Journal of Medicine, Physiology and Biophysics WwWw.iiste.org
ISSN 2422-8427  An International Peer-reviewed Journal DOI: 10.7176/JMPB mig

Vol5, 2019 NSTE

Effectiveness of Giving Red Ginger Extract in Preventing Damage
to B-Pancreatic Cells in Wistar Strain White Rats (Rattus
Norvegicus)

Wiwiek Wira!®  Bambang Wirjatmadi’?  Merryana Adriani?
1.Master’s Program, Department of Public Health, Faculty of Public Health, Universitas Airlangga, Indonesia
2.Faculty of Public Health, Universitas Airlangga, Indonesia

Abstract

Background: One of the goals of therapy for diabetes mellitus is to maintain normal glucose levels. Therapy can
be in the form of pharmacology and non-pharmacology. In addition, in the community many use traditional
medicine or often known as herbal medicine for the treatment of diabetes. Traditional medicine that has many
uses for treatment is ginger. The main ingredients of ginger are essential oils (1-5%), sesquiterpenoids and
monoterpenoids, gingerols, shogaols, paradols and zingerones. The effects of ginger therapy are anti-
inflammatory, analgesic, hypotensive and diabetic which is associated with gingerol and shogaol which are
abundant in fresh ginger and ginger.

Objectives: The aim of the study was to analyze the effectiveness of red ginger extract in preventing damage to
B-pancreatic cells in wistar strain white rats (rattus norvegicus)

Methods: This study was laboratory experimental study with randomized post-test only control group design.
The independent variable was the administration of red ginger extract, the dependent variable was blood sugar
levels and the control variables were rat type, rat sex, rat age, rat body weight and rat health. The samples were
25 male Wistar strain white rats aged 8—12 weeks. The samples were divided into 5 groups randomly. One group
not induced by diabetes was the healthy control group (K1). The other four groups were induced by diabetes:
(K2) control of diabetes; (K3) given 500 mg/kgBW of red ginger extract; (K4) given 750 mg/kgBW of red
ginger extract and (KS5) given 1,000 mg/kgBW of red ginger extract. ANOVA test with 0=0.05 was used to
determine the effect of treatment. Furthermore, an effect size test analysis was conducted to determine the
effectiveness of red ginger extract

Results: all of the treatment (500 mg/kgBW, 750 mg/kgBW and 1,000 mg/kgBW of red ginger extract) had
strong effect on fasting blood sugar control of the mice (effec size> 1)

Conclusions: the treatment where 750 mg/kgBW of red ginger extract was administered has the highest value of
effectiveness (3,632), while that in which 1,000 mg / kgBB of red ginger extract was administered has the lowest
value of effectiveness (1,195).
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INTRODUCTION

Diabetes is one of the major health treats for human being in the 21* century. World Health Organization (WHO)
predicted that in 2000 number of 20-year-old individuals with diabetes are 150 millions and in 2025 the number
will multiply to 300 million people'. Type II diabetes is a more commonly-found type of diabetes; 90-95% of
diabetes patients suffer from this type of diabetes!.

Diabetes mellitus is influenced by two factors, genetic factor and environment. Type 2 Diabetes Mellitus
can be interpreted as metabolic disorder characterized by increase of blood sugar due to decreasing insulin
secretion in the pancreas’. Type 2 diabetes occurs when insulin production in beta pancreatic cells is decreasing
or due to secretion failure, and as the result glucose cannot insert the tissue®, causing insulin retention which
results in decrease of insulin leading to inability to secrete glucose well. As the result, the pancreas will reduce
response for insulin secretion’.

Diabetes mellitus therapy aims to achieve normal glucose level, decrease the onset and development of
retinopathy, complications of nephropathy and neuropathy, intensive therapy for associated cardiovascular risk
factors, and improve quality and quantity of life*. Therapy can be in the form of pharmacological and non-
pharmacological. In addition these types of therapies, traditional medicine (herbs) is an alternative treatment
people use for diabetes mellitus®. Type of herbs used to treat diabetes mellitus is ginger®. The main ingredients of
ginger are essential oils (1-5%), sesquiterpenoids and monoterpenoids, gingerols, shogaols, paradols and
zingerones’. Ginger is mainly used as anti-inflammatory, analgesic, hypotensive and for diabetes related to
gingerol and shogaol which are widely found in fresh and dried ginger’.

Clinical studies show that consuming 3 grams of powdered ginger everyday for 30 days can reduce blood
sugar, triglyceride, total cholesterol, LDL and VLDL in the blood®. However, consuming 2 grams of ginger
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everyday for 8 weeks did not have significant influence in decreasing fasting blood sugar, HbA1C, or HDL’. As
an addition, administering ginger for osteoarthritis patients can reduce pain but cannot reduce stiffness!?.
Objective of this study is to analyze effectiveness of red ginger extract in preventing B-pancreatic cell damage in
Wistar strain white mice (rattus norvegicus)

METHODOLOGY

This study was an experimental laboratory with randomized post test only control group design and was
conducted for 4 weeks in the laboratory of Faculty of Animal Science Universitas Airlangga Surabaya. The
independent variable was administration of red ginger extract in various dosage, the dependent variable of was
blood sugar levels and the control variables of were rat type, sex, age, body weight and health.

The samples were 25 male Wistar strain white mice (Rattus norvegicus) aged 8 to 12 weeks and weighed
+150 —200 grams. During this study, the mice were fed 20 grams of standardized pellet (20 grams/mouse/day)
and distilled water ad libitum. Induction of diabetes was conducted through saline-distilled intraperitoneal
alloxan monohydrate (160 mg/kgBW). Hyperglicemic confirmation was conducted 5 days after induction by
examining the mice’s blood sugar level; prior to the examination, the samples were not fed for 12 hours.

The samples were divided into 5 groups randomly. One group was not induced by diabetes (healthy control
group or K1). The other four groups were induced by diabetes: (K2) control of diabetes; (K3) given 500
mg/kgBW of red ginger extract 500 mg / kgBW; (K4) given 750 mg/kgBW of red ginger extract 750 mg/kgBW
and (K5) given 1,000 mg/kgBW of red ginger extract. The treatment lasted for 15 days and the samples were fed
with red ginger extract using gastric tube.

This study was conducted at the Laboratory of the Faculty of Veterinary Medicine, Universitas Airlangga in
January 2019. The blood sugar level examination was conducted by taking blood samples from veins of the mice
with Dr-Glucose devices and strips.

Data analysis methods were descriptive and inferential analyses that measure influence of the treatment
using one-way ANOVA with 95% level of confidence. Effect size test was conducted towards the five groups of
samples to identify effectiveness of red ginger extract.

FINDINGS AND DISCUSSION
Based on findings of this study, the researchers were able to analyze blood sugar level of the Wistar strain white
mice (Rattus norvegicus) prior to and after the treatment for 20 days. Data were obtained based on examination
towards each group of samples (type of treatment, repetition and dosage administered). One-way ANOVA was
used for hypothesis testing, yet requirement for the statistical analysis was normally distributed and homogenous
data. Based on the analysis, data obtained prior to (pre) and after (post) the treatment had normal distribution
where significance (p) was 0.200 (p > 0.05). Furthermore, the variance homogeinity test showed that
significance of blood sugar level pre-treatment was 0.114 (p > 0.05) and significance of blood sugar level post
treatment was 0.122 (p > 0.05). Thus, it can be concluded that data showing blood sugar level prior to (pre-) and
after (post-) treatment were homogenous. As the result, hypothesis testing with ANOVA can be conducted.
Comparison between fasting blood sugar level of mice given 500 mg/kg BW, 750 mg/kg BW and 1,000
mg/kg BW of red ginger extract, fasting blood sugar level of the healthy control group and fasting blood sugar
level of the diabetic control group showed that, pre-treatment, K3, where mice were given 500 mg/kgBW of red
ginger extract, had the highest blood sugar level (99.6 mg/dl) while K2 (diabetic control group) had the lowest
(90 mg/dl). At the end of the study, dosage of red ginger extract influenced average blood sugar level of the mice.
The higher the dosage is, the lower the blood sugar level is. Figure 1 describes average blood sugar level of the
five groups of mice prior to and post treatments.
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Figure 1 Average Blood sugar Level of K1, K2, K3, K4 and K5 Mice Prior to and Post Treatments

ANOVA, statistical analysis, with 5% level of significance showed that there was significance difference in
blood sugar level between three groups of the Wistar mice, in which p or significance was 0.000 (p< 0.05). At
the end of the treatments, 500 mg/kg BW, 750 mg/kg BW, and 1,000 mg/kg BW had influence towards
controlling average hyperglycemic blood sugar level of the white rats (Rattus norvegicus). The significance at
the end of the treatments was p=0.000 (p<0.05). Table 1 showed average blood sugar level of the white mice
pre- and post-treatment.
Table 1 Average Blood Sugar Level of the Control Group and the Experiment Groups Prior to and After the
Treatments

Fasting Blood sugar Level
Treatment Pre-Treatment Post Treatment

Mean + SD Min Max Mean + SD Min Max
K1 952+ 1.48° 93 97 99.6 £2.61°% 96 102
K2 90.0+£3.67% 86 95 350.4+28.261¢ 321 379
K3 100.4+3.58°¢ 95 104 207.4+27.92°¢ 178 253
K4 95.4+1.520¢ 93 97 150.6 £20.27" 124 180
K5 94.4+2.61°° 97 103 130.8 £ 15.32P 112 154
Ket p = 0.000 (p< 0.05) p = 0.000 (p< 0.05)

Description:

Different superscript @*¢9 on the same column showed significant difference (p < 0.05).
K1 : Healthy Control Group

K2 : Diabetic Control Group

K3 :500 mg/kgBW of red ginger extract treatment

K4 :750 mg/kgBW of red ginger extract treatment

K5 :1,000 mg/kgBW of red ginger extract treatment

Comparison between fasting blood sugar level of K3 mice, mice given 500 mg/kg BW of red ginger extract
for 15 days and then injected with diabetes with 160 mg/kg BW of saline-dissolved intraperitoneal alloxan
monohydrate on day 16 to 20, fasting blood sugar level of healthy control mice (K1) and that of diabetic control
mice (K2) showed that at the beginning of the treatment average blood sugar level of K2 (diabetic control group)
is 90 mg/dl, slightly lower than K1 (healthy control group) of which blood sugar level was 95.2 mg/dl and K3
(mice given 500 mg/kg BW of red ginger extract) of which blood sugar level was 100.4 mg/dl. However, at the
end of the treatments, blood sugar level increased sharply to 350.4 mg/dl (hyperglicemic), whereas blood sugar
level of K3 mice can be maintained to 207.4 mg/dl (non-hypreglicemic).

This study shows that the treatments (various dosage of red ginger extract) can significantly reduce average
blood sugar level of mice with diabetes so that average blood sugar level of these mice is similar to that of the
control (healthy mice). Previous studies explained that red ginger has abundant health benefits. In in-vitro
studies, , ginger extract can increase insulin release in B- pancreatic cells of mice!!. Furthermore, glucose
tolerance test confirmed that this ginger extract also increases plasma insulin level decreasing blood sugar level'2.

Comparison between blood sugar level of mice given 750 mg/kg bW of red ginger extract for 15 days and
then injected with diabetes with 160 mg/kg BW of saline-dissolved intraperitoneal alloxan monohydrate, blood
sugar level of healthy mice (K1) and that of K2 showed that at the beginning of the treatment average blood
sugar level of K1 is 95.2 mg/dl or similar to average blood sugar level of K4 (mice given 750 mg/kg BW of red




Journal of Medicine, Physiology and Biophysics www.iiste.org
ISSN 2422-8427  An International Peer-reviewed Journal DOI: 10.7176/JMPB mig
Vol.55,2019 StE

ginger extract) which is 95.4 mg/dl. The average blood sugar level of K1 is slightly higher compared to K2 of
which blood sugar level is 90.0 mg/dl. As an addition, at the end of the treatment, average blood sugar level of
K4 mice (mice given 750 mg/kg BW of red ginger extract for 15 days and injected with aloxan for 5 days)
increased to 150.6 mg/dl, while average blood sugar level of K2 mice jumped to 350.4 mg/dl (hyperglycemic).

Based on the previous paragraph, red ginger extract can reduce blood sugar level. It is in line with a
previous study which concluded that administration of 750 mg/kg of ginger water extract (dose dependent) in
alloxan-induced mice (150 mg/kg) for 42 days decreases blood sugar level, total serum lipids and total serum
cholesterol, through insulin production stimulation that is from islet beta pancreas increasing peripheral use and
blocking tubular proximal reabsorption mechanism for glucose in the kidneys'>.

Comparison between fasting blood sugar level of mice given 1,000 mg/kg BW of red ginger extract for 15
days and then injected with diabetes with 160 mg/kg BW of saline-dissolved intraperitoneal alloxan
monohydrate on day 16 to 20, and fasting blood sugar of K1 and K2 mice showed that at the beginning of the
treatment average blood sugar level of K5 (diabetic mice given 1,000 mg/kg BW of red ginger extract) was 99.6
mg/dl, the highest among K2 (90 mg/dl) and K1 (95.2 mg/dl).

At the end of the treatment, average blood sugar level of K2 increased sharply to 350.4 mg/dl
(hyperglycemic) and average blood sugar level of K5 (mice given 1,000 mg/kg BW of red ginger extract for 15
days and then induced with alloxan for 5 days) increased slightly to 130.8 mg/dl.

Mustafa, et.al (2012) concluded that 1 and 2 milligrams of ginger water extract on i.p. for 3 weeks are able
to decrease blood sugar level of mice through anti-oxidant activity mechanism, mineral content responsible for
hypoglycemic activity and a number of essential minerals associated with insulin release mechanism'®,

The following table explains change of blood sugar level of the Wistar strain white mice prior to and after
administration of red ginger extract.

Table 2. Average Ratio of Blood Sugar Level of the Wistar Mice Group Pre and Post Treatment

Ratio of Blood Sugar Level Pre and Post Treatment T-test
Group Mean + SD Group sig Ket
K3 107.00 £29.78 K3 and K4 |0.012 Significant Difference
K4 55.20+20.07 K3 and K4 |0.001 Significant Difference
K5 31.20+ 15.80 K4 and K5 [0.069 | No Significant Difference

Based on Table 2, after the treatment (500 mg/kg BW of red ginger extract and alloxan injection, average
blood sugar level of K3 mice increased to 107.00 + 29.78 mg/dl. Average blood sugar level of K4 and K5 mice
also increased to 55.20 + 20.07 mg/dl and 31.20 + 15.80 mg/dl consecutively after the treatment.

T-test towards K3 and K4 identified significant difference as p=0.012 (p<0.05). There was significant
difference between K3 and K5 juga since p=0.001 (p<0. 05). However, there is no significant difference between
K4 and K5 because p=0.069 (p>0.05). Ginger consists of anti-oxidant such as flavonoid and polyphenols, oxalic
acid and vitamin C. These anti-oxidants neutralize damaging effect of free radicals in the body!’. Table 3
describes result of effect size test towards three groups of treatment (K3, K4 and KY5).

Table 3. Average Blood Sugar Level of the Wistar Mice Groups Pre and Post Treatment, and Analysis on
Effectiveness of the Treatment

Treatment Pre-Treatment Post Treatment Effect Size Description
Group Mean SD Mean SD
K3 100.40 3.58 207.4 27.92 2.989 Strong Effect
K4 95.40 1.52 150.6 20.27 3.632 Strong Effect
K5 99.60 2.61 130.8 15.32 1.195 Strong Effect

Based on the effect size analysis towards K3 (mice given 500 mg/ kg BW of red ginger extract), K4 (mice
given 750 mg/kg BW of red ginger extract) and K5 (mice given 1,000 mg/kg BW of red ginger extract), red
ginger extract had strong effect in controlling fasting blood sugar level of K3, K4 and K5 mice. K4 has the
highest effectiveness score (3.632), while K5 has the lowest one (1.195).

Administration of ginger extract for 3 weeks to alloxan-induced mice (150 mg/kg) can reduce blood sugar
level'd. Suitable dosage of ginger juice is 4 ml/kg. The mechnanism is mineral element ginger contains has
hypoglycemic activity and essential minerals (Ca, Zn, K, Mn and Cr) associated to insulin release mechanism.
Based on blood sugar examination, ginger extract can cut down Glibenklamid dosage to half when the extract is
administered together with Glibenklamid. However 1x dosage of ginger extract does not have similar effect to
Glibenklamid, but it has the same effect to /2x dosage of Glibenklamid and "2x dosage of ginger extract. It means
ginger extract will have the same effect to treatment consisting of ginger even though dosage of ginger in the
treatment is reduced to % x. It happens because ginger extract (Gingerol & Shogaol) stimulates release of insulin
and its effect, as well as improves carbohydrate and fat metabolism. Ginger has protective effect towards
complication of liver diabetes, the kidneys, eyes and nerves'®. Findings of this study also shows ginger extract
canb reduce Glibenklamid dosage to half to obtain the same effect as 1x dosage of Glibenklamid. The difference
between ginger juice and Glibenclamide lies in the specificity of action of Glibenclamide on beta pancreatic cells
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in the release of insulin compared to compounds contained in the ginger juice which are still mixed with other
compounds, which cause unspecified effects'®.

CONCLUSION

Administration of 750 mg/kg BW of red ginger extract has the highest effectiveness (3.632). It means that 750
mg/kg BW of red ginger extract for 15 days is the most effective dosage to control fasting blood sugar level of
the Wistar mice. Administration of 1,000 mg/kg BW has the lowest effectiveness (1.195). In other words, 1,000
mg/kg BW for 15 days is the least effective dosage for controlling fasting blood sugar level of the Wistar mice.
Based on the findings of the study, an effective dosage of red ginger extract to prevent diabetes mellitus is 750
mg/kg BW as it controls increase of blood sugar. In conclusion, administration of various dosage of red ginger
extract can prevent increase average blood sugar level significantly and even return average blood sugar level of
mice injected with diabetes to normal blood sugar level.
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