
Background: This study aimed to assess the toxicity of capsaicin (CP) pharmacopunture in an animal model. 
Methods: The toxicity of a single-muscular dose of CP (45.45 mg/mL) was evaluated in 6-week-old male and 
female Sprague-Dawley rats. A total of 20 rats were assigned to 2 groups which were sex and weight matched. 
All rats acclimatized for 1 week before receiving 1.0 mL of CP (45.45 mg/mL) or normal saline solution 
(control) intramuscularly. The general condition and mortality of the animals were observed. The rats were 
sacrificed 2 weeks after CP was administered and histopathology was performed. 
Results: No abnormal symptoms or deaths were observed, and there was no difference in body weights 
between the CP and control groups throughout the study. No significant differences in histopathology were 
observed between the groups. 
Conclusion: No toxicological changes related to the administration of CP were observed. This study 
indicated that the safe dose of CP in Sprague-Dawley rats was 1.0 mL of CP (45.45 mg/mL) or less. Further 
studies are needed to confirm the safety of CP in the human body.
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Introduction

The safety and efficacy of herbal medicine used in traditional 
Chinese medicine (TCM) and traditional Korean medicine (TKM) 
have been proven long-term through clinical experience, however, 
some studies have reported side effects and safety concerns 
of herbal medicines [1,2]. Therefore, it is very important to 
scientifically test herbal medicines for toxicity.

Pharmacopuncture is a new method of acupuncture involving 
the injection of herbal medicine (TCM and TKM), and is often 
used to provide rapid analgesia in clinical practice because it can 
deliver relief faster than oral administration [3,4]. 

Capsaicin (CP) pharmacopunture is a medicine mainly 
containing red pepper based on V pharmacopunture. The 9 herbs 
included in CP pharmacopunture medicine are Capsicum annuum 
L., Moschus, Ursi Fel, Bovis Calculus, Scutellaria baicalensis, 
Phellodendron amurense, Pulsatilla koreana, Sophora tonkinensis, 
and Aucklandia lappa. V pharmacopunture includes Moschus, 

Bovis Calculus and Ursi Fel, and has proven safety and efficacy 
through long-term clinical experience, toxicity evaluation, efficacy 
studies (such as anti-inflammatory and antioxidant effects), 
and clinical reports [5-9]. It was developed to treat neuropathic 
pain such as nerve entrapment and neurosensory abnormalities, 
myofascial pain, and hypertrophy by utilizing the capsaicin 
component contained in red pepper. 

Capsaicin is a water-insoluble derivative of homovanillic acid 
[10] and the main active ingredient in capsicum fruits. It has 
been reported to be effective in treating inflammatory disorders 
(such as psoriasis and rheumatoid arthritis) [11], neuropathic 
pain (such as diabetic neuropathy), postherpetic neuralgia, and 
cluster headaches [12], urinary system diseases [13], obesity [14], 
vulvovaginal pain syndrome [15], cancer [16,17], and skin diseases 
[17,18].

Although CP pharmacopuncture is based on V pharmacopuncture, 
which has been verified for safety, there have been no systematic, 
scientific, clinical or experimental studies on the efficacy and 
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safety of CP, with the exception of 1 case report of patients with 
hypoesthesia of lower limb [19]. 

Whilst the safety of CP pharmacopuncture has been confirmed 
by clinical experience, before it is widely used in TKM clinics, 
further scientific verification of its efficacy and safety is 
needed. This begins with animal studies where the safety of CP 
pharmacopuncture can be investigated. In this study a single-
dose of CP pharmacopuncture was delivered using intramuscular 
injection in Sprague-Dawley (SD) rats to test CP toxicity.

Material and Methods

Materials

CP consists of 9 herbs: Capsicum annuum L. (11 mg/mL), 
Moschus (0.1 mg/mL), Ursi Fel (0.075 mg/mL), Bovis Calculus 
(0.05 mg/mL), Scutellaria baicalensis (10 mg/mL), Phellodendron 
amurense (10 mg/mL), Pulsatilla koreana (10 mg/mL), Sophora 
tonkinensis (10 mg/mL), and Aucklandia lappa (5 mg/mL). 

Moschus, Ursi Fel, and Bovis Calculus were extracted at 65°C 
using water and alcohol (v/v = 1:1) for 24 hours. The alcohol was 
removed using a vacuum pressure concentrator at 45°C. Other 
raw materials were distilled using a low-temperature vacuum 
extractor with purified water for injection. After mixing the 
extracted products, it was diluted with purified water and filtered 
sequentially using Whatman No. 2 filter paper, 5 µm, 0.45 µm, and 
0.2 µm cellulose acetate filter. Salt was added, and the CP solution 
was pH titrated. 

CP was manufactured as the finished product (45.45 mg/mL 
in a sealed vial) at an extramural facility, Namsangcheon Herbal 
Medicine Dispensary (Yongin, Korea) meeting Korean Good 
Manufacturing Practice standards. Normal saline solution (JW 
Pharmaceutical Co., Ltd., Korea) was used as a control in this 
study.

Experimental animals

For this study, 6-week-old male and female SDrats (Orient Bio 
Inc. Seongnam, Korea) were used. On the day the animals arrived 
in the animal facility, a visual inspection was performed and their 
body weights were recorded using an electronic scale (CP3202S, 
Sartorius, Gottingen, Germany). The body weights ranged between 
185.9-204.9 g for the males and 137.0-163.9 g for the female rats.

During 1 week of acclimatization, the general condition of the 
rats, was checked daily, and all rats were judged to be normal. Rats 
were housed under controlled environmental conditions with an 
ambient temperature of 20.4-21.5°C, relative humidity of 46.3-
64.6%, ventilation 10 - 15 times/hour, 12-hour/12-hour light/dark 
cycle, illuminance of 150-300 Lux, and free access to water and 
food (Teklad Certified Irradiated Global 18% Protein Rodent Diet 
2918C, Envigo, Huntingdon, UK). After the acclimatization period, 

the rats were divided into 2 groups (control and experimental). 
Animals in this study were treated according to the Korean 

National Institute of Health and the Korean Academy of Medical 
Sciences guidelines (Biotoxtech study number B18663) at 
Biotoxtech (Cheongwon, Korea) where Good Laboratory Practice 
regulations [20-22] were adhered to. Approval for this study 
was granted from the Institutional Animal Ethics Committee of 
Biotoxtech (180554).

Single-dose intramuscular toxicity test of CP in SD rats 

The target tissue for CP was muscle, so the rats were injected 
intramuscularly. The anticipated clinical dose of CP was 0.1 to 1.0 
mL according to preliminary testing (Biotoxtech study number 
B18663P1) where no mortality was observed after an intramuscular 
injection with 1.0 mL of CP. Based on the preliminary testing, 
the dose of CP was 1.0 mL (G2) and the same amount of saline 
solution was administered in the control group (G1; Table 1). 
There were 10 male and 10 female rats selected with a body weight 
closest to the average body weight. G1 and G2 were sex and body 
weight matched and injected intramuscularly with 0.5 mL into the 
left and right femur muscle.

On Day 0, the day of injection, the general condition of the rats 
were observed and types of toxic indications, toxicity expression, 
recovery times, and any deaths were recorded 30 minutes, and 1, 
2, 4, and 6 hours after CP pharmacopuncture or saline injection. 
From Day 1 to Day 14, all rats were observed once daily for their 
general condition. All rats were weighed before injections on Day 0, 
and after injections on Days 3, 7, and 14.

After the observation period, all animals were euthanized by 
anesthetizing with CO2 and exsanguinating through the abdominal 
aorta. A detailed visual inspection of organs and tissues of the 
whole body was performed. Following which the organs and 
tissues were removed, autopsied, and fixed in 10% neutral buffered 
formalin solution. For the injection site, fixed organs and tissues 
were subjected to general tissue processing such as cutting, 
dehydration and paraffin embedding, and tissue sections were 
prepared and sliced, followed by Hematoxylin and Eosin (H&E) 
staining. The remaining organs and tissues were preserved in 10% 
neutral buffered formalin solution. Histopathological examination 
was performed on organs and tissues. A local tolerance test was 
performed on the administration site of all rats.

Statistical analysis 

Body weight analysis, before and after the single-dose 
intramuscular toxicity test was performed using SAS (Version 9. 
3, SAS Institute Inc., NC, USA). Equal variance was determined 
using the Folded-F test, and statistical significance (p < 0.05, p < 
0.01) was determined using the Student’s t test. 

Group Dose
(mL/animal)

Dose amount 
(mL/animal)

No. of animals (subject no.)

Male Female

G1 Control
(normal saline) 0 1.0 5 (1,101–1105) 5 (2,101–2105)

G2 CP 1.0 1.0 5 (1,201–1205) 5 (2,201–2205)

CP, capsaicin containing pharmacopuncture medicine.

Table 1. Single-dose Intramuscular Toxicity Tests in SD Rats.
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Results

Effects of CP pharmacopuncture on the general health, body 
weight and morbidity of the animals

During the observation period, no deaths, abnormalities, general 

symptoms of ill-health were observed in the 1.0 mL of CP-treated 
and control group of rats (Tables 2 and 3).

During the experiment, male rat weights in the CP and the 
control group changed from 194.7 ± 6.8 g (G1) and 192.8 ± 7.4 g 
(G2) to 316.9 ± 11.7 g (G1) and 314.2 ± 34.5 g (G2), respectively. 
In female rats the weights changed from 150.2 ± 10.7 g (G1) and 

Sex
Group/
dose 
(mL/animal)

No. of 
animals

Days after dosing
Mortality

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Male

G1
0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5

G2
1.0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5

Female

G1
0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5

G2
1.0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5

CP, capsaicin.

Table 2. Effects of CP Pharmacopuncture on Mortality in Single-dose Intramuscular Toxicity Tests in SD Rats. 

Sex
Group/
Dose 

(mL/animal)

No. of 
animals Clinical sign

Days after dosing

0.5 1 2 4 6

Male

G1
0 5 NOA 5 5 5 5 5

G2
1.0 5 NOA 5 5 5 5 5

Female

G1
0 5 NOA 5 5 5 5 5

G2
1.0 5 NOA 5 5 5 5 5

Sex
Group/

dose 
(mL/animal)

No. of 
animals

Clinical 
sign

Days after dosing

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Male

G1
0 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 5 5

G2
1.0 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 5 5

Female

G1
0 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 5 5

G2
1.0 5 NOA 5 5 5 5 5 5 5 5 5 5 5 5 5 5

CP, capsaicin; NOA, no observable abnormality.

Table 3. Effects of CP Pharmacopuncture on Clinical Signs in Single-dose Intramuscular Toxicity Tests in SD Rats.
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Sex Group/
dose (mL/animal)

Days after dosing Gain (g)
0–14

0 3 7 14

Male

G1
0

Mean 194.7 222.7 258.0 316.9 122.2

SD 6.8 9.6 11.0 11.8 6.3

N 5 5 5 5 5

G2
1.0

Mean 192.8 218.7 254.2 314.2 121.4

SD 7.4 12.4 19.2 34.5 28.7

N  5 5 5 5 5

Female

G1
0

Mean 150.2 164.0 178.7 197.0 46.8

SD 10.7 15.6 19.4 31.7 21.2

N 5 5 5 5 5

G2
0

Mean 151.1 168.3 186.6 211.4 60.2

SD 6.9 9.0 9.4 12.3 5.8

N  5 5 5 5 5

Statistical evaluation was performed on body weight using SAS (Version 9. 3, SAS Institute Inc., NC, USA). First, the equipotential was tested using the Folded-F test, and equal variance 
was observed, and then performed the Student’s t test (p <0.05).
CP, capsaicin.

Table 4. Effects of CP Pharmacopuncture on Mean Body Eeight in Single-dose Intramuscular Toxicity Tests in SD Rats.

Effects of the CP on histology of the injection sites

As a result of a local tolerance test on the femur muscle injection 
site of the male or female rats in the CP-treated and control groups, 
there were no histological changes related to the test substance, CP 
[1.0 mL of CP (45.45 mg/mL)], in this study.

Discussion

Pharmacopuncture has been widely applied, especially for 
musculoskeletal disorders in TKM [23]. A study of serious 

Fig. 1. Effects of CP pharmacopuncture on the body weights of male (A) and female (B) SD rats.
Values are expressed as mean ± SD (n = 5). Statistical evaluation was performed on body weight using the Student’s t test (p < 0.05).
CP, capsaicin.

151.1 ± 6.9 g (G2) to 197.0 ± 31.7 g (G1) and 211.4 ± 12.3 g (G2), 
respectively. However no statistically significant changes in body 
weight were associated with CP pharmacopuncture (Fig. 1; Table 
4).

Effects of the CP on visual autopsy findings

During the autopsy, no significant visual findings were observed 
in organs and tissues throughout the body of male and female rats 
in the the CP-treated or control groups. 
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adverse events (AEs) reported in the use of pharmacopuncture 
and acupuncture in musculoskeletal  diseases indicated 
that the incidence of AEs associated with acupuncture and 
pharmacopuncture treatment was low, and in most cases were 
not severe [24]. Various herbal medicines delivered through 
pharmacopuncture have been used in clinical practice in TKM and 
many more medicines are being developed. In the case of newly 
developed pharmacopuncture, in addition to efficacy evaluation 
studies, toxicity evaluation will demonstrate the safety of the herbal 
medicine formulation and meet the requirements for clinical trial 
approval [20-22,25]. 

CP is a pharmacopuncture medicine developed for the 
treatment of musculoskeletal diseases. Although the safety of 
pharmacopuncture used in musculoskeletal disorders has been 
reported, it is necessary to provide scientific evidence of toxicity 
testing for CP pharmacopuncture. In this study a single-dose 
toxicity for CP (1.0 mL of CP at a concentration of 45.45 mg/mL), 
was performed in SD rats.

The single dose toxicity test study qualitatively and quantitatively 
determines toxic phenomena occurring within a short time after 
a single administration of the test substance in a single dose, to 
confirm a fixed safe dose which does not cause adverse events or is 
life threatening to the animal [26,27]. Due to the potential for the 
occurrence of gender-related differences in toxic symptoms per 
drug [28,29], 1 or more animals of both sexes should be evaluated 
for toxicity. 

In this study, 10 male and 10 female SD rats were used. For 14 
days after the administration of the CP pharmacopuncture or 
normal saline injections, general conditions such as types of toxic 
indications, toxicity expression and recovery times, any deaths, 
and body weight were observed. Following euthanasia, an autopsy 
and local examination of the administration site were performed. 
As a result, changes in general condition, weight, and histology 
due to a single dose intramuscular injection of CP, in male and 
female rats were not observed. In addition, changes in tissues and 
organs, mortality or abnormalities due to the injection of CP were 
not observed in any rats. There were no significant differences in 
body weight change during the observation period of 14 days after 
CP pharmacopuncture. Thus, CP pharmacopuncture in 1.0 mL (at 
a concentration of 45.45 mg/mL) seems to be safe for rats.

CP pharmacopuncture is administered at a dose in a volume 
of 1.0 mL or less in clinical practice of TKM, however, studies on 
toxicity and AEs have not been officially reported. This study is 
the first study on the toxicity of CP in an animal study, however, 
this study investigated toxicity with only a single dose over a short 
observation period of 14 days. Therefore, additional toxicology 
studies such as the micronucleus test and the mouse lymphoma 
assay, as well as further studies on long-term and multiple dose 
effects, will be required in order to ensure the safety of CP 
pharmacopuncture.

Conclusion

This study showed no differences in mortality or abnormal 
clinical signs, weight changes, necropsy and histopathological 
findings between test and control groups of rats demonstrating 
a safe and non-toxic dose of CP pharmacopuncture in SD rats 
was less than 1.0 mL of CP at a concentration of 45.45 mg/mL. 
Although the safety of CP pharmacopuncture was confirmed in 
this animal study, further studies are needed to confirm the safety 
of CP in the human body.
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