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ABSTRACT

Background: High fat diet causes inflammation
of the liver due to accumulation of fat in the
liver cells. Catechin isolates of gambir (Uncaria
gambir roxb) are an active substance contained
in gambir plants which contain flavonoid that
have antioxidants activity and potentially as
hepatoprotector. This study aims to determine
the effect of catechin isolates on alanine
aminotransferase ~ (ALT) and  aspartate
aminotransferase (AST) serum levels at male
rats (Rattus norvegicus) wistar strain induced by
a high fat diet.

Research Method: This study was true
experimental study with post-test only control
group design. We use catechin isolates from
gambir which are consisting (+)- catechin. This
study was conducted on 30 rats divided into 5
groups, i.e., negative control group (K-),
positive control (K +) and three treatment
groups (P1, P2, P3). The K+, and the three
treatment groups were induced by high fat diet.
The  treatment  groups  received 10
mg/kgBW/day, 20 mg/kgBW/day, and 40
mg/kgBW/day on P1, P2, and P3 groups of
catechin isolate of gambir for 14 days. AST and
ALT levels were examined using IFCC method.
Data analysis was performed using One way
Annova and Post Hoc LSD.

Research Result: High fat diet induction could
increase AST and ALT serum on the positive
control group compared to the negative control
group. There was significant difference in AST

and ALT levels after being given by catechin
isolates between P3 (40 mg/kgBW/day) and K+.
The average level of AST and ALT serum for
K- was 26.51 U/L;31.58 U/L, K+ was 38.31
U/L; 67.45 U/L, P1 was 35.90 U/L; 66.35 U/L,
P2 was 31.13 U/L; 59.71 U/L, and P3 was 30.36
U/L; 38.21 U/L. The differences of AST levels
in each groups were significant with p
value=0,02 and ALT levels as well, p
value=0.001 (p<0.05).

Research Conclusion: The conclusion of this
study is catechin isolates of gambir can decrease
AST and ALT serum levels.

Keywords: gambir, catechin isolate, AST, ALT,
high fat diet

INTRODUCTION

The high consumption patterns of
people who consume high fat have an
impact on health that is still not realized,
namely inflammation of the liver due to
accumulation of fat in the liver cells. This
liver disease is difficult to treat. It will cause
cirrhosis of the liver even liver cancer and
lead to death. Though the liver is a central
organ in the body's metabolism. Research
conducted on the general population in
Beijing shows that risk factors for fatty liver
include high levels of triglycerides in the
blood and consumption of high-fat foods®.
Potential hepatotoxic mechanisms such as
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high energy density and food portion sizes,
foods high in saturated fats, high glycemic
indexed foods, low in fibre, high in fructose,
red meat, and food manufacturer sources of
trans fats will cause increased accumulation
of free fatty acids in the liver to form
triglycerides and inflammation in the liver?.

The prevalence of abnormal liver
tests in the general population has
increased®.  Increased  aminotransferases
enzymes in both men and women are
strongly linked to metabolism, such as
central obesity, high plasma calcium levels
and dyslipidemia. High serum AST and
ALT levels are associated with the risk of
future type 2 diabetes®. ALT is an
acceptable marker for liver steatosis in
epidemiological studies®. Research
conducted in India on mice fed a high-fat
diet (68% standard diet, 30% saturated fat
and 2% cholesterol) for 2 weeks was found
to significantly increase ALT (40.2+1.2U/
L) and AST (23, 3+ 25 U/ L)°. This is
also supported by studies with a high-fat
diet using heated margarine, a significant
increase in AST and ALT in the control
group with HFD compared to the standard
diet’.

Efforts to protect the liver from
damage caused by fat accumulation are
more than planned to control risk factors,
such as improving insulin resistance and
reducing the fat intake to the liver, then only
using substances that require
hepatoprotection potential. Herbal
ingredients have proven to be useful as
hepatoprotection, for example, the use of
gambir catechin isolates. Catechin isolates
are derived from Uncaria plant preparations,
which are gambir. Catechin isolates are
active compositions derived from Uncaria
plants which have the main function as
antioxidants®.

Catechin  isolates and  their
derivatives contain polyphenol
compositions. Types of catechin isolates in
gambir are (+) - catechin, (-) - epicatechin
Gambiriin A1, Gambiriin B1, Gambiriin B2,

Catechin with its main function as an
antioxidant can also help as potential anti-
hyperlipidemia, anti-inflammatory,
thermogenic, and anti microbiological®. The
effects of gambir catechins reduce liver
damage by reducing oxidative stress,
reducing inflammatory cytokines and
reducing dysfunction of mitochondria®.

Although research on the effects of
gambir catechin extract as a
hepatoprotection on AST and ALT levels
has been carried out, no one has yet
discussed the isolation of gambir catechin as
a hepatoprotection by inducing a high-fat
diet. While a high-fat diet is becoming the
lifestyle and eating pattern of today's
society. Based on these facts, this study was
conducted to see the optimal dose that can
be used to reduce levels of liver enzymes in
plasma that indicate cell damage.

LITERATURE REVIEW

A number of chylomicrons transport
triglycerides to adipose cells when
consuming a high-fat diet and if excess they
will be transported by the liver. The increase
in fatty acids brought to the liver is not only
caused by excessive food intake but is also
related to obesity which causes insulin
resistance which results in lipolysis of
adipose tissue™®. This free fatty acid will ne
transported to liver. An overload of FFAs
into liver causes an increase in beta-
oxidation. However, over time this causes
mitochondrial dysfunction and induces
disruption of the electron transport chain
which results in electron leakage. These
electrons interact with oxygen to form
radical oxidative species (ROS)'.. The
treatment of high-fat diets increases the
number of cells in liver tissue which causes
excessive production of free radicals in
these tissues™.

Fat accumulation will cause an
increase in TNF-a. TNF-a will increase
NADPH oxidase which will again produce
super reactive radicals which are very
reactive because they have two unpaired

Catechin (4a-8) -ent-epicatechin, electrons, especially very reactive to lipids,
Gambirflavan D1 and Gambirflavan D2. causing  lipid  peroxidation'?>.  Lipid
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peroxidation will cause changes in
permeability in liver cells, causing enzymes
produced by liver cells such as AST and
ALT to increase in the blood. When
damaged cells are repaired, these cells will
release enzymes to the blood. The enzyme
can be used as an indicator of cell
damagel4’15’16.

There are nine types of catechins in
gambir  namely (+)- catechin, (-)-
epicatechin, Gambiriin A1, Gambiriin A2,
Gambiriin B1, Gambiriin B2, Catechin-(4a-
8) -ent-epicatechin, Gambirflavan D1 and
Gambirflavan D2 (Taniguchi et al., 2008).
Catechins obtained in gambir can reach
98%'"8.  Catechins are  polyphenol
derivatives. Gambir catechins reduce liver
damage by reducing oxidative stress,
reducing inflammatory cytokines and
reducing dysfunction of mitochondria’®. As
a hepatoprotection, gambir catechins which
are a class of polyphenol compilations have
the ability to be anti-free radicals and
prevent the development of free radicals in
the body that can repair damaged body cells
and are able to produce liver enzymes in the
blood®*.

Catechins as antioxidants can
prevent free radicals and biological cells are
not responsible for inflammation. Catechin
as an anti-inflammatory can reduce TNF-a
so that it will reduce lipolysis and increase
the enzymes needed in beta-oxidation in the
liver and increase insulin sensitivity®®. The
suppression of the production of free
radicals and inflammatory cytokines can
ultimately reduce mitochondrial damage so
that the beta-oxidation process can work
well in ensuring energy savings for cells to
function and repair the damage.

MATERIALS & METHODS

Animals, diets and experimental design
This type of research design is true

experimental research with a post test group

design approach that uses experimental

animals as research objects. The study

population of this study were male wistar
rats (Rattus norvegicus) aged 8-12 weeks,
with body weight ranging from 200-250
grams purchased from the Laboratory of the
Faculty of Pharmacy, Andalas University.
This study used 30 rats divided into 5
groups, namely the negative control group
(given normal diet, n =6), the positive
control group (given high fat diet + melted
margarine 1,7gr, n = 6), treatment 1 (given
high fat diet + melted margarine and
catechin isolate 10 mg / kgBW / day, n = 6),
treatment 2 (given given high fat diet +
melted margarine and catechin isolate 20
mg / kgBW / day, n = 6 ), and treatment 3
(given high fat diet + melted margarine and
catechin isolate 40 mg / kgBW / day, n = 6).
Acclimatization was carried out for 7 days.
Rats are kept in clean cages with adequate
lighting and ventilation. The animal
enclosure is cleaned 3 times a week so that
rats can be healthy and avoid dirt that can
cause infection. Measurement of body
weight was done every week. Positive
control and treatment groups were given a
high-fat diet ad libitum and an oral round of
melted margarin 1,7 gr/day. Negative
control group given normal diet ad libitum
and an oral round of water. After five
weeks, treatment groups 1, 2, 3 were then
given catechin isolates with multilevel doses
for 14 days. At the end of the treatment, the
blood samples were collected from retro
orbita vein using capillary pipes.
Measurement of serum parameters

Blood was placed into a sterile
Vacutainer plastic tube (BD Vacutainer,
Plymouth, UK). Serum was separated by
centrifugation (4000 rpm, 10 min) and
transferred to Eppendorf tubes. The
concentrations of aspartate aminotransferase
and alanine aminotransferase in serum were
measured with commercial kits (DiaSys
Diagnostic System, Germany). Examination
was carried out using the IFCC
(International ~ federation of  Clinical
Chemistry and Laboratory Medicine)

group consisted of negative control group, method.
positive control group, treatment group 1,
treatment group 2, treatment group 3. The
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Statistical Analysis

The statistical analysis of AST and
ALT results were carried out by one way
analysis of variance (ANOVA) and Post
Hoc LSD tests to obtain significant
difference of the result at 0.05 level of
confidence (p<0.05). Normality data test
using Shapiro-Wilk. The statistical analyses
of rats’s weight were performed using
independent T-test to compare between
negative control and each of treatment
groups. Differences were considered to be
significant at 95% CI.

RESULT

The results of a diet high in fat and
margarine on body weight can be seen in
table 1. In this table, it appears that a high-
fat diet can increase the bodyweight of
mice. In addition, there are also significant
body differences to negative control after
five weeks of giving a high-fat diet. The
results of AST and ALT levels can be seen
in table 2 and table 3.

Table 1: Average and Normal Weight Test Results of Rats

Group | n | Adaptation Period | p Value | After 5weeks | p Value | After 7 weeks | p Value
X+SD (gram) X+SD (gram) X+SD (gram)

K- 6 | 226.17+4.16 0.99 231.67+4.84 0.07 267.00+11.48 | 0.63

K+ 6 | 234.83+11.78 0.52 273.00+£26.64* | 0.84 300.50+50.93 | 0.85

P1 6 | 237.17£13.31 0.14 292.00+42.61* | 0.33 272.00+£18.62 | 0.39

P2 6 | 234.50+13.33 0.45 272.50+28.90* | 0.26 285.00+48.27 | 0.31

P3 6 | 232.33+10.82 0.40 281.33+45.55* | 0.46 277.00£20.47 | 0.79

Note: The p-value indicates the normality of the data after the Shapiro-Wilk test. Signs * show significant differences in the negative control

group (p <0.05).

Based on table 2, the highest AST average
was found in the positive control group of
38.31 U/ L, while the AST average among
the lowest groups in the P3 group was 30.36
+ 6.06 U / L. Significant influence was
obtained on isolates of gambir catechins on
AST levels of rats fed a high-fat diet (p
<0.05). To find out the significant
differences in each group, further analysis
using Post-Hoc test is the Least Significant
Difference (LSD) in table 3. From the
analysis results, there was a significant
decrease in blood AST in the P3 group
towards positive control and when
compared with the negative control group
there was no significant difference. The
administration group with a dose of 10
mg/kg and 20 mg/kg showed a decrease in
the average AST but was not significant
when compared to the positive control group.
These results prove that the administration
of gambir catechin isolates at a dose of 40
mg/kgBW can reduce AST levels which are
increased due to high-fat diets and approach
the average value of the negative control

group.

Table 2: Average AST and ALT blood levels of rats that had
been given Gambir catechin isolates

Subject Group | n | Average AST+ SD | Average ALT + SD
K- 6 | 26.51 +7.62 31.58 +10.11

K+ 6 | 38.31+6.05 67.45 + 20.91

P1 6 | 35.90+3.75 66.35 + 9.07

P2 6 | 31.13+6.30 59.71 +13.22

P3 6 | 30.36 +6.06 38.21 +£11.08

Note: ANOVA analysis of the average AST levels obtained p-
value of 0.020. ANOVA analysis of the average ALT levels
obtained p-value of 0.001

Table 3: Post Hoc Test LSD Test results in each study group

Group | AST

KN KP P1 p2 P3
KN - 0.003* | 0.013* | 0.201 | 0.284
KP 0.003* | - 0.498 | 0.052 | 0.033
P1 0.013* | 0498 | - 0.187 | 0.128
P2 0.201 | 0.052 | 0.187 | - 0.829
P3 0.284 | 0.033* | 0.128 | 0.829 | -

Note: the * sign indicates a significant average difference

The highest ALT level in the
positive control group was 66.35 £ 9.07 U /
I, while the lowest ALT level in the P3
group was 38.21 + 11.08 U / I. Significant
influence was obtained on isolates of gambir
catechins on AST levels of rats fed a high-
fat diet (p <0.05). Although the ANOVA
test results for AST and ALT levels are
equally significant, the significance level of
ALT levels is better than AST. ALT is a
more specific enzyme because it is
synthesized only by the liver (Fraser et al.,
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2004; Harrison, 2005). Post Hoc LSD test
analysis showed a significant increase in the
average ALT levels in the positive control
group when compared with the average
negative control group (table 4). These
results prove that the administration of
gambir catechin isolates with a dose of 40
mg / kgBW can reduce levels of ALT which
are increased due to high-fat diets and again
increase the levels of negative control
groups.

Table 4. Post Hoc Test LSD Test results in each study group

Group | ALT

KN KP P1 P2 P3
KN - 0.000* | 0.000* | 0.001* | 0.405
KP 0.000* | - 0.889 | 0.333 | 0.001*
P1 0.000* | 0.889 | - 0.405 | 0.001*
P2 0.001* | 0.333 | 0405 | - 0.011*
P3 0.405 | 0.001* | 0.001* | 0.011* | -

Note: the * sign indicates a significant average difference

DISCUSSION

The increase in the average levels of
AST and ALT in this positive control group
was due to the administration of a high-fat
and atherogenic diet. Delivery of excess fat
to the liver will cause fat accumulation in
liver cells or steatosis. This condition will
cause glucose intolerance of liver cells and
allow the release of inflammatory cytokines.
Increased free radicals due to mitochondrial
dysfunction caused by the oxidation burden
of excess fat in the liver coupled with free
radicals produced by trans fats from heated
margarine. This stimulates the lipid
peroxidation process and results in oxidative
stress. Increased secretion of inflammatory
mediators and the presence of free radicals
that attack the lipid membrane will cause
hepatocyte lysis cells and excrete enzymes
that are included as ALT enzymes?.

A significant increase in the ALT
enzyme from a high-fat diet is supported by
research by Asdag & Inamdar (2010) which
provides food in a group of mice on a high-
fat diet for 19 days and compared with a
group of mice that require standard feed.
Other studies supporting mice that were
given margarine for 8 days alone were able
to increase AST levels to 140.2 + 1.278 and
ALT 62.11 + 2.28". However, this research
was little carried out with research

conducted by Ahmed et al (2009).
According to this study, a high-fat diet in
rats for five weeks did not increase the value
of AST and ALT had no steatosis in
histopathological examination. According to
him, liver damage can develop even though
liver enzyme levels are found normal®.

There are no other research data on
studies of gambir catechin isolates on AST
and ALT levels in rat blood. However, a
study by Fahrudin et al (2015) that only
used gambir extract as a hepatoprotection
obtained effective gambir extract as a
hepatoprotection was a dose of 130 mg /
kgB®. Research conducted by Alioes et al
(2019) shows that the administration of
gambir catechin isolates at a dose of 40 mg /
kgBW can reduce cholesterol levels®.
According to Syafitri et al (2015) in non-
alcoholic fatty liver found high levels of
total cholesterol and triglycerides®. While
an increase in AST levels can be an
indicator of fat deposits in non-alcoholic
fatty liver disease. Other studies have also
shown an increase in the enzyme
transaminase®>?®. Thus, it can help increase
the dose of gambir 40 mg/kgBW can reduce
cholesterol and also result in increased AST
reduction.

Catechins that contain polyphenols
in gambir isolates contain antioxidants and
are proven to neutralize free radicals.
Catechins have an aromatic ring with more
than one hydroxyl (OH) group. The
hydroxyl group has a biological activity that
is used in enzymatic oxidation reactions as
an electron donor substrate from the H
atom?’. Free radical reactions in cells in the
body can be neutralized by connecting free
metal ions and electron donors from H
atoms, so Free radical molecules that have
outermost unpaired electrons become stable
(not reactive). Antioxidants are protected in
the protection of radicals, free and
protected, the permeability of liver cell
membranes from damage. The process of
neutralizing free radicals by antioxidants
produces an optimal environment for liver
cells to regenerate?®. Catechin as an anti-
inflammatory can reduce TNF-a will reduce
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lipolysis and increase enzymes that increase
beta-oxidation in the liver and increase
insulin sensitivity?®. The condition of liver
tissue that is gradually being improved can

to type 2 diabetes mellitus and
cardiovascular
disease. Diabetes/metabolism research and

reviews. 2006; 22(6), 437-443.

. : 8. 6. Asdag, S. M. B., & Inamdar, M. N. (2010).
restore liver enzymes in the blood Potential of Crocus sativus (saffron) and its
constituent, crocin, as hypolipidemic and
CONCLUSION . . antioxidant in rats. Applied biochemistry
_Thg results analysis of_llyer enzyme and biotechnology, 162(2), 358-372.
levels indicate that the administration of 7. Luka, C. D., & Mohammed, A. 2013. Effect
gambir catechin isolate has the potential to of Fish Oil on High Lipid Fed Albino
be a hepatoprotection which is characterized Rats. Journal of Medical and Applied
by a decrease in the level of liver enzymes Biosciences Volume, 5(1).
in the blood. It can repair damaged liver ~ 8. Fahrudin F, et al. The Effectiveness of
cells that have been induced by high fat diet. Gambier Extract (Uncaria gambir (Hunter)
The potential of gambir catechin isolate as Eg:géi :js Tegjaltr?gl:‘;tee;tg’é:l” Eartn ér‘i‘m’j
hepatoprotection is because of the > . .

. . ) Kefarmasian Indonesia. 2017; [S.l.], v. 13,
antioxidants and anti-inflammatory it n. 2, p. 155-122,5ep.2017.ISSN2614-6495.
Co_ntalns S0 that _'t can - Improve 9. Taniguchi S, et al. New Dimeric Flavans
mltochondrlal c_iysfunctlon of I|_ver qells due From Gambir, an Extract of Uncaria gambir.
to a high-fat diet thus preventing liver cell Japan: The Japan Institute of Heterocyclic
damage. Gambir dosage that is more Chemistry, Okayama University. 2008; 1-
effective in reducing the increase in AST 11.
and ALT enzymes in the blood is a dose of ~ 10. Mahadevan, N., Shivali and Kamboj.,P.
40 mg / kg BW. Hibiscus sabdariffa Linn. An overview

Review Paper Natural Product Radiance.
RESEARCH CODE OF ETHICS 2009;8(1),77-78.
This Study was approved by the team of 11. Donnelly, K. L., et al. (2005) Sources of
research ethics commission of Faculty of fatty acids stored in liver and secreted via
Medicine, Andalas University with ethics test lipoproteins in patients with nonalcoholic
number 187/KEP/FK/20109. fatty liver disease. The Journal of clinical

investigation, 115(5), 1343-1351.
REFERENCES 12. Tilg, H., & Moschen, A. R. Evolution of
1. Li G, Cheng Z, Wang C, Liu A, He Y, inflammation in nonalcoholic fatty liver

Wang P. Prevalence of and risk factors for disease: the multiple parallel hits

non-alcoholic  fatty liver disease in hypothesis. Hepatology.2010;52(5), ~ 1836-

community-dwellers of Beijing, China. OA 1846.

Evidence-Based Medicine. 2013;1(1):10. 13. Wresdiyati, T., M. Astawan, dan Y.H.
2. Marchesini G, Ridolfi V, Nepoti V. Lusia. Profil imunohistokimia super oksida

Hepatotoxicity of fast food. Gut. 2008; dismutase (SOD) pada jaringan hati tikus

57:568-70 dengan kondisi hiperkolesterolemia. Hayati
3. Clark JM, Brancati FL, Diehl AM. The J. Biosci. 2006;13:85-89.

prevalence and etiology of elevated 14. Green, Allan, et al. Stimulation of lipolysis

aminotransferase levels in the United States. by tumor necrosis factor-a in 3T3-L1

Am J Gastroenterol. 2003;98:960-7. adipocytes  is  glucose  dependent:
4. Hanley AJ, Williams K, Festa A, et al. Implications for long-term regulation of

Elevations in markers of liver injury and lipolysis. Diabetes, 2004, 53.1: 74-81.

risk of type 2 diabetes: the insulin resistance ~ 15. Bellentani S, et al. The epidemiology of

atherosclerosis study. Diabetes. 2004; fatty Liver. European Journal  of

53:2623-32. Gastroenterology and Hepatology.
5. Schindhelm, R. K. et al. Alanine 2004;16:1087- 93.

aminotransferase as a marker of 16. Sastri S, Kadri H. Effects of hlgh palm oil

non-alcoholic fatty liver disease in relation diets on rat hepatocyte cells. Jurnal

Kesehatan Andalas. 2012;1(3):125
International Journal of Research and Review (ijrrjournal.com) 493

Vol.7; Issue: 3; March 2020



Sari Almira Taria etal. The effect of gambir’s catechin isolate (uncaria gambir roxb) on alanine
aminotransferase and aspartate aminotransferase serum level at male rats (rattus norvegicus) wistar strain
induced by high fat diet

17.

18.

19.

20.

21.

22.

23.

Purwanto,Y.A., Budiastra, I.W., Symasu,K.
Determination of Cathecin an Main
Bioactive Component of Gambir (Uncaria
Gambir Roxb) by FT-NIR Spectroscop.
2013;7,3076-3083. Doi:
10.5897/JMPR2013.4487

Yeni, G., et al. Repeated Extraction Process
of raw Gambiers (Uncara Gambir roxb) for
the cathechin production as an Antioxidant.
Int. J. Appl. Eng. Res. 2014;9,24565-24578
Ningsih S, et al.. Evaluation of Antilipid
Peroxidation Activity of Gambir Extract on
Liver Homogenat In Vitro. Int. J.
PharmTech Res. 2014;6(3): 982-989.
Guruvayoorappan, C. & Kuttan, G. (+)-
Catechin inhibits tumour angiogenesis and
regulates the production of nitric oxide and
TNF-0 in LPS-stimulated macrophages.
Innate immunity.2008;14(3), 160-174.
Fabbrini E, Magkos F. Hepatic Steatosis as
a Marker of Metabolic Dysfunction.
Nutrients. 2015 Jun 19;7(6):4995-50109.
Ahmed, Umbreen, Trevor G. Redgrave and
Phillip S. Oates. “Effect of dietary fat to
produce non-alcoholic fatty liver in the
rat.” Journal of gastroenterology and
hepatology 24 8 (2009): 1463-71.

Alioes, Y.,R R Sukma, Sekar SL. Effect of
Gambir Catechin Isolate (Uncaria Gambir
Roxb.) Against Rat Triacylglycerol Level
(Rattus novergicus). IOP Conference Series
Earth and  Environmental  Science.

24,

25.

26.

27.

28.

2019;217:012020. DOI: 10.1088/1755-
1315/217/1/012020

Syafitri, V., Arnelis, A., & Efrida, E.
Overview of the Lipid Profile of Patients
with Non-Alcoholic Fatty Liver. Jurnal
Kesehatan Andalas.2015; 4(1).

Thamer C, et al. Elevated serum GGT
concentrations predict reduced insulin
sensitivity and increased intrahepatic lipids.
Horm Metab Res. 2005;37:246-51.
Tiikkainen M, et al. Effects of identical
weight loss on body composition and
features of insulin resistance in obese
women with high and low liver fat content.
Diabetes. 2003;52:701-7.

Amic D, Davidovic-Amic D, Beslo D,
Trinastjitic N. Structure-radical scavenging
activity relationship of flavonoids. Croatica
Chemica Acta. 2003: 76(1).55-61.

Di Sario A, et al. The anti-fibrotic effect of
pirfenidone in rat liver fibrosis is mediated
by downregulation of procollagen al(]),
TIMP-1 and MMP-2. Digestive and Liver
Disease. 2004;36:744-51.

How to cite this article: Taria SA, Rita RS,
Afriwardi. The effect of gambir’s catechin
isolate (Uncaria gambir roxb.) on alanine
aminotransferase and aspartate aminotransferase
serum level at male rats (Rattus norvegicus)

wistar

strain induced by high fat diet.

International Journal of Research and Review.
2020; 7(3): 488-494.

*kkhkhkik

International Journal of Research and Review (ijrrjournal.com)

494

Vol.7; Issue: 3; March 2020


https://www.researchgate.net/scientific-contributions/2151999485_Y_Alioes?_sg=goWLY6ggC02zLIGJgsXPI_uo-nOaFL84YEVRo8XqpsAII4MEmMcE_gTGLrqCCDT45KzIiJI.yeJNMvR_-jGTx0jMiGSy6Y0lQsnX5JmFRJDmmXQtaax80_H3JWlsb4A7OwUPl9q1qDrVgOqjQU5ELwz2_WRBtw

