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ABSTRACT:

Objective: To investigate the neuroprotective potency of Tamarindus indica seed extract (TSE) for Alzheimer's
prevention-based on the pathogenesis of the disease. Methods: Rats were divided into 6 groups: normal, control,
aluminum chloride (AICIs), low, moderate and high dose of TSE. The Morris water maze test was used to
evaluate the memory. Proinflammatory cytokines levels were estimated by enzyme-linked immunosorbent assay
method. Malondialdehyde levels were measured by the thiobarbituric acid reactive substances method. Results:
Administration of 50 mg/kg TSE were decreased cerebral cortex levels of proinflammatory cytokines and lipid
oxidation products, and protected memory impairment due to the induction of AICIs. Conclusion: Data from this
study confirmed the neuroprotective benefits of TSE for Alzheimer’s prevention based on the pathogenesis of
the disease. Further, these results could lead to the development of Alzheimer's prevention.

KEYWORDS: Morris water maze, Aluminum chloride, IL1B, TNFa, Malondialdehyde.

INTRODUCTION:

Alzheimer's is a progressive-neurodegenerative disorder,
characterized by a decline in cognitive function, mood
changes and behaviort*?l, Alzheimer's is the most
common form of dementia, reaching 60%-70%[I.
Memory impairment is a major clinical symptom in
Alzheimer's cases!. Several hypotheses about the
pathogenesis of Alzheimer's disease have been revealed
including neuroinflammation, oxidative stress, beta-
amyloid and hyperphosphorylation of tau proteinst®®l,
Current  Alzheimer's pharmacotherapy from the
cholinesterase inhibitor and N-methyl-D-aspartate
antagonist groups has not produced results as
expected®°l, Based on this fact, research is still ongoing
to invent the potential of various herbal ingredients for
the treatment and prevention of Alzheimer'sit-13],
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Aluminum chloride (AICI;) has been used as an
induction in rats to produce animal models of
Alzheimer'st+151, Administration of AICI; in the rat can
trigger inflammation and oxidative stress in the brain,
memory decline and neuropathological changes similar
to Alzheimer's in the form of senile plaques in the
hippocampus and cortex areas617,

Tamarindus indica is an endemic plant in the tropics.
Tamarindus indica seeds are round or rhomboid,
flattened with a shiny and hard seed coat, red to light
brown in color, in which there are cotyledons!*®. In
traditional medicine, Tamarindus indica seeds have been
widely used as therapy in various diseases including
tumors, gastric ulcers and antidiabetic®?%. Research
Chunglok et al?yl explained that Tamarindus indica
seeds contain higher polyphenol compounds and
antioxidant effects than other plant seeds. The
polyphenol compounds in plants are believed to provide
neuroprotective benefits through anti-inflammatory and
antioxidant effects?>?], Towards this study, we aim to
show the neuroprotective potency of Tamarindus indica
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seed extract (TSE) for the prevention of Alzheimer's in a
rat model based on the pathogenesis of the disease.

MATERIALS AND METHODS:

Chemicals:

Aluminum chloride and thiobarbituric acid were
procured from Tokyo Chemical Industry, Portland,
USA. ELISA kits for IL1f and TNFa were procured
from Bioassay Technology Laboratory, Shanghai,
China. All other chemicals used were analytical grade.

Animals and treatment:

Wistar rats aged 3 months with 200grams of weight
were used for this research. The rats were kept in
individual cages, with a 12-hour cycle of light and given
food and drink in ad libitum. The rats were divided
randomly into 6 groups (n = 5). Group | rats were not
given any treatment. Group |l rats were orally
administered distillate water and saline for 10 weeks.
Group Ill rats were orally administered AICI; (300
mg/kg/day) for 10 weeks. Group IV rats were orally
administered AICl; (300mg/kg/day) and TSE (25
mg/kg/day) for 10 weeks. Group V rats were orally
administered AICl; (300mg/kg/day) and TSE (50
mg/kg/day) for 10 weeks. Group VI rats were orally
administered AICl; (300mg/kg/day) and TSE (100
mg/kg/day) for 10 weeks. Five grams of AICl; was
dissolved in 100mL of distilled water?4l. The rats were
weighed every week to make dosage adjustments. Ten
weeks after oral treatment, the Morris water maze test
was carried out. Next, the rats were anesthetized by
using ether, then sacrificed by cervical dislocation and
took their brain. And the levels of IL1J3, TNFa, and
malondialdehyde (MDA) cerebral cortex were
estimated. The animal experiment was reviewed and
approved by the Ethical Committee of Faculty of
Medicine, University of Jember (Letter No.
1151/H25111/KE/2017).

Preparation of TSE solution:

Five grams of TSE was dissolved in 100mL of salinel®!,
Tamarindus indica seeds were obtained from the trees in
the Jember region. One hundred grams of Tamarindus
indica seed powder was soaked in 500mL of methanol
for 3 days. The levels of three polyphenols were
measured using HPLC-MS, the concentration of
procyanidin B2 was the highest, then myricetin and the
lowest concentration was caffeic acid, the results have
been published?®],

Morris water maze:

The Morris water maze test was used to evaluate the
spatial memory of rats. The test was performed
according to the previously described method?. A
black circular swimming pool (diameter of 150cm,
depth of 50cm) was filled with a water height of 30cm.
The inner wall pool above the water surface was placed
spatial cues and on the room wall test was placed spatial
cues too. A circular platform (diameter of 10cm) was
placed in the middle of one of the pool quadrants.
Recorded the time of the rats spent to reach the platform
(time escape latency). The maze test was carried out for
5 consecutive days with two repetitions each day.

Assessment of IL1B and TNFa:

The cerebral cortex levels of ILIB and TNFa were
estimated quantitatively by using ELISA Kits as per the
manufacturer’s protocol.

Assessment of MDA:

The cerebral cortex was weighed and homogenized in
ice-cold medium containing 50mM Tris/HCI and 300
mM sucrose at pH 7,4 at a ratio of 10% (w/v). Then it
was centrifuged 1400g for 10 minutes at 4°C. The
supernatant was stored at -80°C[%l, MDA was assessed
as per Sinha et al®®l, Briefly, the supernatant (0,25mL)
was added to 0,25mL of 20% trichloroacetic acid, next
centrifuged at 1000rpm for 4 minutes. Thiobarbituric
acid (0,5mL 0,67% in 0,026M tris buffer) was added to
the supernatant and heated at 100°C for 15-30 minutes.
It was cooled in ice for 10 minutes, and the absorbance
was read at 532nm wusing a Thermo Spectoric
spectrophotometer.

Statistical analysis:

All result data were presented as meanzstandard
deviation. To assess the differences between the groups,
one way ANOVA was performed and continued by
Tukey's HSD post hoc analysis. A value of p<0,05 was
considered to be significant.

RESULTS:

Morris water maze:

In all groups there was a learning process during 5 days
of Morris water maze test, it was indicated by the shorter
time escape latency. The AICI; group as an Alzheimer’s
model demonstrated significant long time escape latency
compared to the normal group on days 2,3 and 4 of the
Morris water maze test (p<0,05), and it was indicated
the impairment on spatial memory. The preventive
potency of TSE (50mg/kg/day) to Alzheimer’s showed
significant protection of memory impairment on days 2
and 3 of the Morris water maze test compared to the
AIClI; group (p<0,05) (Figure 1).
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Figure 1. Morris water maze.
Data shown are mean groups * SD. *compared to the normal group p<0.05. #compared to AICl; group p<0.05.

ELISA IL1p and TNFa: protective effect for Alzheimer's as an anti-inflammatory
The result of the ELISA assay to the cerebral cortex from TSE at dose 50 mg/kg/day appears to restore the
levels of IL1B and TNFa showed in figure 2. The levels of IL1B and TNFa to a normal level significantly
cerebral cortex levels of proinflammatory cytokine IL1B  in comparison with the AICI; group (p<0,05), and it has
and TNFo were a significant elevation in the AICI; not appeared in another dose of extract.

group compared to the normal group (p<0,05). The
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Figure 2. ELISA assay for the cerebral cortex of proinflammatory cytokines. (A) IL18, (B) TNFa.
Data shown are mean groups * SD. *compared to the normal group p<0.05. #compared to AICl; group p<0.05.
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MDA levels:

The levels of cerebral cortex MDA in the research
showed in figure 3. MDA levels as the product from
lipid oxidation were significantly elevated in model
Alzheimer's group with AICI3 induction compared to the
normal group (p<0,05). The neuroprotective potency
from TSE appeared in the lower of MDA cerebral cortex
levels. The MDA levels of TSE group (50 mg/kg/day)
was significantly reduced in comparison with the AICl3
group (p<0,05).

DISCUSSION:

Orally administration AICl; to rats can penetrate the
blood-brain barrier and can accumulate in brain
tissuel*l, Exposure to AICI; can cause an increase in the
concentration of glial fibrillary acidic protein and
ionized calcium-binding adapter molecule 1, it indicates
the activation of microglia and astrocytes due to the
induction of AICI;®,  Activation of microglia and
astrocytes will cause the release of proinflammatory
cytokines such as IL1B and TNFal'%2, One of the
effects of aluminum exposure on brain tissue is that it
would accelerate the reaction of Fe in producing free
radicals, then free radicals may cause an increase in lipid
oxidation®, The outcome of lipid peroxidation is
malondialdehyde®. Our results indicate that the
administration of AICI; causes a significant increase in
cerebral cortex levels of IL1J3, TNFa, and MDA. The
results of this study are in line with other studies of oral
administration AICl; 100 mg/kg to albino rats for 6
weeks resulting in an increase in TNFa proinflammatory
cytokines in the hippocampus and cortex areas!‘®l. The
oral administration AICl3 in Wistar rats at a dose of 500
mg/kg for one-month results in an increase in MDA
level in the hippocampus and cortex areal*”,

On the other hand, the results of our study showed that
the oral administration of AICl; caused memory
impairment. Other research explains that the occurrence

of memory disorders can occur through inflammation
and oxidative stress. Intra-cerebral IL1p injection results
in spatial memory deficits due to a disturbance in
noradrenergic neurotransmitters and serotoninf®®l. TNFa
injection into rat brain can generate interference with
long term potentiation and a decrease in the number of
cholinergic neuronst67,  An excessive amount of
reactive oxygen species can excessively stimulate N-
methyl-D-aspartate receptor (NMDAR), disruption of
the synaptic plasticity and continues with impaired
memoryB3839 Qur study is bolstered by the research
showing that the administration of AICI; orally through
drinking water at a dose of 100 mg/kg for 6 weeks in
Sprague Dawley rats causing a decrease in memory by
Morris water maze test*4],

Two Alzheimer's pharmacotherapies’ groups such as the
cholinesterase inhibitor and NMDA antagonists was felt
to be more symptomatic. Other therapies that were being
developed such as immunotherapy, antioxidant and f
secretase inhibitor groups have not given maximum
results®°l, Preventive efforts become mainly needed in
Alzheimer's disease. Consumption of vitamin E from
food and diet with a Mediterranean diet (a diet high
intake of fish, vegetables, nuts, unsaturated fats and
instead of low meat) can reduce the risk of
Alzheimer'si*%4l, This research is exploring the benefits
of TSE for the prevention of Alzheimer's based on the
pathogenesis of diseases in rat models. Our identified
results of the polyphenol TSE content are in line with
the analysis conducted by Razali et al*d with UHPLC
obtained the content of three compounds with the
highest concentrations of procyanidin B2, caffeic acid,
and myricetin. Based on computer modeling, the three
compounds have strong anti-inflammatory and
antioxidant potential®l, TSE has anti-inflammatory
potency in the asthmatic model™3. Research conducted
by Sundaram et al®! confirms that there is the anti-
inflammatory and antioxidant potential from TSE dose
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of 50mg/kg/day orally administered in rats with arthritis
for 2 weeks.

Research on the effects of each polyphenol contained in
the TSE has been done on various organ systems and
other diseases. The oral administration caffeic acid in
DM rat model resulted in a decrease of IL1p, IL6, and
TNFa levels as well as a reduction in the expression of
IL1B, IL6 and TNFa mRNA in the heart tissue of rat*4l,
In the animal study, caffeic acid has antioxidant potency
to influence glucose metabolism . In vivo research
using the ulcerative colitis rat model, an oral
administration myricetin confirms the decreased of IL1[3
and IL6 levels in colon tissuel®l, Oral treatment of
procyanidin B2 in CCl4-induced rats shown a reduction
of MDA levels and an increase in superoxide dismutase,
catalase and glutathione peroxidase enzymes in the liver
tissuel*”l. The results of our current research indicate that
the administration of TSE is able to normalize 1L1,
TNFa, MDA cercbral cortex levels and to prevent
memory impairment in Alzheimer's rat model. More
intensive research is still needed to assess the advanced
benefits from the utilization of TSE in various
biomarkers and Alzheimer's model before clinical trials.

ACKNOWLEDGMENTS:
This work funded by the Ministry of Research,
Technology and Higher Education, Republic of

Indonesia.

CONFLICT OF INTEREST:
The authors declare no conflict of interest.

REFERENCES:

1. Selkoe, D. J. Alzheimer's disease: genes, proteins, and therapy.
Physiological reviews. 2001;81(2):741-766.

2. Buchake, V.V., Muthal, A.P., Saudagar, R.B., and Bachhav, R.S.
A Neurodegenerative disorder-Alzheimer disease: A Treatise.
Research J. Pharmacology and Pharmacodynamics. 2010;2(4):
268-273.

3. Ferri, C., Sousa, R., Albanese, E., Ribeiro, W., and Honyashiki,
M. World Alzheimer Report 2009-Executive Summary. Edited by:
Prince M, Jackson J. London, 2009. 1-22.

4. Jayakar, J. P., and Huang, J. Alzheimer’s disease: A review of
diagnostic criteria. Univ. West. Ont. Med, 2010;72:7-9.

5. Choudhury, S., and Vellapandian, C. Alzheimer’s Disease
Pathophysiology and its Implications. Research J. Pharm. and
Tech. 2019; 12(4):2045-2048.

6. Sajjad, R., Arif, R., Shah, A.A., Manzoor, |., and Mustafa, G.
Pathogenesis of Alzheimer’s Disease: Role of Amyloid-f and
Hyperphosphorylated Tau Protein. Indian J Pharm Sci. 2018;
80(4):581-591.

7. Aanandhi, M.V., Niventhi, A., Rujaswini,T., Hemalatha, C.N.,and
Praveen, D. A Comprehensive Review on the Role of Tau
Proteins in Alzheimer’s Pathology. Research J. Pharm. and Tech.
2018; 11(2):788-790.

8. Al-Hatamleh, M. A.l., Al-Shajrawi, O.M., Khan, S., Nadeem, M.
I., Simbak, N.b., Latif, A.Z., et al. Effects of Oxidative Stress on
Alzheimer's Disease, Haematological Perspective. Research J.
Pharm. and Tech. 2018; 11(9):3881-3886.

9. Sharma, V.K. Current Therapeutic Strategies for Alzheimer’s

10.

11.

12.

13.

14.

1ks),

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28

4045

disease: A Lost Direction or A Hope Remains? Research J.
Pharmacology and Pharmacodynamics. 2010; 2(3): 215-220.
Venkatachalam, S., Jaiswal, A., Anindita De, Vijayakumar, R.K.
Repurposing Drugs for Management of Alzheimer Disease.
Research J. Pharm. and Tech. 2019; 12(6):3078-3088.

Ratheesh, G., Tian, L., Venugopal, J.R., Ezhilarasu, H. Sadiq, A.,
Fan, T., et al. Role of medicinal plants in neurodegenerative
diseases. Biomanuf Rev.2017;2:2.

Velraj, M.,and Lavaniy, N. Alzheimer Disease and a Potential
Role of Herbs-A Review. Research J. Pharm. and Tech. 2018;
11(6):2695-2700.

Jadhav, R.P., Kengar, M.D., Narule, O.V., Koli, V.W., and
Kumbhar, S.B. A Review on Alzheimer’s Disease (AD) and its
Herbal Treatment of Alzheimer’s Disease. Asian J. Res. Pharm.
Sci. 2019; 9(2):112-122.

Lin, W.-T., Chen, R.-C., Lu, W.-W,, Liu, S.-H., and Yang, F.-Y.
Protective effects of low-intensity pulsed ultrasound on
aluminum-induced cerebral damage in Alzheimer's disease rat
model. Scientific Reports. 2015;5:9671 DOI:10.1038.

Reddy, B.M., Dhanapal, C.K., and Lakshmi, B. V. S. Anti-
Alzheimer's Activity of aqueous extract of leaves of Murraya
koenigii in Aluminium chloride Induced Neurotoxicity in rats.
Research J. Pharm. and Tech. 2019; 12(4):1927-1934.

Ahmed, O. G., Thabet, H. Z., and Mohamed, A. A. Inflammation
Versus Oxidative Stress in Pathophysiology of Alzheimer's
disease in rats model. Ibnosina Journal of Medicine and
Biomedical Sciences. 2013;6(3):130-144.

Chen, S.-M., Fan, C.-C., Chiue, M.-S., Chou, C., Chen, J.-H., and
Hseu, R.-S. Hemodynamic and neuropathological analysis in rats
with aluminum trichloride-induced Alzheimer's disease. PLo0S
One. 2013;8(12):e82561.

El-Siddig, K., Gunasena, H.P.M., Prasad, B.A., Pushpakumara,
D.K.N., Ramana, G.K.V.R., Vijayanand, P., et al. Tamarind:
Tamarindus Indica L. Southampton: Southampton Centre for
Underutilised Crops; 2006.1-9.

Kuru, P. Tamarindus indica, and its health-related effects. Asian
Pacific Journal of Tropical Biomedicine. 2014;4(9):676-681.
Meher, B., Dash, D. K., and Roy, A. A review on Phytochemistry,
pharmacology and traditional uses of Tamarindus indica L. World
J Pharm Pharmaceut Sci. 2014;3:229-240.

Chunglok, W., Utaipan, T., Somchit, N., Lertcanawanichakul, M.,
and Sudjaroen, Y. Antioxidant and Antiproliferative Activities of
Non-Edible Parts of Selected Tropical Fruits. Sains Malaysiana.
2014;43(5):689-696.

Rossi, L., Mazzitelli, S., Arciello, M., Capo, C., and Rotilio, G.
Benefits from dietary polyphenols for brain aging and
Alzheimer’s  disease.  Neurochemical  Research.  2008;
33(12):2390-2400.

Spencer, J. P. Flavonoids and brain health: multiple effects
underpinned by common mechanisms. Genes and Nutrition. 2009;
4(4):243-250.

Baydar, T., Papp, A., Aydin, A., Nagymajtenyi, L., Schulz, H.,
Isimer, A., et al. Accumulation of aluminum in rat brain.
Biological Trace Element Research. 2003;92(3):231-244.
Sundaram, M. S., Hemshekhar, M., Santhosh, M. S., Paul, M.,
Sunitha, K., Thushara, R. M., et al. Tamarind seed (Tamarindus
indica) extract ameliorates adjuvant-induced arthritis via
regulating the mediators of cartilage/bone degeneration,
inflammation, and oxidative stress. Scientific Reports.
2015;5:11117 Doi: 10.1038

Narwanto, M. I., Rahayu, M., Soeharto, S., Nurdiana, and
Widodo, M. A. Identification and In Silico Analysis of Anti
Inflammation and Anti Oxidant Potentials of Polyphenol
Compounds in Methanol Extract of Tamarindus indica Seeds.
Journal of Agromedicine and Medical Sciences. 2018;4(1):13-17.
Bromley-Brits, K., Deng, Y., and Song, W. Morris water maze
test for learning and memory deficits in Alzheimer's disease
model mice. JoVE (Journal of Visualized Experiments).
2011;(53):€2920-e2920.

. Aly, H. F., Metwally, F. M., and Ahmed, H. H. Neuroprotective


http://repository.unej.ac.id
http://repository.unej.ac.id

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Research J. Pharm. and Tech. 13(9): September 2020

effects of dehydroepiandrosterone (DHEA) in rats model of
Alzheimer’s disease. Acta Biochim Pol. 2011;58(4):513-520.
Sinha, N., Baquer, N., and Sharma, D. Anti-lipid peroxidative role
of exogenous dehydroepiandrosterone (DHEA) administration in
normal aging rat brain. Indian Journal of Experimental Biology.
2005;14:420-424.

Rather, M. A., Thenmozhi, A. J., Manivasagam, T., Bharathi, M.
D., Essa, M. M., and Guillemin, G. J. Neuroprotective role of
Asiatic acid in aluminum chloride-induced rat model of
Alzheimer’s  disease. Frontiers In  Bioscience Scholar.
2008;10:262-275.

Dheen, S. T., Kaur, C., and Ling, E. A. Microglial Activation and
its Implications in the Brain Diseases. Current Medicinal
Chemistry. 2007;14:1189-1197.

Jang, E., Kim, J. H,, Lee, S., Kim, J.H., Seo, J. W., and Jin, M., et
al. Phenotypic Polarization of Activated Astrocytes: The Critical
Role of Lipocalin-2 in the Classical Inflammatory Activation of
Astrocytes. J Immunol. 2013;191:5204-5219.

Kawahara, M., and Kato-Negishi, M. Link between aluminum and
the pathogenesis of Alzheimer's disease: the integration of the
aluminum and amyloid cascade hypotheses. International journal
of Alzheimer’s disease, 2011. doi:10.4061.

Grotto, D., Maria, L. S., Valentini, J., Paniz, C., Schmitt, G.,
Garcia, S. C., et al. Importance of the lipid peroxidation
biomarkers and methodological aspects for malondialdehyde
quantification. Quimica Nova. 2009;32(1):169-174.

Song, C., and Horrobin, D. Omega-3 fatty acid ethyl-
eicosapentaenoate, but not soybean oil, attenuates memory
impairment induced by central IL-1 administration. Journal of
Lipid Research. 2004;45:1112-1121.

Wenk, G. L., Mcgann, K., Hauss-Wegrzyniak and Rosi, S. The
Toxicity Of Tumor Necrosis Factor Upon Cholinergic Neurons
Within The Nucleus Basalis And The Role Of Norepinephrine In
The Regulation Of Inflammation: Implications For Alzheimer’s
Disease. Neuroscience. 2003;121:719-729.

Wall, A. M, Mukandalaa, G., Greigh, H., and O’Connora, J.
Tumor necrosis factor-o potentiates long-term potentiation in the
rat dentate gyrus after acute hypoxia. J Neurosci Res. 2015;93(5):
815-829.

Betzen, C., White, R., Zehendner, C. M., Pietrowski, E., Bender,
B., Luhmann, H.J., et al. Oxidative Stress Upregulates The
NMDA receptor on Cerebrovascular Endotheium. Free Radical
Biology and Medicine. 2009;47:1212-1220.

Massaad, C.A., and Klann, E. Reactive Oxygen Species in the
Regulation of Synaptic Plasticity and Memory. Antioxidants and
Redox Signaling. 2011;14(10):2013-2027

Morris, M. C., Evans, D. A., Bienias, J. L., Tangney, C. C,,
Bennett, D. A., Aggarwal, N., et al. Dietary intake of antioxidant
nutrients and the risk of incident Alzheimer disease in a biracial
community study. Jama. 2002;287(24):3230-3237.

Scarmeas, N., Stern, Y., Mayeux, R., Manly, J. J., Schupf, N., and
Luchsinger, J. A. Mediterranean diet and mild cognitive
impairment. Archives of neurology. 2009;66(2):216-225.

Razali, N., Junit, S. M., Ariffin, A., Ramli, N. S. F., and Aziz, A.
A. Polyphenols from the extract and fraction of T. indica seeds
protected HepG2 cells against oxidative stress. BMC
complementary and alternative medicine. 2015;15:438.Doi
10.1186.

Suresh, R., Mhaske, G.P., Chalichem, N.S., Javvadi, A. K,
Johnson, B., and Venkatanarayanan, R. Pharmacological
Evaluation of Antiasthmatic Activity of Tamarindus indica Seed.
Research J. Pharmacology and Pharmacodynamics. 2011; 3(3):
115-122.

Chao, P.-C., Hsu, C.-C., and Yin, M.-C. Anti-inflammatory and
anti-coagulatory activities of caffeic acid and ellagic acid in the
cardiac tissue of diabetic mice. Nutrition and metabolism.
2009;6(33).

Yusuf, M., Nasiruddin, M., Sultana, N., Badruddeen, Akhtar, J.,
Khan, M.I., et al. Regulatory Mechanism of Caffeic acid on
glucose Metabolism in Diabetes. Research J. Pharm. and Tech.

46.

47.

4046

2019; 12(10):4735-4740.

Zhao, J., Hong, T., Dong, M., Meng, Y., and Mu, J. Protective
effect of myricetin in dextran sulphate sodium-induced murine
ulcerative colitis. Molecular medicine reports. 2013;7(2):565-570.
Yang, B.-Y., Zhang, X.-Y. Guan, S.-W., and Hua, Z.-C.
Protective effect of procyanidin B2 against CCl4-induced acute
liver injury in mice. Molecules. 2015;20(7):12250-12265.


http://repository.unej.ac.id
http://repository.unej.ac.id

