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Abstract 

Diabetes mellitus (DM) is one of the chronic health problems in the world. Excessive hyperglycemia will 
form free radicals, which will react with pancreatic cell membranes to form malondialdehyde (MDA) 
which can cause atrophy of the islet of Lengerhans as well as cell damage and death. Glutathione 
(GSH) is an antioxidant that can reduce free radicals. This study aims to assess the effectiveness of 
GSH in improving MDA levels and pancreatic histopathology to male rat in DM type 2 model.  Twenty-
five male Wistar norvegicus rats were divided into four groups: K-N (ad libitum feed + 5 mL distilled 
water), K- (STZ + 5 mL distilled water), K+ (STZ + metformin 5 mg), KP1 (STZ + glutathione 200 mg), 
KP2 (STZ + glutathione 200 mg + metformin 5 mg). The results show that the serum MDA levels of rat 
were found to be p=0.056 (p>0.05); Histopathological checking of the pancreas in the K-N group did 
not reveal any abnormalities or damage, compared to other groups which found several fatty vacuoles, 
hydropic degeneration, edema and congestion. It was concluded that the addition of glutathione to male 
mice Wistar norvegicus model of diabetes mellitus was not significant in reducing MDA levels and 
improving the pancreatic organ of experimental animals. 
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INTRODUCTION 

Diabetes mellitus (DM) is a chronic metabolic disease characterized by an increase in 
blood glucose levels over a long period of time, which can cause several complications 
such as complications in the heart, blood vessels, eyes, kidneys and nerves [1].  

The International Diabetes Federation (IDF) reported that in 2019, DM sufferers in the 
world increase of 51% and it is estimated that the number of DM sufferers in the world 
will increase from 463 million to 700 million in 2045 [2]. Based on data from the 
Indonesian Ministry of Health in 2018, it was stated that the prevalence of DM in 
Indonesia had increased from 5.7% in 2007 to 6.9%, around 9.1 million people in 2013. 

Excessive hyperglycemia and hyperinsulinemia will form free radicals or reactive 
oxygen species (ROS), which is caused by insulin resistance, which can result in 
increased damage to the structure and morphology of the islet of Langerhans and the 
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cells around them. Free radicals will later react with pancreatic cell membrane 
components such as phospholipids, unsaturated fatty acids, and proteins, which can 
cause a lipid peroxidation reaction to form malondialdehyde (MDA). This condition 
causes decrease of the islet of Langerhans (atrophy), so that the structure and 
boundaries of the islet of Langerhans have begun to merge with the surrounding acinar 
cells. This indicates cell death or damage due to oxidative stress caused by the 
presence of free radicals [3].  

Malondialdehyde (MDA) is one of the final products of lipid peroxidation; this 
compound is formed because the degradation of hydroxyl free radicals towards 
unsaturated fatty acids, which will later be transformed into highly reactive free rakilla 
[4]. Oxidative stress in tiksu can cause malondialdehyde levels to increase. Therefore, 
malondialdehyde can be used as a biomarker for oxidative stress [4].  

Providing additional antioxidant in conditions of oxidative stress will help the body fight 
oxidant molecules originating from inside and outside the body, thereby helping to 
reduce or prevent oxidative damage [5]; [6]. 

Antioxidants are inhibitors that can be used to inhibit autooxidation. Antioxidants are 
really needed by the body to help protect the body from free radical attacks [7]. 
Antioxidants can be enzymes such as superoxide dismutase (SOD), catalase, 
glutathione peroxidase, vitamins, and beta-carotene, as well as several other 
compounds such as flavonoids, albumin, bilirubin, ceruplasmin, and others. These 
compounds function to capture oxidant compounds and prevent from occurring chain 
reactions [8].  

One of antioxidant that can be used is glutathione (GSH) which is an enzymatic 
antioxidant that can detoxify hydrogen peroxide and lipid hydroperoxide by reducing 
glutathione [9], as well as preventing the formation of new free radicals or converting 
free radicals that have been formed into less reactive molecules [10]. The condition of 
glutathione itself can decrease in diabetes [11].  

However, there is a lack of research regarding the effectiveness of glutathione on 
serum malondialdehid (MDA) levels and histopatology pancreas in male rat (Rattus 
norvegicus) models of type 2 diabetes mellitus, so researchers are interested in 
conducting this research. 
 
MATERIALS AND METHOD 

Location and Research Design 

This research was carried out at the Integrated Laboratory, Faculty of Veteinary 
Medicine, Hasanuddin University Makassar, to carry out maintenance, treatment, and 
blood glucose testing and pancreatic histipatologic examination of experimental 
animals and Hasanuddin University Medical Research Center (HUM-RC) Laboratory, 
Hasanuddin University Hospital Makassar to examination serum of  MDA using 
enzyme linked immunosorbent assay (ELISA) with a kit insert Bioassay Technology 
Laboratory (BT Lab, China). The design of this research is laboratory experimental 
research with a post-test control group design. 

Research Sample 

The sample in this study was male Wistar rats (Rattus norvegicus) which kept and 
bred in the animal laboratory, Faculty of Veterinary Medical Hasanuddin University 
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Makassar with aged 2-3 months and weighed 150-200 grams, 20 rat were divided into 
4 groups, namely normal control group (K-N), negative control group (K-), positive 
control group (K+), treatment group 1 (KP-1), and treatment group 2 (KP-2). 

The sample size was determined based on Federer's formula. The inclusion criteria in 
the research sample are rats that are in good health, move actively, are 2 to 3 months 
old, are male, and weigh more or equal to 200 grams, while the exclusion criteria in 
this research sample are rats that are pregnant, weigh less than 150 grams, hair 
baldness or loss, anatomical abnormalities, rats that are sick or have health problems 
during the adaptation period, and rats that die during adaptation or research. 

Work Procedures 

Pre-intervention Stage 

Adaptation of experimental animals 

Male rat were adapted in a cage for 2 weeks to adapt their way of life and food. Every 
day the rat's health is checked and their body weight is measured every week. After 
the adaptation period, the rat were placed individually in cages and given standard 
feed of 5-10 g/day and drinking water provided ad libitum. After that, routinely clean 
the cage and keep the rat's cage environment so that it is not damp at a room 

temperature of around 28-32C, and provide sufficient light. 

Taking Rat Blood Samples 

Before treatment, blood samples were taken from the rat to be used to examine the 
rats blood glucose levels and serum MDA levels before treatment. 2-3 mL of rat blood 
samples were taken through the eyes which were collected in an anticoagulant tube, 
then the blood samples were centrifuged for 15 minutes at a speed of 2000 rpm, after 
centrifugation was carried out, 300 µl of serum in the tube was pipetted using a clinipet, 
then put into an eppendorf tube, then the sample was aliquoted in a refrigerator at -

20C for 2-3 months. 

Intervention Stage 

Streptozotocin induces to make diabetes mellitus in rat 

Rat were fasted for 12 hours before streptozotocin (STZ) induction. Streptozotocin is 
dissolved in 0.01 M citrate buffer, pH 4.5 and prepared in fresh condition for use within 
10-15 minutes. Streptozotocin injection was given intraperitoneally and the dose was 
determined based on the rats body weight. The dose of streptozotocin given is 45 
mg/kg BW [12]. Streptozotocin injection is carried out only once to induce diabetes 
mellitus [13].  

Observation of blood glucose levels after streptozotocin induction 

After streptozotocin injection, the rat’s blood glucose level was measured using a 
glucometer by cutting the tip of the rat's tail about 1 mm using scissors, then dropping 
the rat's blood onto the glucometer strip and recording the value that appeared on the 
glucometer display. Observation of blood glucose after streptozotocin injection is day 
0 and day 3. On that day, the percentage of diabetes in rat was observed. Normal 
diabetes is 75-150 mg/dL, mild diabetes is 150-200 mg/dL, moderate diabetes is 200-
400 mg/dL, and severe diabetes is >400 mg/dL [14]; [13].  
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Intervention in a rat model of diabetes mellitus 

The K-N group is the group that was only given 5-10 g/day of diet + aquades at a dose 
of 5 mL/head (morning and afternoon) for 14 days, the K- group was the group that 
was induced by STZ and given 5-10 g/day of diet. + aquades at a dose of 5 mL/head 
(morning and afternoon) for 14 days, the K+ group is the group induced by STZ and 
given the intervention of 5 mg metformin/head/day for 14 days, the KP1 group is the 
group induced by STZ and given the intervention of 200 mg glutathione /head/day for 
14 days, KP group is a group that was induced by STZ and intervened with glutathione 
200 mg/head/day and metformin 5 mg/head/day for 14 days. 

After the 15th day, blood was drawn from all treatment groups, then serum 
malondialdehyde (MDA) levels were examined and histopathological examination of 
the pancreas was carried out. 

Post Intervention Stage 

Serum malondialdehyde examination 

Blood samples of 3 mL of experimental animals were centrifuged for 15 minutes at a 
speed of 2000 rpm. After centrifugation, 200 µl of serum was pipetted using a 
micropipette into an eppendorf tube, the serum samples that had been obtained were 
checking to MDA ELISA Kit (BT Lab, China) according to the manufacturer's 
instructions. Optical density values were read using an ELISA reader with a 
wavelength of 450 nm. 

Pancreatic histopatological examination 

The pancreas organ is checked using hematoxylin and eosin (H&E) staining, which 
will be checked under a microscope with 100x and 400x magnification. The 
parameters used to determine the presence of damage to the pancreatic islet of 
langerhans are vacuolization, congestion, regularity of the shape of the islet of 
langerhans and the availability of pancreatic beta cells. Measurement of damage to 
islet langerhans was carried out by calculating the area of islet langerhans that was 
damaged compared to the area of islet Langerhans as a whole using the ImageJ 
application [15].  

Statistical Analysis 

Normality test used the Shaphiro-Wilk test. The data is normally distributed with a p 
value > 0.05. Homogeneity test using data Levene’s test. Homogeneous data with p 
value > 0.05. Comparative test, the analysis used to test the difference of two unpaired 
group variables (control group and treatment group) is the unpaired T-test with a 
significance level of 5% (p > 0.05) if the data is normally distributed. In addition, a type 
of comparability test analysis using Mann-Whitney will be used if the data is not 
normally distributed. 

Research Ethics 

Research ethics after approval by the Health Research Ehics Commission 
Hasanuddin University Medical Faculty – Hasanuddin University Hospital, with Letter 
Number 698/UN4.6.4.5.31/ PP36 / 2023. 
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RESULTS 

Rat Serum MDA Levels 

The research data on Mouse serum MDA levels was tested for normality on all groups 
of treated mouse. The results showed that the normality of the data on mouse serum 
MDA levels for all treatment groups, both before and after, was obtained as normally 
distributed results with a value of p=0.854 (p>0.05). Furthermore, to assess 
differences in mouse serum MDA levels between groups both before and after 
treatment, a statistical test was carried out using the One Way Anova test, which can 
be seen in Table 1. 

Table 1: Serum MDA Levels Before and After Treatment 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

MDA 
before 

Between Groups .727 4 .182 2.166 .110 

Within Groups 1.678 20 .084   

Total 2.405 24    

MDA 
After 

Between Groups .693 4 .173 2.746 .057 

Within Groups 1.262 20 .063   

Total 1.956 24    

Based on statistical results, it was found that the p value for rat serum MDA levels 
before treatment was p=0.110, this shows that there was no significant mean 
difference between groups before treatment. Meanwhile, statistical results found that 
the p value of serum MDA levels after treatment was p=0.057, this shows that there 
was no difference in the mean between groups after treatment. Next, to find out the 
comparative value of serum MDA levels between treatment groups, proceed using the 
paired T test, which can be seen in Table 2. 

Table 2: Comparison of Serum MDA Levels Before and After Treatment 

Paired Samples Test 

 

Paired Differences t df Sig. (2-tailed) 

Mean Std. Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference    

Lower Upper 

Before 
vs 
After 

.17360 .43245 .08649 -.00491 .35211 2.007 24 .056 

Based on the statistical results of the comparison test of serum MDA levels before and 
after treatment, it was found that the value of p=0.056 (p>0.05), this shows that there 
was no statistically significant difference in the serum MDA levels of rat before and 
after treatment in all treatment groups. 

Histopatological Examination of Pancreatic Organs 

Histopathological observations of the rat pancreas using the Hematoxylin-Eosin 
staining method. Hematoxylin and eosin are essences that are often used to color 
tissue so that it is easier to observe with a microscope. The principle of this coloring is 
the acidic cell nucleus will attract alkaline substances so that it turns blue. The alkaline 
cytoplasm will attract acidic substances so that it turns red. The group of treated rat 
that had diabetes mellitus had a histopathological picture of the pancreas that was 
different from the group of mouse without treatment, which could be seen based on 
the results of histopathological observations of the pancreas organ (Figure 2). 
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a. K-N without intervention 

 
b. K- STZ intervention 

 

 
c. K+ STZ intervention + metformin 5 mg/head/day 

 
d. KP-1 intervention STZ + glutathione 200 mg/day/head 
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e. KP-2 STZ + glutathione + metformin intervention 

Figure 1: Histopathological Picture of Pancreas Organs of Treated Rats at 400x 
Magnification with HE Staining, with Information (C) Congestion, (F) Fatty 

Vacuole, (H) Hydropic Degeneration, (O) Oedema 
 
DISCUSSION 

Cigarette smoke is a pollutant for humans and the environment. Cigarette smoke 
contains free radical compounds, which will cause oxidative stress. In conditions of 
oxidative stress, free radicals cause peroxidation of cell membrane lipids and damage 
cell membrane organization, characterized by increased levels of malondialdehyde 
(MDA) and an increase in the number of macrophages in the lungs [16].  

Several studies show that oxidative stress plays a role in systemic inflammation, 
disruption of pancreatic β-cell secretion, disruption glucose use in peripheral tissues 
and endothelial dysfunction. The emergence of oxidative stress in DM occurs through 
three mechanisms, they are non-enzymatic glycation of proteins, the polyol sorbitol 
pathway (aldose reductase), and glucose auto-oxidation [17]. Excessive oxidative 
stress make abnormalities in glucose metabolism can be controlled by regulating food 
intake, especially sources of antioxidants [17]; [18].  

Malondialdehyde (MDA) is a compound that can describe the activity of free radicals 
in cells so it is used as an indication of oxidative stress caused by free radicals [19].  

Based on the statistical results of the comparative test of serum malondialdehyde 
levels before and after stiffening, it was found that the value of p=0.056 (p>0.05), this 
shows that there was no statistically significant difference in serum malondialdehyde 
levels before and after treatment in all groups. Meanwhile, the statistical results of 
serum malondialdehyde levels after treatment found a value of p = 0.057, this shows 
that there was no difference in the mean between groups after treatment. 

Several previous studies have shown that in type 2 diabetes melitus (DM) sufferers 
there is an increase in free radicals. Research conducted in Egypt showed that levels 
of SOD, MDA, and GSH increased significantly in type 2 DM sufferers [20]. An 
increase in MDA levels indicates an increase in free radicals because free radicals 
can cause peroxidation of blood lipids so that MDA levels increase [17]; [20], which 
indicates oxidative stress occurs in type 2 DM patients [21].  

Other studies reveal that there is a moderate positive correlation between temporary 
blood sugar levels and MDA levels in type 2 DM patients, which means that a 
temporary increase in blood glucose levels almost always causes an increase in blood 
lipid peroxidation. This happens because glucose is a very reactive compound. 
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The aldehyde group in glucose is able to glycate various compounds to form free 
radicals [22]; [23]. Apart from that, hyperglycemia conditions also trigger glucose 
autoxidation to produce superoxide radicals and hydroxyl radicals [17]; [24]. Therefore, 
in hyperglycemia, glucose in the blood immediately reacts by oxidizing the lipids in the 
blood. Lipid peroxidation will increase if blood glucose levels exceed the 
hyperglycemia threshold (200 mg/dL) [23]; [25]. In line with research conducted in 
Malaysia by [23], and Thailand by Likidlilid, et al. 2010 it was stated that HbA1c levels 
and fasting blood glucose were positively correlated with blood MDA levels [26]. 

Based on the results of the histopathological checking of the pancreas of treated 
mouse, it can be seen in Figure 2. It shows that in the KN group (without intervention) 
there were no abnormalities or damage found in the mouse pancreas, in the K- group 
(STZ intervention) fatty vacuoles, hydropic degeneration, were found. edema, and 
congestion, in the K+ group (STZ + metformin intervention) congestion, fatty vacuole, 
and hydropic degeneration were found, in the KP1 group (STZ + glutathione 
intervention) vacuole and hydropic degeneration were found, while in the KP2 group 
(STZ + glutathione + intervention metformin) it was found that there was a number of 
fat cell vacuolizations in almost all parts and some cells experienced hydropic 
degeneration, and the tissue was seen experiencing edema.  

According to Voronina, et al 2015 vacuolization is a very important indicator of 
pancreatic acinar cell damage [27]. Furthermore, trypsinogen activation occurs in the 
endocytic vacuole, therefore, the vacuole can be considered as an organelle that 
initiates the development of cell damage. 

Malondyaldehid and glutathione levels have a strong significant correlation and have 
a reciprocal relationship, meaning that the higher the MDA level, the lower the 
glutathione level in the worker's body. This has similarities with other research, which 
states that there is an increase in MDA levels and a decrease in glutathione levels in 
cement workers [28]. High MDA levels indicate higher levels of free radicals as well. 
These benzene radicals can suppress detoxification enzymes, one of which is GSH 
[28].  

Limitations in this research are the procedures for handling experimental animals, as 
well as laboratory environmental conditions, which can also influence the research 
results. 
 
CONCLUSION 

There were no significant differences in mouse serum malondialdehyde levels before 
and after treatment in all groups. Histopathology results in the K-N group did not reveal 
any abnormalities or damage, compared to other groups, which found several fatty 
vacuoles, hydropic degeneration, edema and congestion. 
 
Acknowledgments 

A big thank you to the supervisors and examiners, laboratory staff, and all those who have contributed 
to this research. 

Conflict of Interest 

There is no conflict interest . 

 
 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   1674                                             MAY Volume 21 Issue 05 

References 

1) WHO. (2022). Diabetes. Available at https://www.who.int/health-topics/diabetes#tab=tab_1. 

2) Saeedi, P., Petersohn, I., Salpea, P., Malanda, B., Karuranga, S., Unwin, N., Colagiuri, S., 
Guariguata, L., Motala, A. A., Ogurtsova, K., Shaw, J. E., Bright, D., & Williams, R. (2019). Global 
and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results 
from the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Research and 
Clinical Practice, 157, 107843. https://doi.org/10.1016/j.diabres.2019.107843. 

3) Sholikhatin S. Aulanni’am, dan Wuragil D.K. 2016. Perubahan Kadar Malondialdehid (MDA) dan 
Gambaran Histopatolgi Pankreas Pada Tikus (Rattus norvegicus) AITD Hasil Induksi Capra hircu 
Tiroglobuklin (cTg). Fakultas Kedokteran Hewan Universitas Brawijaya. 

4) Suarsana I.N., Wresdiyati T., Supratogi A. (2013). Respon Stres Oksidatif dan Pemberian 
Isoflavon Terhadap Aktivitas Enzim Superoksida Dismutase dan peroksidasi Lipid pada  Hati 
Tikus. FKH IPB. 

5) Duthie, G.G and Bellizzi, M.C. 1999. Effects of Antioxidants on Vascular Heath. Br. Med. Bull. 
55(3):568-77. 

6) Menvielle-Bourg, FJ. 2005. Superoxide dismutase (SOD), a Powerfull Antioxidant, is Now 
Available Orally. Phytotherapie. 3:1-4. 

7) Sayuti K, Yenrina Y. 2015. Antioksidan, Alami dan Sintetik. Universitas Andalas: Asosiasi Penerbit 
Perguruan Tinggi Indonesia. 

8) Winarsi, Hery M.S. 2007. Antioksidan Alami dan Radikal. Yogyakarta: Penerbit Kanisius. 

9) Odzen M., Maral H, Akydin D, Cetnalp P, Kalender B. 2002. Erythrocyte glutathione peroxidase 
activity, plasma malondialdehyde and erythrocyte glutathione levels in hemodialysis and CAPD 
patients. Clinical Biochemistry. 35:269_273. 

10) Chevion S, Moran DS, Heled Y, Shani Y, Regev G, Abbou B, Berenshtein E, Stadtman ER, Epstein 
Y. Plasma antioxidant status. and cell injury after severe physical exercise. Proc Natl Acad Sci U 
S A. 2003 Apr 29;100(9):5119-23. doi: 10.1073/pnas.0831097100. 

11) Pasaoglu H, Banu S, Neslihan B. 2004. Lipid peroxidation and resistance to oxidation in pantiens 
with type 2 diabetes mellitus. Tohoku Journal Experimental Medicine. 203:211_218. 

12) Nurdiana N. 1998. Efek streptozotocin sebagai bahan diabetogenik pada tikus wistar dengan cara 
intraperitonial dan intravena. Majalah Kedokteran Unibraw. 14(2): 66-77. 

 

13) Nengah TS, I Nyoman S, dan Anak Agung GOD. Agen Diabetagonik Streptozotocin untuk 
membuat tikus putih jantan diabetes mellitus. Buletin Veteriner Udayana, 2018. Vol. 10. No. 2. pp: 
116-121. DOI: 10.24843/bulvet.2018.v10.i02.p02. 

14) Lenzen S. 2008. The mechanism of alloxan and streptozotocin incuded diabetes. J. Med. Draf. 11: 
YN1123.2. 

15) Andrie, M., W. Taurina, dan R. Ayunda. 2014. Activites test of “jamu gendong kunyit asam” 
(Curcuma domestica val.; Tamarindus indica L.) as an antidiabetic in streptozotocin-induced rats. 
Traditional Medicine Journal. 19(2):95–102. 

16) Ganesha, I. G. H., Linawati, N. M., & Satriyasa, B. K. (2020). Pemberian ekstrak etanol kubis ungu 
(brassica oleraceae l.) Menurunkan kadar malondialdehid dan jumlah makrofag jaringan paru tikus 
yang terpapar asap rokok. Jurnal Ilmiah Medicamento, 6(1). 
https://doi.org/10.36733/medicamento.v6i1.714. 

17) Setiawan,B dan Suhartono E. Stres Oksidatif dan Peran Antioksidan pada Diabetes Mellitus. Maj 
Kedokt Indon. 2005; 55 (2):86–91. 

18) Baynes JW and Thorpe SR. Role of Oxidative Stress in Diabetic Complications: A New Perspective 
on an Old Paradigm. Diabetes. 1999; 48:1-9. 

 

http://www.commprac.com/
https://www.who.int/health-topics/diabetes#tab=tab_1
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.36733/medicamento.v6i1.714


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   1675                                             MAY Volume 21 Issue 05 

19) Asni E, Harahap IP, Prijanti AR, Wanandi SI, Jusman SWA, Sadikin M. Pengaruh hipoksia 
terhadap kadar malondialdehid, penurunan aktivitas glutathione dan katalase ginjal tikus. Majalah 
Kedokteran Indonesia. 2009; 59 (12):595–600. 

20) Soliman GZ. Blood lipid peroxidation levels in Egyptian type 2 diabetic patients. Singapore Med J. 
2008; 49(2): 129-36. 

21) Subandrate. Hubungan Kadar Glukosa Darah dengan Peroksidasi Lipid pada Pasien Diabetes 
Melitus tipe 2. CDK-242/ vol. 43 no. 7 th. 2016. 

22) Indran M, Rokiah P, Chan SP, Kuppusamy UR. Alteration of lipid peroxidation and antioxidant 
enzymes in young malaysian IDDM patients. Med J Malaysia. 2004; 59(2): 166-70. 

23) Glacco F, Brownlee M. Oxidative stress and diabetic Complications. Circ Res. 2010; 107:1058-70. 

24) Suryawanshi NP, Bhutey AK, Nagdeote AN, Jadhav AA, Manoorkar GS. Study of lipid peroxide 
and lipid profile in diabetes mellitus. Indian J Clin Biochemistr. 2006; 21 (1): 126-30. 

25) Likidlilid A, Patchanans N, Peeeapatdit T, Sriratanasathavorn C. Lipid peroxidation and antioxidant 
enzyme activities in erythrochytes of type 2 diabetic patients. J Med Assoc Thai. 2010; 93(6):682-
93. 

26) Voronina S, Collier D, Chvanov M, Middlehurst B, Beckett AJ, Prior IA, et al. (2015). The role of 
Ca2+ influx in endocytic vacuole formation in pancreatic acinar cellls. Biochem J, 465(3), 405–12. 
doi:10.1042/BJ20140398. 

27) Ella AB, Rushdi M, Okada K, Yasuda J. Stres oksidatif dan penyakit hati sapi: Peran 
glutathione. Jurnal Penelitian Kedokteran Hewan Jepang. 2007; 54 (4):163–73. 

28) Orman A, Kahraman A, Çakar H, Ellidokuz H, Serteser M. Plasma malondialdehyde dan kadar 
glutathione eritrosit pada pekerja dengan silikosis paparan debu 
semen. Toksikologi. 2005; 207 (1):15-20. 
https://doi.org/10.1016/j.tox.2004.07.021 PMid:15590118. 

http://www.commprac.com/
https://doi.org/10.1016/j.tox.2004.07.021%20PMid:15590118

