
© 2025 Muhammad Nursid et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License  
(https://creativecommons.org/licenses/by/4.0/).

*Corresponding Author
Muhammad Nursid, Research Center for Marine and Land Water 
Bioindustry, National Research and Innovation Agency, Lombok, Indonesia.  
E-mail: muhammad.nursid @ brin.go.id

Journal of Applied Pharmaceutical Science Vol. 15(05), pp 163-175, May, 2025
Available online at http://www.japsonline.com
DOI: 10.7324/JAPS.2025.216477
ISSN 2231-3354

Subchronic toxicological evaluation of the Holothuria atra extract 
on the histopathology of digestive organs of rats (Rattus norvegicus)

Muhammad Nursid1* , Endar Marraskuranto1 , Ariyanti S. Dewi1 , Gintung Patantis1 , Tiara Silva Khatulistiani1 ,  
Yann Yeo2 , Sri Estuningsih2 

1Research Center for Marine and Land Water Bioindustry, National Research and Innovation Agency, Lombok, Indonesia. 
2Faculty of Veterinary Medicine, IPB University, Bogor, Indonesia.

ARTICLE HISTORY
Received on: 20/10/2024
Accepted on: 28/02/2025
Available Online: 05/04/2025

Key words: 
Subchronic toxicity, digestive 
organs, Rattus norvegicus, 
sea cucumber, Holothuria 
atra. 

INTRODUCTION
The human digestive system primarily comprises the 

digestive tract, including the mouth, stomach, small intestine, 
large intestine, and other auxiliary organs such as the pancreas 
[1]. Among these, the stomach, pancreas, and small intestine are 
the most crucial digestive organs. These organs are responsible 
for digestion, nutrient absorption, excretion of metabolite 
products, serving as barriers to prevent pathogenic bacteria 
and toxins, and maintaining immune system balance [2,3]. 
Damage to these organs can lead to various diseases and even 
a fatal condition. To support digestive health and optimize its 
functions, functional foods may be consumed as a preventive 
measure. 

Functional foods are defined as foods that offer 
potential and beneficial effects on health beyond their basic 
nutritional value [4]. These diets contain biologically active 
compounds that, in certain amounts, are effective and nontoxic 
[5]. Sea cucumbers have been used as a traditional food source 
with many health advantages for a long time. Sea cucumbers 
are a food source that is very rich in nutrients and bioactive 
compounds, making them a promising candidate for functional 
foods, in addition to other purposes, such as pharmaceuticals 
and cosmetics [6]. 

The sea cucumber Holothuria atra (black sea 
cucumber) is abundant in Indonesian waters. This species 
has shown many promising bioactivities, such as its ethanolic 
extract exhibited cytotoxicity against cancer cell lines [7]. 
Its anticancer activity is associated with saponins, including 
Holothurin A, Holothurin A5, Echinoside A, Echinocide B, 
and 24-dehydroechinoside A [8,9]. In addition to its anticancer 
properties, H. atra also demonstrated strong α-glucosidase 
inhibitory activity [10], immunostimulant effects [11], and 
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hepatoprotective properties [12]. Furthermore, the fatty acid-
rich extract of H. atra showed anti-hyperuricemic activity in rat 
models [13]. 

Considering the numerous potential of H. atra as a 
source of functional food, medicines, and cosmetic ingredients, 
it is essential to conduct toxicity studies of H. atra to ensure 
its safety. The acute toxicity of H. atra extract in mice was 
evaluated by Hashim et al. [14] and Hanafi et al. [15]. As part 
of our research on the bioprospecting of Indonesian tropical sea 
cucumbers, our previous findings showed that H. atra ethanolic 
extract was safe on the liver and kidneys of rats at doses up to 
100-mg/kg BW[16]. Therefore, we continue our research on the 
subchronic toxicity of H. atra ethanolic extract on the digestion 
organs of the stomach, pancreas, and small intestine for 90 days.

MATERIALS AND METHODS

Preparation of ethanolic extract
Fresh sea cucumber of H. atra (local name: oler, 

cera hitam) was collected from the Halmahera Islands, North 
Maluku Province, Indonesia. Viscera-free samples were stored 
in an iced cool box and immediately were transported to the 
Biotechnology Laboratory of the Research Centre for Marine 
and Fisheries Product Processing and Biotechnology, Jakarta. 
All samples were preserved at −20°C for further research. 
Sample identification was conducted in the Research Center 
for Oceanography, Indonesian Institute of Science, Jakarta. 
Samples were macerated using 96% ethanol for 12 hours 
(three times). Ethanol was evaporated using a vacuum rotary 
evaporator (Buchi, Switzerland) until a concentrated extract 
was obtained. The extract was further dried with a freeze dryer 
(Christ, Germany) at a temperature ±43°C. 

Experimental animals

In vivo study
The in vivo study protocol was conducted according 

to the Experimentation Ethics Committee on Animal Use of 
the Faculty of Veterinary Medicine, IPB University, Bogor, 
Indonesia. The experimental animals were male Sprague-
Dawley rats (Rattus norvegicus) obtained from The National 
Agency of Drug and Food Control of the Republic of Indonesia 
(BPOM RI). The in vivo study was carried out at the Faculty of 
Veterinary Medicine, IPB University, Bogor, Indonesia.

Animal acclimatization
After 2 weeks of acclimatization, 18 rats weighing 

between 220 and 250 g were fed PureitTM ad libitum along 
with a standard rodent pellet diet. Before the commencement of 
the experiment, pre-treatment was carried out by administering 
antihelmintic drugs (Univerm Total®, dose 10-mg/kg BW), 
antibiotics (Azythromicin®, dose 10-mg/kg BW), and anti-
protozoa (Flagyl®, dose 10-mg/kg BW). The pre-treatment 
was conducted for internal parasite examination using the 
McMaster egg per gram feces method [17]. The examination 
was conducted before and after the pre-treatment to ensure that 
no parasites were involved in the main experiment. Then, the 
rats were rested for 2 weeks before the treatment.

Subchronic toxicity study
To determine the doses of sea cucumber ethanolic 

extract to be administered, the animal’s body weight was 
measured prior to treatment. Rats were divided into six groups 
and each group consisted of three rats. These groups were the 
control group, which was given 1 ml of distilled water (group A), 
group B (dose 25-mg/kg body weight; BW), group C (dose 50-
mg/kg BW), group D (dose 100-mg/kg BW), group E (200-mg/
kg BW), and group F (dose 400-mg/kg BW). The extract was 
dissolved in distilled water. Each group of rats was given 1 ml 
of extract daily for 90 days using oral gavage. This subchronic 
toxicity test was guided by OECD-408 [18]. After 90 days, the rats 
were euthanized and necropsied to take the stomach, pancreas, 
and small intestine samples. Euthanasia was performed with 10% 
ketamine (dose 100-mg/kg BW) and 2% xylazine (10-mg/kg 
BW) by intraperitoneal injection. Organ samples were fixed in a 
10% buffered neutral formalin (Sigma-Aldrich) solution and left 
to fix for 1 week in preparation for histopathological examination.

Histopathological analysis
Histopathological analysis was conducted according 

to Cheville [19]. The stomach, pancreas, and small intestine 
samples were cut with a thickness of 0.5 cm × 1 cm × 1 cm. 
Then, thin pieces of the organs were placed in a tissue cassette 
and put into an automatic tissue processor (Leica) overnight 
to be dehydrated with ethanol. The tissue was then clarified 
with xylol and infiltrated with liquid paraffin at 56°C for 30 
minutes. The next stage was embedding the organs in liquid 
paraffin. Paraffin blocks were cut using a microtome (Thermo) 
with a thickness of 3–5 µm. A thin piece of tissue was floated 
on the water at a temperature of approximately 45°C for a few 
moments so that the paraffin stretched, and then, the piece of 
tissue was placed and flattened on a glass object and stored in 
an oven at 58°C overnight. The preparations were stained with 
hematoxylin–eosin (HE) staining.

Histopathological preparations of the stomach, 
pancreas, and small intestine were observed using a light 
microscope (Leica, Germany) and data were collected from 
micrographic photographs. Quantitative data collected were 
the number of erosion lesions in the mucosal layer of the 
gastric fundus and gastric gland cells, including parietal cells, 
chief cells, and mucus neck cells. The observed pancreatic 
organ was the number of acinar cells, including normal cells, 
degeneration, and necrosis as well as inflammatory cells (ICs) 
and the percentage of congestion in the pancreas. The observed 
parts of the duodenum small intestine were the height and width 
of the villi, the number of ICs, and crypt cells. The surface width 
of the villi was calculated using the following formula [20]:

Area = 
(Basal width of vili+apical width of vili)

2 x height of vili .

Data analysis
The histopathological analysis calculation was 

carried out by using ImageJ software. The observations were 
statistically analyzed using the one-way ANOVA (SPSS 
16.0 software), followed by Duncan’s multiple range test to 
determine significant differences at the 5% probability level.
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RESULTS AND DISCUSSION

Gastric histopathology
Anatomically, the stomach consists of the fundus, 

corpus, and pylorus, while histologically, it consists of the 
mucosa, gastric glands, and tunica muscularis. The gastric 
gland cells observed in the gastric mucosa include parietal cells, 
chief cells, and mucus neck cells. The average number of these 
cells after being fed with H. atra ethanolic extract is presented 
in Table 1. Microphotography of parietal cells (PCs), chief cells 
(CCs), and mucus neck cells in the rat stomachs fed with the 
extract is presented in Figures 1 and 2.

The number of parietal cells tended to increase after 
exposed by the extract. The highest number of parietal cells 
was observed in a dose of 50-mg/kg BW (p < 0.05) (Table 1). 
The increase in the number of parietal cells indicated that the 
ethanolic extract of H. atra can be digested by the stomach. 
Parietal cells are located in the proximal region of mucous 
glands. It has a function to secrete hydrochloric acid (HCl) in 
the form of hydrogen and chloride ions to activate digestive 
enzymes [21]. The concentration of HCl in the stomach is very 
high, and in this case, HCl functions to denature proteins and 
increases the exposure of the protein’s peptide bonds to further 
digestive processes by enzymes [22]. Thus, an increase in the 
number of parietal cells enhances gastric acid secretion and 
maintains an acidic environment in the stomach [23]. 

The number of chief cells exposed by the extract 
was higher than the control group (p < 0.05). However, at a 
concentration of 400-mg/kg BW, we suspected that the extract 
was toxic since the number of chief cells appeared to decrease. 
Chief cell activity is related to parietal cell activity. Hydrochloric 
acid from parietal cells can induce pepsinogen secretion by 
chief cells [24]. According to Reece et al. [22], pepsinogen is 
converted into an active proteolytic enzyme, called pepsin, after 
interacting with HCl. Chief cells have a greater number than 
parietal cells in normal stomach conditions [25]. Based on these 
observations, the exposure of the extract positively affected 
the function of gastric gland cells by supporting the growth of 
parietal and chief cells.

Observation of the number of mucus neck cells 
showed that, in general, exposure of the extract increased 
the number of mucus neck cells (Table 1). Group B (25-mg/
kg BW) had the highest number, and meanwhile, the number 
of mucus neck cells in group A (control) was the lowest 
compared to other groups (p < 0.05). Increased digestive 
activity due to the increase in the number of parietal and 
chief cells accompanied by the addition of mucus neck cells 
serves to maintain the balance and function of parietal cells. 
Mucus neck cells are mucus-producing cells whose function 
is to protect the stomach from acid, pepsin, pathogens, and 
ingesta substances by maintaining a more alkaline state [26]. 
According to Kang et al. [27], an increase in the number of 
mucus neck cells can be caused by an increase in the protective 
function of mucus against the stomach from acid, an injury 
due to bacterial infection or the host’s immune response, and 
an increase in progenitor cell proliferation, which supports 
the conversion of mucus neck cells into parietal cells. The 
exposure of the extract can provide a cytoprotective effect by 

stimulating the growth and healing of gastric mucosal wounds 
[28]. Wound healing is related to the high fatty acid content in 
sea cucumbers [29].

The feed of the extract at doses of 25-mg/kg BW and 
50-mg/kg BW appeared to increase intact mucosa surfaces and 
reduce erosion/desquamation on the gastric mucosa (Table 2). 
The histopathological analysis of the gastric mucosa exposed 
by the extract at various doses is presented in Figure 3. The 
surface of the gastric epithelium is sensitive and prone to 
detachment. Rough textures, such as food ones, can cause 
the epithelium to detach from the mucosa. However, the 
detachment of mature, outer epithelial cells has no significant 
impact. According to Chauhan [30], erosion is defined as the 
loss of the epithelial surface part. Erosive lesions can occur 
due to the death or detachment of epithelial cells at a rate that 
exceeds their regeneration. Erosion in the stomach of adult rats 
is commonly observed [31]. Erosive lesions are typically not 
dangerous unless accompanied by bleeding. Epithelial cell loss 
can be caused by luminal factors, e.g., stomach acid, chemical 
induction, and disease, as well as physical or mechanical factors 
[32].

Pancreatic histopathology
Normally, the number of acinar cells is greater 

than the number of degenerated cells and necrotic cells. 
Photomicrographs of normal acinar cells, degenerated acinar 
cells, and acinar cell necrosis are presented in Figure 5. 
Meanwhile, a photomicrograph of the rat pancreas showing 
IC and congestion is presented in Figure 6. Overall, the 
number of normal acinar cells showed no difference (p > 0.05) 
compared with degenerated and necrotic acinar cells (Table 3). 
This indicated that the pancreas was still functioning well to 
produce digestive enzymes. Antonucci et al. [33] stated that 
stress, nutritional deficiencies, and pathogen infection can 
influence the number of acinar cells. Damage to acinar cells 
can occur through degeneration or necrosis. Group D had the 
lowest number of acinar cell degeneration (p < 0.05). Cell 
degeneration is a reversible cell alteration characterized by the 
presence of vacuoles in the cytoplasm [34]. Cell degeneration 
can take the form of hydropic degeneration, fatty degeneration, 
and autophagocytosis. Cell degeneration can be caused by 
acute damage and autophagocytosis (hydropic degeneration). 
Acute damage leads to water accumulation in the endoplasmic 
reticulum, mitochondria, or vacuoles. In contrast, sublethal 
damage often results in lipid accumulation in the cytoplasm 
(lipid degeneration) or autophagocytosis of damaged cellular 
organelles. Acinar cell degeneration is also frequently found in 
aged rats [35]. According to Saad et al. [36], H. atra exhibited an 
antiapoptotic effect, likely relatable to its bioactive components 
from the lysophospholipid and polysaccharide groups.

The number of necrotic acinar cells was not 
significantly different (p > 0.05) between the control and treated 
groups of animals (Table 3). This showed that the extract did 
not significantly cause cell damage. Necrosis, a form of cell 
death, begins with changes in the cell nucleus such as pyknosis 
(nucleus shrinkage and condensation), karyorrhexis (nucleus 
fragmentation), and karyolysis (nucleus disappearance). The 
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Table 1. Average number of gastric gland cells of R. norvegicus rats 
fed with H. atra ethanolic extract for 90 days. 

Groups Parietal cells Chief cells Mucus neck cells

A (control) 75.40 ± 19.29b 172.27 ± 21.88c 13.87 ± 3.20d

B (25-mg/kg BW) 75.33 ± 20.00b 201.70 ± 27.29a 30.80 ± 6.40a

C (50-mg/kg BW) 85.90 ± 19.67a 209.93 ± 28.67a 27.87 ± 3.22b

D (100-mg/kg BW) 84.07 ± 20.47ab 205.40 ± 20.21a 27.50 ± 6.10b

E (200-mg/kg BW) 82.93 ± 11.63ab 215.07 ± 41.49a 25.13 ± 3.71c

F (400-mg/kg BW) 75.00 ± 11.11b 186.83 ± 22.20b 27.60 ± 3.68b

Notes: Data are expressed as mean ± standard deviation. Values in the same 
column with different subscripts indicate significant differences (p < 0.05).

Table 2. Percentage of desquamation or erosion on the gastric mucosa of 
R. norvegicus rats fed with H. atra ethanolic extract for 90 days.

Groups Intact mucosa (%) Erosion/desquamation (%)

A (control) 26.67 ± 14.93c 73.33 ± 16.47a

B (25-mg/kg BW) 56.67 ± 15.61a 43.33 ± 16.10c

C (50-mg/kg BW) 60.00 ± 13.71a 40.00 ± 13.77c

D (100-mg/kg BW) 16.67 ± 12.96c 83.33 ± 12.70a

E (200-mg/kg BW) 46.67 ± 13.48b 53.33 ± 13.48b

F (400-mg/kg BW) 40.00 ± 20.82b 60.00 ± 10.82b

Notes: Data are expressed as mean ± standard deviation. Values in the same 
column with different subscripts indicate significant differences (p < 0.05).

Figure 1. Photomicrograph of parietal cells (PCs) and chief cells (CCs) in gastric R. norvegicus rats fed with H. atra 
ethanolic extract; (Staining: H&E, magnification: 40×, bar: 50 µm). Photomicrograph showed an overall increase in 
parietal cells and chief cells. A (distilled water as control), B (25-mg/kg BW, C (50-mg/kg BW), D (100-mg/kg BW), 
E (200-mg/kg BW), and F (400-mg/kg BW).
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cytoplasm and cell membrane become irregular, and the nucleus 
undergoes shrinkage in cases of lethal cell damage [37].

The number of IC was lower in all treated groups 
compared to the control (p < 0.05), with groups D and E 
exhibiting the least number of IC (Table 4). This suggested that 
the extract effectively inhibited the growth of IC. The relatively 
low number of IC is likely attributed to the anti-inflammatory 
effect of H. atra extract [38]. Inflammation is the body’s 
response to cell injury that occurs in vascularized tissues in 
multicellular organisms. The primary goal of the inflammatory 
response is to eliminate the cause of the injury and facilitate 
healing [39].

Figure 2. Photomicrograph of mucus neck cell in gastric R. norvegicus rats fed with H. atra ethanolic extract; 
(Staining: H&E, magnification: 40×, bar: 50 µm). Photomicrograph showed an overall increase in parietal cells and 
chief cells. A (distilled water as control), B (25-mg/kg BW), C (50-mg/kg BW), D (100-mg/kg BW), E (200-mg/kg 
BW), and F (400-mg/kg BW).

Table 3. Number of pancreatic acinar cells in R. norvegicus rats fed 
with H. atra ethanolic extract for 90 days. 

Groups Normal cell Degeneration cell Necrotic cell

A (control) 24.20 ± 5.97a 6.60 ± 3.78a 0.20 ± 0.04a

B (25-mg/kg BW) 24.60 ± 5.21a 5.30 ± 2.61a 0.07 ± 0.02a

C (50-mg/kg BW) 24.87 ± 5.34a 5.13 ± 3.60ab 0.07 ± 0.02a

D (100-mg/kg BW) 23.87 ± 5.37a 3.57 ± 2.24b 0.13 ± 0.03a

E (200-mg/kg BW) 24.10 ± 4.87a 6.30 ± 3.06a 0.17 ± 0.03a

F (400-mg/kg bw) 23.27 ± 5.38a 6.30 ± 3.25a 0.07 ± 0.02a

Notes: Data are expressed as mean ± standard deviation. Values in the same 
column with different subscripts indicate significant differences (p < 0.05).
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The percentage of lesion congestion in the rat 
pancreas revealed no significant difference between the control 
and treatment groups (p > 0.05). The overall percentage 
of congestion incidence was high, ranging from 84.44% ± 
29.66% to 93.98% ± 13.13% (Table 4). The congestion in 
this experiment was thought to be caused by the euthanasia 
agents. According to Reilly [40], euthanasia drugs, such as 
the ketamine/xylazine combination, can induce congestion. 
This drug combination can lead to progressive bradycardia, 
which may result in heart failure [41]. High doses of ketamine 
can depress the cardiovascular system, causing congestion 
[42]. Congestion, also referred to as passive hyperemia, is a 
hemodynamic disorder [39] and passive engorgement of blood 
vessels due to decreased outflow and increased inflow of blood. 

Figure 3. Photomicrograph of gastric mucosa of R. norvegicus rats fed with H. atra ethanolic extract; (Staining: H&E, 
magnification: 10×, bar: 100 µm). The desquamation/erosion lesion (E) was indicated by the arrow. A (distilled water as 
control), B (25-mg/kg BW), C (50-mg/kg BW), D (100-mg/kg BW), E (200-mg/kg BW), and F (400-mg/kg BW).

Table 4. Number of inflammatory cells and percentage of pancreatic 
congestion lesions of R. norvegicus rats fed with ethanolic extract of 

H. atra for 90 days. 

Groups Number of 
inflammatory cells

Percentage of 
congestion lesions

A (control) 6.50 ± 2.87a 93.98 ± 13.13a

B (25-mg/kg BW) 6.07 ± 2.66ab 84.44 ± 29.66a

C (50-mg/kg BW) 4.93 ± 2.20bc 85.89 ± 24.12a

D (100-mg/kg BW) 3.97 ± 1.73c 86.28 ± 25.49a

E (200-mg/kg BW) 3.90 ± 1.49c 87.22 ± 26.15a

F (400-mg/kg bw) 4.97 ± 1.87bc 92.50 ± 20.57a

Notes: Data are expressed as mean ± standard deviation. Values in the same 
column with different subscripts indicate significant differences (p < 0.05).
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Passive congestion can be either acute or chronic. Acute passive 
congestion can occur as a response to acute heart failure, after 
euthanasia, in organs affected by the smooth muscle relaxing 
effects of barbiturate euthanasia anesthesia drugs, and in 
euthanasia, which can cause dilatation of blood vessels [37]. 
The histopathological features of the pancreas are presented in 
Figures 4 and 5.

Small intestine histopathology
The height and area of the villi, an increase in the 

number of crypts (CL), and a reduction in the number of 
IC were observed to assess the effect of the extract on the 

digestive organs of rats. Histopathological analysis of the 
small intestine, encompassing the height and surface area of 
villi, the number of CL, and submucosal IC are presented in 
Table 5. Histopathological analysis of the villi (V), CL, and IC 
of the small intestine of R. norvegicus fed with the extract is 
presented in Figures 6 and 7. 

The height and surface area of the villi in group C 
(50-mg/kg BW) exhibited the highest values (p < 0.05), as 
did the number of CLs in the small intestine of R. norvegicus. 
The highest increase in height and area of villi in group C 
accompanied by a small number of submucosal ICs was 
thought to have the best effect on the growth of small intestinal 

Figure 4. Photomicrograph of normal acinar cells, degenerated acinar cells, and acinar cells necrosis in the pancreas of 
R. norvegicus rats fed with H. atra ethanolic extract; (Staining: H&E, magnification: 100×, bar: 25 µm). Overall, the 
number of normal acinar cells was greater than degenerate and necrotic acinar cells. A (distilled water as control), B 
(25-mg/kg BW), C (50-mg/kg BW), D (100-mg/kg BW), E (200-mg/kg BW), and F (400-mg/kg BW).
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Figure 5. Photomicrograph of R. norvegicus rats pancreas fed with H. atra ethanolic extract showing inflammatory cells 
and congestion (C); (Staining: HE, magnification: 40×, bar: 50 µm). A (distilled water as control), B (25-mg/kg BW), C 
(50-mg/kg BW), D (100-mg/kg BW), E (200-mg/kg BW), and F (400-mg/kg BW).

Table 5. Average villi height, villous surface area, number of crypts, and number of submucosal inflammatory cells 
in the small intestine of R. norvegicus rats fed with H. atra ethanolic extract for 90 days.

Groups Villi height (µm) villi surface area (µm2) Number of crypts Number of submucosal 
inflammatory cells

A (control) 739.42 ± 55.38b 69666.55 ± 13848.15c 29.53 ± 9.64b 13.30 ± 3.58a

B (25-mg/kg BW) 762.70 ± 44.75b 79718.98 ± 11175.65b 30.40 ± 4.64ab 9.17 ± 3.60c

C (50-mg/kg BW) 795.33 ± 45.29a 90478.08 ± 13212.59a 37.27 ± 13.46a 9.50 ± 6.24c

D (100-mg/kg BW) 739.57 ± 45.60b 80096.31 ± 11997.16b 34.60 ± 12.06ab 9.50 ± 2.91c

E (200-mg/kg BW) 732.04 ± 81.64b 77780.15 ± 14262.81b 28.40 ± 8.30b 9.83 ± 3.49bc

F (400-mg/kg BW) 691.83 ± 62.08c 74916.15 ± 12336.31bc 28.33 ± 3.35 b 11.83 ± 4.04ab

Notes: Data are expressed as mean ± standard deviation. Values in the same column with different subscripts indicate significant 
differences (p < 0.05).
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villi. Therefore, the extract may enhance nutrient absorption 
by the small intestine so that it can maintain healthy digestive 
conditions.

According to Buchanan [43], villi height is an 
indicator of healthy digestion. Conversely, a reduction in villi 
height is a response to poor health conditions. An increase in 
villi height enhances the absorption area, thereby improving 
the performance of enzymatic digestion in the small intestine 
and nutrient transport through the surface of the villi [44]. An 
increase in the height of small intestinal villi can be influenced 
by an increase in feed consumption due to an increase in 
absorption capacity. Additionally, the height of the villi also 
depends on the rate of enterocyte proliferation, which is also 
influenced by hormones [45].

In addition to increasing the height and surface area 
of the villi, the extract of 50-mg/kg BW also significantly 
increased the number of small intestinal CLs. The number of 
CLs is related to the height of the villi. Under normal conditions, 
Lieberkuhn’s CL functions as a “nursery” site because the 
CL has stem cells that are highly active in mitosis so that the 
epithelial cells lining the villi of the small intestine are shed 
and replaced at high speed. This mechanism causes new cells 
to be continuously produced in the CL and then migrate to the 
villi to replace old cells at the tips of the villi [46]. According 
to Clevers [47], the kinetics of cell replacement begin with 
cell growth in the CL, proliferation, and differentiation, and 
end with cell release into the lumen. Crypts play a crucial role 
in intestinal defense from abrasive and corrosive conditions 

Figure 6. Photomicrograph of the height of the villi and crypts of the small intestine of R. norvegicus rats fed with H. 
atra ethanolic extract; (Staining: HE, magnification: 10×, bar 100 µm). High villi and the number of crypts increased 
in groups B, C, and D, while the surface area of the villi increased in all groups.
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and protect stem cells from bacterial attack by the presence of 
Paneth cells, which produce bactericidal compounds, namely, 
lysozyme and defensin [48].

The number of submucosal ICs showed a significant 
decrease in groups B, C, and D (p < 0.05). It was most likely 
related to the content of certain bioactive compounds in the 
extract. Several types of sea cucumbers are reported to have 
anti-inflammatory properties [49,50]. Lymphocytes, plasma 
cells, macrophages, eosinophils, monocytes, granulocytes, and 
mast cells are types of IC that can be found in the submucosa 
of the digestive tract [51]. The histopathological analysis of the 
height of the villi and CL of the small intestine is presented in 
Figures 6 and 7.

In the small intestine, macromolecules undergo 
enzymatic hydrolysis. The majority of nutrients are absorbed 
into the bloodstream by the event [22]. The duodenum, 
jejunum, and ileum are the three sections that make up a rat’s 
small intestine [52]. Most absorption takes place in the jejunum 
and duodenum. The surface of the small intestine forms folds 
containing villi to expand the absorption area. The height of 
the villi varies depending on the region and type of animal and 
is related to the level of absorption in the small intestine [53]. 
The small intestinal mucus contains short tubular structures that 
curve inward as the protective side of stem cells known as CL 
[46]. Goblet, inflammatory, and enteroendocrine cells can also 
be found throughout the digestive tract [54].

Figure 7. Photomicrograph of inflammatory cells of small intestinal submucosa in R. norvegicus rats fed with H. atra 
ethanolic extract. Overall, total submucosal inflammatory cells decreased due to the exposure of the extract (Staining: 
HE, magnification: 40×, bar 50 µm).
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The data shown in this study are in line with other 
studies regarding the positive effects of H. atra extracts. As 
shown by Esmat et al. [55] and Dakrory et al. [12], H. atra 
extract plays an important role as a hepatoprotector. In another 
in vivo study, Nursid et al. [11] showed that H.atra extract can 
even stimulate immunity while suppressing IC. At a dose of 
50-mg/kg BW, H. atra extract had a positive effect on rat liver. 
In this case, the positive influence of H. atra ethanolic extract 
in the digestive system, including its role in reducing IC in the 
digestive system, can be observed from our study. The findings 
presented in this paper can increase opportunities for utilizing 
H. atra extracts for human health.

CONCLUSION
The exposure of H. atra ethanolic extract indicated 

beneficial effects on the digestive tract organs, including the 
stomach, pancreas, and small intestine. Oral feed of the extract, 
at a dose of 50-mg/kg BW, increased gastric gland cells, 
reduced damage to pancreatic acinar cells, increased the height 
and surface area of villi, and increased small intestinal CL. At 
the same dose, the extract also showed an effect on reducing 
IC in the pancreas and small intestinal submucosa, as well 
as maintaining the surface of the gastric mucosa by reducing 
lesions or desquamation. Based on this research, the H. atra 
ethanolic extract has the potential to be used for digestive tract 
health at the right dose.
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