
                                                Trop J Nat Prod Res, August 2021; 5(8):1360-1364                    ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

1360 

 © 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

 

Tropical Journal of Natural Product Research 
 

Available online at https://www.tjnpr.org 

Original Research Article 
 

Hydrogen-Rich Water Ameliorates Pancreatic Cell Necrosis and Regulates Cytokine 

Levels in Streptozotocin-Induced Diabetic Rats 
 

Budi Susatia
1
*, Ekowati Retnaningtyas

1
, Siti N. Arifah

2
, Sri R. Lestari

2 

 
1Department of Nursing, Politeknik Kesehatan Kemenkes Malang, Jalan Besar Ijen, Malang, East Java, Indonesia 
2Department of Biology, Faculty of Mathematics and Natural Sciences, Jl. Semarang, Malang, East Java, Indonesia 
 

Introduction  

Water is a vital component for the body, especially for 

maintaining a healthy body and preventing various diseases.
1
 Lack of 

water intake may lead to dehydration and increase the risk of various 

diseases such as headaches, urolithiasis, obesity, and diabetes 

mellitus.
1,2

 According to Goodman, drinking more water is linked to a 

reduction in body weight.
2
 Adequate water consumption is better than 

a fiber diet in a 24-week weight loss program in overweight and obese 

women.
3,4

 Consumption of 1 L of water daily for three months and 0.8 

L of water daily for six months significantly reduced fasting blood 

glucose.
5
 More water intake can treat obesity. Adequate water 

consumption could affect the removal of excess glucose in the kidney 

by creating more urine. Dehydration is associated with an increase in 

blood glucose level caused by the inability to excrete glucose in the 

urine.
1
 Diabetes mellitus (DM) is a metabolic disease that disrupts the 

metabolism of carbohydrates, fats, and proteins characterized by an 

increase in the normal level of blood glucose.
6
 The prevalence of 

diabetes has increased over the decades.
7
 Diabetic patients accounted 

for 463 million (9.3% of the world's population) in 2019, with ages 

ranging from 20 to 79 years, and this figure is anticipated to rise to 

700 million (10.9%) by 2045.
7,8

 The increasing prevalence of people 

with diabetes is also higher in low and middle-income countries 

compared with high-income countries.
9
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T2DM is the type of diabetes that mainly occurs within society.
10

 It is 

caused by insulin resistance, which is closely linked to obesity due to 

an unhealthy lifestyle.
11

 The impaired insulin production was 

frequently accompanied by chronic low-grade inflammation for a 

prolonged time which may lead to tissue damage, including β-cells of 

the pancreas.
12–14

 An excessive proinflammatory cytokines production, 

mainly TNF-α, IL-1β, IL-6 were increased through NFκB signaling 

pathways during T2DM progression.
15

 In contrast, interleukin-10 (IL-

10) as an anti-inflammatory cytokine that is secreted by regulatory T 

cells (Tregs) is decreased during T2DM progression.
16

 IL-10 has 

pivotal roles in suppressing cytokine production and immune cell 

activation. In high-fat diet (HFD) mice, IL-10 expression is drastically 

reduced, along with Treg function and density.
17,18

 Several treatments 

for DM have been developed, but effective treatment is required to 

restore the cytokines balance and improve damaged pancreatic β-cells.  

Recent studies found that hydrogen-rich water (HW) has an 

antioxidant effect that prevents or treats various diseases related to 

oxidative stress, including diabetes, atherosclerosis, and heart failure.
19

 

HW contains high levels of dissolved hydrogen (H2). These H2 

molecules have antioxidant activity as a scavenger of hydroxyl 

radicals (•OH).
20

 Kamimura et al. (2011)
19

 reported that oral 

administration of HW by gavage in obese rats reduced oxidative stress 

in the liver and improved hepatic steatosis. However, research on HW 

on the histological improvement of Langerhans islets in the DM 

animal model is still limited. Therefore, the aim of this study was to 

investigate the effects of hydrogen-rich water on blood glucose levels, 

pancreatic cell necrosis, and cytokine levels in diabetic rats.  

 

Materials and Methods 

Ethical approval 

Ethical approval for this study was obtained from the Ethics 

Committee of Politeknik Kesehatan Malang with approval number 

EC00974 2020. 
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Water plays an important role in the metabolic processes. An unhealthy lifestyle leads to an 

increase in free radicals, which causes type 2 diabetes mellitus (T2DM). Hydrogen-rich water 

(HW) is water with dissolved hydrogen gas and has been implicated to have antioxidant activity. 

This study was aimed at analyzing the effect of HW on pancreatic cell necrosis and cytokine 

level in streptozotocin (STZ)-induced diabetic rats. Male Wistar rats were fed a high-fat diet 

(HFD) for four weeks before being injected intraperitoneally with low dose STZ (35 mg/kg bw) 

to obtain DM rats. Blood glucose values of >200 mL/dL were considered diabetic rats. The 

experimental rats were randomly divided into five groups: healthy (normal rats without STZ 

injection), DM, DM + metformin (45 mg/kg bw), DM + HW, and DM + HW + metformin. The 

treatments were administered orally for fourteen days. After that, the rats were dissected using 

Ket-A-Xyl; serum and liver samples were obtained to determine the concentrations of IL-10 and 

IL-1β. The pancreas was collected and examined for cell damage, while histology of the Islet of 

Langerhans was analyzed descriptively. The results showed that HW reduced blood glucose 

levels, body weight, and IL-1β concentration, increased IL-10 concentration, and improved 

necrotic cells of the pancreas in comparison to DM rats. HW could be one of the therapies for 

T2DM patients by lowering glucose levels, regulating cytokine levels, and repairing β-cells in 

the pancreas. 
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Animal model and experimental design 

This research used thirty male Wistar rats (weight 200 ± 20 g, 10 ± 2 

weeks old) which were placed in standard cages. The rats were 

acclimatized for a week, with free access to feed and water. After 

acclimatization, the rats were divided into two groups, namely normal 

feed (n = 5) and high-fat diet (HFD; n = 25). The normal diet 

contained 60% carbohydrates, 16% protein, 3% fat, and 21% vitamins 

as well as minerals. HFD contained 8.84% carbohydrates, 8.50% 

protein, 34.20% fat, and fiber, vitamins, as well as minerals.
21

 For 30 

days, the rats were administered with normal and HFD,
22

 and the 

fasting blood glucose of the rats that were fed with HFD was 

measured. Then, the HFD-fed rats were injected with low dose of 

streptozotocin (at 35 mg/kg bw dissolved in 0.1 M citrate buffer, pH 

4.5) intraperitoneally.
22

 The blood glucose levels were measured 3 

days after injection and DM rats were characterized by fasting blood 

glucose levels >200 mg/dL.
23

 The experimental animals were 

randomly divided into 5 groups: normal (normal diet), DM, DM + 

metformin (45 mg/kg bw), DM + HW + metformin (45 mg/kg bw)
24

 

and DM + HW (Table 1.) 

 

Preparation and administration of hydrogen-rich water 

Hydrogen-rich water was prepared from a hydrogen-water electric 

generator (DR + Water Electric Generator, PT. Altra Multi Sukses). 

Freshly made hydrogen-rich water contains 1 ppm of hydrogen. The 

rats were orally administered with 3 mL of fresh hydrogen-rich water 

by gavage and ad libitum of hydrogen-rich water for 14 days.
25

 At the 

end of the treatment, the rats were sacrificed using ketamine and 

xylazine (Ket-A-Xyl) as anesthetic solutions after which the pancreas 

was collected and stored in 10% formalin. 

 

Histological analysis of experimental rats’ pancreas 

The pancreas of the experimental rats was fixed in 10% formalin, 

hydrated, and embedded in paraffin. It was then cut into 5 μm size, 

stained using hematoxylin-eosin (HE).
26

 Slides of the Langerhans islet 

were examined with a microscope (Olympus, BX51) at a 1000x 

magnification. The pancreatic histology were analyzed descriptively to 

determine changes in cell architecture, including fibrosis, necrosis, 

and vacuolization in the Langerhan islet.
27

 

 

Measurement of IL-10 and IL-1β concentrations in serum and liver 

tissues  

Blood samples were collected in a centrifuged tube from the heart 

after the rats were fasted overnight and allowed to stand for one hour 

at room temperature. The blood was then centrifuged at 3000 rpm for 

20 min to separate the serum, the supernatant was then collected and 

stored at -20
o
C before use. The liver was removed and washed three 

times in phosphate buffer saline (PBS) pH 7.4, dried with filter paper, 

and weighed. After that, the liver was chopped into small pieces, about 

0.5 g, and homogenized in PBS (pH 7.4). The homogenate was then 

centrifuged at 3000 rpm for 20 min, and the supernatant was stored at 

-20
o
C before use.

21
 ELISA commercial kits (Bioenzy, BZ-08188010-

EB, and BZ-08189110-EB) were used to quantify the concentrations 

of IL-10 and IL-1, respectively in serum and liver tissues according to 

the manufacturer’s protocol.  

 

Statistical data analysis 

Data related to blood glucose levels, body weight, organ weight, IL-

10, and IL-1β concentrations were analyzed using one-way analysis 

of. variance (ANOVA). Duncan Multiple Range Test (DMRT) was 

used as a post hoc test with p-value < 0.05 considered significant. 

 

Results and Discussion 

Hydrogen-rich water affected glucose level, body and organ weights 

in diabetic rats 

In the present study, when DM rats were compared to normal groups, 

they had significantly (p<0.05) higher levels of glucose and body 

weight (Table 2). HW administration reduced the glucose levels and 

DM rats' body weight significantly (p<0.05). Interestingly, the results 

of the current study revealed that HW alone has a stronger effect on 

decreasing glucose levels and body weight than the combination of 

HW with metformin. Also, there was no significant difference in 

organ weight between the DM rats and treatment groups. 

It was observed that HW supplementation reduced the body weight 

gain caused by HFD. Kamimura et al. (2011)
29

 reported that HW 

administration increased the fibroblast growth factor 21 (FGF21) 

expression as a hepatic hormone with the function of maintaining 

energy homeostasis, especially with glucose and fat metabolism.
19,28

 

After treatment with HW, the final blood glucose levels were 

significantly decreased compared with DM rats, and the levels became 

close to that of normal rats (Table 2). A previous study demonstrated 

that drinking about 900 mL/day HW could normalize an impaired 

glucose tolerance as evidenced by the elevation of insulin level after 

glucose loading.
29

 

 

Hydrogen-rich water altered IL-10 and IL-1β concentrations in 

diabetic rats 

IL-10 levels decreased while IL-1β levels increased in the DM rats as 

shown in Figure 1A-B. In contrast to the DM rats, HW administration 

enhanced the IL-10 levels and reduced the IL-1β levels significantly 

(p<0.05). The results revealed that IL-10 levels in serum and liver 

followed a similar pattern (Figure 1A). Interestingly, in the DM rats, 

treatment with HW combined with metformin had a stronger effect on 

increasing IL-10 levels than treatment with HW alone. Furthermore, 

metformin had a better effect in lowering IL-1β concentrations than 

HW or HW combined with metformin (Figure 1B). Surprisingly, there 

was no difference in IL-1β concentrations in the liver of normal, DM, 

and treated rats. 

HW altered the proinflammatory and anti-inflammatory cytokines in 

DM rats as highlighted in Figure 1A-B. A previous study reported that 

HW increased the IL-10 concentration and decreased the IL-1β 

concentration in LPS-challenged mice.
30

 Besides, HW at 0.5-0.6 ppm 

was reported to have shown anti-inflammatory activity, both in in 

vitro and in vivo studies.
31

 The possible mechanism could be that H2 

inhibits the phosphorylation of IκB-α and interferes with NFκB 

signaling through declining oxygen free radicals. The NFκB signaling 

pathway blockade may ameliorate the inflammatory condition by 

suppressing IL-1β expression.
32,33

 The findings of this investigation 

showed that HW decreased IL-1 levels in DM rats after 

supplementation with HW, which was consistent with previous results. 

Furthermore, as the concentration of IL-1β decreased, the 

concentration of IL-10 increased. IL-10 was critical in suppressing 

immune cell activation, leading to delayed inflammation.
34

 Consistent 

with the results of this research, a previous study reported that HW 

enhanced IL-10 levels and restored regulatory T cells (Tregs) loss.
35

  

 

Hydrogen-rich water restored necrotic cells of the pancreas in 

diabetic rats 

The present study demonstrated that there was an increase in the 

number of necrotic cells in DM rats (Figure 2). 

 

Table 1: Experimental design 
 

 Acclimatization Experimental Animal Sacrifice 

 Male Wistar Rats (n = 30) NHFD (n = 30) NHFD (n = 6) NHFD (n = 6)  Serum and Tissue Sampling  

HFD (n = 24) DM (n = 6) 

 DM+met (n = 6) 

 DM+met+HW (n = 6) 

 DM+HW (n = 6) 

Day  0-7 8-38 39-52   52 
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However, HW administration resulted in an improvement on the 

pancreas histology, indicating the reduction of necrotic cells and the 

increase in the number of cells in the Langerhans islet compared to the 

DM group without treatment (Figure 2). Oxidative stress agents, 

especially reactive oxygen species (ROS), play a role in the 

pathogenesis of diabetes.
36

 Hyperglycemic conditions lead to high 

ROS production and decreased endogenous antioxidants.
37

 In both in 

vitro and in vivo experiments, HW at 0.5-0.6 ppm showed antioxidant 

activity.
31

 H2 molecules are biologically active gases that can be used 

to improve various systemic pathological conditions. The molecules 

are involved in regulating gene expression, modulating signal 

transduction, protein phosphorylation cascades, and especially in 

metabolic pathways.
38,39

  Excessive free radical production might lead 

to organ damage and failure. The results obtained from this study 

suggest that necrotic cells in DM rats were higher than the normal 

group and there was a decrease in the number of cells in Langerhans 

islet compared to the normal treatment group (Figure 2). Oxidative 

stress activates the cell death signaling pathway.
40

 Smirnov et al. 

(2012)
41

 reported that STZ-induced diabetic mice caused necrotic cells  

 

and reduced the number of β-cells in each Langerhans islet 

significantly. HW administration showed an improvement on the 

pancreas histology, suggesting the reduction of necrotic cells and the 

increase in the number of cells in the Langerhans islet compared to the 

DM group without treatment (Figure 2).  In this study, it was found 

that HW supplementation restored glucose levels in DM rats to near-

normal levels. Ming et al. (2020)
37

 reported a decreased 

malondialdehyde (MDA) levels in the serum of T2DM mice model 

after treatment with HW. H2 molecules increase the synthesis of 

hepatic glycogen, improve glucose intake in the liver, and lowers 

fasting blood glucose levels.
37

 H2 molecules improved blood glucose 

levels in STZ-induced diabetic mice by increasing the expression of 

Glucose Transport Type 4 (GLUT4) on the skeletal muscle membrane 

through the activation of phosphatidylinositol-3-OH kinase (PI3K).
20

 

Administration of HW resulted in decreased expression of Advanced 

Glycation-End product (AGE) and receptor of AGE (RAGE) in STZ-

induced diabetic rats. AGE and RAGE as a non-enzymatic product of 

glycation process play a role in development of diabetic 

complication.
42

 

 
 

Table 2: Effect of hydrogen-rich water on glucose levels, body weight, and organ weight of normal and diabetic rats 
 

Parameter 
Treatment Groups 

N DM DM + Met DM + HW DM + MHW 

Glucose Levels 

Initial 85.60
a
 ± 3.78 415.67

b
 ± 24.82 384.33

b
 ± 39.11 406.67

b
 ± 21.79 395.33

b
 ± 26.39 

Final 124.33
a
 ± 8.26 376.00

c
 ± 10.58 169.00

b
 ± 17.08 130.67

a
 ± 11.50 185.67

b
 ± 7.51 

Body Weight 

Initial 165.67 ± 16.01
a
 296.48 ± 10.78

b
 321.67

bc
 ± 14.57 346.67

c
 ± 12.74 315.33

b
 ± 17.09 

Final 184.33
a
 ± 19.85 374.00

c
 ± 31.43 265.67

b
 ± 48.33 185.67

a
 ± 41.26 252.67

b
 ± 29.71 

Organ Weight 

Pancreas 7.38
a
 ± 1.01 11.50

b
 ± 2.08 10.71

b
 ± 0.52 11.18

b
 ± 1.88 11.23

b
 ± 2.85 

Liver 27.21
a
 ± 1.97 47.57

b
 ± 5.04 42.85

b
 ± 4.07 55.61

b
 ± 14.65 49.15

b
 ± 5.75 

Kidney 2.46
a
 ± 0.69 3.81

ab
 ± 0.63 3.58

ab
 ± 0.85 4.07

b
 ± 0.82 4.75

b
 ± 1.05 

a,b
:Different superscript within the same row indicates significant differences (p < 0.05); N: Normal rats; DM: DM rats without 

additional supplementation; DM + Met: DM rats supplemented with metformin; DM + HW: DM rats supplemented with 

hydrogen-rich water; DM + MHW: DM rats supplemented with metformin and HW combination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of hydrogen-rich water on IL-10 and IL-1β concentrations in serum and liver of normal and diabetic mice. 
DM: DM rats without additional supplementation; DM + Met: DM rats supplemented with metformin; DM + HW: DM rats supplemented with 

hydrogen-rich water; DM + MHW: DM rats supplemented with metformin and HW combination. *p < 0.05  significantly difference compared with 

DM group as control. 
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Figure 2: Histology of Langerhans islet of the different treatment groups. 

The black arrow shows necrotic cells; DM: DM rats without additional supplementation; DM + Met: DM rats supplemented with metformin; DM + 

HW: DM rats supplemented with hydrogen-rich water; DM + MHW: DM rats supplemented with metformin and HW combination; H&E 1000x 

magnification. 

 

Conclusion 

The findings of this study reveal that hydrogen-rich water has the 

potential to be an alternative treatment option with beneficial effects 

such as lowering glucose levels, enhancing pancreatic histology, 

reducing proinflammatory cytokine, and increasing anti-inflammatory 

cytokine in DM rats. Improved glucose metabolism in the body, as 

well as an increase in anti-inflammatory cytokines and a decrease in 

the number of necrotic cells in Langerhans islets, may lead to 

improved pancreatic-cell function in DM patients. Therefore, 

hydrogen-rich water can be used as an effective therapy for DM, as it 

improves necrotic cells in the pancreas and lowers cytokine levels, 

resulting in reduced blood glucose levels. Hydrogen-rich water may 

have potential for use in diabetes mellitus prevention and 

management. 
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