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Abstract
Although radiotherapy is widely employed in the treatment of various malignancies in oncology patients, its use is limited 
by the toxic effects it causes in surrounding tissues, including the gastrointestinal system. Korean Red Ginseng (KRG) is 
a traditional drug reported to possess antioxidant and restorative properties in various studies. The purpose of the present 
study was to investigate the protective effects of KRG against radiation-associated small intestinal damage. Twenty-four male 
Sprague Dawley rats were randomly assigned into three groups. No procedure was performed on Group 1 (control) during 
the experiment, while Group 2 (x-irradiation) was exposed to radiation only. Group 3 (x-irradiation + ginseng) received 
ginseng via the intraperitoneal route for a week prior to x-irradiation. The rats were killed 24 h after radiation. Small intes-
tinal tissues were evaluated using histochemical and biochemical methods. An increase in malondialdehyde (MDA) levels 
and a decrease in glutathione (GSH) were observed in the x-irradiation group compared to the control group. KRG caused 
a decrease in MDA and caspase-3 activity and an increase in GSH. Our findings show that it can prevent damage and apop-
totic cell death caused by x-irradiation in intestinal tissue and can therefore play a protective role against intestinal injury 
in patients receiving radiotherapy.
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Introduction

The global death toll due to cancer is approximately 7.6 mil-
lion (Jemal et al. 2011). Radiotherapy, widely employed to 
kill cancer cells and shrink tumor cells, is performed on 50% 
of cancer patients and is known to exhibit therapeutic effects 
in 40% of patients (Delaney et al. 2005). Although radiation 
therapy is a successful technique in cancer patients, it can 
also harm surrounding cells since it is not selective (Bellïes 
et al. 2017). Studies have reported that radiotherapy also 

leads to damage in the gastrointestinal system (Mercantepe 
et al. 2019). Even low doses of radiation therapy applied for 
tumors in the pelvis, abdomen, and colorectal system induce 
chronic intestinal problems (Zhang et al. 2013; Suman et al. 
2017). Radiotherapy-related intestinal damage affects the 
treatment of various types of cancer and adversely impacts 
on quality of life (Lu et al. 2019).

Although the damage mechanism of radiotherapy is not 
yet fully understood, radiation is known to cause damage 
through an increase in reactive oxygen species (ROS) as 
a result of direct and indirect exposure of the target mol-
ecule to ionization (Broin et al. 2015). Studies show that an 
increase in ROS causes changes in antioxidant enzyme lev-
els by triggering oxidative stress. In addition, recent studies 
have shown that oxidative stress associated with an increase 
in ROS triggers caspase-dependent apoptosis by leading to 
damage in DNA (Cho et al. 2017; Mercantepe et al. 2019).

Korean Red Ginseng (KRG), used as a traditional 
medicinal plant in Asian countries in particular for many 
hundreds of years, is a phytotherapeutic agent contain-
ing phenolic acids, flavonoids, and triterpenoid saponins. 
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Studies have shown that ginseng possesses antibacterial, 
antiviral, antioxidative, antiapoptotic, antitumor, and 
immune modulatory properties (Park et al. 2009, 2012; Xu 
et al. 2011). KRG is also reported to be effective in vari-
ous forms of tissue damage, including radiation-related 
tissue injury (Verma et al. 2011). However, the effect of 
ginseng on small intestinal damage caused by x-irradiation 
is unknown.

This study examined the contribution of phytoprotective 
agents to antioxidant mechanisms in future novel therapeutic 
methods against oxidative stress and apoptotic cell injury 
caused by x-irradiation in the rat small intestine.

Materials and methods

Animals

Twenty-four male Sprague–Dawley rats weighing 280 ± 30 g 
and aged 14–16 weeks were obtained from the Recep Tayyip 
Erdoğan University Experimental Animals Application 
and Research Center (Rize, Turkey). The rats were housed 
under controlled conditions in 50–60% humidity, 22 ± 1 °C 
temperature, and a 12-h light:dark cycle. Ad libitum access 
was permitted to drinking water and standard pellet chow 
(Bayramoğlu, Erzurum, Turkey). Experimental procedures 
were carried out in accordance with the directives for the 
care and use of laboratory animals. The study protocol was 
approved by the Recep Tayyip Erdoğan University local 
animal care committee (Rize, Turkey, decision no. 2021/14 
dated 27.05.2021).

Experimental design

The rats were randomly assigned into a control group, an 
x-irradiation group, and an x-irradiation + ginseng group 
(n = 8). In Control (Group 1), only saline solution was 
administered intraperitoneally without any irradiation. (Uzal 
et al. 2012). Group 2 (the x-irradiation group) was exposed 
to a single dose of 6 Gy whole-body x-irradiation. Group 
3 (x-irradiation + ginseng) was exposed to a single dose 
of 6 Gy whole-body X-ray irradiation and a single dose of 
200 mg/kg Korean red ginseng was administered intraperi-
toneally a week prior to irradiation (Lee et al. 2013; Ullah 
et al. 2021).

All rats were sacrificed 24 h after irradiation, and their 
small intestinal tissues were successfully removed. One part 
of the small intestinal specimens was stored at − 80 °C for 
biochemical examination, and the other part was kept in 
10% formalin for histochemical and immunohistochemical 
examinations.

Abdominal irradiation

Prior to irradiation, rats were anesthetized using ketamine 
and xylazine and were fixed in a supine position by the legs 
and tail. The animals were irradiated from the posterior and 
anterior using a 1 cm bolus in a 20 cm × 40 cm field with 
a 6-MV isometric method. Photon radiation (X-Ray) was 
applied at a dose of 6 Gy at 6 MV a minute using a linear 
accelerator (Elekta Synergy; Elekta, Crawley, UK) and a 
CMS-XIO radiotherapy treatment planning system (ver-
sion 13.2) (Rakici 2020). Irradiation was carried out in our 
center’s radiation oncology department. The dose employed 
was set at 6 Gy in accordance with the dosage employed in 
previous studies (Zhang 2013).

Chemicals and extract

Irradiation and sacrification procedures were performed 
while the rats were under anesthesia. Anesthesia was 
induced with ketamine (100 mg/kg, Ketalar, Pfizer Pharma, 
Istanbul, Turkey) and xylazine (3.9 mg/kg, Xylazin Bio 
2%, Interhas A.S., Istanbul, Turkey). Korean red ginseng 
extract (Dong il Co. Ltd., Gyeonggi-do, Korea) contained 
6-year-old, domestic, the sum of ginsenoside Rg1 and Rb1 
is 7.3 mg/g, solid contents are 60% or more, and 37% other 
minor ginsenosides.

Histopathological examination

Small intestine specımens were fixed for 48 h in 10% for-
maldehyde (Sigma-Aldrich, St. Louis, MO, USA). After 
fixation, they were passed through increasing alcohol series 
for dehydration (Sigma-Aldrich, St. Louis, MO, USA) and 
rendered transparent with xylol (Sigma-Aldrich, St. Louis, 
MO, USA). Following the absorption procedure, the speci-
mens were embedded in paraffin blocks (Merck, Darmstadt, 
Germany). Tissue processing was conducted using an auto-
technicon device (Citadel 2000 Shandon, Thermo Scientific, 
Cheshire, UK). Small intestine specimens were stained with 
hematoxylin (Harris hematoxylin, Merck, Darmstadt, Ger-
many) and eosin (Merck, Darmstadt, Germany) on a stain-
ing device (Leica St 5020, Leica Microsystems, Wetzlar, 
Germany) for morphological examination. Sections 2–3 µ 
in thickness were collected from the paraffin blocks using a 
microtome (Leica R < 2525, Lecia, Germany) and deparaffi-
nized for 1 h in a 60 ℃ stove. The tissues were then passed 
through decreasing alcohol series and washed with distilled 
water for 5 min. The tissues stained with hematoxylin and 
eosin (H&E) were passed through increasing alcohol series, 
placed into xylol, and covered with Entellan (Merck, Darm-
stadt, Germany). The small intestine sections obtained after 
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staining were examined under a light microscope (Olym-
pus BX51, Olympus Corporation, Tokyo, Japan) and pho-
tographed (Olympus DP71, Olympus Corporation, Tokyo, 
Japan).

Immunohistochemical examination

In order to determine apoptotic cell death in the small intes-
tinal tissues, these were subjected to immunohistochemical 
staining using cleaved caspase-3 primary antibody (Asp175, 
1/200, Cell Signaling Technology, Leiden, The Netherlands), 
secondary antibody (Goat Anti-Rabbit IgG H&L, HRP, 
ab205718, Abcam), and an immunohistochemistry detec-
tion kit (ab64264, Abcam). Sections 2–3 µ in thickness from 
the paraffin blocks were placed onto poly-l-lysine-coated 
slides for immunohistochemical examination. Following 
deparaffinization with xylol (Sigma-Aldrich, St. Louis, MO, 
USA), the small intestinal tissues were rehydrated by being 
passed through decreasing alcohol series. The tissues were 
then washed with PBS (phosphate-buffered solution) and 
treated with hydrogen peroxide  (H2O2) to prevent endog-
enous peroxidase activity. After washing with PBS, protein 
blocking solution was dropped onto the tissues, which were 
then incubated with caspase-3 primary antibody for 1 h. Fol-
lowing primary antibody application, the tissues were then 
treated with secondary antibody for 30 min. Streptavidin 
peroxidase was dropped onto the tissues. This was followed 
by DAB being dropped onto the tissues, after which they 
were left in the dark. After DAB staining, the tissues were 
counterstained with Harris hematoxylin and covered with 
Entellan (Merck, Darmstadt, Germany). The preparates were 
examined and evaluated under a light microscope (Olympus 
BX51, Olympus Corporation, Tokyo, Japan).

Semi‑quantitative analysis

Histopathological changes observed in villi and crypts in 
small intestine sections following H&E staining were scored 
using Elliot’s intestinal mucosal damage score (Table 1) 
(Elliott et al. 2014).

Caspase-3 immunoreactivity in small intestine tis-
sues was scored 1 (mild; ≤ 5%), 2 (moderate; ≥ 10%), 3 
(severe; ≥ 25%), and 4 (extremely severe; ≥ 50%), depend-
ing on positivity distribution at semi-quantitative analysis 

(Mercantepe et al. 2019). Histochemical and immunohisto-
chemical scoring was performed by two blinded independent 
histologists.

Biochemical analysis

Tissue sampling and homogenization

A mixture of 20  mM 1L sodium phosphate + 140  mM 
potassium chloride (pH 7.4) was first prepared. Next, 1 mL 
homogenate buffer per 100 mg tissue was homogenized 
for 5 min with a Tissue Lyser II device (Qiagen, Hilden, 
Germany), followed by centrifugation for 10 min at 800g at 
4 °C. The resulting supernatant was then used for malondi-
aldehyde (MDA) and GSH assays.

Malondialdehyde analysis

Malondialdehyde levels were measured using a modified 
Draper and Hadley technique (Draper and Hadley 1990). 
The reaction mixtures made ready by following this method 
were kept in ice water for 15 min following the incubation 
period. The final pink color was read on a spectrophotometer 
at 532 nm.

Glutathione analysis

Reduced glutathione (GSH) assay was performed with Ell-
man’s reagent (Ellman 1959). The objective here was to 
determine the color of free sulfhydryl groups in ovarian tis-
sue homogenates by means of Ellman’s reagent and spec-
trophotometry. Briefly, a mixture of 200 µL 3 M  Na2HPO4 
and 50 µL DTNB (4 mg DTNB prepared in 1% 10 mL 
sodium citrate solution) were added to 50 µL supernatant. 
The resulting mixture was then vortexed, and the absorbance 
measurement was at 412 nm.

Statistical analysis

The study data were analyzed using the Shapiro–Wilk, Q-Q 
plot, Skewness–Kurtosis, and Levene’s tests on SPSS ver-
sion 18.0 software (SPSS Inc., Chicago, IL, USA). Para-
metric data were calculated as mean ± standard deviation. 
Differences between groups were analyzed using One-Way 
ANOVA followed by Tukey’s HSD test. Non-parametric 
data were calculated as median values (25–75% interquartile 
range). Differences between groups were analyzed using the 
Kruskal–Wallis and Tamhane T2 tests. p values < 0.05 were 
regarded as significant for all analyses.

Table 1  Radiation-induced intestinal damage score table (Elliot et al.)

Score Findings

0 Normal histological structure
1 Mild crypt loss (four crypts in each villus)
2 Moderate crypt loss (fewer than four crypts in each villus)
3 Severe crypt loss (fewer than three crypts in each villus)



398 Radiation and Environmental Biophysics (2023) 62:395–402

1 3

Results

Histopathological analysis

Examination of H&E-stained small intestinal tissue sec-
tions under light microscopy revealed a normal-appearing 
morphology in the control group. The intestinal villi were 
surrounded by regular epithelial cells with a normal brush 
border appearance and a normal lamina propria (damage 
score: 0.5(0–1)) (Fig. 1A–B, Table 2). However, in the 
x-irradiation group, fusions were present in the intestinal 
villi, and villus numbers had decreased. In addition, impair-
ments were observed in the epithelial cells surrounding the 
villi and the brush borders. Moreover, hemorrhagic areas 
were observed in the lamina propria, together with vascular 
congestion (damage score: 2(2–3)) (Fig. 1C–D, Table 2). 
In the x-irradiation + ginseng group, the structures of the 
intestinal and crypt exhibited a typical appearance. The 
intestinal villus epithelium was regular in appearance, with 
a marked brush border. Decreases were also observed in 
hemorrhagic areas and vascular (damage score: 2(1–2)) 
(Fig. 1E–F, Table 2).

Immunohistochemical analysis

Caspase-3-positive cells with brown cytoplasmic con-
tent were determined following caspase-3 immunostain-
ing of small intestinal tissues. Caspase-3 positivity scores 
increased significantly in the x-irradiation group (Caspase-3 
positivity score: 3(2–3.5)) compared to the control group 
(Caspase-3 positivity score: 1(1–1.5, p < 0.05, Fig. 2A–B, 
Table 3). However, caspase-3 positivity scores decreased 
significantly in the x-irradiation + ginseng (Caspase-3 posi-
tivity score: 1(1–2)) compared to the x-irradiation group 
(p < 0.05, Fig. 2B–C, Table 3).

Biochemical analysis

MDA analysis results

MDA values in the control group were significantly lower 
than those in both the X-ray irradiation group and the x-irra-
diation + ginseng group (p = 0.016 and p = 0.043, respec-
tively, Table 4). MDA values were also significantly lower 
in the x-irradiation + ginseng group than in the x-irradiation 
group (p = 0.014, Table 4).

GSH analysis results

GSH levels were significantly higher than in the control 
group and the x-irradiation group (p = 0.003, Table 4). 

Similarly, a significant difference was observed between 
the x-irradiation + ginseng group and the x-irradiation group 
(p = 0.009, Table 4).

Discussion

Radiotherapy widely used in the treatment of various forms 
of cancer can result in damage to surrounding tissue after 
application (De Ruysscher et al. 2019). Small intestinal 
injury is a severe complication capable of emerging follow-
ing radiotherapy in abdominal and pelvic cancers (Lu et al. 
2019). The present study represents the first investigation 
of the protective effect of ginseng in x-radiation-induced 
intestinal damage.

Small intestinal damage is a very widespread complica-
tion of radiotherapy, and the small intestine is one of the 
most radiosensitive organs. Monti et al. reported that intes-
tinal mucosal damage was the principal determinant of sur-
vival in patients exposed to high-dose radiation (Monti et al. 
2005).

Although the mechanism involved in intestinal damage 
stimulated by radiation is not yet fully understood, stud-
ies have shown that an increase in ROS is one of the most 
important causes of radiation-induced small intestinal dam-
age (Keskek et al. 2006; Mercantepe et al. 2019). Previ-
ous studies have also shown that reduction and oxidation 
metabolism in cells changes as a response to ionizing radia-
tion and that this results in radiation toxicity-related damage 
in healthy tissues (Yahyapour et al. 2018). ROS occurring 
in tissues affect antioxidant enzyme activity. A number of 
studies have shown that radiation causes an increase in MDA 
levels and a decrease in GSH (Yahyapour et al. 2018; Abou-
Zeid et al. 2018). Consistent with previous research, single-
dose 2 Gray x-radiation also produced changes in antioxi-
dant enzyme activities in the present study by causing an 
increase in MDA and a decrease in GSH.

Radiation therapy generally led to irregularity in the mor-
phological structure of the intestine in this study. Previous 
research has shown that the application of radiation trig-
gers disturbance in the intestinal epithelium, villus fusions, 
and degeneration in villus structures, including hemorrhage 
(Elliott et al. 2014; El-Ghazaly et al. 2015). Consistent with 
previous studies, the application of 6 Gy radiation in the 
present research led to degeneration and losses in villus 
and crypt structures and also caused intestinal damage by 
triggering hemorrhage and vascular congestion. Studies 
have also shown that free radicals emerging after ionizing 
radiation lead to DNA damage and cell death (Leach et al. 
2001). In agreement with prior research, x-radiation was 
also found to trigger apoptosis by causing an increase in 
caspase-3 positivity in small intestinal tissues in the present 
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Fig. 1  Representative light microscopic image of small intestinal tis-
sues stained with H&E H. A (× 20) and B (× 40): Villus (v) with lam-
ina propria surrounded by epithelium and crypt (c) in small intestinal 
tissues from the control group. Typical brush border (arrow) and gob-
let cell (arrow head). C (× 20) and D (× 40): Fusions in villus struc-
tures and decreased crypt structures in small intestinal tissues from 

the radiotherapy group. Impairments (tailed arrow) in the appearance 
of the brush borders in epithelial cells and widespread hemorrhagic 
areas (star) and vascular congestions (Vc) can also be seen. E (× 20) 
and F (× 40): Numerous typical villi and crypt structures in small 
intestinal tissues from the radiotherapy + ginseng group. Regular 
brush borders and normally distributed goblet cells can also be seen
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study (Poindexter et al. 2015; Orhon et al. 2016; Jalili-
Firoozinezhad et al. 2018; Mercantepe et al. 2019).

Ginseng is employed as a therapeutic agent in the treat-
ment of various diseases. Studies have shown that it pos-
sesses antibacterial, antiviral, antioxidant, and anti-inflam-
matory properties (Huang et  al. 2017; Bai et  al. 2018; 
Nguyen and Nguyen 2019). In addition to these activities, 
ginseng also exerts a regulatory effect on lipid peroxidation 
(Zhang et al. 2020). In the present study, the administration 
of ginseng was seen to cause a decrease in MDA activity 
and to play a role in the prevention of lipid peroxidation 
caused by x-irradiation. Additionally, ginseng can trigger 
improvements in antioxidant enzyme levels. Consistent with 
this research, previous studies have also reported that the 
application of ginseng led to a change in antioxidant enzyme 
levels by causing an increase in GSH activities (Mansour 
2013; Xing et al. 2019).

Previous research has also shown that ginseng exhibits 
an antiapoptotic effect in various tissues (Na et al. 2012; 
Bai et al. 2018). In a study from 2020, Zhang et al. showed 
that ginseng pretreatment significantly improved cisplatin-
induced apoptosis in the intestines (Zhang et al. 2020). Simi-
larly in the present study, ginseng significantly prevented 
apoptosis by causing a decrease in caspase-3 activity result-
ing from x-irradiation.

There are also a number of limitations to this research. 
First, oxidative stress, MDA, and the antioxidant enzyme 
GSH were evaluated. This study therefore needs to be sup-
ported by research examining other oxidant/antioxidant 
enzymes and proteins. In addition, we determined apoptosis 
by means of cleaved caspase-3 antibody. Our apoptosis find-
ing needs to be supported by studies examining the damage 
mechanism and mitochondrial  Ca+2 levels.

In conclusion, the findings of this study showed that 
a single 6 Gy dose of x-irradiation caused lipid peroxi-
dation in small intestine tissue and induced enterocyte 
loss by causing apoptosis in enterocytes. In addition, the 
application of KRG exhibited a protective role in intestinal 
damage caused by x-irradiation by suppressing apoptosis 

Table 2  Intestinal damage score table

a p = 0.000; versus the Control Group
b p = 0.002; versus the Control Group
c p = 0.035; versus the x-irradiation Group
Kruskal–Wallis/Tamhane T2 test

Groups Intestinal histopathological damage 
score (median (25–75% interquartile 
range)

Control 0.5 (0–1)
X-ray irradiation Group 2 (2–3)a

X-ray irradiation + Ginseng 2 (1–2)b,c

Fig. 2  Representative image of small intestinal tissues stained immu-
nohistochemically with cleaved caspase-3. A (40×) Normal-looking 
enterocytes from the control group (arrow) (cleaved caspase-3 posi-
tivity score: 1(1–1.5)). B (40×) widely stained apoptotic cells (arrow 
head) X-ray in the villus epithelium and a small number of normal 
enterocyte cells (arrow) in the x-irradiation group (cleaved caspase-3 
positivity score: 3(2–3.5)). C (40×) a small number of apoptotic cells 
(arrow head) and widespread typical enterocyte cells in the x-irradia-
tion + ginseng group (cleaved caspase-3 positivity score: 1(1–2))
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caused by x-irradiation and reducing caspase-3 activity 
and prevented oxidative stress by reducing antioxidant 
enzyme levels and reduced lipid peroxidation.
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