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Objectives: Capsaicin-containing (CP) pharmacopuncture was developed to treat neuro-
pathic pain. This study was conducted to assess the toxicity of CP extract for pharmaco-
puncture, using a micronucleus test.

Methods: First, a dose range finding study was conducted. Then an in vivo micronucleus
test was performed to determine the induction of micronuclei in mouse bone marrow cells
after intramuscular administration of CP twice with a 24-hour interval to 8-week-old ICR
mice. A high dose of 0.2 mL/animal was selected, and this was sequentially diluted by ap-
plying a geometric ratio of 2 to produce two lower dose levels (0.1 and 0.05 mL/animal).
In addition, negative and positive control groups were set up, and an HPLC analysis was
conducted to confirm the capsaicin content of CP.

Results: The incidence of micro-nucleated polychromatic erythrocytes in polychromatic
erythrocytes in the CP-treated group was similar to that in the negative-control group,
while that in the positive-control group was significantly greater. In addition, the ratio of
polychromatic erythrocytes to total erythrocytes in the CP treatment group and the positive
control group was not significantly different from the negative control group. In the HPLC
analysis, capsaicin in the CP was identified through a comparison with the retention time
of the capsaicin standard of 27 min.

Conclusion: CP did not show any indication of any potential to induce micronuclei forma-
tion in bone marrow cells of ICR mice under the conditions of this study. Further toxicity
studies are necessary to ensure the safety of the use of CP in clinical practice.
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considered to be faster and more effective than oral administra-

INTRODUCTION

tion [8, 9]. Because of this characteristic, it is widely used for

Capsaicin, the main active ingredient in capsicum fruits, has
been reported to be effective in treating inflammatory disorders
(such as psoriasis and rheumatoid arthritis) [1], neuropathic
pain (such as diabetic neuropathy), postherpetic neuralgia and
cluster headaches [2], urinary system diseases [3], obesity [4],
cancer [5, 6], and skin diseases [7, 8].

Pharmacopuncture is an acupoint injection therapy used
in traditional Chinese medicine (TCM) and Korean medicine

(KM) that involves the injection of herbal medicine, and it is

musculoskeletal diseases.

The capsaicin-containg (CP) extract for pharmacopunture is
a medicine that contains mainly red pepper based on V phar-
macopunture, and it was developed to control pain. V pharma-
copunture mainly uses moschus, calculus bovis, and fel ursi,
and its safety and efficacy have been proven through long-term
clinical experience, toxicity evaluation, efficacy studies (such as
anti-inflammatory and antioxidant effects), and clinical reports

[10-12]. CP was developed to treat neuropathic pain such as
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nerve entrapment and neurosensory abnormalities, myofascial
pain, and hypertrophy by utilizing the capsaicin component
contained in red pepper.

There have been no systematic, scientific, clinical, or ex-
perimental studies on the efficacy of CP, with the exception of
2 case reports of patients with hypoesthesia of lower limb [13]
and acute low back and thigh pain [14]. Our earlier studies
confirmed the safety of CP by a single-dose toxicity test [15]
and a bacterial reverse mutation test [16]. Whilst the safety of
CP has been confirmed by clinical experience, further scientific
verification of its efficacy and safety is needed before it is widely
used in KM clinics. In this study, we investigated the safety of

CP using an in vivo micronucleus test in ICR mice.

MATERIALS AND METHODS

1. Material

Test substance, CP, consists of Capsicum annuum L. (Ko-
rean, 11 mg/mL), moschus (Russian, 0.1 mg/mL), fel ursi (Rus-
sian, 0.075 mg/mL), calculus bovis (Colombian, 0.05 mg/mL),
Scutellaria baicalensis (Chinese, 10 mg/mL), Phellodendron
amurense (Chinese, 10 mg/mL), Pulsatilla koreana (Chinese,
10 mg/mL), Sophora tonkinensis (Chinese, 10 mg/mL), and
Aucklandia lappa (Chinese, 5 mg/mL). Capsicum annuum
L. was purchased from Aruifarm (Yeonggwang, Korea), and
the other raw materials were purchased from Jayeondameun
(Yangju, Korea). CP was manufactured at an extramural facility,
Namsangcheon Herbal Medicine Dispensary (Yongin, Korea),
meeting Korean Good Manufacturing Practice standards. Two
extraction methods were used depending on the type of herbal
medicine. Animal medicines such as moschus, fel ursi, and cal-
culus bovis were mixed with water and alcohol, and the remain-
ing herbal medicines were distilled with water. First, moschus,
fel ursi, and calculus bovis were extracted using water and
alcohol (v/v = 1:1) at 65T for 24 h, and then the alcohol was
removed at 45C using a vacuum pressure concentrator. Second,
the other raw materials were distilled using a low-temperature
vacuum extractor with purified water for injection, and then
the distillate was collected. After mixing the extractions, the
finished extract was diluted with purified water for injection
and filtered sequentially with Whatman No.2 filter paper and 5
um, 0.45 um, and 0.2 pm cellulose acetate filter. After adding
salt to the filtered CP solution, pH titration was completed. CP
was provided as the finished product (56.225 mg/mL in a sealed
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vial).

Mitomycin C (MMC, Lot No. SLBR6518V, Sigma-Aldrich,
St Louis, MO, USA) was used as a positive control and nor-
mal saline was used as a negative control. For injection of the
positive control substance, 4 mL of water (Lot No.: 18003, JW
Pharmaceutical Co., Ltd., Korea) was added to 2 mg of MMC to
dissolve the MMC, and then 6 mL of normal saline was added

to prepare a final concentration of 0.2 mg/mL.
2. Experimental animals

ICR mice were selected for this study because they are, as
rodents, the most widely used animal species in safety tests
including micronucleus tests, and much basic data has been
accumulated for comparison. Also, they are the animal species
recommended in the guidelines [17-19]. The ICR mice were
purchased from Orient Bio Inc. (Seongnam, Korea). When the
animals first arrived, a visual inspection was performed and
their weight was recorded with electronic scales (BP410S; Sarto-
rius, Gottingen, Germany). The general condition and changes
in the animals were checked once a day during 1 week of accli-
matization, and all animals were judged to be normal. The ICR
mice were housed under controlled environmental conditions
with an ambient temperature of 20.0-22.1C, relative humidity
of 50.8-56.9%, 12 h/12 h light/dark cycle, ventilation frequency
10-15 times/hour, illuminance 150-300 Lux, and free access to
food (Teklad Certified Irradiated Global 18% Protein Rodent
Diet 2918C, Envigo, Huntingdon, UK) and water (purified
water irradiated with ultraviolet rays after filtering tap water in
Cheongju (Korea) with a filter water flowing sterilizer). Group-
ings were done after the acclimatization period.

For a dose range-finding study prior to the micronucleus
tests, 8-week-old, male (n = 12, 32.1-35.6 g) and female mice
(n =12, 25.3-28.4 g) were used. For the micronucleus tests,
8-week-old, male mice (n = 25, 27.5-31.6 g) were used. In the
dose setting test, no dead animals of either sex were observed;
thus, only male mice were used for the remaining tests. The
weight range of the mice was 33.0-36.9 g.

All animal care and use followed the Korean National
Institute of Health and the Korean Academy of Medical Sci-
ences guidelines, and this study was conducted at Biotoxtech
(Cheongwon, Korea) under the regulations of Good Laboratory
Practice (GLP) under the approval of the Institutional Animal
Ethics Committee of Biotoxtech (No. 180774).
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3. In vivo micronucleus test in mice

1) Dose range-finding study

In order to determine the high-dose level of the main study,
a dose range-finding study was conducted. In KM clinical
practice, CP is administered intramuscularly. Intramuscular
administration was selected because the path for clinical ap-
plication of the test substance, CP, is muscle. In the guidelines
[18-20], the maximum dose for intramuscular injection of mice
is recommended as 0.1 mL per site (2 sites per day). In this ex-
periment, the high dose was selected as 0.2 mL/animal, and the
extract was sequentially diluted by applying a geometric ratio of
2 to produce lower dose levels (0.1 and 0.05 mL/animal). The
extract was administered intramuscularly in divided doses so
as not to exceed 0.1 mL per site. Three males and females were
used for each dose, and a disposable syringe (0.3 mL, 31G) was
used for the test substance group. The 0.05 and 0.1 mL/animal
for the low and medium doses, respectively, and 0.2 mL/animal
for the high dose and negative control substances were admin-
istered in the muscle of the thigh twice at 24-hour intervals.
General symptoms of each dose were observed immediately
after the first administration, 2 hours after the first administra-
tion, before the second administration, immediately after the
second administration, 2 hours after the second administration,
and 1 day after the second administration. Body weight was

measured on the Ist day after the 2nd administration.

2) Main study

There was no mortality or abnormal clinical signs at any
dose level of the test substance in either male or female mice.
Because there was no mortality in either males and females
in the dose-range finding study, only males, which are known
to be susceptible to micronucleus induction, were used in the
main study. Five animals were used in each group, and the

group size was set to five (Table 1).

Table 1. Micronucleus test in ICR mice

A disposable syringe (0.3 mL, 31G) was used for the test
substance group; and 0.05 and 0.1 mL/animal for low (G1) and
medium (G2) doses, respectively, and 0.2 mL/animal for high
doses (G4) and negative control substances (G1) were adminis-
tered in the muscle of the thigh twice at 24-hour intervals. Ad-
ministration was carried out intramuscularly in divided doses
so as not to exceed 0.1 ml per site. The positive control MMC
(G5) used an intraperitoneal administration method, which is
a general administration method. The dosage amount was 10
mL/kg based on body weight when the group was separated,
and it was administered once 24 hours before sample prepara-
tion using a disposable needle (26 G) and a syringe (1 mL).

General symptoms of each dose were observed immediately
after the first administration, 2 hours after the first administra-
tion, before the second administration, immediately after the
second administration, 2 hours after the second administration,
and 1 day after the second administration. Body weight was
measured immediately before bone marrow collection.

Next, for sample preparation and observation, the cervical
spine of the animals was dislocated 24 hours after the second
administration of the test substance. After the femur was ex-
cised to remove muscle mass, bone marrow cells were col-
lected by perfusing 200 uL of fetal bovine serum (FBS, Lot No.:
1957600, Gibco, U.S.A.) by cutting the ends of the femur with
scissors. Bone marrow cell suspension was centrifuged for 5
minutes (1,000 rpm, 4C, Micro17TR, Hanil Science Industrial
Co., Ltd., Korea). After removal of the supernatant, the precipi-
tated bone marrow cells were suspended, and a small amount
was dropped on a slide glass and smeared. Two bone marrow
smears were prepared per individual. The code number was
written on the slide glass, and the sample was dried sufficiently
and fixed with methanol. Then it was stained for 30 minutes
with 3% Giemsa staining solution [prepared with 0.01 mol/
L Sorenson phosphate buffer solution (pH 6.8)]. The stained
slides were washed with 0.01 mol/L Sérenson phosphate buffer

Dose amount

Frequency of Route of Number of animals

Group Dose (mL/animal) (mL/animal) administration administration (male)
G1 Negative control 0 0.2 2 I.M. 5
G2 Low-dose 0.05 0.05 2 I.M. ®
G3 Mid-dose 0.1 0.1 2 I.M. 5
G4 High-dose 0.2 0.2 2 |.M. B
G5 Positive control 2 mg/kg 10 mL/kg I.P. 5

I.M., intramuscular; I.P., intraperitoneal.
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(pH 6.8) and 0.004% citric acid aqueous solution, dried, and
then sealed with an encapsulant (Entellan new, Merck, Ger-
many). The coded bone marrow smear was observed under a
microscope (600 times magnification, BX51, Olympus, Japan).
Two thousand polychromatic erythrocytes (PCE) per specimen
were observed, 4,000 PCE per specimen were observed, and
the frequency of appearance of micronucleated polychromatic
erythrocyte (MNPCE) for each PCE was calculated. As an in-
dex of inhibition of proliferation of bone marrow cells, a total of
250 red blood cells per specimen was observed, and the ratio of

PCE to 500 total red blood cells per specimen was calculated.

3) Test establishment conditions and result judgment

The test was established when the following two conditions
were satisfied. First, in the negative control group, the frequen-
cy of micronucleus polychlorinated red blood cells should be
within the control range of historical control data and 95% of
historical control data. Second, the frequency of micronuclear
polyinflammatory red blood cells in the positive control group
was within the management range of historical control data,
and it should increase statistically significant compared with
the negative control group.

If the following three conditions were satisfied, it was de-
termined as positive. The frequency of occurrence of MNPCE
should increase statistically significantly at more than one dose
compared with the negative control group, there should be dose
dependence in accordance with the increase, and the frequency
of occurrence of MNPCE should increase beyond the manage-

ment range of historical control data of the negative control
group.

4, Statistical analysis

Statistical analysis was performed using SAS (version 9.3,
SAS Institute Inc., USA) for the frequency of appearance of
MNPCE, frequency of appearance of PCE relative to total red
blood cells, and changes in body weight. The Kruskal-Wallis
test and Mann-Whitney test were performed for the frequency
of MNPCE appearance, and the significant difference between
the negative control group and the test substance, CP group,
and between the negative control group and the positive control
group were tested (p < 0.05 and p < 0.01). Bartlett’s test was per-
formed on the frequency and weight of PCE for total red blood
cells to test for equal variability between the negative control

group and the test substance group (p < 0.05). For the frequency
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of appearance of PCE for total red blood cells, the weight of the
dose setting test (male) and the main test (male) were of equal
variance, and the significance was confirmed by conducting a
one-way analysis of variance (ANOVA; p < 0.05). The weight
of the dose setting test (female) was rejected, and the Kruskal-
Wallis test was conducted to confirm the significance (p < 0.05).
For the comparison between the negative control group and the
positive control group, the Folded-F test was performed to test
for equal variance (p < 0.05). Equal variance was recognized,
and a Student t-test was performed to confirm significance (p <
0.05 and p < 0.01).

5. HPLC analysis

To confirm the capsaicin content of CP with capsaicin (Cat
no.: C107691, Aladdin, CA, USA) as an active ingredient,
HPLC was conducted using CP, CP stock solution (CP100) cor-
responding to 100 times the concentration of CP used in clini-
cal practice as the finished product (56.225 mg/mL in a sealed
vial), and capsaicin standard (STD). The HPLC apparatus was
a Waters Delta600 (Waters, Milford, MA, USA) with a photodi-
ode array (PDA) detector. An Inertsil ODS-3 analytical column
(3 p, 250 x 4.6 mm; Metachem, GL Sciences, Japan) was em-
ployed. Chromatography was performed at room temperature
with a wavelength of 229 nm (PDA), a flow rate of 0.5 mL/min,
and isocratic of methanol:water (7:3). The capsaicin standard

was diluted in methanol and used for analysis.

RESULTS

1. HPLC analysis

In HPLC analysis of CP, capsaicin in the CP was identified
through a comparison with retention times (RTs) of authentic
standards (Fig. 1). Using the capsaicin standard (STD) at 0.1
mg/mL and injecting 30 uL, the capsaicin peak was confirmed
at an RT of 27.5 min (Fig. 1A). With CP, the peak expected by
capsaicin was not found (Fig. 1C), but in CP 100 a peak at an
RT of 27 min was detected (Fig. 1B). Therefore, quantitative
analysis was performed to determine the content of capsaicin,
the effective substance, based on CP 100. From the results of
calculating the correlation coefficient (R?) of the calibration
curve and linearity by analyzing the capsaicin standard at four
concentrations (200, 400, 600, 1,000 pg/mL), it was possible to

secure linearity with a correlation coefficient of 0.999 or more
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Figure 1. HPLC pattern analysis of CP (C), CP100, 100 times of CP (B), and capsaicin standard (STD) (A).

(Fig. 2E). By calculating the content of capsaicin in CP100
(141.363 pg/mL, Fig. 2F), the capsaicin content when preparing
the CP was calculated based on CP100. From these results, it
can be expected that the CP contained 1.414 ug/mL of capsa-

icin.
2. Result of the dose setting test

In the dose setting test, no abnormalities of general symp-
toms and death of animals by the test substance, CP, were
observed at all doses in both sexes. In addition, during the
observation period, no statistically significant changes in body
weight were found in all doses of the CP group compared with
the negative control group. Therefore, the maximum dose of
this test was set to 0.2 mL/animal. Then, a geometric ratio of 2
was applied and CP groups with doses of 0.1 and 0.05 mL/ani-
mal were set. In addition, a negative control group and a posi-

tive control group were set.

3. Micronucleus test in mice

1) Effects of CP on the general health and body weight of
the animals
During the observation period, there were no abnormal
changes in the general appearance in the CP-treated group, at
all doses (0.05, 0.1, 0.2 mL/animal) (Table 2). During the obser-
vation period, no statistically significant change in body weight
was observed for any doses of CP in comparison with the nega-

tive-control group (Table 3).

2) Effects of CP on the incidence of MNPCE in PCE and
the ratio of PCE to total erythrocytes

There was no significant difference between the CP group
and the negative-control group in terms of the incidence of
MNPCE in PCE. In addition, the ratio of PCE to total erythro-
cytes in the test substance groups was not significantly differ-
ent from that in the negative-control group. The incidence of
MNPCE in PCE increased statistically significantly (p < 0.01) in
the positive-control group compared with the negative-control
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Figure 2. Quantitative analysis of capsaicin component of CP. The calibration curve (E) was calculated by analyzing the capsaicin standard (STD)
at four concentrations, 200 pg/mL (A), 400 pg/mL (B), 600 ug/mL (C), and 1,000 pg/mL (D). The capsaicin content of CP was calculated based

on the calculation of the capsaicin content of CP100, 100 times of CP (F).

Table 2. Clinical signs of main study in male ICR mice

Clinical signs
Dose Number 1st dosing 2nd dosing
Group L/animal) of animal Route 1 day after
(mL/animal) of animals Immediately 2 hours Before  Immediately  2hours 4 o
after dosing after dosing dosing after dosing  after dosing
Negative control 0 5 [.M. - - - - - -
(normal saline)
CP 0.05 B .M. - - - - -
0.1 5 .M. - - - - -
0.2 5 .M. - - - - -
Positive control 2 mg/kg 5 L.P. - - -
(MMC)

I.M., intramuscular; I.P., intraperitoneal; MMC, mitomycin C; -, no observable

group. The ratio of PCE to total erythrocytes in the positive-
control group was not significantly different from that in the
negative-control group (Table 4).

The frequency of occurrence of MNPCE in the negative
control group was within the range of historical control data

and 95% of historical control data. In addition, the frequency of
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abnormality.

MNPCE in the positive control group was within the manage-
ment range of the historical control data (Table 5) and increased
statistically significantly (p < 0.01) compared with the negative
control group; therefore, it was judged that this test was con-

ducted under appropriate test conditions.
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Table 3. Changes in body weight of mice in the in vivo micronucleus test

Dose Body weight (g)
Group ) Route
(mL/animal) Before 1st dosing 1 day after 2nd dosing

Negative control (normal saline) 0 I.M. 35.1+1.37 343+1.63
CP 0.05 I.M. 35.1+1.16 343+1.12

0.1 I.M. 35.0+1.75 35.1+155

0.2 I.M. 34.9+0.84 345+ 1.28
Positive control (MMC) 2 mg/kg I.P. 35.0+1.33 345+ 1.41

I.M., intramuscular; I.P., intraperitoneal; MMC, mitomycin C. Data are presented as mean + S.D. (standard deviation).

Table 4. Ratio of polychromatic erythrocytes (PCE) to total erythrocytes in male mice in in vivo micronucleus test

Group (mL?:r‘:‘i‘:nal) 0?:::&215 Route '12‘:::2:;’ PCE (PCE + NCE) MNPCE,/PCE
Negative control 0 5 I.M. 24 Total 781/2,500 5/10,000
(normal saline) % (Mean + S.D.) 31.2£3.05 0.025 + 0.025
CP 0.05 5 .M. 24 Total 737/2,500 8/10,000
% (Mean + S.D.) 29.5 + 1.89 0.040 + 0.029

0.1 5 .M. 24 Total 803/2,500 9/10,000
% (Mean + S.D.) 32.1+2.64 0.045 +0.021

0.2 5 .M. 24 Total 865/2,500 11/10,000
% (Mean + S.D.) 30.9 +2.10 0.040 + 0.029

Positive control 2 mg/kg 5 I.P. 24 Total 794/2,500 1,200*/20,000
(MMC) % (Mean +S.D.) 31.8+3.08 6.000 + 0.907

I.M., intramuscular; I.P., intraperitoneal; MNPCE, micro nucleated polychromatic erythrocytes; PCE, polychromatic erythrocytes; NCE, normochromatic
erythrocytes; MMC, mitomycin C; S.D., standard deviation. Significant difference from negative control by Mann-Whitney test: *p < 0.01.

Table 5. Historical control data

Historical control values of micronucleated polychromatic erythrocyte (MNPCE)

Group Hour.s after Dose MNPCE/PCE (%) Range [MNPCE/PCE] (%) 95% control limit”
dosing (h) (mg/kg) (Mean £ S.D.) MIN MAX [MNPCE/PCE]
Negative control 24 0 32 0.042 £ 0.019 0.007 0.077 <13
Positive control 24 2 32 6.119+1.275 4,988 7.250
Historical control values of ratio of polychromatic erythrocyte (PCE) to total erythrocytes
Group Hour.s after Dose PCE/(NCE + PCE) (%) Range [PCE/(NCE + PCE)] (%)
dosing (h) (mg/kg) (Mean £ S.D.) MIN MAX
Negative control 24 0 32 30.66 + 3.006 25.96 35.36
Positive control 24 2 32 29.39 + 3.864 24.72 34.07

Negative control: Water for injection, Normal saline injection, Corn oil, 0.5% methyl cellulose 1500centipoise solution, 0.5% carboxymethylcellulose
sodium salt solution, etc.

Positive control: Mitomycin C (2 mg/kg, I.P., single dosing).

N : The total number of micronucleus test.

The above historical control values were obtained from the data pooled from Dec. 6, 2013 to Mar. 17, 2017.

The range was calculated by the control limit of

The range was calculated by the control limit of X-R value.

®Poisson-based 95% control limits of the historical negative control data.
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The safety and efficacy of herbal medicine used in TCM and
KM have been proven over the long term through clinical ex-
perience, but some studies have reported side effects and safety
concerns for herbal medicines [21, 22]. Non-clinical toxicity
assessment of medicinal plants and herbal medicines serves
as the basis for proving the safety of these drugs, and is also a
necessary study for approval of clinical trials [17-19, 23]. There-
fore, it is very important to test herbal medicines scientifically
for toxicity. In KM, a variety of pharmacopuncture medicines
are currently used in traditional clinics and a large number of
pharmacopuncture medicines have been developed, based on
various literature reports and clinical experience. In the case
of pharmacopuncture, the treatment route is via acupuncture
point administration rather than oral administration; therefore,
there is a need to perform a toxicity evaluation study to prepare
a scientific and public trust foundation and assess the safety of
this fairly new pharmacopuncture medicine.

This study was performed to investigate the potential of CP
to induce micronuclei in mouse bone marrow cells when CP
was administered twice at 24-hour intervals, intramuscularly, in
ICR mice. The micronucleus test allows detection of mutagenic
substances, as it evaluates changes in the equal distribution of
chromosomes during cell division [17, 19, 23, 24]. In this study,
the micronucleus test in male ICR mice did not show signifi-
cant increases in the frequency of micronuclei at any dose of CP
compared with the negative-control group. Based on the results
of this study, CP did not appear to induce micronuclei forma-
tion in mouse bone marrow cells.

In this study, a micronucleus test was performed using
8-week-old ICR male mice bone marrow cells. In order to set
the micronucleus test dose, CP at doses of 0.2, 0.1, and 0.05
mL/animal was administered into the muscles of the mice
twice at 24-hour intervals, and no abnormalities of general
symptoms, statistically significant changes in body weight, and
animal deaths caused by the test substance, CP, were observed
at all doses. Therefore, the micronucleus test dose group of CP
was set to 0.2, 0.1, and 0.05 mL/animal and administered to
the muscles of the mice twice at 24-hour intervals, and the fre-
quency of MNPCE was measured by collecting bone marrow
24 hours after the second administration of the test substance.

The results showed that there was no significant difference in
the frequency of MNPCE in all test groups compared with the

negative control group administered with normal saline, and
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no significant difference was observed in the ratio of PCE to
total red blood cells compared with the negative control group.
However, in the positive control group administered with mito-
mycin C, the frequency of occurrence of MNPCE among PCEs
was significantly increased compared with that of the negative
control group, and the ratio of PCE to total erythrocytes de-
creased significantly compared with the negative control group.

CP was developed to treat neuropathic pain and musculo-
skeletal diseases especially by utilizing the capsaicin component
contained in red pepper. Through quantitative analysis with a
calibration curve using a capsaicin standard of 200, 400, 600,
and 1,000 pg/mL, it was confirmed that the capsaicin content
of CP100 was 141.363 pug/mL. CP used in actual KM clinical
practice is diluted to 1/100, which made it difficult to directly
identify the capsaicin components, but based on the result for
the capsaicin content of CP 100 it can be expected that the cap-
saicin contained in CP is 1.414 pg/mL.

Through the above results, it was determined that the mi-
cronucleus induction of the test substance, CP, against mouse
bone marrow cells was negative under this test condition. CP is
usually used at 1 mL for a 60 kg adult (about 0.94 mg/kg) at one
time, and the 0.2 mL/animal dose used in this study is 380 mg/
kg, which is 404 times more than the actual clinical use of CP.
This result can be regarded as evidence for securing the safety
of the use of CP in clinical settings.

Further studies on the long-term effects and effects of mul-
tiple doses of CP are needed before pharmacopuncture with CP
can be established as an effective treatment method for patients
with pain. If additional toxicological studies, such as in vitro
chromosomal abnormality testing and in vitro mouse lympho-
ma TK analysis, as well as additional studies related to confirm-
ing the safety of CP in the human body can be conducted, the

safety of using CP in clinical practice can be firmly established.

In conclusion, our toxicity study demonstrated that CP did
not show any indication of inducing micronuclei formation
in mouse bone marrow cells. Thus, CP may be safe for use in
pharmacopuncture treatment of patients in traditional medi-
cine clinics. Although safety was confirmed in this animal ex-
periment, further studies are needed to confirm its safety in the

human body.
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