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Introduction

The brain is an essential neurological system in hu-
mans and animals. Brain function can be destroyed 

through circulatory system disturbance, such as thrombus. 
Thrombus causes a significant decrease in the blood supply 

that not to carry nutrition, oxygen and other blood com-
ponents to the brain tissue. Further, they promote severe 
stress within the neuronal tissue and cause neuronal death 
(Kuriakose and Xiao, 2020). In advance, it triggers partial 
infarction within brain tissue and causes ischemic stroke. 
An ischemic stroke is the highest prevalence in humans, 
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reaching 52.9% (Herpich and Rincon, 2020). Ischemic 
stroke triggers neurological deficits and paralysis and de-
creases the human quality of life. The clinical signs of is-
chemic stroke commonly occur in a couple of hours and 
often show a high fatality and death (Murphy and Wer-
ring, 2020). 

The most common treatment for the patient with ischemic 
stroke is using clopidogrel (Yang et al., 2021). Clopidogrel 
is a member of the antiplatelet drug group, and it is essen-
tial to inhibit the platelet P2Y12 adenosine diphosphate 
receptor (Kuszynski and Lauver, 2022). This drug has 50% 
bioavailability, and only 15% became active via esterase hy-
drolysis with the CYP enzyme. Furthermore, clopidogrel 
has several side effects, such as skin rash, hypersensitivity, 
allergy, and thrombocytopenia, and it can cause bleeding 
with various degrees of severity (Patti et al., 2020). An al-
ternative treatment must be developed to mitigate the side 
effects of antiplatelet drugs against stroke, such as using 
herbs, including calabash (Crescentia cujete L.).

Calabash is a tropical fruit that can be found in Indonesia. 
This fruit, also known as buah maja, buah bila, and berenuk 
(Rivera  et al., 2008), become part of the legendary Ma-
japahit Kingdom. Every part of this plant can be utilized 
as an antimicrobial, antifungal, and antioxidant. Its fruit 
and leaves contain alkaloids, flavonoids, saponin, tannin, 
polyphenols, and triterpenoids (Das et al., 2014). Wilujeng 
et al. (2023) described that this fruit also consists of choline, 
an eminent neurotransmitter. A previous study described 
that using choline in the prenatal period in rats increases 
cognitive performance, size and response of neurons, and 
neuroprotectant effects from the neurotoxin agents (Der-
byshire and Obeid, 2020). Based on that, this study aimed 
to analyze the efficacy of calabash fruit against brain histo-
pathology in a mouse model with ischemic stroke. 

Materials and Methods

Ethic approval
The ethical clearance committee from the Faculty of Den-
tistry, Universitas Airlangga, Indonesia, has approved this 
study. The clearance number was: 463/HRECC.FOD-
M/V/2023. This study was conducted from March until 
July 2023 in the Laboratory of Pharmacology, Faculty of 
Veterinary Medicine, University of Wijaya Kusuma Sura-
baya.

Herbal preparation 
This study used calabash. The calabash species was deter-
mined in Balai Besar Penelitian dan Pengembangan Tana-
man Obat dan Obat Tradisional (B2P2TO-OT), Tawang-
mangu, Central Java, Indonesia. The species of calabash 
was Crescentia cujete L, and it was registered with voucher 

number: KM.04.02/2/1248/2022. The fruit was peeled, 
and its pulp was collected. The fruit was fermented for 30 
days using the following formulae, water: fruit pulp: sug-
ar: pectinase (100: 40: 8: 4). The fermented calabash was 
stored in a fermentation bottle and stirred once daily. Af-
ter 30 days, the fermented calabash was filtered and stored 
inside the bottle at four °C using a fridge (Wilujeng et al., 
2023). 

Choline standardization 
The choline level of fermented calabash was measured us-
ing liquid chromatography-mass spectrometry/ mass spec-
trometry (LC-MS/MS). The choline level was measured 
using the demonstrated procedure in the previous study 
(Wilujeng et al., 2023). The result of LC-MS/MS indicat-
ed that the level of choline was 110.33 mg/kg.

Artificially induced ischemic stroke (IS) in rat 
model 
The artificial ischemic stroke in rats was performed us-
ing common carotid artery (CCA) occlusion using simple 
interrupted ligation. Before occlusion, the rat was anaes-
thetized using ketamine® (50 mg/kg BW) and xylazine® 
(4 mg/kg BW) (Bhatia et al., 2022). Further, the rat was 
shaved on their neck and disinfected using 70% isopropyl 
alcohol. The skin neck was incised as long as 2 cm, and its 
neck muscle was retracted to expose the CCA. The CCA 
was ligated using silk suture for four hours. After occlu-
sion, the knot was cut to sustain the blood reperfusion on 
the brain tissue. The skin was then closed. The analgesia 
was given using buprenorphine® (0,1 mg/kg BW). 

Experimental design  
Fifty Sprague Dawley rats (male, 3 months, 254.25±8.18 
grams) were used as a model for artificially induced is-
chemic stroke. The rats were separated into five groups 
(10/ each) as follows: P1 (sham-operated), P2 (IS without 
treatment), P3 (IS + 0.74 mg/kg BW of calabash), P4 (IS 
+ 1.48 mg/kg BW of calabash), P5 (IS + 2.96 mg/kg BW 
of calabash). After 24 hours, the rats were treated twice 
daily using various doses of calabash for seven days. The 
treatment was given at 06.00 (a.m. and p.m).

Specimen collection
On day 8, the rats were euthanized using lethal doses of 
ketamine® (300 mg/kg BW). The skull was opened and 
brain was collected. The cerebrum was divided into two 
parts, the first part for 2% triphenyl tetrazolium chloride 
(TTC) staining and the second part for histopathology us-
ing hematoxylin and eosin (H&E) staining. 

Neurodeficit score 
The neurodeficit score was observed from the animal mod-
els. The observation was conducted 24 hours after artifi-
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cially induced ischemic stroke, day four and day seven after 
treatment. The scoring system followed the demonstrated 
procedure in a previous study, including 0 = normal, 1 = in-
ability of contralateral limb, 2 = circle behaviour, 3 = spon-
taneous circling, 4 = no spontaneous movement with a low 
consciousness, and 5 = death (Althurwi et al., 2022).

Brain infarct measurement and morphometry
The brain infarct measurement was performed using 2% 
TTC staining. The staining was conducted by immersion 
of the cerebrum within TTC for 30 minutes. After 30 
minutes, the cerebrum was drained using towel tissue. The 
cerebrum was then photographed using a camera (Santo et 
al., 2023). The white area indicated the infarct area, meas-
ured using Image J Software. The infarct area was meas-
ured as the percentage area of the brain. 

Histopathology and morphometry 
For histopathology, the brain was fixed using 10% neutral 
buffer formalin. Following the previous study, the brain 
was processed using routine histopathological H&E stain-
ing (Hristu et al., 2021). Before the staining, the organ 
was dehydrated using alcohol and xylene. The organ was 
blocked using liquid paraffin at 62°C. The organ was cut 
using a microtome in 4 µm. The section was then cleared 
using xylene, dehydrated using alcohol, and stained using 
hematoxylin. The eosin was used as the counterstain of the 
tissue section. Further, the section was dehydrated using 
alcohol and cleared using xylene. The tissue was mounted 
using Entelan and covered with cover glass. The slide was 
analyzed by a pathologist under a blindfold condition. The 
histopathology was reported as a score as follows: 1 = nor-
mal, 2 = mild, 3 = moderate, and 4 = severe (Rahaman and 
Del Bigio, 2018). 

Analysis data
The data analysis was conducted using SPSS software 
version 26. The data, which was expected and homogeny, 
was analyzed using ANOVA. However, the abnormal and 
heterogeny data was analyzed using Kruskal – Wallis and 
Mann – Whitney U test (Percie du Sert et al., 2020). The 
significance value was 0.05. 

Result 

This study showed that there is no infarct area was ob-
served in sham-operated group (Figure 1a). There is a sig-
nificant occurrence of infarct area from group P2 (Figure 
1b) compared to the sham-operated (P1) group (P≤0.05). 
Moreover, there is a significant decrease in infarct area 
from group P5, treated with 2.96 mg/kg BW of calabash 
(Figure 1d), compared to P2, P3, and P4 (P≤0.05). Groups 
P3 and P4 did not show differences against the parameters 
of infarct area and microgliosis (P≥0.05). Moreover, groups 

P3 and P4 showed better necrosis neuronal scores than the 
P2 group (P≤0.05). The P1 group showed a similar histo-
pathological score on the microgliosis parameter compared 
to the P5 group (P≥0.05). No one from the treated group 
shows similar results against infarct area and neuronal ne-
crosis compared to the sham-operated group (Table 1). 
Nevertheless, the group treated with 2.96 mg/kg BW of 
calabash showed that there is a repair mechanism against 
ischemic stroke.

Figure 1: Brain macroscopy of rat model with artificially 
induced ischemic stroke after treatment. The sham-
operated group showed there is infarct area was observed 
(a); ischemic stroke without treatment showed a large 
infarct area (AI) with white color (b); however, there is a 
decrease of infarct area (AI) from the group treated with 
1.48 mg/kg BW of calabash (c); and pale infarct area (AI) 
from the group treated with 2.96 mg/kg BW of calabash 
(d). Macrophotograph, 2% TTC staining.

Furthermore, groups P1 and P5 showed no differenc-
es against oedema neuronal, secondary haemorrhage, 
and perivascular oedema (P≥0,05). In contrast, the other 
treated groups with lower doses of calabash showed sig-
nificant differences compared to the sham-operated group 
(P≤0,05). Group P3 did not differ from P2 in all param-
eters (P≥0,05). However, group P4 showed differenc-
es against oedema neuronal and secondary haemorrhage 
(P≤0,05) (Table 2). It indicates that 2.96 mg/kg BW of 
calabash potentially promotes the repairing of brain tissue. 
However, the lower dose (1.48 mg/kg BW) still has mini-
mal potential benefit.

The histopathological score was supported by their histo-
pathology qualitatively. The sham-operated group showed 
a clear, typical neuron with a nucleus and nucleolus in this 
study. Moreover, the microglial cells all still presented at 
low density. The blood vessel from the sham-operated 
group showed an intake vessel wall without increasing Vir-
chow Robin space (Figure 2a). It is different from ar
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Table 1: Histopathology score of infarct area, neuronal necrosis, and microgliosis of the brain from rat model with 
artificially induced ischemic stroke.
Group Area infarct (%) Neuronal necrosis Microgliosis 
P1 1,90 ± 0,48a 1,25 ± 0,50a 1,25 ± 0,50a

P2 34, 48 ± 8,58b 3,75 ± 0,50b 3,75 ± 0,50b

P3 24,76 ± 4,13c 3,25 ± 0,95b 3,25 ± 0,50b,c

P4 21,76 ± 9,01c 2,75 ± 0,50c 2,75 ± 0,50c

P5 6,78 ± 4,69d 2,25 ± 0,50d 2,00 ± 0,81a

a,b,c,d different superscripts on the same row showed a significant difference (P≤0,05).

Table 2: Histopathology score of oedema neuronal, secondary haemorrhage, and perivascular brain oedema from rat 
model with artificially induced ischemic stroke.
Group Oedema neuronal Secondary haemorrhage Perivascular oedema 
P1 1,50 ± 0,57a 1,00 ± 0,00a 1,25 ± 0,50a

P2 3,50 ± 0,57b 3,25 ± 0,50b 3,25 ± 0,50b

P3 3,50 ± 0,57b 3,00 ± 0,81b 2,50 ± 0,57b,c

P4 2,50 ± 0,57c 2,25 ± 0,50c 2,50 ± 0,57b,c

P5 1,50 ± 0,57a 1,75 ± 0,94a,c 1,75 ± 0,50a

a,b,c,d different superscripts on the same row showed a significant difference (P≤0,05).

tificially induced ischemic stroke without treatment. The 
untreated group showed neuronal necrosis, microgliosis, 
oedema neuronal, secondary haemorrhage, and inflamma-
tion with high severity (Figure 2b – d). Group P3 showed 
moderate to severe histopathological changes (Figure 3a 
– b), while group P4 showed mild to moderate histopatho-
logical changes (Figure 3c). However, group P5 showed 
better brain histopathology than the other calabash doses 
(Figure 3d). 

Figure 2: Brain histopathology of rat model with artifi-
cially induced ischemic stroke. Typical brain histology with 
an apparent nucleus and nucleolus are presented (black ar-
row), microglia (line), satellite cell (arrowhead), and intake 
blood vessels (*) from a sham-operated group (a); ischemic 
stroke group without treatment showed secondary haem-
orrhage (*) inside the Virchow Robin space and tissue, 
neuronal necrosis that marked by pyknosis neuron (red 
arrowhead) (b); most of the neuron suffered oedema (blue 
arrow) marked by pale cytoplasm and cleft that suspected 

by the crystalline inclusion, microgliosis (line) (c); moreo-
ver, the brain also showed perivascular oedema (^), oedema 
neuronal (white arrow) with neutrophilic and lymphocytic 
inflammation, and satellitosis (box) (d). H&E, 400×, skala 
bar: 50µm (a-d).

Figure 3: Brain histopathology of rat model with artificially 
induced ischemic stroke after calabash treatment. Group 
P3, treated with 0.74 mg/kg BW of calabash, showed 
moderate histopathological changes against neuronal 
necrosis (red arrow), microgliosis (line), and secondary 
haemorrhage (*) (a, b); group P4 that, treated with 1.48 
mg/kg BW of calabash showed ghost cell (yellow arrow), 
oedema perineuronal (white arrow), pyknosis (red arrow), 
and secondary haemorrhage (*) (c); finally, the group P5 
showed a dominate of typical neuron (black arrow), mild 
secondary haemorrhage (*), and mild oedema perineuronal 
(white arrow) (d). H&E, 400×, skala bar: 50µm (a-d).
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The result of area infarction and histopathology was cor-
related to the neurodeficit score. After 24 hours of artifi-
cially induced ischemic stroke, all rats in groups P2 to P5 
showed high neurological deficit scores that were not dif-
ferent from each other (P≥0,05). The score of neurodeficit 
is stagnant in groups P2 and P3 in all observation times. 
Groups P4 and P5 significantly decreased neurodeficit in 
days 4 and 7 after treatment. Moreover, group P5 indicated 
the lowest neurodeficit score among all the ischemic stroke 
groups compared to the others (P≤0,05) (Figure 4). 

Figure 4: Neurodeficit score from rat model with artificially 
induced ischemic stroke.

Discussion

Ischemic stroke is a degenerative disease caused by circu-
latory disturbance, including a thrombus. The circulatory 
disturbance impacts the blood supply to the brain. Brain 
circulatory disturbance significantly impacts neurons 
and triggers necrosis and other histopathological chang-
es. Generally, the histopathological changes in ischemic 
stroke are secondary haemorrhage, neuronal necrosis, mi-
crogliosis, and satellitosis. 

The untreated group showed the occurrence of secondary 
haemorrhage. Shao et al. (2022) explained that the sec-
ondary haemorrhage during ischemic stroke is caused by 
vascular anomaly, coagulopathy, and vasculitis. Secondary 
haemorrhage is a compensatory impact of intravascular 
pressure on the brain blood vessel. This mechanism allows 
the blood extravasation to penetrate the Virchow Robin 
space (Bautista et al., 2021). Further, oedema perivascular 
and perineuronal indicate a trapped fluid within the space 
in the brain tissue. Based on Jha et al. (2019), brain oedema 
is a fluid accumulation in the tissue because of an increase 
in intracranial pressure. During the stroke pathophysiolo-
gy, the oedema is formed within 2 to 5 days after the stroke 
attack (Wu et al., 2018). 

Furthermore, circulatory disturbance impairs brain oxy-
genation and its nutritional supply, which initiates neu-

ronal necrosis during ischemic stroke. One of the most 
common neuronal necrosis within brain tissue is marked 
by pyknosis. Based on Mora-Gutiérrez et al. (2021) study 
described that the clumping of the nucleus marks pyknosis 
as an impact of DNA condensation. It is similar to the 
result of this study that there is a forming of secondary 
haemorrhage with severe necrosis in the untreated group.
 Brain tissue is also arranged by the satellite cell and is 
essential as a neuroprotector. However, its role is switching 
to become the progenitor for improving connective tissue 
during an ischemic mechanism (Hanani and Spray, 2020). 
Like the satellite cell, the microglia cell is a natural mac-
rophage within brain tissue. In this study, microglia can be 
found in untreated and treated groups. As a natural mac-
rophage, the microglia play a role in phagocytosis. Micro-
gliosis is an indicator of inflammation and tissue defect. 
The previous study described that ischemic stroke causes a 
decrease in blood supply that promotes a quick demarca-
tion of microglia to form microgliosis (Zhang et al., 2019). 
Therefore, satellitosis and microgliosis always occur during 
ischemic stroke, which is related to this study’s result in the 
untreated group.

Histopathologically, it can be seen that there are no sig-
nificant differences between the sham-operated group and 
the group treated with 2.96 mg/kg BW of calabash against 
various parameters, except for neuronal necrosis. This re-
sult indicated that the calabash acts as a healing promoter 
in ischemic stroke in a rat model. The difference between 
sham-operated and 2.96 kg/BW of the calabash group re-
garding neuronal necrosis explains that neuronal necrosis 
requires a more extended period to be repaired (Sekerd-
ag et al., 2018).

The efficacy of calabash as a treatment against ischemic 
stroke is supported by its choline content. Because choline 
is an eminent neuroprotectant and neuro supplement (Fil-
ipska et al., 2020). This hypothesis is supported by Blusz-
tajn et al. (2017), that described that choline has a potency 
to repair the neuron in human and animal studies during 
the prenatal period. Choline is also an essential food sup-
plement if it is combined with folic acid and B12. Moreo-
ver, choline has neuroprotectant effects to decrease the risk 
of neuronal defect in human embryonic studies. Bekdash 
(2019) reported that choline is needed by the body to syn-
thesise phosphatidylcholine, which is required in repairing 
membrane cell degradation. Phosphatidylcholine also ben-
eficially depresses reactive oxygen species, lipid peroxidase 
and increases the function of neuro cholinergic dependent 
(Zhong et al., 2021). 

Moreover, there is a different efficacy between each dose of 
calabash against ischemic stroke. On the doses, 0.74 mg/kg 
BW of calabash, oedema neuronal, secondary hemorrhage, 
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oedema perineuronal, and microgliosis were observed. 
However, the dose of 1.48 mg/kg BW showed a minimal 
lesion, such as oedema perineuronal, and its efficacy in-
creased at 2.96 mg/kg BW of calabash, which showed mild 
hydropic swelling. During the treatment using the highest 
doses of calabash, the microgliosis was minimal but still 
can be found. It shows that microgliosis is compensato-
ry for severe tissue damage. Qin  et al.  (2019) described 
that microgliosis becomes activated in brain inflamma-
tion. Microglia undergo changes in form and function, 
synthesis of cytokine, chemokine, and other co-factor that 
initiate cell regeneration in the surrounding tissues (Ya-
dav et al., 2019). Further, the efficacy of choline increases 
along with the increase in doses, and it describes that the 
dose of choline is related to ischemic stroke repair. Higher 
choline synthesis of higher acetylcholine as a neurotrans-
mitter promotes the modification of methylation of neuro 
DNA to change their gene expression and neuronal activ-
ity (Derbyshire and Obeid, 2020). The histopathological 
changes after therapy can be analyzed through the neuro-
deficit or neurological deficit of the patient. A high repair 
of neurons within the brain significantly affects the nor-
malization of neurodeficit. Althurwi et al. (2022) demon-
strated that neurological deficits can be repaired following 
the therapy using β-carotene. Like the β-carotene, choline 
has beneficial effects as a neuroprotectant potent against 
neuronal injury. 

Conclusion and 
recommendations

This study proved that calabash can be an alternative ther-
apy against ischemic stroke. Higher doses of calabash pro-
mote higher repairing mechanisms in brain tissue, espe-
cially in promoting neuronal protection. 

An advanced study must be performed to analyze the other 
potency of this fruit against ischemic stroke accompanied 
by other comorbid factors. Further, the reports of toxicity 
of calabash and its processing product must be elucidated 
to guarantee the safety aspect of this herbal utilization.
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