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Abstract: Platycodi radix is widely used in traditional herbal medicine for the treatment of bronchitis, asthma, pulmonary tubercu-
losis, hypertension, hyperlipidemia, and diabetes. This study aimed to investigate cell proliferation (Ki-67) and apoptosis (Caspase-3) 
potential in squamous cell hyperplasia of the stomach induced by a Platycodi radix water extract in a subchronic toxicity study. One 
hundred formalin-fixed, paraffin-embedded stomach tissues of rats treated with Platycodi radix at doses of 0, 500, 1,000, and 3,000 
mg/kg body weight/day were used for the analysis. They were conventionally stained using hematoxylin and eosin (H&E) and immu-
nohistochemically (IHC) stained using caspase-3 and Ki-67 antibodies. The incidence of squamous cell hyperplasia was significantly 
increased in the 3,000 mg/kg b.w./day treatment group in both sexes (p<0.01). However, the hyperplastic change was completely re-
paired after 4 weeks of recovery period. Ki-67 expression was similar in all groups, with no statistically significant differences among 
the groups. Caspase-3 expression was significantly increased in both sexes in the 3,000 mg/kg b.w./day treatment group (p<0.01), 
compared with the vehicle control groups, and then reduced to normal levels in the recovery groups in both sexes. In conclusion, this 
study showed that squamous cell hyperplasia induced by the Platycodi radix water extract in the limiting ridge of the stomach is not 
considered to be abnormal proliferative change; as a result, squamous cell hyperplasia is considered to be a non-adverse effect when 
induced by the oral administration of the Platycodi radix water extract once daily for 13 weeks in rats. (DOI: 10.1293/tox.2021-0003; 
J Toxicol Pathol 2022; 35: 45–52)
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Introduction

Lesions of the non-glandular stomach have increas-
ingly attracted attention due to frequent findings in non-
clinical toxicity studies. This is attributed to local irritation 
caused by gavage during the administration of a test article. 
The stomach of rodents are divided into non-glandular and 
glandular portions that are separated by the limiting ridge1. 
The function of the non-glandular stomach is the storage 
and predigestion of food. Histologically, the non-glandular 

stomach is covered with stratified squamous epithelium. In 
addition, the limiting ridge becomes gradually more thick-
ened than the adjacent squamous mucosa, especially when 
induced by nongenotoxic irritating compounds that act spe-
cifically on this site. Squamous cell hyperplasia in the limit-
ing ridge of the stomach is relatively common in oral gavage 
studies where the test article has an irritating effect1.

Platycodi radix is the root of Platycodon grandiflorum 
(Jacq.) A. DC., which is widely grown in northern Asia, 
China, Korea, Japan, and East Siberia2, 3 and it is typically 
used as a component for preparing salads, cold soups, and 
sauces in Asia4. Platycodi radix has been generally used 
in traditional herbal medicine for bronchitis, asthma, pul-
monary tuberculosis, hypertension, hyperlipidemia, and 
diabetes5–7. The local irritating effect is presumably potenti-
ated by the increased duration of exposure associated with 
intragastric storage and increased contact, when a test ar-
ticle precipitates in the gastric compartment. Squamous cell 
hyperplasia was consistent with proliferation or thickening 
of the stratum spinosum, often associated with a thickened 
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keratin layer1. In certain rodent carcinogenicity studies8, 9, 
especially when the test compound was administered by ga-
vage, tumor induction was found in the non-glandular stom-
ach of rodents. In time-sequence studies, the pathogenesis 
appears frequently after initial necrosis and inflammation, 
with the occurrence of hyperplasia of squamous cells and/
or acanthosis-hyperkeratosis, papilloma, and squamous cell 
carcinoma, with increasing concentration and/or time of ex-
posure.

The proliferative activity of any tissue or neoplasm can 
be determined by its growth rate and by using antibodies di-
rected against specific antigens, allowing the simultaneous 
analysis of cell proliferation and histology. Abnormal cell 
proliferation appears to be a possible predictor of tumori-
genesis. Because Ki-67 protein level is closely related to cell 
proliferation, it can be used as a biomarker for indicating 
the growth of most proliferative lesions10. The expression of 
Ki-67 protein is strictly associated with cell proliferation, 
and this antigen can be detected in the nucleus. The fact that 
the Ki-67 protein is present during all active phases of the 
cell cycle (G1, S, G2, and mitosis) but absent from resting 
cells (G0) makes it an excellent marker for determining the 
growth fraction of a given cell population11–13.

Immunostaining using antibodies against the Ki-67 
antigen has been well established as a quick and efficient 
method for evaluating growth fractions of various tissue 
types, including squamous epithelium, because of its dis-
tinctive reaction patterns that exclusively involve proliferat-
ing cells14.

Cleaved Caspase-3, the active form of Caspase-3, is a 
well-known marker of apoptosis in cells15. Activated Cas-
pase-3 is the main executor of the apoptosis mechanism and 
results in the cleavage of multiple cytoplasmic and nuclear 
proteins16, 17. The determination of Caspase-3 level is a sim-
ple, reliable, and precise method for recognizing apoptosis 
in the early stages18, 19.

This study investigated the proliferation (Ki-67) and 
apoptosis (Caspase-3) potential of the squamous epithelium 
of the limiting ridge of the stomach in a subchronic toxic-
ity study of the Platycodi radix water extract after repeated 
oral administration to Sprague–Dawley (SD) rats. Further-
more, we interpreted the relationship between Ki-67 and 
Caspase-3 expression and squamous cell hyperplasia in the 
limiting ridge of the stomach in the main treatment groups. 
Thus, we determined the proliferation tendency of squa-
mous cell hyperplasia of the limiting ridge in the stomach 
induced by the Platycodi radix water extract in SD rats.

This article focuses on the reversibility assessment us-
ing immunohistochemistry endpoints (Caspase-3 and Ki-
67) for the Platycodi radix water extract-induced gastric 
finding that was published in the Journal of Ethnopharma-
cology by Cha et al3.

Materials and Methods

Preparation of Platycodi radix water extract
Platycodi radix was collected in Korea, and discrimi-

nation of this plant was conducted by forming a herbal drug 
identification advisory committee. Platycodi radix water 
extract powder (Lot No. 2016-CUDP001) was supplied by 
the Marine Bio Industry Research Center of Daegu Catholic 
University (Daegu, Republic of Korea). Water was added 
twice to the Platycodi radix and refluxed for 2 h at 100 
°C. The water extract was concentrated under vacuum and 
freeze-dried to obtain the final extract. Platycodin D content 
of the Platycodi radix water extract was measured using 
high-performance liquid chromatography (HPLC) systems 
with evaporative light scattering detection. A 100 mg/mL 
Platycodi radix water extract was used for experiments with 
the above conditions which was performed three times, and 
the Platycodi radix water extract showed an average content 
of 0.370% and the relative standard deviation (RSD) was 
superior to less than 5%3. The Platycodi radix water extract 
powder was prepared by suspension in sterile water (Daihan 
Pharm. Co., Seoul, Republic of Korea) for injection accord-
ing to the doses of each group assigned in the repeated dose 
toxicity studies before administration.

Experimental animals and treatment
Specific pathogen-free 5-week-old Sprague–Daw-

ley (Crl:CD(SD)) rats were used and included 50 animals 
of each sex. These animals were obtained from Orientbio 
Inc. (Seongnam-Si, Republic of Korea). The animals were 
housed in a room maintained at a temperature of 23 ± 3 °C 
and a relative humidity of 55 ± 15%, with artificial lighting 
from 08:00 to 20:00 h with a luminous intensity of 150–300 
Lux and 10–20 air changes each hour. To maintain even 
conditions, the cages were rotated clockwise once a month. 
The animals were provided irradiation-sterilized pellet feed 
(Teklad-certified irradiated global 18% protein rodent diet, 
2918C, ENVIGO, London, UK) purchased from Dooyeol 
Biotech, and groundwater, that was disinfected by an ultra-
violet sterilizer and ultrafiltration, was provided ad libitum.

The animals were administered 500, 1,000, and 3,000 
mg/kg b.w./day of Platycodi radix water extract for 13 weeks 
by oral gavage. The dose selection was based on the results 
of a preliminary 2-week repeated oral toxicity study (data 
not shown)3. This study also aimed to investigate the recov-
ery potential during a 4-week recovery period. The main 
groups consisted of 10 animals of each sex in each group, 
and the recovery groups consisted of 5 animals of each sex 
in the vehicle control and 3,000 mg/kg b.w./day group. The 
vehicle control group was administered sterile distilled wa-
ter only. According to the Organisation for Economic Co-
operation and Development (OECD) Test Guideline 40820, 
the dose volume was 10 mL/kg/day3.

This experiment was conducted at the facility of Che-
mOn Inc. in the Republic of Korea. The study protocol was 
approved by our Institutional Animal Care and Use Com-
mittee based on the Animal Protection Act, which is accred-
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ited by the Association for Assessment and Accreditation of 
Laboratory Animal Care International.

Samples
One hundred formalin-fixed, paraffin-embedded stom-

ach specimens were used for both histological and immuno-
histochemical (IHC) evaluations. The sections were cut to 
a thickness of approximately 3 µm using a rotatory manual 
microtome. Three serial sections were cut from each block, 
one was stained with hematoxylin and eosin (H&E), and the 
others were used for IHC staining. For IHC staining, sec-
tions were placed on coated slides with poly-L-lysine and 
incubated for 1 h at 60 °C in an incubator before staining. 
All histology slides were reviewed by two pathologists (Li 
and Kang) to confirm the diagnoses. Squamous cell hyper-
plasia of the non-glandular stomach was diagnosed accord-
ing to a study by Nolte et al1. Squamous cell hyperplasia 
of the limiting ridge was semi-quantitatively graded by ex-
amining the thickness of the squamous epithelium from the 
bottom of the rete pegs to the top of the keratinized layer as 
follows:

Normal - thickness less than approximately 100 µm.
Minimal (+1) thickness between more than 100 µm and 

less than 200 µm.
Mild (+2) thickness between approximately more than 

200 µm and less than 300 µm.

Immunohistochemical (IHC) assay
Sections were deparaffinized using xylene, rehydrated 

using graded alcohol, and then transferred and rinsed twice 
with phosphate-buffered saline (PBS, Dako, Glostrup, Den-
mark A/S). The epitopes were retrieved by heating the sec-
tions in a microwave in ethylene diaminetetraacetic acid 
(EDTA; pH 8.0; Invitrogen: REF 00550) for up to 5 min after 
boiling starts. After cooling, the slides were washed three 
times with PBS and treated with 3% H2O2 (Thermo Fisher 
Scientific, Kalamazoo, MI, USA: REF TA-125-H2O2Q) for 
10 min to block endogenous peroxidases. The protein was 
blocked with UltraVision Protein Block (Thermo: REF TA-
125-PBQ) for 7 min, followed by washing with PBS. The 
sections were then incubated overnight at 4 °C with prima-
ry antibodies, rabbit monoclonal antibodies against Ki-67 
(mouse Mki67; 1:200 dilution; PAB12127; Abnova, Taipei 
City, Taiwan) and rabbit polyclonal antibody against cleaved 
Caspase-3 (Asp175; 1:300 dilution; #9661S; Cell Signaling, 
Danvers, MA, USA). After that, the slides were rinsed gen-
tly three times with PBS and incubated for 10 min with the 
horseradish peroxidase (HRP)-labeled polymer conjugated 
with secondary antibody (Envision+System-HRP Labeled 
Anti-Rabbit, Dako K4003; Denmark A/S) at room tempera-
ture. The slides were washed thrice with PBS. Incubation 
with 3,3ʹ-diaminobenzidine tetrahydrochloride (DAB) was 
performed for 5 min at room temperature until a substrate 
chromogen solution produced a brown color. Finally, the 
slides were counterstained with Mayer’s hematoxylin, dehy-
drated, and mounted.

Lymph node specimens from SD rats were used as a 

positive control to confirm the sensitivity of the antibodies 
against cleaved Caspase-3 and Ki-67. Positive staining was 
observed in the germinal centers of apoptotic lymphocytes 
and reactivity to Ki-67 was observed in the lymphoid fol-
licles. The specificity of staining was checked using nega-
tive control slides, in which the primary specific antibodies 
were substituted with a buffer solution. The stomach speci-
mens, positive control, and negative control sections were 
processed in parallel.

Quantification of Immunohistochemistry
The appearance of brown precipitate in the cytoplasm 

and nucleus was taken as positivity. The cells with nuclear 
or cytoplasmic expression of Ki-67 and Caspase-3 were 
counted according to the staining results of the squamous 
epithelial cells of the limiting ridge. Areas that were poorly 
preserved, crushed, cauterized, folded, or retracted were 
specifically avoided at low-power magnification (×100). 
From the selected areas, three varied areas of non-overlap-
ping fields at 400× magnification were captured using a mi-
croscope digital camera. Images were subsequently printed 
for quantitative analysis, which was performed by an ob-
server blinded to the clinicopathological variables. Both 
positive and negative cells within the field were counted, 
and stromal or inflammatory cells were excluded. The per-
centage of Caspase-3- and Ki-67-expressing cells was de-
fined as the ratio between the cells that positively stained for 
Caspase-3 and Ki-67, respectively, per the total number of 
cells counted in each case.

Statistical analysis
SPSS 10.1 K was used for all statistical analyses (Chi-

cago, IL, USA). Data are presented as mean ± standard de-
viation (SD) and mean percentage of positive cells with 95% 
confidence intervals (CI). The level of significance was set 
at p<0.05, or p<0.01.

Caspase-3 expression was analyzed for significance us-
ing one-way analysis of variance (ANOVA) to compare the 
mean percentage of Caspase-3-expressing cells among the 
various study groups. The assumption of homogeneity was 
tested using Levene’s test21. If the assumption of homogene-
ity of variance was met, Duncan’s multiple range test was 
used as the post-hoc test22. If the assumption of homogene-
ity of variance was not met, Dunnett’s T3 test was used as 
the post-hoc test23. Fisher’s exact probability test was ap-
plied to the histopathological examination data24. Group 
comparisons were performed using the Student’s t-test.

Results

Histopathological examination
The stomach was thin-walled and separated into glan-

dular and non-glandular regions. Microscopically, the nor-
mal epithelium of the stomach had a solitary papillary fold 
(limiting ridge) at the junction between the non-glandular 
stomach and the glandular stomach (Fig. 1A). Squamous 
cell hyperplasia was evident in the limiting ridge of the 



Caspase-3 and Ki-67 Expression in Squamous Cell Hyperplasia48

stomach in the treatment groups. This squamous cell hy-
perplasia was characterized by thickening of the stratified 
squamous epithelium, hyperkeratosis, and elongated rete 
pegs. A few apoptotic cells were observed on the surface of 
stratified squamous epithelium, and the incidence of apop-
tosis did not increase in the treatment groups compared to 
the control group. However, papilloma-like projections and 
mitotic figures were not observed. Hyperplasia was not ac-
companied by dysplasia or cellular atypia. Furthermore, 
reactive changes, such as local erosion, ulceration, or in-
flammation, were not observed in the mucosa of the entire 
stomach (Fig. 1B).

Squamous cell hyperplasia of the limiting ridge in the 
stomach was observed in 3 and 2 cases in males and fe-
males, respectively, in the 1,000 mg/kg b.w./day treatment 
group and 7 cases each in males and females in the 3,000 
mg/kg b.w./day treatment group. The incidence of squamous 
cell hyperplasia in the stomach was significantly increased 
in the 3,000 mg/kg b.w./day group in both sexes. However, 

squamous cell hyperplasia was not observed in the recovery 
groups, indicating complete repair during the 4-week recov-
ery period (Table 1).

The test article induced adaptive non-adverse changes, 
centrilobular hepatocellular hypertrophy in the liver, and 
diffuse follicular cell hypertrophy in the thyroid gland3; 
however, they were not analyzed in this study.

IHC examination
Nuclear Ki-67 positivity was detected in all cases of 

the squamous epithelium of the stomach and was restrict-
ed to the basal layers of the squamous epithelium. Ki-67 
expression was similar in all groups, with no statistically 
significant difference between groups, including between 
normal epithelium and hyperplasia (<5%, data not shown).

Caspase-3 expression in the squamous epithelium was 
detected in all cases and was restricted to the spinous lay-
ers of the squamous epithelium of the stomach in all cases. 
Apoptosis was also observed on the surface of stratified 

Fig. 1. The normal epithelium of stomach was observed in a male of control group (A and C). The stomach was divided into the non-glandular 
(right) and glandular stomach (left). The limiting ridge had solitary papillary fold at the junction between non-glandular and glandular 
stomach. Squamous cell hyperplasia of limiting ridge (left) was observed in the stomach in a male of 3,000 mg/kg b.w./day treatment 
group (B and D). The squamous cell hyperplasia was evident in the limiting ridge of stomach and was characterized by thickening of the 
stratified squamous epithelium and hyperkeratosis. Caspase-3 expression were mainly located in the spinous layers of squamous epithe-
lium in the limiting ridge of stomach (C and D). Caspase-3 was highly expressed in the epithelium with squamous cell hyperplasia (D) 
than the normal epithelium (C). 

 A and B: H&E staining, C and D: Caspase-3 staining.
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squamous epithelium (Fig. 1C, 1D). The percentage of 
Caspase-3-expressing cells in each group is presented in 
Tables 2 and 3 and Fig. 2. Caspase-3 expression was sig-
nificantly increased in the 3000 mg/kg b.w./day treatment 
group in both sexes (p<0.01; Table 2) and then decreased in 
the recovery groups in both sexes (Table 3, Fig. 2).

A total of 60 individuals in the main groups treated 
with Platycodi radix water extract (20 males with normal 
epithelium, 10 males with squamous cell hyperplasia, 21 
females with normal epithelium, and 9 females with squa-
mous cell hyperplasia) were examined in the present study 
(Tables 1 and 4).

The percentage of Caspase-3-expressing cells with 
squamous cell hyperplasia of the limiting ridge of the stom-
ach accounted for 26.46% (n=10) in males and 27.48% (n=9) 
in females of the treated main groups, while Caspase-3 ex-
pression with normal squamous epithelium of the limiting 
ridge accounted for 11.98% (n=20) in males and 11.00% 
(n=21) in females of the administered main groups (Table 4; 
Fig. 2). Therefore, the percentage of Caspase-3-expressing 
cells showed a statistically significant increase (p<0.01) in 
the epithelium with squamous cell hyperplasia, compared 

with that in the normal squamous epithelium (Fig. 3).
The expression of caspase 3 and Ki-67 was analyzed in 

the glandular stomach, but significant differences were not 
observed among the groups (data not shown).

Discussion

It is required that the findings in nonclinical toxicity 
studies as either “adverse” or “non-adverse” be consistent 
and based on a clear scientific rationale. In current practice, 
however, it is often challenging to reliably determine how 
and why a particular biological response qualifies. In recent 
years, test article-induced effects in the non-glandular stom-
ach have increasingly attracted attention because they were 
frequently observed to be attributable to local irritation in 
oral administration toxicity studies.

The stomach of rodents is divided into the non-glan-
dular stomach and glandular stomach, which is different 
from other laboratory animal species and humans. The non-
glandular stomach is lined by stratified squamous epithe-
lium and functionally serves as a temporary storage organ. 
In addition, the non-glandular stomach is separated from 

Table 1. Incidence of Squamous Cell Hyperplasia in Limiting Ridge of the Stomach Affected by the Platycodi Radix Water 
Extract in SD Rats in Both Sexes

Group
Main Recovery

G1 G2 G3 G4 G1 G4
Number examined 10 10 10 10 5 5

Male

Squamous cell hyperplasia, limiting ridge
Minimal (+1) 0 0 3 2 0 0

Mild (+2) 0 0 0 5* 0 0
Total number of affected 0 0 3 7** 0 0

Female
Squamous cell hyperplasia, limiting ridge

Minimal (+1) 0 0 2 7** 0 0
Total number of affected 0 0 2 7** 0 0

*: p<0.05; **: p<0.01. 
G1: vehicle control group; G2: 500 mg/kg b.w./day: G3: 1,000 mg/kg b.w./day; G4: 3,000 mg/kg b.w./day.

Table 2. Comparison of Percentage of Cells Expressing Caspase-3 among the Main Groups Treated with Platycodi 
Radix Water Extract in SD Rats in Both Sexes

Groups
(N=10) Mean ± SD

95% CI for mean
Minimum Maximum SE

Lower bound Upper bound
Male
G1 11.73 ± 1.55 10.62 12.84 8.95 13.32 0.48
G2 11.22 ± 0.88 10.59 11.85 10.01 12.89 0.28
G3 15.98 ± 7.37 10.71 21.25 11.08 26.99 2.33
G4 23.48 ± 6.64** 19.80 27.16 15.38 30.63 1.63

Female
G1 10.09 ± 1.52 9.00 11.17 7.01 12.34 0.48
G2 11.10 ± 1.55 9.99 12.20 9.67 14.11 0.49
G3 13.89 ± 5.75 9.78 18.00 8.33 24.86 1.82
G4 23.76 ± 7.35** 18.36 29.15 11.90 30.45 2.38

**: p<0.01, SD: Standard deviation; CI: Confidence interval; SE: Standard error. 
G1: vehicle control; G2: 500 mg/kg b.w./day; G3: 1,000 mg/kg b.w./day; G4: 3,000 mg/kg b.w./day.



Caspase-3 and Ki-67 Expression in Squamous Cell Hyperplasia50

the glandular stomach by the limiting ridge1, 10. Exposure 
to the rodent non-glandular stomach by gavage resulted in 
the direct contact of a test article with keratinized squamous 
epithelium1, especially in the protruded structure of the lim-
iting ridge. Therefore, squamous cell hyperplasia can be a 
frequent observation which is attributed to local irritation 
caused by orally administered test articles in toxicity stud-
ies.

Traditional herbal medicines are believed to be safe 
because of the established history of natural product com-
pounds25, 26. However, concerns about their potential ad-
verse effects, such as hepatotoxicity and genotoxicity, have 
been increasingly described27, 28. Therefore, many efforts 
have been actively undertaken to prevent potential adverse 
effects arising from the misuse of herbal medicines that do 
not have accurate quality assessments or toxicity evalua-
tions. Furthermore, the potential subchronic toxicity of the 
Platycodi radix water extracts was previously investigated 
in SD rats by Cha et al3.

In the present study, repeated oral administration of the 

Platycodi radix water extract to SD rats resulted in an in-
creased incidence of squamous cell hyperplasia in the limit-
ing ridge of the stomach at dose levels of ≥1,000 mg/kg bw/
day in both sexes. Furthermore, the incidence of squamous 
cell hyperplasia was significantly increased in the 3,000 
mg/kg b.w./day group in both sexes. However, hyperplastic 
changes were not observed in the recovery groups, indicat-
ing complete repair after withdrawal of the Platycodi radix 
water extract for 4 weeks.

In this study, squamous cell hyperplasia was observed, 
showing consistent thickening of the stratum spinosum and 
hyperkeratosis. However, the polarity of differentiation to 
keratinocytes is orderly and complete, and evidence of cel-
lular atypia, dysplasia, and papillary projection were not ob-
served. In addition, reactive changes such as local erosion, 
ulceration, or inflammation were not observed.

As mentioned above, squamous cell hyperplasia in 
the limiting ridge of the stomach is considered an adaptive 
change to an irritating stimulus by gavage when the Platy-
codi radix water extract was used in the present study.

Tissue homeostasis is regulated by cell proliferation 
and apoptosis. The present study aimed to evaluate the 
expression of the proliferative marker Ki-67 and to iden-
tify apoptosis by cleaved Caspase-3 expression between 
the squamous epithelium with squamous cell hyperplasia 

Table 3. Comparison of Percentage of Cells Expressing Caspase-3 in the Recovery Groups in SD Rats in Both Sexes

Groups
(N = 5)

Male Female
Mean ± SD Minimum Maximum SE Mean ± SD Minimum Maximum SE

G1 11.80 ± 1.00 10.74 13.36 1.01 10.59 ± 1.74 8.61 13.10 1.74
G4 12.94 ± 1.85 10.85 14.98 1.85 11.04 ± 1.87 8.72 13.94 1.87

SD: Standard deviation, SE: Standard error, G1: vehicle control; G4: 3,000 mg/kg b.w./day

Table 4. Comparison of Percentage of Cells Expressing Caspase-3 between the Normal Epithelium and Epithelium with Squa-
mous Cell Hyperplasia in the Main Groups Treated with Platycodi Radix Water Extract in SD Rats in Both Sexes

N Mean ± SD Minimum Maximum SE
Male Normal epithelium 20 11.98 ± 1.92 8.00 18.86 0.35

Squamous cell hyperplasia 10 26.46 ± 2.09** 22.96 35.50 0.66
Female Normal epithelium 21 11.00 ± 1.65 7.50 19.20 0.30

Squamous cell hyperplasia 9 27.48 ± 2.31** 21.25 30.80 0.77

**: p<0.01; SD: Standard deviation; SE: Standard error.

Fig. 2. In the main group of both sexes, C aspase-3 expression 
was significantly increased in 3,000 mg/kg b.w./day (M-
G4) group than in control or any other treated group (M-
G1, M-G2, M-G3, **: p<0.01). No significant change in 
the recovery group was observed in 3,000 mg/kg b.w./
day (R-G4) compared to recovery control group (R-G1) of 
both sexes. M: main; G: group; R: recovery.

Fig. 3. Caspase-3 expression was significantly increased in the 
squamous cell hyperplasia (**: p<0.01) than in the normal 
epithelium in the stomach in both sexes.
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and normal squamous epithelium of the limiting ridge in 
the stomach. Cell proliferation markers have been used in 
several studies as diagnostic aids to understand biological 
behavior in many stages of the disease. Ki-67 is considered 
a classic marker of cell proliferation and is routinely used by 
pathologists. Furthermore, Ki-67 has been used in several 
studies to evaluate cell proliferation in different tumors of 
various origins13, 29, 30. The antibody against Ki-67 is now 
considered as the standard for the assessment of cell prolif-
eration and is extensively used to examine squamous epithe-
lium in humans14, 31. In this study, expression of the Ki-67 
protein was observed at the basal layers of the squamous 
epithelium of the stomach, where proliferation is a property 
of stem cells of the basal layers. Furthermore, Ki-67 expres-
sion was not significantly different between the treatment 
groups and control group, and in squamous cell hyperplasia 
and normal squamous epithelium in the stomach. Therefore, 
this study suggests that appropriate growth control of pro-
liferation exists in the squamous epithelium of the stomach 
in subchronic toxicity studies of the Platycodi radix water 
extract in SD rats.

Apoptosis is a well-known process of programmed cell 
death, which plays an important role in the development of 
multicellular organisms and in the maintenance of cellular 
homeostasis32. Many of the biochemical and morphological 
alterations that occur during apoptosis are a consequence 
of the breakdown of cells by a family of cysteine proteases 
called caspases, which cleave various substrate proteins that 
regulate programmed cell death (apoptosis). Evaluation of 
cleaved caspase-3 expression is a precise method for identi-
fying apoptosis17, 19, 33. In the present study, the expression of 
Caspase-3 protein was significantly increased in the 3,000 
mg/kg b.w./day treatment group compared to the vehicle 
control group in both sexes (p<0.01). The increase in the 
expression of Caspase-3 protein was in parallel with the his-
topathological result of squamous cell hyperplasia (p<0.05, 
p<0.01). Furthermore, the expression of Caspase-3 protein 
was significantly higher in the epithelium with squamous 
cell hyperplasia in the limiting ridge of the stomach in all 
treatment groups (male: 26.46%; female: 27.48%) than in 
normal epithelium (male: 11.98%; female: 11.00%) in both 
sexes (p<0.01). Therefore, it is suggested that increased 
Caspase-3 expression indicates increased apoptosis that 
eliminates hyperplastic squamous epithelium. Based on the 
above information, it can be concluded that squamous cell 
hyperplasia is not aggressive in behavior and does not have 
active proliferative activity.

Ki-67 expression was detected in regions similar to 
that of Caspase-3, and no statistically significant difference 
was observed in all groups. We have not investigated tis-
sue renewal cycle factors other than Ki-67 and Caspase-3, 
and have not examined other biological changes. However, 
the squamous cell hyperplasia in the limiting ridge may be 
related to the accelerated tissue renewal cycle and is con-
sidered to be an adaptive reaction to the physical stimulus 
of Platycodi radix water extract, rather than genetic events. 
This is because the lesion disappeared with the discontinua-

tion of the extract administration.
In conclusion, the squamous cell hyperplasia of the 

limiting ridge in the stomach induced by the Platycodi ra-
dix water extract was completely reversible following with-
drawal of the stimulation and did not show active prolifera-
tive potency and reactive changes, such as local erosion, 
ulceration, or inflammation. Therefore, squamous cell hy-
perplasia is considered a non-adverse effect of Platycodi ra-
dix water extract administration in SD rats after a 13-week 
repeated-dose oral administration, and the non-adverse ef-
fect in the stomach was confirmed using IHC endpoints.
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