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ABSTRACT. Pyrantel pamoate, known as an anthelmintic under the brand name Combantrin®, is
effectively used to kill worms in the intestines. However, long-term use of it has been associated with side
effects and risk of drug resistance. Syzygium cumini L.is known for its antioxidant and anti-inflammatory
which may support antiparasitic effects and tissue healing. This study aims to examine the effect of juwet
(S. cumini L.) fruit water extract (JFWE) on the duodenum structure of mice suspected to be infected with
worm, through histomorphometric analysis and histopathological examination. The pyrantel pamoate was
only administered once after the acclimatization period, while the JFWE was administered for 3 weeks. A
total of 30 male mice were divided into six groups: negative control (aquadest), positive control (pyrantel
pamoate, Combantrin® 20 mg/mL), and JFWE at doses of 5 mg/mL, 10 mg/mL, 20 mg/mL, and 40 mg/mL,
administered for 3 weeks. Histomorphometric and histopathological evaluations were conducted by
microscopically observing the duodenum structures, including intestinal villi, and the thickness of the
mucosa, submucosa, and muscularis layers. The results showed a significant difference for the decrease in
intestinal villi height and thickness of the mucosa, submucosa, and muscularis layers in JWFE doses of 5
mg/mL and 10 mg/mL administration group, compared to the negative control group (aquadest), the
treatment groups of pyrantel pamoate, and JFWE doses of 20 mg/mL and 40 mg/mL (p<0.05). The
conclusion is that the administration of juwet fruit water extract doses of 20 mg/mL and 40 mg/mL can
improve the histomorphometry structure and also the histopathology of the duodenum of male mice.

Keywords: duodenum; histomorphometry; histopathology; juwet fruit; pyrantel pamoate

Article History: Received 2 May 2025; Received in revised form 23 June 2025; Accepted 26 June 2025; Available online 11 July
2025.

How to Cite This Article: Susilowati RP, Santoso AW, Sabini JH. 2024. Protective effect of juwet fruit extract (Syzygium cumini L.)
on duodenum histomorphometry and histopathology of male mice exposed to pyrantel pamoate. Biogenesis: Jurnal Ilmiah Biologi.
vol 12(2): 40-46. doi: https://doi.org/10.24252/bio.v12i2.56552.

INTRODUCTION

In developing countries such as Indonesia, where many communities have low socioeconomic
levels, helminth infections remain a prevalent issue. The most commonly encountered helminth
infections are caused by Soil-Transmitted Helminths (STH) (Annisa et al., 2018). The causative
species include Ascaris lumbricoides (roundworm), Ancylostoma duodenale and Necator americanus
(hookworms), Trichuris trichiura (whipworm), and Strongyloides stercoralis (Aryadnyani et al.,
2021). Anthelmintic are agents of drugs used to expel or destroy parasitic worms from the body by
paralyzing of killing them. Commonly used anthelmintics for animals include pyrantel pamoate
(Jacob et al., 2022), ivermectin (Lehne, 2013), albendazole (Anwar et al., 2020), and abamectin (Putri
et al., 2021). Continuous use of commercial anthelmintics without considering their half-life can
leave residues. If these residues accumulate in large amounts, they can lead to resistance against
anthelmintic treatments (Putri et al., 2021).

Although commercial anthelmintic drugs are effective in killing worms, they still have side
effects. Besides being expensive, some parasitic worms may develop resistance to these drugs. An
alternative approach is to explore herbal medicines that are also effective in eliminating parasitic
worms but with fewer side effects, lower costs, greater accessibility, and protective effect of the
tissue, especially for the intestinal structure (Rajeswari, 2014). Several studies have shown that
secondary metabolites in plant extracts possess anthelmintic properties (Hamzah et al., 2016; Sunita
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et al., 2017), but no studies have shown its effect as an agent that protects the gut, where worms
thrive.

One plant species that has been increasingly studied is Syzygium cumini L. (Gupta et al., 2024).
S. cumini in Java Indonesia, known as juwet, is a medicinal plant belonging to the Myrtaceae family,
which has been widely used as a therapeutic drug, including being used for antidiabetes, anti-
inflammatory, antibacterial, and for indigestion. Phytochemical screening of juwet revealed the
presence of various bioactive compounds such as flavonoids, alkaloids, tannins, phenolic acids, and
essential oils. In addition, juwet also has beneficial antioxidant potential for various diseases
attributed to its free radical scavenging properties, and growth inhibition of pathogenic
microorganisms (Gupta et al., 2024; Katiyar et al., 2016). In addition, juwet is known for its medicinal
properties, including its anthelmintic activity, which can paralyze and kill worms (Azam et al., 2020).

The use of juwet fruit water extract (JFWE) as an anthelmintic in mice has not been explored
before, nor has its potential in improving the structure of digestive system tissues, particularly the
duodenum infected by worms. Therefore, this study aims to investigate the protective effect of JFWE
at graded doses using histomorphometry and histopathological approaches to assess its impact on the
duodenum of infected mice. JFWE has the potential to serve as a natural therapeutic agent in
supporting intestinal structural integrity and mitigating pathological impacts caused by parasitic
infection, thereby offering a treatment alternative based on natural compounds.

MATERIALS AND METHODS

The preparation of juwet (Syzygium cumini L.) fruit water extract was conducted at the Research
Laboratory, while the treatment of mice was carried out at the Animal Laboratory, Faculty of
Medicine and Health Sciences, Universitas Kristen Krida Wacana, from September 2024 to
December 2024. The preparation of histological slides of the duodenum was performed at the
Histology Laboratory, Faculty of Medicine, Universitas Airlangga, Surabaya.

This research has passed the ethical review issued by the Medical and Health Research Ethics
Committee of the Faculty of Medicine and Health Sciences, Krida Wacana Christian University
Jakarta with No. SLKE: 1794/SLKE/IM/UKKW/FKIK/KEPK/VIII/2024.

Preparation of juwet fruit water extract (JFWE). Fresh S. cumini fruits were washed and
sorted, then the skin and pulp were separated from the seeds. The skin and pulp were extracted using
a juicer method with the addition of HCI to adjust the pH to 1. The juiced extract was filtered, and
the obtained filtrate was concentrated using a thermostatic water bath.

Preparation of experimental animal. A total of 30 male BALB/C mice (8 weeks old, 20-25 g)
were obtained based on the sample size calculation using the Federer formula for completely
randomized design: (t—1)(n—1)>15, with t = 6 treatment groups and n = 5 replications per group. All
mice were acclimatized for 7 days under standard laboratory conditions (temperature: 22 + 2°C, 12-
hour light/dark cycle) in clean cages with wood shavings. Mice were provided ad libitum access to
food and water. Health and behavior were monitored daily. The mice were randomly divided into six
groups: negative control (aquadest), positive control (pyrantel pamoate, Combantrin® 20 mg/mL),
and treatment groups receiving JFWE at graded doses of 5 mg/mL, 10 mg/mL, 20 mg/mL, and 40
mg/mL. Pyrantel pamoate (Combantrin® 20 mg/mL) was given orally on day 8 and day 18 to all
groups except the negative control. The JFWE was administered orally daily for 21 days. On the final
day of the study (day 21), all mice were fasted for 12 hours before termination (anesthesized using
ether 1,9%, followed by cervical dislocation) and dissection.

Histomorphology and histopathology processing. Histological slides were prepared
(Khasanah & Husen, 2024; Kiernan, 2015). The obtained duodenum samples were fixed in 10%
Neutral Buffered Formalin for 24 hours at room temperature (22—25°C), following the 10:1 volume
ratio (formalin:tissue). After fixation, tissues were trimmed using a scalpel and placed in labeled
tissue cassettes. Then, the trimmed tissues were dehydrated in graded alcohol series from low to high
concentrations (70%, 80%, 90%, and 95%). The samples then underwent clearing in xylene for 2x30
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minutes. Tissues were then infiltrated and embedded in paraffin wax at 60°C for 2 hours. The paraftin
blocks were then colled and stored at room temperature until sectioning. Afterward, the tissue blocks
were sectioned using a rotary microtome at a thickness of 5 um. The ribbons were floated in water
bath at 40—45°C, then mounted on glass slides pre-coated with Vectabond. Slides were dried at 37°C
for 2-3 hours. Slides were then deparaffinized in xylene (2x5 min), followed by rehydration in
descending alcohol concentrations (95%, 90%, and 70%) and rinsed in distilled water. Then each
slides were immersed in hematoxylin for 5-8 mins, followed by dipping in aquadest for 5 mins. Next,
the slides were dipped in 0.1% acid alcohol (1% HCI in absolute ethanol) for 1 min, and dipped in
aquadest for another 5 mins. Then, the slides were dipped in 1.5% lithium carbonate for 30 sec,
followed by eosin Y for 3 mins, then briefly in aquadest. Following that, slides were dehydrated by
dipping in ascending alcohol (95% and 100%), then cleared in xylene. Lastly, the slides were mounted
and covered with coverslips and observed under a microscope with integrated digital camera
(Olympus MCCH20, microscope CH20). Four fields of view per sample were analyzed (Harijati et
al.,2017; Khasanah & Husen, 2024).

Data analysis. The data for intestinal villi height and the thickness of the mucosa, submucosa,
and muscularis layers were analyzed using one-way Anova (a = 95%), followed by an LSD test at a
95% confidence level using SPSS software version 26.00.

RESULTS AND DISCUSSION
The histomorphometric measurements of the duodenum in cestode-infected mice are presented
in Table 1.

Table 1. Average of intestinal villus height and thickness of layer in mice duodenum treated for 21 Days
Intestinal Villus Mucosal Layer Submucosal Layer Muscular Layer

Group n Height (um) Thickness (um) Thickness (um) Thickness (pm)
Negative control 5 357.50 + 6.59° 425.04 + 12.67° 260.59 + 5.04° 65.39 + 1.88°
Positive control 5 364.73 + 16.47° 422.18 + 15.08° 261.22 + 4.55° 64.94 + 0.50°
JFWE 5 mg/mL 5 387.66 + 13.77° 460.30 + 23.99° 274.65 + 7.65° 72.13 £1.32°
JEWE 10 mg/mL 5 381.70 + 12.89° 456.05 + 10.62° 270.69 + 6.83 71.01 + 1.38°
JFWE 20 mg/mL 5 358.78 + 6.85° 417.38 + 8.19° 259.64 + 4.65° 65.04 + 1.57°
JFWE 40 mg/mL 5 354.33 + 12.80° 413.13 + 9,367 254.47 +9.55° 63.73 + 0.39°

Sig 0.001 0.000 0.001 0.000

b Different letters indicate significant differences (p<0.05)

"Negative control (aquadest); positive control (pyrantel pamoate, Combantrin® 20 mg/mL)

* Treatment with JFWE (Juwet Fruit Water Extract)

" Data are presented as mean + SE from one-way Anova at a significance level of 0.05, with superscript letters indicating LSD test results at a 95%
confidence interval

Based on the one-way Anova and LSD post-ho test results shown in Table 1, there was no
significant difference (p>0.05) in the villi height between the negative control group (aquadest),
pyrantel pamoate (Combantrin®) 20 mg/mL, and the JFWE groups at concentrations of 20 mg/mL
and 40 mg/mL. However, these groups showed significant differences (p<0.05) compared to the 5
mg/mL and 10 mg/mL juwet extract groups.

The intestinal villi of the duodenum are composed of a single layer of columnar epithelial cells
with nuclei positioned at the basal part of the cells (McKay et al., 2017; Williams et al., 2014). The
normal morphology of epithelial cells, without signs of degeneration or necrosis, indicates that the
nutrient absorption process remains functional in the intestinal villi. Kiela & Ghishan (2016)
explained that almost all nutrient absorption and other compounds occur in the epithelial cells of the
intestinal villi and mucosal layer, with absorbed nutrients being transported through blood vessels.
McKay et al. (2017) and Tincati et al. (2016) state that the intestinal epithelial layer is the link
between the interior of the body, namely the lamina propria and mucosal layer, and the intestinal
lumen which is exposed to various antigens, a vast microbiota, various protozoa, and helminth
parasites. The intestine is a favored site for helminth parasites, as it provides a sheltered environment,
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a soft mucosal lining surface that is easily sloughed off to gain access to the food-rich
microvasculature in the blood, and a flow of nutrients digested by the host.

Furthermore, McKay ef al. (2017) state that nematodes can cause significant damage to the small
or large intestine of mammalian hosts. Physical damage caused by these nematodes, which have
tissue- or blood-feeding activity, can increase epithelial cell permeability, and cause an increase in
intestinal villi height. The increased villi height in the 5 mg/mL and 10 mg/mL juwet extract groups
was a result of small intestine inflammation caused by cestode infection. A characteristic of intestinal
inflammation is the elongation of intestinal villi (Wiadnyana et al., 2015). This is further supported
by Table 1, which shows that the average villi height in the 5 mg/mL and 10 mg/mL juwet extract
groups exceeded the normal range. The normal villi height in the small intestine of mice is 333.25 +
42.25 um (Hidayat et al., 2021) and 288.95 = 7.73 um (Zou & Zheng, 2013). The normal villi height
in the duodenum is 356.58 = 21.21 um (Aboregela et al., 2020).

The villi height in the pyrantel pamoate (Combantrin®) 20 mg/mL, juwet extract 20 mg/mL, and
juwet extract 40 mg/mL groups effectively reduced small intestine inflammation (resulting in villi
height lower than the normal value), leading to wound healing and structural improvement of the
duodenal villi in mice. JFWE contains flavonoid compounds that can stimulate epithelial formation
(Devi et al., 2021). In addition to affecting the villi height of the duodenum, cestode infection also
influences the thickness of the duodenal mucosal layer.

The thickness of the duodenal mucosal layer in mice, based on the results of one-way Anova and
LSD tests (Table 1), showed that the JFWE groups at concentrations of 5 mg/mL and 10 mg/mL were
significantly different from the aquadest group, the Combantrin® 20 mg/mL group, and the JFWE
groups at concentrations of 20 mg/mL and 40 mg/mL (p<0.05). Thickening of the duodenal mucosal
layer may indicate both inflammation and tissue repair. Signs of inflammation in the duodenum
include thickening of the mucosal, submucosal, and muscular layers due to the localization of
macrophages, eosinophils, and other lymphocytes (Jatsa et al., 2018). Epithelial tissue repair in the
intestinal villi of the duodenal mucosal layer occurs as part of the healing process initiated by
lymphocytes (Sunarno ef al., 2016).

Thickening of the intestinal muscular layer is associated with increased contractility of smooth
muscle cells lining the intestinal wall. This increased contractility is an important mechanism for
expelling parasites from the gastrointestinal tract (Else et al., 2020; Klementowicz et al., 2012).
Additionally, worm infections can manipulate the host’s immune response, making helminthiasis a
chronic infection that is often asymptomatic (Figueiredo ef al., 2010; Vanhooren et al., 2023). The
elimination mechanism for expelling worms involves increased epithelial cell turnover, mucin
production by goblet cells, and smooth muscle contraction, which can lead to structural changes in
the intestines, particularly in the muscular layer (Anto et al., 2020; Klementowicz et al., 2012).

The JFWE groups at 20 mg/mL and 40 mg/mL showed a reduction in inflammation due to the
anti-inflammatory effects of the extract. The reduction in inflammation indicates that the muscular
layer thickness is returning to normal levels, and the healing process is progressing. Furthermore, the
decrease in muscular layer thickness is attributed to the expulsion of parasitic worms from the
duodenum, preventing further stimulation of smooth muscle contractility in the intestinal wall. This
study shows that JFWE at 20 mg/mL and 40 mg/mL reduces intestinal villi height, mucosal layer
thickness, submucosal layer thickness, and muscular layer thickness in male mice. This finding is
supported by the histopathological images of the duodenum, where necrosis of the simple columnar
epithelial cells forming the intestinal villi was observed in the control and pyrantel pamoate
(Combantrin® 20 mg/mL) groups due to worm metabolism adhering to the duodenal wall. In contrast,
the JFWE treatment groups up to 40 mg/mL showed no significant histopathological changes in the
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duodenum of male mice during the 3 weeks study period. Changes in duodenal histopathology of
mice after treatment for 3 weeks can be seen in Figure 1.

Figure 1. Photomicrograph of a transverse section of the duodenum (HE, 400x). Note: 1. Negative control group
(aquadest), 2. Positive control group Pyrantel Pamoate, Combantrin® 20 mg/mL, 3. Treatment group with JFWE 5
mg/mL, 4. Treatment group with JFWE 10 mg/mL, 5. Treatment group with JFWE 20 mg/mL, 6. Treatment group with
JFWE 40 mg/mL, inflammation (P), necrosis (N), goblet cells (G), simple columnar epithelial cells (E), mucosal layer
(M), submucosal layer (SM), muscularis layer (Mu), degeneration (D)

Based on previous studies, juwet fruit was known to contain secondary metabolites such as
flavonoids, saponins, alkaloids, and tannins. In particular, alkaloids plays a role as an anthelmintic
(Gupta et al., 2024; Katiyar et al., 2016; Azam et al., 2020). The anthelmintic activity of alkaloid



Susilowati et al. Biogenesis: Jurnal Ilmiah Biologi 45

compounds involves the inhibition of acetylcholinesterase enzyme activity, leading to muscle
paralysis in worms, ultimately causing their death (Pratama, 2021).

The improvement in duodenal histopathology of mice given JFWE may also be due to its high
antioxidant activity. It is also possible that the antioxidant activity in JFWE in the intestine serves to
protect intestinal cells from damage caused by free radicals. Ahmed et al. (2020) reported that juwet
pulp and seeds are a source of natural antioxidants that can be used efficiently, where the phenolic
compounds contained therein can repair histopathological changes in organs damaged by free radical
exposure (EI-Anany & Ali, 2013). Unlike pyrantel pamoate, which acts purely as an anthelmintic but
cannot fully help repair the damage to the duodenal structure, JFWE showed not only as an
anthelmintic but can also repair damage to the duodenal structure due to its antioxidant activity.

CONCLUSION

The histomorphometric analysis of the duodenal structure in the treatment groups receiving 20
mg/mL and 40 mg/mL of JFWE demonstrated significant improvements in the height of intestinal
villi, as well as the thickness of the mucosa, submucosa, and muscularis layers. These findings suggest
that the extract plays a role in the recovery process from helminth-induced damage in the duodenum.
The reduction in inflammation, as indicated by the normalization of tissue thickness, supports the
potential anti-inflammatory and healing properties of the JFWE. Additionally, the histopathological
analysis of the duodenum further confirmed these findings, as no structural abnormalities or
degenerative changes were observed in the treatment groups receiving 20 mg/mL and 40 mg/mL of
the extract. However, thile conventional H&E staining revealed structural improvements, it may not
fully capture molecular or cellular-level changes involved in tissue repair and immune modulation.
Therefore, future studies incorporating immunohistochemistry (IHC) are recommended to assess the
expression of relevant biomarkers which would give insight into the mechanisms underlying the
protective effects of JEWE. In conclusion, JFWE at concentrations of 20 mg/mL and 40 mg/mL may
effectively aid in intestinal tissue repair and recovery, providing a potential natural alternative for
combating helminth infections while minimizing tissue damage.

REFERENCES

Aboregela A, Ibrahim A, Raafat N, Sabbah N. 2020. Possible ameliorating role of ascorbic acid on intestinal changes
induced by acrylamide in adult female albino rats and their offsprings. Egyptian Journal of Histology. vol 43(4):
1115-1127. doi: https://dx.doi.org/10.21608/ejh.2020.20059.1206.

Ahmed S, Ahmed KS, Hossain MS, Azam MS, Rahman M, Hoque MM. 2020. Proximate composition and antioxidant
activity of Syzygium cumini fruit grown at difficult regions in Bangladesh. Food Research. vol 4(5): 1693-1699. doi:
https://doi.org/10.26656/1r.2017.4(5).162

Annisa S, Dalilah, Anwar C, Novrikasari. 2018. The relationship between soil transmitted helminthes (STH) infection
and nutritional status in students of State Elementary School (SDN) number 200 Palembang Indonesia. Bioscientia
Medicina. vol 2(2): 42-53. doi: https://doi.org/10.32539/bsm.v2i2.39.

Anto EJ, Lelo A, Ilyas S, Nainggolan M. 2020. Effect of ethanol extract and ethyl acetate fraction of betel nut (4reca
catechu L.) in colonic goblet cells of mice (Mus musculus) given orally infective egg of Trichuris muris. Maced J
Med Sci. vol 8(B): 637—642. doi: https://doi.org/10.3889/0amjms.202.

Anwar RI, Mahari D, Lupitasari F, Adianto N. 2020. Perbandingan efektivitas pemberian obat cacing albendazole secara
oral dan abamectin secara topikal (pour on) terhadap jumlah telur nematoda pada sapi Peranakan Ongole (PO).
Prosiding Seminar Nasional Teknologi Peternakan dan Veteriner. vol 20(20): 293-300.

Aryadnyani NP, Inderiati D, Fatimah S. 2021. Infeksi kecacingan pasca pengobatan pada anak sekolah dasar di Kabupaten
Tebo. Meditory. vol 9(2): 86-92. doi: https://doi.org/10.33992/m.v9i2.1728.

Azam A, Saeed I, Saleem MA, Azam T. 2020. Evaluation of anthelmintic activity of different fractions of Syzygium
cumini L. leaves. FUUAST J Biol. vol 10(1): 51-55.

Devi K, Indumathy S, Rathinambal V, Uma S, Kavimani S, Balu V. 2009. Anthelmintic activity of asta churna. Int J
Health Res. vol 2(1): 101-103. doi: http://dx.doi.org/10.4314/ijhr.v2i1.55399.

Devi PIDC, Wardani IGAA K, Suena NMDS. 2021. Potensi tanaman herbal terhadap peningkatan jumlah fibroblas dalam
penyembuhan luka bakar. Usadha: Jurnal Integrasi Obat Tradisional. vol 1(1): 17-22.

El-Anany AM, Ali RFM. 2013. Biochemical and histopathological effects of administration various levels of pomposia
(Syzygium cumini) fruit juice as natural antioxidant on rat health. Journal of Food Science and Technology. vol 50(3):
487-495. doi: https://doi.org/10.1007/s13197-011-0372-6.


https://dx.doi.org/10.21608/ejh.2020.20059.1206
https://doi.org/10.26656/fr.2017.4(5).162
https://doi.org/10.32539/bsm.v2i2.39
https://doi.org/10.3889/oamjms.202
https://doi.org/10.33992/m.v9i2.1728
http://dx.doi.org/10.4314/ijhr.v2i1.55399
https://doi.org/10.1007/s13197-011-0372-6

Vol 12(2), December 2024 Biogenesis: Jurnal Ilmiah Biologi 46

Else KJ, Keiser J, Holland CV, Grencis RK, Sattelle DB, Fujiwara RT, Bueno LL, Asaolu SO, Sowemimo OA, Cooper
PJ. 2020. Whipworm and roundworm infections. Nature Reviews Disease Primers. vol 6(44). doi:
https://doi.org/10.1038/s41572-020-0171-3.

Gupta S, Hema G, Singh A, Prajapati A, Omer K, Upadhyay D, Gupta AK. 2024. Phytopharmaceutical benefits of
Syzygium cumini: Insights from the Indian traditional medicine. African Journal of Biological Sciences. vol 6(15):
4998-4024. doi: https://doi.org/10.48047/AFJBS.6.15.2024.4998-5025.

Hamzah A, Hambal M, Balqis U, Darmawi, Maryam, Rasmaidar, Athaillah F, Muttaqien, Azhar, Rastina, Eliawardani.
2016. In vitro anthelmintic activity of Veitchia merrillii nuts against Ascaridia galli. Traditional Medicine Journal.
vol 21(2): 55-62. doi: https://doi.org/10.22146/tradmed;.12818.

Harijati N, Samino S, Indriyani S, Soewondo A. 2017. Mikroteknik dasar. Malang: Universitas Brawijaya Press.

Hasna ASN, Isdadiyanto S, Sitasiwi AJ. 2022. Histopathology of rats intestinal treated with high-fat diet and neem leaf
extract. Jurnal Pro-life. vol 9(1): 387-402. doi: https://doi.org/10.33541/jpvol6lss2pp102.

Jacob J, Steel A, Kaluna L, Hess S, Leinbach I, Antaky C, Sugihara R, Hamilton L, Follett P, Howe K, Jacquier S,
Wongwiwatthananukit S, Jarvi S. 2022. In vivo efficacy of pyrantel pamoate as a post-exposure prophylactic for rat
lungworm (Angiostrongylus cantonensis). International Journal for Parasitology: Drugs and Drug Resistance. vol
19: 1-5. doi: https://doi.org/10.1016/.ijpddr.2022.04.002.

Jatsa HB, Femoe UM, Njiaza J, Tombe DS, Mbolang LN, Nkondo ET, Kamtchouing P. 2018. Efficacy of Sida pilosa
Retz aqueous extract against Schistosoma mansoni—induced granulomatous inflammation in the liver and the intestine
of mice: Histomorphometry and gastrointestinal motility evaluation. BMC complementary and Alternative Medicine.
vol 18(1): 1-15. doi: https://doi.org/10.1186/s12906-018-2318-2.

Katiyar D, Singh V, Ali M. 2016. Recent advances in pharmacological potential of Syzygium cumini: A review. Advances
in Applied Science Research. vol 7(3): 1-12.

Khasanah NAH, Husen F. 2024. Evaluasi struktur histologis hati dan paru-paru mencit yang diinduksi karbon tetraklorida
(CCl4). BioEksata: Jurnal Iimiah Biologi Unsoed. vol 6(4): 263-270. doi:
https://doi.org/10.20884/1.bioe.2024.6.4.11261.

Kiela PR, Ghishan FK. 2016. Physiology of intestinal absorption and secretion. Best Practice & Research Clinical
Gastroenterology, 30(2): 145-159. doi: https://doi.org/10.1016/j.bpg.2016.02.007.

Kiernan JA. 2015. Histological and histochemical methods. Oxfordshire: Scion Publishing. doi:
https://doi.org/10.1097/01.shk.0000286293.63 833.12.

Klementowicz JE, Travis MA, Grencis RK. 2012. Trichuris muris: A model of gastrointestinal parasite infection. Semin
Immunopathol. vol 34(6): 815-828. doi: https://doi.org/10.1007/s00 281-012-0348-2.

Lehne RA. 2013. Pharmacology for nursing care. New York: Elsevier Health Sciences.

McKay DM, Shute A, Lopes F. 2017. Helminths and intestinal barrier function. Tissue Barriers. vol 5(1): €1283385. doi:
https://doi.org/10.1080/21688370.2017.1283385.

Pratama RA. 2021. Potensi anthelmintik mangga arumanis (Mangifera indica L). Jurnal Medika Hutama. vol 2(2): 497-
501.

Putri RR, Atma CD, Agustin ALD, Ningtyas NSI. 2021. Efektivitas serbuk daun kelor (Moringa oleifera L.) sebagai
anthelmintik terhadap infeksi parasit nematoda gastrointestinal pada sapi Bali. Mandalika Veterinary Journal. vol
1(2): 19-28. doi: http://dx.doi.org/10.33394/mvj.v1i2.4247.

Rajeswari D. 2014. Anthelmintic activity of plants: A review. Research Journal of Phytochemistry. vol 8(3): 57-63. doi:
http://dx.doi.org/10.3923/rjphyto.2014.57.63.

Sunarno S, Goeltoem RJ, Mardiati SM. 2016. Aplikasi pakan kaya nutrisi dengan suplementasi daging ikan gabus
(Channa striata) dan perannya dalam perbaikan struktur duodenum: Kajian in vivo pada tikus Wistar yang diberi
perlakuan stres. Bioma: Jurnal Ilmiah Biologi. vol 5(1): 43-60. doi: https://doi.org/10.26877/bioma.v5il.1493.

Sunita K, Kumar P, Khan MA, Husain SA, Singh DK. 2017. Anthelminthic/larvicidal activity of some common medicinal
plants. European Journal of Biological Research. vol 7(4): 324-336. doi: http://dx.doi.org/10.5281/zenodo.1036819.

Tincati C, Douek DC, Marchetti G. 2016. Gut barrier structure, mucosal immunity and intestinal microbiota in the
pathogenesis and treatment of HIV infection. AIDS Res Ther. vol 13(19): 1-11. doi: http://dx.doi.org/
10.1186/s12981-016-0103-1.

Vanhooren M, Stoefs A, Van Den Broucke S, Van Esbroeck M, Demuyser Y, Kindt S. 2023. Intestinal helminthic
infections: A narrative review to guide the hepatogastro-enterologist. Acta Gastro-Enterologica Belgica. vol 86: 460-
473. doi: https://doi.org/10.51821/86.3.11895.

Wiadnyana IMP, Budiasa K, Berata IK. 2015. Histopatologis usus halus mencit pasca pemberian ekstrak etanol daun
ashitaba. Buletin Veteriner Udayana. vol 7(1): 73-79.

Williams JM, Duckworth CA, Pritchard DM. 2014. Epithelial cell shedding and barrier function: A matter of life and
death at the small intestinal villus tip. Sage Jowrnal. vol 52(3): 445-455. doi:
https://doi.org/10.1177/0300985814559404.


https://doi.org/10.1038/s41572-020-0171-3
https://doi.org/10.48047/AFJBS.6.15.2024.4998-5025
https://doi.org/10.22146/tradmedj.12818
https://doi.org/10.33541/jpvol6Iss2pp102
https://www.sciencedirect.com/journal/international-journal-for-parasitology-drugs-and-drug-resistance
https://doi.org/10.1016/j.ijpddr.2022.04.002
https://doi.org/10.1186/s12906-018-2318-2
https://doi.org/10.20884/1.bioe.2024.6.4.11261
https://doi.org/10.1016/j.bpg.2016.02.007
https://doi.org/10.1080/21688370.2017.1283385
http://dx.doi.org/10.33394/mvj.v1i2.4247
http://dx.doi.org/10.3923/rjphyto.2014.57.63
https://doi.org/10.26877/bioma.v5i1.1493
http://dx.doi.org/10.5281/zenodo.1036819
https://doi.org/10.51821/86.3.11895

