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Abstract.
Basic Health Research Report shows that an average prevalence of diabetes mellitus (DM) in urban areas is 
5.7% in the population aged over 15 years. Many studies have been conducted to explore the pharmacological 
effects of snake fruit skin as different preparations against DM. In this study, the effect of snake fruit skin extract 
(SFSE) on body weight and blood glucose levels induced by alloxan was tested on 25 male Wistar rats. All rats 
were initially induced with 5% alloxan (150 mg/kg BW) then after 48 hours were grouped into: control (Na-
CMC 0.5%), standard (Metformin), SFSE-I (60 mg/200 gBW), SFSE -II (120 mg/200 gBW), and SFSE-III (240 
mg/200 gBW). The treatment was given for 14 days. The results showed that the tendency for the highest blood 
glucose levels of about 333 mg/dl (after 28 days of treatment) was found in the control group, followed by SFSE-
I (222 mg/dl), -II (205 mg/dl), -III (138 mg/dl), and the lowest in the standard group was about 129 mg/dl. 
Hence, it can be concluded that SFSE which has the best antihyperglycemic effect was obtained with the highest 
dose of 240 mg/200 gBW.
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I. INTRODUCTION
The prevalence of type 2 diabetes in the white race ranged from 3%-6% in the adult population. In 

Singapore, the frequency of diabetes has rapidly increased in the last 10 years. Meanwhile people with 
diabetes increased in the United States from 6,536,163 people in 1990 to 20,676,427 people in 2010. 
Furthermore, the prevalence of diabetes in Indonesia ranged from 1.4%-1.6%, except in some places viz. 
Pekajangan (2, 3%) and Manado (6%) [1].The Basic Health Research (Riset Kesehatan Dasar/ Riskesdas) 
Report by the Ministry of Health showed that the average prevalence of diabetes mellitus (DM) in urban 
areas is 5.7% among the people aged more than 15 years old, meanwhile the lowest prevalence is found in 
Papua about 1.7%, and the highest is found in Maluku Utara and Kalimantan Timur about 11.1%. On the 
other hand, the prevalence of impaired glucose tolerance (TGT) ranged from 4.0% in Jambi to 21.8% in 
Papua Barat with an average of 10.2% [2].The prevalence of the DM in Indonesia that diagnosed by a doctor 
is 1.5 %, meanwhile the prevalence of Diabetes Mellitus based either by a doctor diagnosed or symptoms is
2.1%. The highest prevalence of diabetes diagnosed by doctors are obtained in DI Yogyakarta (2.6%), DKI 
Jakarta (2.5%), Sulawesi Utara (2.4%) and Kalimantan Timur (2.3%). The highest prevalence of diabetes 
either by a doctor diagnosed or symptoms are obtained in Sulawesi Tengah (3.7%), Sulawesi Utara (3.6%), 
Sulawesi Selatan (3.4%) and Nusa Tenggara Timur (3.3%). The prevalence of DM was found to be higher in 
women than men. Furthermore, the prevalence rate of diabetes diagnosed by a doctor is 1.8 percent, and the 
prevalence is diagnosed by a doctor or symptom by 2.3 percent[2].

Recently, it was found that herb is a drug with high demand. According to data resolution Promoting 
the Role of Traditional Medicine in Health System: Strategy for the African Region, about 80% of people in 
WHO member countries in Africa use traditional medicine for health purposes. Meanwhile, the WHO 
Regional Office for the Americas (AMOR/PAHO) also reported that 71% of Chile's population and 40% of
Colombia's population used herbal medicines [3].Indonesia, which has a tropical climate, is the second 
largest country in the world after Brazil, which is rich in biodiversity. About 30,000 species of plants can be
found in Indonesia and around 2,500 species of these plants are herb [4]. One of these herbs is snake fruit 
which has a lot of pharmacological effects including immunostimulator, antioxidant, antidiabetic, and 
improve profile lipid. This pharmacological effect is supported by various phytochemicals in the snake fruit 
skin, including quercetin, cholinergic acid, gallic acid, caffeic acid, ferulic acid, and rosmarinic acid [5, 
6].Many studies have been performed to explore the pharmacological effects of snake fruit skin, one of 
which is the anti-diabetic effect both in vitro [7]–[9] and in-vivo [10]–[13]. Some of these studies have even 
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explored the anti-diabetic effects of preparations such as kambucha and snake fruit vinegar. However, in 
vitro and in vivo study on the anti-diabetic effect from the snake fruit skin is still limited. An In vitro study 
on snake fruit skin extract reported that the highest anti-diabetic activity in the form of inhibition of the 
enzyme glucosidase is found in the snake fruit skin from Manonjaya salak (IC50: 17.9 µl/dl) [7]. Meanwhile, 
in vivo study on anti-diabetic effects conducted by Kanon et al. (2012) showed that the ethanol extract from 
the skin of the snake fruit had an anti-diabetic effect at a dose of 150 mg/kgBW with a rat model loaded by 
oral sucrose [14].

Several previous studies have explored the anti-hyperglycemic effect of snake fruit skin extract. 
Saleh et al. reported that in vitro the ethanolic extract of Snake Fruit fruit peel has an anti-hyperglycemic 
effect through inhibition of the -glucosidase enzyme with IC50 value: 11.62 ± 0.67 g/ml. Another study 
reported that ethanolic extract of salka peel showed a significant effect of lowering blood glucose levels at a 
dose of 840 mg/kgBW in mice induced with alloxan. Meanwhile, in this study, the ethanolic extract of snake 
fruit skin showed a significant effect at the highest dose of 240 mg/200 gBW. The difference in the results of 
this study is thought to be caused by the extraction technique used, namely ethanol which is 96% more 
concentrated than 70% (previously). This is reflected in the extraction yield value of only 1.46% against 3% 
(previously). The increase in yield value is inversely proportional to the quality of the extract, this causes the 
quality of the extract in this study to be more optimal than in previous studies. Based on those information, 
this study aims to determine the effect of bark extract on body weight and blood glucose levels in alloxan-
induced rats. 

II. METHODS
A. Study Design
This study is an experimental study with aapproach Pre-test and Post-test group only control design

that uses male wistar rats as experimental animals. This research was conducted for about 6 (six) weeks, with 
the first week being the process of making ethanol extract of Snake Fruit skin (Salacca zalacca), the next 1 
week being the acclimatization process of rats, and 4 weeks being the treatment of male wisatr rats. All of 
this research was conducted at USU's Herbarium Medanese FMIPA, USU's Pharmacognosy Laboratory, 
Faculty of Pharmacy, and USU's Pharmacology Laboratory.

B. Research Sample
The experimental animal samples in this study were male wistar rats that had been provided at Riwandi 
Animal House. The sample size in this study was calculated using the Federer formula ((r-1) (t-1) ≥ 15)/ 
Thus, it can be concluded that at least 5 male wistar rats (Rattus norvegicus) were required in each treatment 
group.

C. Research Procedure
1. Production of Snake Fruit Skin Extract (SFSE)
Extracts were made by collecting samples of Snake Fruit skin from one of the traditional markets in 

Medan City, which were then identified at the Medanese Herbarium at the Faculty of Mathematics and 
Natural Sciences, University of North Sumatra.A total of 500 grams of fresh simplicia snake fruit skin dried 
with aerated for 7 days to become dry simplicia, which is then mashed to become dry simplicia powder. The 
dry simplicia powder was extracted by the remaceration method. A number of dry simplicia powder was 
macerated using 96 % ethanol as a solvent in a ratio of 1:6 for 5 days, the mixture was stirred regularly every 
day. After 5 days, the mixture was filtered with filter paper, then the residue was re-remacerated with 600 ml 
of 70% ethanol for 4 days. Then the remaceration results were filtered and the filtrate from the maceration 
and remaceration results is evaporated with a rotary evaporator at a temperature of 70oC and then continued 
with drying using an oven at a temperature of 40oC to become a thick extract [14].

2. Phytochemical Screening 
In the phytochemical test study using a modified Fansworth method consisting of identification of 

phenols, steroids/triterpenoids, terpenoids, saponins, flavonoids, tannins and alkaloids [15]–[19].
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3. Preparation of SFSE and Glibenclamide as Standard
4. Preparation of 0.5% Na-CMC Suspension
As much as 0.5 grams of Na-CMC was mixed with about 30 ml of hot distilled water in a mortar, 

this mixture was allowed to stand for 15 minutes to form a transparent mixture. Then the mixture was ground 
until homogeneous and diluted with distilled water using a 100 ml volumetric flask to the mark [14].

5. Preparation of Oral Suspension SFSE
Preparation of ethanolic SFSE oral suspension was carried out by mixing 300 mg, 600 mg, and 1200 

mg of the oral suspension with doses of 60 mg/200 gBW, 120 mg/200 gBW, and 240 mg/200 gBW, 
respectively, with Na suspension. -CMC 0.5% using a 5 ml volumetric flask to the limit mark [14].

6. Manufacture of Metformin Oral Suspension as Standard
The dose of metformin in humans is 500-2000 mg/day [2]. Then the dose is converted by multiplying the 
dose in humans (mg/kgBW) by a conversion factor of 6.2 to get the dose in rats in mg/kgBW [18]. Then the 
dose of metformin in rats was 10.33 mg/200 gBW to 41.33 mg/200 gBW. Metformin oral suspension was 
prepared by mixing 100 mg (20 mg/200 g of body weight rats) tablets of mashed metformin with 0.5% Na-
CMC suspension using a 5 ml volumetric flask to the mark.

7. Induction Process of Male Wistar Rat (Rattus norvegicus)
The induction process for male wistar rats was carried out using Alloxan Monohydrate 10%. A total 

of 0.35 ml (175 mg/kg BW rats) Alloxan monohydrate 10% was injected intraperitoneally. To ensure the 
induction was successful, fasting blood glucose levels after 72 hours, rats were said to be diabetic if their 
blood glucose levels were more than 200 mg/L (< 11.1 mmol/L) [20]–[22].   

8. Anti-diabetic Activity Test of SFSE
The activity of anti-diabetic test were performed on 25 rats which divided into 5 groups and all mice 

induced by alloxan, as in Table I.
Table 1. Group Treatment Mice

Group Treatment Treatment

Control Rats in this group receiving 1 ml suspension of Na-CMC 
0.5%. Food and drink were administered ad libitum.

Standard Rats in this group received 1 ml of metformin oral 
suspension. Eating and drinking was administered ad libitum.

SFSE-I (60 mg/200 gBW) Rats in this group received 1 ml of oral suspension of Snake 
Fruit Skin extract at a dose of 60 mg/200 gBW. Eating and 
drinking was administered ad libitum.

SFSE-II (120 mg/200 gBW.) Rats in this group received 1 ml of oral suspension of Snake 
Fruit Skin extract at a dose of 120 mg/200 gBW. Eating and 
drinking was administered ad libitum.

SFSE-III (240 mg/200 gBW). Rats in this group received 1 ml oral suspension of Snake 
Fruit Skin extract at a dose of 240 mg/200 gBW. Food and 
drink is provided ad libitum

9. Measurement of Blood Glucose Levels of Male Wistar Rats (Rattus norvegicus)
In this study, the measured blood glucose level was Fasting Plasma Glucose (FPG). The FPG was measured 
in rats that had been fasted for 10-12 hours prior to measurement. Rat blood samples were taken from the 
vein in the tail of rats 72 hours after induction (FPG 0) and on day 28 (FPG 28) (after rats were given bark 
extract and glibenclamide as standard). [21-26].

D. Data analysis
Data analysis was performed using IBM SPSS 25. Data in the form of extract yield, phytochemical 

screening results, rat weight, FPG 0, and FGP 28 were analyzed with descriptive statistics. Then the data of 
rat BB, FPG 0, and FGP 28 were analyzed for normality of the data using the Shapiro-Wilk test. If the data is 
normally distributed, then the analysis is continued with One Way ANOVA and Post Hoc Test. However, if 
the data is not normally distributed, then a data transformation is carried out to normalize the data 
distribution and the results of the transformation are analyzed with One Way ANOVA and Post Hoc Tests. If 
after being transformed the data is still not normally distributed, then the data analysis is continued with a 
non-parametric test in the form of a test. Kruskal-wallis.
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III. RESULTS AND DISCUSSIONS
E. Plant Determination
As the first step of this research, samples of salayang fruit peel were first identified at the Medanese 

Herbarium, University of North Sumatra. The results of the identification of the leaf samples are as follows:
Kingdom: Plantae
Division: Magnolinophyta
Class : Liliopsida
Order: Arecales
Family: arecales
Genus: Salacca
Species: Salacca edulis
Local Name: Snake Fruit Fruit

F. Extract Characteristics
After extraction with the maceration method on the samples of snake fruit skin used, the 

characteristics of the extract were obtained as given in Table II.
Table 2.Characteristics of the SFSE

Characteristics P-Value
Fresh Simplicia Weight (gr) 3,000 grams
Dry Simplicia Powder 
Weight (gr)

1,000 grams

Solvent Volume (ml) 8000 ml
Extract Weight (gr) 14.57 grams
Yield (%) 1.46 %

From the data in the Table II, it can be seen that from 3,000 grams of Snake Fruit fruit peel samples, 
1,000 grams of extract were found. Thus, the obtained yield from the snake fruit skin extract was 1.46%. 

G. Phytochemical Screening Results
Before analyzing the effect of the ethanolic extract of the snake fruit skin extract on blood glucose

levels and body weight, the ethanolic extract of the SFSE was screened for phytochemicals on the extract. 
The results of phytochemical screening on the SFSE can be seen in the Table III.

Table 3. Screening Phytochemicals Results of the SFSE
Phytochemicals Reagent Results
Alkaloids Bouhardart +

Maeyer +
Dragendroff +
Wagner -

Stroida and Triterpenoid Salkowsky +
Lieberman-Burchad +

Saponin Aquadest + Alcohol 96% -
flavonoida FeCl3 5% -

Mg + HCL (p) -
10% NaOH -
H2SO4(p) -

Tannins 1% FeCl3 +
Glycosides Mollish -

As shown in the Table III, it was found that the snake fruit skin contains phytochemicals in the form 
of alkaloids, steroids/triterpenoids, flavonoids, and tannins.

H. Body Weight
As one of the parameters assessed in this study, the body weight of rats before induction and after 

treatment needs to be analyzed for data distribution using the Shapiro-Wilk normality test. The results of the 
normality analysis of the data with Shapiro-wilk on body weight of rats can be seen in the Table IV.

Table 4.Normality Analysis Of Rat Body Weight In All Treatment Groups With Shapiro-Wilk
Parameters Group P Value Distribution
Body 
Weight 

Control 0.581 Normal
Standard 0.737 Normal
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Before 
Induction

Snake Fruit Skin Extract-I 0.876 Normal
Snake Fruit Skin Extract-II 0.592 Normal
Snake Fruit Skin Extract-III 0.527 Normal

Body 
Weight 
After
Induction

Control 0.558 Normal
Standard 0.824 Normal
Snake Fruit Skin Extract-I 0.915 Normal
Snake Fruit Skin Extract-II 0.876 Normal
Snake Fruit Skin Extract-III 0.998 Normal

Table IV show that the weight data before induction and after treatment indicated in the normal data 
distribution form. Therefore, the comparison of body weight of mice before induction and after treatment 
was analyzed by One-Way Anova. The results of the one-way ANOVA analysis can be seen in the Table V.

Table 5.Comparison Of Rat Body Weight Before Induction And After Treatment In All Treatment
Groups Body Weight (grams)

Before Induction AfterTreatment
Control 196.20±14.74 188.40±22.59
Standard 194.80±13.39 180.80±14.53
SFSE-I 192.80±13.22 179.20±15.22
SFSE-II 191.40±13.41 177.20±15.58
SFSE-III 190.00±13.23 175.60±17.81
P-Value 0.952 0.804

Data are presented as mean ± SD and P values obtained from the analysis of One-Way ANOVA
Table V shows that there was no significant difference in body weight of rats before induction and after 
treatment. This results was supported  by their P-value before induction and after treatment which are 0.952 
to 0.804, respectively.

I. Blood Glucose Level
In addition to body weight, another parameter that was also assessed in this study was the blood 

glucose levels of rats measured before induction, after induction, and after treatment. Before comparing the 
blood glucose levels of rats, data on blood glucose levels were analyzed for normality with Shapiro-wilk. 
The results of the normality analysis of the data can be seen in the Table VI.

Table 6.Normality Analysis of Rat Blood Glucose Levels in All Treatment Groups with Shapiro-Wilk
Parameter Group P-Value Distribution
Blood Glucose
Levels Before
Induction

Control 0.213 Normal
Standard 0.897 Normal
SFSE-I 0.973 Normal
SFSE -II 0.623 Normal
SFSE -III 0.608 Normal

Blood 
GlucoseAfter 
Induction

Control 0.023 Not Normal
Standard 0.922 Normal
SFSE -I 0.299 Normal
SFSE -II 0.812 Normal
SFSE -III 0.180 Normal

Blood Glucose
Level 
AfterTreatment

Control 0.138 Normal
Standard 0.337 Normal
SFSE -I 0.025 Not Normal
SFSE -II 0.304 Normal
SFSE -III 0.145 Normal

From the Table VI, it can be seen that the distribution of blood glucose level data before induction 
was normal, while the distribution of blood glucose level data after induction and after treatment was not 
normal. Therefore, the analysis was continued with the Kruskall-Wallis test on the blood glucose levels of 
rats before induction, while the data on blood glucose levels of rats after induction and after treatment were 
analyzed by one-way Anova. Comparison of blood glucose levels before induction, after induction, and after 
the treatment can be seen in the Table VII.

Table 7.Comparison of Blood Glucose Levels of Rats in All Treatment
Groups Blood Glucose Levels

Before 
Induction*

After Induction** After Treatment**

Control 102.00±6.04 215 (200-548) 333 (198-415)a
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Standard 99.00±12.77 317 (218-600) 129 (104-150)b

SFSE -I 88.20±12.28 339 (228-600) 222 (185-415)a

SFSE -II 101.60±9.66 405 (228-600) 205 (174- 218)a

SFSE -III 99.00±9.14 389 (219-600) 138 (109-200)b

P value 0.238 0.354 0.004
From the table VII, it can be seen that there is no significant difference in the blood glucose levels of 

rats before and after induction, this can be seen from the P value > 0.05 (ie., before: 0.238 and after: 0.354). 
This indicates that blood glucose levels before and after induction in all treatment groups were uniform. The 
average blood glucose level before induction in rats was at a normal value, which was below 200 mg/dl. 
However, after induction, all rats uniformly experienced an increase in blood glucose levels > 200 mg/dl. 
Furthermore, after being given treatment for 28 days, there was a significant change in blood glucose levels 
in all treatment groups, this was seen from the P value < 0.05 (P value = 0.004). The control group showed 
the highest tendency for blood glucose levels after 28 days of treatment, namely 333 mg/dl, followed by the 
SFSE-I (222 mg/dl), -II (205 mg/dl), -III (138 mg/dl), and the lowest in the standard group was 129 mg/dl. 
Both SFSE-I and -II did not significantly decrease the blood glucose level compared to the control group. 
However, either SFSE-III or standard significantly decreased the blood glucose level, lower than the control 
group. This can be seen from the superscript in the Table VII. 

According to the results of this study it can be seen that the ethanolic extract of snake fruit skin 
contains several phytochemical compounds such as alkaloids, steroids/triterpenoids, flavonoids, and tannins. 
The results of this study are in line with the results of research conducted by others contain phenols, 
flavonoids, tannins, and monoterpenoids. Another study also reported that snake fruit skin extract contains 
flavonoids, saponins, phenols, tannins, steroids/triterpenoids, and alkaloids. The phytochemical content of 
the ethanolic extract of snake fruit skin provides various benefits such as antioxidants or skin lightening.In 
addition to the quality of the extract, the antihyperglycemic effect of the SFSE was also related to the 
phytochemical content of the extract. Saponins and flavonoids have antioxidant and inhibitory effects on 
glucosidase enzymes. The inhibitory effect of the -glucosidase enzyme is able to absorb glucose in the 
digestive tract, thereby reducing postprandial blood glucose levels.In addition, the antioxidant effect of the 
SFSE ethanol also contributes to the antidiabetic effect. This is related to the mechanism of pancreatic 
damage caused by alloxan. Alloxan will be reduced by GSH which forms unstable dialuric acid and can 
undergo autoxidation to form alloxan radicals.

These alloxan radicals have the potential to damage pancreatic beta cells through damage to the 
DNA structure of beta cells and inhibition of the thiol group of the glucokinase enzyme. Damage to the DNA 
structure of pancreatic beta cells causes beta cell death while inhibition of thiol groups on the glucokinase 
enzyme will interfere with the formation of ATP in pancreatic beta cells, causing a decrease in insulin 
secretion.Based on the mechanism of action of alloxan, the SFSE containing saponins and flavonoids is able 
to provide an antioxidant effect by donating electrons to the formed alloxan radicals so that they can form 
more stable alloxan compounds and reduce the danger of alloxan in pancreatic tissue. This can be seen from 
the results of the study which showed that with increasing doses of mangrove leaf extract, there was an 
improvement in the structure of pancreatic tissue.

IV. CONCLUSION
Experiment result indicated that snake fruit ethanol extract has anti-hyperglycemic effect at the 

lowest dosage (60 mg/200 gBW). Higher dosage of extract does not significantly reduced the blood glucose 
level. The result of this study showed that control group showed the highest tendency for blood glucose 
levels after 28 days of treatment, namely 333 mg/dl, followed by the SFSE-I (222 mg/dl), -II (205 mg/dl), -
III (138 mg/dl), and the lowest in the standard group was 222 mg/dl. 

V. ACKNOWLEDGMENT 
The authors acknowledge Faculty of Medicine, Universitas Prima Indonesia for supporting this 

research.

https://ijhp.net/


International Journal of Health and Pharmaceutical

https://ijhp.net
152

REFERENCES
[1] S. Ndraha, “Diabetes Melitus Tipe 2 Dan Tatalaksana Terkini,” Medicinus, vol. 27, no. 2, hal. 9–16, 2014.

[2] S. A. Soelistijo et al., Konsensus Pengendalian dan Pencegahan Diabetes Melitus Tipe 2 di Indonesia 2015. 
Jakarta: PB Perkeni, 2015.

[3] Kemendagri, “Obat Herbal Tradisional,” War. Ekspor, no. September 2014, hal. 1–20, 2014.

[4] S. Dalimartha dan F. Adrian, Ramuan Herbal Tumpas Penyakit. Jakarta: Penebar Swadaya, 2013.

[5] A. Ridho, N. Wathoni, A. Subarnas, dan J. Levita, “Insights of phytoconstituents and pharmacology activities of 
Salacca plants,” J. Appl. Pharm. Sci., vol. 9, no. 10, hal. 120–124, 2019, doi: 10.7324/JAPS.2019.91017.

[6] R. K. S. Joshua, “Review Jurnal: Keanekaragaman Aktivitas Farmakologi Tanman Salak (Salacca zalacca),” 
Farmaka, vol. 15, no. 1, hal. 99–107, 2018, doi: https://doi.org/10.24198/jf.v16i1.17351.

[7] E. Rohaeti, M. R. Fauzi, dan I. Batubara, “Inhibition of α-Glucosidase, Total Phenolic Content and Flavonoid 
Content on Skin Fruit Flesh Extracts of Some Varieties of Snake Fruits,” Conf. Ser. Earth Environ. Sci., vol. 58, 
no. 1, hal. 427–436, 2017, doi: 10.1088/1755-1315/5.

[8] M. S. M. Saleh, M. J. Siddiqui, S. Z. Mat So’ad, F. O. Roheem, S. Saidi-Besbes, dan A. Khatib, “Correlation of 
FT-IR fingerprint and α-glucosidase inhibitory activity of salak (salacca zalacca) fruit extracts utilizing orthogonal 
partial least square,” Molecules, vol. 23, no. 6, 2018, doi: 10.3390/molecules23061434.

[9] M. S. M. Saleh, D. A. M. Bukhari, M. J. A. Siddiqui, A. R. Kasmuri, S. Murugesu, dan A. Khatib, “GC-MS 
analysis of metabolites from soxhlet extraction, ultrasound-assisted extraction and supercritical fluid extraction of 
Salacca zalacca flesh and its alpha-glucosidase inhibitory activity,” Nat. Prod. Res., no. January, 2019, doi: 
10.1080/14786419.2018.1560295.

[10] E. Zubaidah, C. A. Afgani, U. Kalsum, I. Srianta, dan P. J. Blanc, “Comparison of in vivo antidiabetes activity of 
snake fruit Kombucha, black tea Kombucha and metformin,” Biocatal. Agric. Biotechnol., vol. 17, no. November 
2018, hal. 465–469, 2019, doi: 10.1016/j.bcab.2018.12.026.

[11] E. Zubaidah et al., “In Vivo Evaluation of Snake Fruit Kombucha as Hyperglycemia Therapeutic Agent,” Int. 
Food Res. J., vol. 25, no. 1, hal. 453–457, 2018.

[12] A. Zamroni, E. Zubaidah, M. Riffa’i, dan S. B. Widjanarko, “Anti-hyperglycemic and Immunomodulatory Activity 
of a Polyherbal Composed of Sesbania grandiflora, Salacca zalacca and Acalypha indica,” J. Exp. Life Sci., vol. 8, 
no. 3, hal. 184–192, 2018, doi: 10.21776/ub.jels.2018.008.03.09.

[13] E. Zubaidah, W. D. Rukmi Putri, T. Puspitasari, U. Kalsum, dan D. Dianawati, “The Effectiveness of Various 
Salacca Vinegars as Therapeutic Agent for Management of Hyperglycemia and Dyslipidemia on Diabetic Rats,” 
Int. J. Food Sci., vol. 2017, 2017, doi: 10.1155/2017/8742514.

[14] M. Q. Kanon, Fatimawati, dan W. Bodhi, “Uji Efektivitas Ekstrak Kulit Buah Salak (Salacca zalacca (Gaertn.) 
Voss) terhadap Penurunan Kadar Gula Darah Tikus Putih Jantan Galur Wistar (Rattus norvegicus L.) yang 
Diinduksi Sukrosa,” Pharmacon, vol. 1, no. 2, hal. 52–58, 2012.

[15] W. Widowati et al., “Antioxidant and Anti Aging Assays of Oryza sativa Extracts, Vanillin and Coumaric Acid,” J. 
Nat. Remedies, vol. 16, no. 3, hal. 88–99, 2016, doi: 10.18311/jnr/2016/7220.

[16] W. Widowati et al., “Antioxidant and antiaging assays of Hibiscus sabdariffa extract and its compounds,” Nat. 
Prod. Sci., vol. 23, no. 3, hal. 192–200, 2017, doi: 10.20307/nps.2017.23.3.192.

[17] W. Widowati et al., “Antioxidant and antiaging activities of Jasminum sambac extract, and its compounds,” J. 
Reports Pharm. Sci., vol. 7, no. 3, hal. 270–285, 2018.

[18] I. R. Suica-Bunghez, S. Teodorescu, I. D. Dulama, O. C. Voinea, S. Imionescu, dan R. M. Ion, “Antioxidant 
activity and phytochemical compounds of snake fruit (Salacca Zalacca),” IOP Conf. Ser. Mater. Sci. Eng., vol. 
133, no. 1, hal. 1–8, 2016, doi: 10.1088/1757-899X/133/1/012051.

[19] [23] E. Girsang et al., “Chemical Constituents of Snake Fruit (Salacca zalacca (Gaert.) Voss) Peel and in silico 
Anti-aging Analysis,” Mol. Cell. Biomed. Sci., 2019, doi: 10.21705/mcbs.v3i2.80.

[20] A. Nair dan S. Jacob, “A simple practice guide for dose conversion between animals and human,” J. Basic Clin. 
Pharm., vol. 7, no. 2, hal. 27, 2016, doi: 10.4103/0976-0105.177703.

[21] M. J. M. Njagi E N Mwaniki dan N. M. P. Njagi J Murugi, “In Vivo Anti-diabetic Effects of Aqueous Leaf 
Extracts of Rhoicissus tridentata in Alloxan Induced Diabetic Mice,” J. Dev. Drugs, vol. 04, no. 03, hal. 1–5, 2015, 
doi: 10.4172/2329-6631.1000131.

https://ijhp.net/


International Journal of Health and Pharmaceutical

https://ijhp.net
153

[22] O. M. Ighodaro, A. M. Adeosun, dan O. A. Akinloye, “Alloxan-induced diabetes, a common model for evaluating 
the glycemic-control potential of therapeutic compounds and plants extracts in experimental studies,” Med., vol. 
53, no. 6, hal. 365–374, 2017, doi: 10.1016/j.medici.2018.02.001.

[23] E. Zubaidah et al., “Anti-diabetes activity of Kombucha prepared from different snake fruit cultivars,” Nutr. Food 
Sci., vol. 49, no. 2, hal. 333–343, 2019, doi: 10.1108/NFS-07-2018-0201.

[24] M. Karthikeyan, T. Balasubramanian, dan P. Kumar, “In-vivo Animal Models and In-vitro Techniques for 
Screening Antidiabetic Activity,” J. Dev. Drugs, vol. 5, no. 153, hal. 1–6, 2016, doi: 10.4172/2329-6631.1000153.

[25] R. Vijayaraj, N. S. Kumaran, dan Swarnakala, “In vivo and In vitro Models for Biological Screening of Anti-
Diabetic Drugs,” Int. J. Pharm. Sci., vol. 9, no. 2, hal. 294–286, 2019, doi: 10.21276/ijpbs.2019.9.2.39.

[26] W. T. Eden, Buanasari, Shihabuddin, dan N. K. Badahdah, “Aktivitas Antioksidan Ekstrak Metanol Daun 
Mangkokan (Polyscias Scutellaria (Burn.F.)Fosberg),” Media Farm. Indones., vol. 11, no. 2, hal. 1126–1135, 2016.

https://ijhp.net/

