0.34 
± 0.09‰PCE respectively. The micronucleus frequency 
of 1700, 3400 and 6800 mg/kg T. camphoratus extract at 
48 hr after dosing in female was 0.42 ± 0.29‰PCE, 0.48  
± 0.20‰PCE and 0.56 ± 0.26‰PCE and that at 72 hr  
after dosing in female was 0.48 ± 0.30‰PCE, 0.52 ± 
0.18‰PCE and 0.48 ± 0.34‰PCE respectively. There 
was no significant difference in the micronucleus frequen-
cy between negative control and all testing groups of T. 
camphoratus extract in both genders under Poison distri-
bution analysis. Accordingly, T. camphoratus extract was 
considered negative in inducing micronucleus formation. 
The micronucleus frequency of positive control was more 
than double of that in negative controls, thereby confirm-
ing this study was authentic and valid. In conclusion, T. 
camphoratus extract was non-genotoxic and would not 
affect erythropoiesis in mice under the test condition.

13-week repeated dose oral toxicity study with a 
4-week recovery in rats

In the study, 13-week daily oral administered of T. 
camphoratus extract in rats, there was no test article-re-
lated death or ophthalmologic abnormality (Table S5) 
and no significant changes in body weight (Fig. 1) and 
food consumption were observed. Only female rats in  
1700 mg/kg recovery group had a higher mean body 
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weight gains in week 3 and a lower mean body weight 
gains in week 14 (Table S6), and male rats in high-dose 
main study group had lower average food consumption 
in week 1 when compared to vehicle control (Table S7). 
However, the values were within the range of historical 

control data and the changes were infrequent and sporad-
ic, thus it was considered as non-treatment related. One 
female rat from 425 mg/kg group showed corneal opacity 
in left eye before necropsy that it was considered inciden-
tal and unrelated to treatment due to lack of dose respons-

Fig. 1. 	 Effects of repeated oral dose (13 weeks) of T. camphoratus extract on body weight in rats. Results of body weight in (A) 
male rats and (B) female rats treated with T. camphoratus extract for 13 weeks with additional 4 recovery weeks. No signifi-
cant changes in body weight were observed in T. camphoratus extract treated animals. All data presented as mean ± S.D.
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es and/or microscopic correlations. Additionally, no treat-
ment related clinical signs were observed on all animals 
although, several signs including hair loss, wounds and 
teeth damage were still observed in few animals due to 
housing-related behavior (Table S8). One female rat in 
850 mg/kg group developed dyspnea, audible respiration 
and soft feces from study day 78 through the study termi-
nation, following macropiscally and microscopically eval-
uation, the spontaneous lesion in large intestine, megaco-
lon, was observed. Therefore, the data (body weight, food 
consumption, clinical pathology parameters and organ 
weights) from this female rat was not included in statis-
tic evaluation.

In clinical pathology evaluation, no significant toxicity 
evidences were found among all treatment groups. Some 
statistical differences were noted when compared to vehi-
cle control. However, all values were within normal phys-
iological ranges. The results of hematology and serum 
biochemistry parameters were summarized in Table 4-5. 
The female rats in 1700 mg/kg recovery group showed 
lower mean corpuscular volume (MCV) and mean cor-
puscular hemoglobin (MCH) compared to vehicle control 
recovery group. The male rats in 850 mg/kg group showed 
higher phosphorus (P) and the female rats in 1700 mg/kg 
main study group showed higher glucose and cholesterol 
compared to vehicle control. The male rats in 1700 mg/kg 
recovery group showed lower albumin and higher chlo-
ride (Cl) and female rats in 1700 mg/kg recovery group 
showed lower sodium (Na) and chloride (Cl) compared 
to vehicle control (Table 5). Moreover, there were no T. 
camphoratus extract-related changes in urinalysis after 
13 weeks of administration (data not shown). As shown 
in table 6, the heart weight of male rats at 425 mg/kg  
group and pituitary weight of male rats at 1700 mg/kg 
recovery group were statistical lower than respective con-
trol groups. In females, statistical higher liver weight was 
noted in 1700 mg/kg main study group and higher adre-
nal weights were noted in all three treatment groups (425, 
850 and 1700 mg/kg) compared to vehicle control, but all 
values were within the historical control data. Addition-
ally, no significant difference was noted between control 
and 1700 mg/kg recovery groups in the organ weight data 
of female recovery group, and the significant differenc-
es in organ weight data described above, including adre-
nal and liver, were not seen. All organ weight chang-
es noted above were considered incidental and unrelated 
to T. camphoratus extract treatment, due to lack of dose 
responses and/or microscopic correlations. Macroscopi-
cally, no treatment related abnormality was found in all 
animals. A spontaneous thymic atrophy was noted only in 
one female rat in vehicle control recovery group. Further-

more, there were no T. camphoratus extract-related his-
topathological lesions in all animals at 1700 mg/kg group 
(Table S9). Base on the results, the NOAEL of T. cam-
phoratus extract in this study is 1700 mg/kg.

26-week repeated dose oral toxicity study with a 
4-week recovery in rats

T. camphoratus extract were administered in rat oral-
ly, daily for 26 weeks and the results showed no mortali-
ty, no ophthalmologic abnormality and no significant dif-
ferences in mean body weight. T. camphoratus extract 
were daily oral administered in rats for 26 weeks and the 
results showed no mortality, no ophthalmologic abnormal-
ity and no significant differences in mean body weights 
(Fig. 2). In body weight gain evaluation, some statisti-
cal differences were observed (Table S10-11), but all val-
ues were within the range of historical control data. Only 
the body weight gain of male rats in 3400 mg/kg recov-
ery group was out of the lower limit of historical control 
range, however, this finding was not correlated to body 
weight and food consumption. Thus, the body weight 
changes were considered incidental and unrelated to 
treatment. There were no T. camphoratus extract related 
effects on food consumption, but some statistical chang-
es were also noted in male rats (Table S12). Some clinical 
signs such as hail loss, wounds, teeth damage and swell-
ing were observed during the study period and the results 
were summarized in Table S13. These findings might be 
caused by housing behavior or individual variation and 
were considered unrelated to T. camphoratus extract.

There was no toxicity evidences were noted for hema-
tology, serum chemistry and urinalysis parameters among 
the vehicle control group and T. camphoratus extract 
treatment groups, whereas some statistical difference were 
observed in both male and female rats. The interim anal-
ysis results of hematology analysis in male rats showed 
higher neutrophil in 3400 mg/kg main group and lower 
red blood cell (RBC) in 3400 mg/kg recovery group when 
compared to vehicle control. In female rats, white blood 
cell (WBC) in 1700 mg/kg main group was lower than 
vehicle control and WBC, RBC, hemoglobin (Hb) and 
hematocrit (Hct) in 1700 mg/kg recovery group was low-
er than vehicle control recovery group. In terminal anal-
ysis, there was no statistical difference in all T. campho-
ratus extract treated male rats when compared to vehicle 
control /vehicle control recovery groups. In female rats, 
there was no statistical difference among vehicle control 
and all test article treatment groups in the data of main 
study groups. Lower RBC, Hb, Hct and platelet were not-
ed in 1700 mg/kg recovery group when compared to vehi-
cle control recovery group (Table 7).
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In interim analysis of serum biochemistry analysis, the 
results of male rats in main study groups showed high-
er values in glucose (3400 mg/kg), albumin (in 1700 and 
3400 mg/kg), alkaline phosphatase (ALP) (3400 mg/kg), 
cholesterol (3400 mg/kg), calcium (850, 1700 and 3400 
mg/kg), phosphorus (3400 mg/kg), amylase (3400 mg/
kg), sodium (1700 and 3400 mg/kg), potassium (1700 
and 3400 mg/kg) and chloride (850, 1700 and 3400 mg/
kg) as compared to vehicle control. In male recovery rats, 
statistical higher glucose, albumin, ALP, amylase, sodium 

and chloride and lower potassium were noted in 3400 mg/
kg recovery group when compared to vehicle recovery 
group. In female main study groups, lower aspartate ami-
notransferase (AST) (425, 850 and 1700 mg/kg), higher 
glucose (1700 mg/kg), lower blood urea nitrogen (BUN) 
(1700 mg/kg), lower creatinine (850 mg/kg), higher cho-
lesterol (850 and 1700 mg/kg) and lower sodium (425 and 
850 mg/kg) were noted. In female recovery rats, higher 
total protein, albumin, cholesterol, calcium and amyla-
se were noted in 1700 mg/kg recovery group. In terminal 

Fig. 2. 	 Effects of repeated oral dose (26 weeks) of T. camphoratus extract on body weight in rats. Results of body weight in (A) 
male rats and (B) female rats treated with T. camphoratus extract for 26 weeks with additional 4 recovery weeks. No signifi-
cant changes in body weight were observed in T. camphoratus extract treated animals. All data presented as mean ± S.D.
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analysis, the main study male rats showed higher albu-
min (1700 and 3400 mg/kg), ALP (1700 and 3400 mg/kg) 
and potassium (3400 mg/kg) compared to vehicle control. 
There was no statistical difference between vehicle con-
trol recovery group and 3400 mg/kg recovery group of 
males. In main study female rats, the results showed high-
er cholesterol (850 and 1700 mg/kg), amylase (1700 mg/
kg) and chloride (1700 mg/kg) compared to vehicle con-
trol. In female recovery rats, lower AST, higher glucose 
and calcium in 1700 mg/kg recovery group were not-
ed (Table 8). To summarize, the values described above 
were all within normal physiological range except albu-
min (interim analysis results from male recovery group). 
According to the magnitude of change in serum albumin 
value, this difference was not considered to be of toxico-
logical significance. In addition, the urine analysis results 
showed no T. camphoratus extract related effects were 
observed (data not shown).

The absolute and relative organ weight results of 
both genders showed no significant difference between 
T. camphoratus extract treated groups and vehicle con-
trol, except adrenal (Male: 850 and 3400 mg/kg; Female:  
850 and 1700 mg/kg), liver (Male: 850, 1700 and  
3400 mg/kg; Female: 850 and 1700 mg/kg), heart (Male: 
3400 mg/kg) and pituitary (Female: 1700 mg/kg) (Table 
9-10). The values of mean liver weight and mean liv-
er / body weight ratio of high dose (3400 mg/kg) males 
were out of the upper limits of historical control range. 
Following histopathological examination of the liver 
samples, no test article related lesions were observed. In 
addition, the significant differences in absolute and rela-
tive organ weight data described above, including adre-
nal and liver, were not seen in the data of male recovery 
group. Though the values of mean adrenal weight and 
mean adrenal / body weight ratio of 1700 mg/kg females 
were out of the upper limits of historical control range, 
the histopathological findings in adrenal of 1700 mg/kg 
females were not significantly different from vehicle con-
trol females. Besides, there was no significant difference 
in relative adrenal weight data between vehicle control 
recovery group and 1700 mg/kg recovery group. Moreo-
ver, the significant differences in female liver weight data 
described above were not seen in high-dose recovery ani-
mals. All organ weight changes noted above were not con-
sidered to be of toxicological significance, due to lack of 
statistically significant evidence from microscopic evalu-
ation. The gross necropsy findings showed spontaneous 
abnormalities found in two male vehicle control rats with 
atrophy in testes and epididymis and in one female rat  
(425 mg/kg group) with a focal mass (< 1 cm in diam-
eter) in thorax. Following histopathological examination, 

minimal to moderate diffuse atrophy were noted in tes-
tes and epididymis of male rats and adenocarcinoma in 
focal mammary glands of female rat was observed. Of the 
histopathological examination in all animals in high-dose 
group, no T. camphoratus extract related histopatholog-
ical lesions were observed (Table S14). The NOAEL in 
this study is 3400 mg/kg/day for male rats, and 1700 mg/
kg/day for female rats.

28-days repeated dose oral toxicity study with a 
14-Day recovery in beagle dogs

The beagle dogs received capsules containing T. cam-
phoratus extract for consecutively 28 days and the results 
showed no T. camphoratus extract related mortality, oph-
thalmologic abnormality, clinical signs of toxicity and no 
significant differences on body weight (Fig. 3) and food 
consumption evaluation. In daily observation of clinical 
signs, several signs were noted and described as follow. 
As we know, dogs have a natural tendency to vomit. In 
this study, vomiting was observed mostly during the first 
week (adaptation period or affected due to over eating). 
Vomiting was mostly observed during the week 1-week 
2 with one feeding of diet per day and the frequency of 
vomiting was reduced afterwards (twice daily feeding 
after week 2). In addition, un-dissolved capsule was vom-
ited by one male dog of the 540 mg/kg group (Day 20) 
and one female dog of the 1500 mg/kg group (Day 9). The 
vomited capsules were re-administered to animal within  
6 hr of the total times for dosing. Additionally, the vomi-
tus-containing test article-like substance was noted in one 
female of the 900 mg/kg group and in three females of the 
1500 mg/kg group. These findings were not considered to 
be of toxicological significance since they were sporadic 
and occurring with a mild severity in observed animals.

Some animals were also showed watery stool (male: 
all groups; female: control and 1500 mg/kg), soft stool 
(male: control and 900 mg/kg; female: 900 mg/kg) and 
poor appetite (male: all groups; female: control and  
900 mg/kg).The gastrointestinal disturbances observed 
(soft stools and/or watery stool) were considered unre-
lated to the treatment since they were sporadic, not dose 
related and no pathologic findings were observed from 
microscopic evaluation. No correlated effects were noted 
between poor appetite and body weights.

Furthermore, one male dog of the 425 mg/kg group 
developed illness symptoms (hypoactivity, prostrate, sal-
ivation, lacrimation, yellow nose mucus secretion and 
poor appetite) on Day 20; anorexia and audible respira-
tion were observed on Day 21; anorexia and poor appetite 
were observed on Day 22 and Day 23 to 24, respective-
ly. A veterinarian’s treatment was given to the animal dur-
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ing Day 20 to 24 and its health condition was improved 
on Day 22. According to the diagnosis results, the animal 
condition deteriorated markedly due to aspiration of vom-
it or idiopathic reason, resulted in interstitial lung disease. 
These findings were considered unrelated to the test arti-
cle because of lack of dose dependency.

In ECG examination, the waveform morphology was 
evaluated by a veterinary cardiologist and the measured 
parameters including heart rate, RR interval, PR interval, 
QRS interval, QT interval and QT interval corrected for 
heart rate using Fridericia’s formula were examined in all 
animals at pre-dose, end of treatment and recovery stag-
es. The evaluated results showed no test article related 

abnormalities in morphology and measured parameters. 
The only two statistical differences were found in female 
dogs: lower PR interval in 540 mg/kg group at pre-dose 
phase and higher PR interval in 900 mg/kg group at end 
of treatment (Table 11). These data was within the normal 
physiological range of dogs.

In clinical pathology evaluation (hematology, serum 
biochemistry and urine analysis), no significant toxic-
ity effects were noted. Some statistical differences were 
observed when compared to vehicle control and described 
as follow. For hematology evaluation, higher activat-
ed partial thromboplastin time (APTT) in male rat of  
540 mg/kg group at pre-dose phase was noted, but it was 
within normal physiological range (Table 12). For serum 
biochemistry evaluation, lower potassium in male rat 
of 900 mg/kg group at pre-dose phase, lower cholester-
ol in male rat of 1500 mg/kg group at end of treatment 
and higher triglyceride (TG) in male rat of 1500 mg/kg 
recovery group were noted. In addition, a minimal (about 
2-fold) increase in ALT was observed in male rats of  
1500 mg/kg group, but no other correlated parameters 
were affected and no pathologic findings were present 
from microscopic evaluation. This difference was not 
seen in recovery. Therefore, it was not considered to be 
of toxicological significance. In female rats, lower cho-
lesterol in 1500 mg/kg group at end of treatment was not-
ed. These values were within normal physiological range 
(Table 13).

There was no significant difference between control 
and each treatment groups in absolute and relative organ 
weight in main study animals (Table 14-15). Statistical 
lower spleen / body weight ratio in male (1500 mg/kg) 
recovery group and higher kidney weight and lower adre-
nal / body weight ratio in female (1500 mg/kg) recov-
ery group were noted when compared to vehicle control 
(Table 14). All organ weight changes noted above were 
considered incidental and unrelated to treatment, due to 
individual variability and lack of microscopic correla-
tions. The gross necropsy observation results showed that 
one male dog of 1500 mg/kg group had spontaneous uni-
lateral absence of right epididymis (aplasia of right epidi-
dymis was confirmed by histopathological examination) 
(Table S15). In addition, the ill male dog of 425 mg/kg 
group developed illness symptoms on Day 20 showed 
diffuse yellow discoloration and diffuse firm abnormal 
consistency in lung at necropsy. Following histopatholog-
ical examination, moderate diffuse interstitial mononu-
clear cell inflammation in lung was observed and it was 
considered unrelated to treatment. Moreover, there were 
no test article related histopathological changes in all ani-
mals at 1500 mg/kg (Table S16). This was the first study 

Fig. 3. 	 Effects of repeated oral dose of T. camphoratus extract 
on body weight in beagle dogs. Results of body weight 
in (A) male dogs and (B) female dogs treated with T. 
camphoratus extract for 28 days with additional 14 
recovery days. No significant changes in body weight 
were observed in T. camphoratus extract treated ani-
mals. All data presented as mean ± S.D.
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to explore the toxicity effect of T. camphoratus on beagle 
dogs. Based on the results, administration of T. camphor-
atus extract did not cause significant toxic effects in dogs 
at dose of 1500 mg/kg. The results would provide more 
safety evidences for further medical use.

The results from in vitro and in vivo genotoxicity stud-

ies showed T. camphoratus extract had no mutagenic 
activity and genotoxicity. Besides, the results of repeat-
ed dose toxicity studies in rodent and non-rodent showed 
no significant toxicity evidences with the dosages up to 
3400 mg/kg for male rats, 1700 mg/kg for female rats, 
and 1500 mg/kg for both genders of beagle dogs. Tak-

Table 11.   Effect of T. camphoratus extract on ECG parameters in beagle dogs.
Parameters Gender Dose (mg/kg) Pre-dose End of treatment End of recovery 

RR Interval (ms)
 

Male

0 572.096 ± 96.074 549.796 ± 79.307 502.165 ± 76.134
540 534.130 ± 103.344 512.777 ± 30.754
900 607.943 ± 219.259 570.120 ± 190.645
1500 585.290 ± 183.822 453.714 ± 66.798 544.165 ± 111.391

Female

0 494.982 ± 81.476 477.276 ± 39.240 471.375 ± 52.291
540 580.820 ± 75.492 478.213 ± 29.666
900 641.343 ± 226.433 641.833 ± 139.448  
1500 536.002 ± 105.932 539.928 ± 151.688 431.135 ± 86.232

PR Interval (ms)
 

Male

0 88.038 ± 8.141 90.890 ± 10.790 95.635 ± 10.953
540 75.770 ± 8.670 76.493 ± 3.846
900 84.520 ± 3.918 87.307 ± 4.882
1500 86.410 ± 2.290 83.306 ± 7.614 84.665 ± 3.585

Female

0 87.070 ± 7.389 86.062 ± 4.833 87.575 ± 7.389
540 70.610 ± 10.345 * 76.347 ± 4.866
900 94.173 ± 4.795 98.503 ± 5.456 *  
1500 87.798 ± 5.647 87.206 ± 6.535 89.240 ± 3.111

QRS interval (ms)
 

Male

0 36.614 ± 2.702 37.218 ± 1.574 37.515 ± 3.203
540 36.120 ± 1.277 36.650 ± 2.498
900 36.350 ± 2.256 37.443 ± 1.250
1500 39.874 ± 2.043 37.618 ± 1.683 34.735 ± 0.092

Female

0 36.900 ± 2.151 36.430 ± 1.277 37.170 ± 1.315
540 37.870 ± 7.627 38.510 ± 3.071
900 38.127 ± 0.219 38.703 ± 1.377  
1500 35.692 ± 1.686 35.960 ± 1.248 37.500 ± 3.536

QT Interval (ms)
 

Male

0 175.986 ± 16.989 173.488 ± 11.209 170.665 ± 10.373
540 167.925 ± 7.129 172.467 ± 5.094
900 176.303 ± 14.200 169.293 ± 18.777
1500 176.258 ± 15.622 160.682 ± 9.831 166.985 ± 16.525

Female

0 169.560 ± 6.008 168.272 ± 7.002 169.245 ± 0.064
540 177.630 ± 5.818 169.067 ± 7.695
900 178.367 ± 13.214 183.157 ± 27.990  
1500 173.466 ± 12.622 169.402 ± 9.077 160.250 ± 4.992

QTcF (ms)
 

Male

0 214.370 ± 14.378 213.078 ± 12.175 216.545 ± 1.902
540 208.953 ± 13.323 217.240 ± 9.117
900 211.737 ± 8.273 206.927 ± 12.367
1500 214.406 ± 17.024 210.046 ± 8.322 206.090 ± 7.198

Female

0 215.838 ± 9.780 216.076 ± 4.474 218.465 ± 8.450
540 214.303 ± 11.095 216.790 ± 8.394
900 211.777 ± 6.865 214.923 ± 20.473  
1500 216.196 ± 10.087 211.822 ± 10.407 212.875 ± 7.658

Heart Rate (bpm)
 

Male

0 107.108 ± 16.707 110.914 ± 15.487 120.870 ± 18.328
540 115.268 ± 20.388 117.297 ± 7.137
900 106.347 ± 31.866 114.217 ± 40.990
1500 111.022 ± 34.515 134.678 ± 20.829 112.620 ± 23.052

Female

0 123.814 ± 19.847 126.430 ± 10.874 128.075 ± 14.206
540 104.557 ± 14.524 125.783 ± 7.613
900 100.687 ± 30.484 96.410 ± 20.372  
1500 116.240 ± 27.488 119.328 ± 37.859 142.005 ± 28.404

All data presented as mean ± S.D. *p < 0.05 compared to vehicle control.
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en together, the present studies suggested T. camphora-
tus has highly safety properties for use in dietary supple-
ments or medicinal products.
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