% THOMSON REUTERS

[Farhan * et al., 6(8): August, 2019] ISSN: 2349-5197
Impact Factor: 3.765

a8
m INTERNATIONAL JOURNAL OF RESEARCH SCIENCE & MANAGEMENT

THE CORRELATION BETWEEN PROINSULIN/ INSULIN RATIO AND
ADIPONECTIN RECEPTOR LEVEL AFTER GIVING THE PUGUNTANO LEAF
EXTRACT (Curanga fel-terrae Merr.) IN TYPE 2 DIABETES WISTAR RAT
Farhan*!, Santi Syafril' & Dharma Lindarto!

1Department of Internal Medicine, Faculty of Medicine, Universitas Sumatera Utara/ Haji Adam
Malik General Hospital, Medan, Indonesia

2Division Endocrinology and metabolic, Department of Internal Medicine, Faculty of Medicine,
Universitas Sumatera Utara/Haji Adam Malik General Hospital, Medan, Indonesia JI. Bunga Lau
No.17, Medan, Indonesia,

DOI: 10.5281/zenodo.3380507
Keywords: Puguntano extract, proinsulin, insulin, adiponectin, Rat Wistar, type 2 DM.

Abstract

Introduction: Diabetes mellitus (DM) is a chronic condition characterized by high blood glucose
concentration resulting from insufficient insulin production and/ or ineffective insulin action. Proinsulin was
synthesized and secreted as a insulin precursor and marker predictor of type 2 DM. Adiponectin has a
contributory role in insulin sensitivity through decrease of hepatic gluconeogenesis and increased glucose
transport in muscles.

Method: An experimental study, conducted from April to August 2018 at unit of research laboratory of Faculty
of medicine in Padjadjaran University, Bandung. The samples were Rat Wistar Strain of type 2 diabetes mellitus
(T2DM) model was divided into 2 groups: control group and experimental group. Experimental group was
given Puguntano extract. Correlation between proinsulin/ insulin ratio and adiponectin receptor after giving
Puguntano leaf extract was analysed with using Spearman correlation. Changes that occurred were assessed
with p value of <0.05 was considered statistically significant.

Result: This study did for 48 Rat Wistar Strain of T2DM model divided into 2 groups: control group dan
experimental group. The correlation between Proinsulin/ insulin ratio and adiponectin receptor is negative
correlation with correlation coefficient r=-0,254 and p value p=0,231. This result shown that non significant in
statistical analysis on this study (p>0,05).

Conclusion: There is no significant correlation between proinsulin/ insulin ratio and adiponectin receptor after
giving the Puguntano leaf extract (Curanga fel-terrae Merr.) in type 2 Diabetes Mellitus Wistar rat.

Introduction
Type 2 diabetes mellitus is a heterogeneous disease characterized by insulin resistance and defective insulin
secretion®.

Proinsulin is synthesized and secreted as the precursor form of insulin. Proinsulin level is a predictor of type 2
diabetes mellitus (T2DM), obesity,and cardiovascular disease. The PI/I ratio reflects B- cell dysfunction
associated with the onset and progression of T2DM?23, An elevated PI/I ratio is attributable to increased
secretory demand on B-cells. One study reported sulfonylurea-treated subjects had a significant elevation in
proinsulin/IRI ratio compared with diet-treated subjects, whereas non sulfonylurea hypoglycemic agent-treated
subjects (metformin, alpha-glucosidase inhibitor, troglitazone) did not*. the defect in islet beta-cell processing of
the proinsulin molecule that directly reflects the degree of beta-cell dysfunction. Impaired beta-cell secretory
capacity induces disproportionately elevated serum proinsulin levels, such as found in subjects with T2DM and
impaired glucose tolerance®.

Adipose tissue was found to produce a variety of adipocytokines including leptin, adipsin and tumor necrosis
factor®%. Adiponectin is the recently identified most abundant among of them — is a 30. kDa proteint®14,
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Mechanisms of regulation of adiponectin proposed to be multifactorial. Involvements of genetic factors,
glucocorticosteroids, body fat distribution and insulin have been shown in different studies?516, Adiponectin
serum levels were found to be lower in type 2 diabetes.

Puguntano (Curangafel-terrae Merr), a medicinal plant from Scrophulariaceae family, grows in Asia especially
in China, India, Indonesia, Philippines, Malaysia and Myanmar. Puguntano leaves from the Dairi area of North
Sumatera Province have long been used empirically to control blood glucose levels. Puguntano leaves contain
flavonoids, saponins, tannins, and steroids/terpenoids, which have anti-diabetic activity"18.

Flavonoids are known to be able to work directly against pancreatic j cells, by triggering the activation of the
cAMP signal cascade in strengthening glucose secretion which is sensitized by glucose!®. Tannins increase
glucose uptake through mediators from insulin signaling pathways such as PI3K (phosphoinositide 3-kinase)
and activation of p38 MAPK (Mitogen-Activated Protein Kinase) and GLUT-4 translocation. Tannins also
inhibit adipogenesis and increase insulin activity so that it becomes a potential drug for the treatment of Non-
Insulin Dependent Diabetes Mellitus (NIDDM)?°. Terpenoids, one of the substances observed in this plant, have
also been investigated as having anti-diabetic effects. Where this substance is known through clinical trials has
pleiotropic effects such as PPARYy transactivation and NF-kB activation?..

The cucurbitacin compound in glycosides contained in the Puguntano simplicia powder is thought to provide a
decreased blood sugar level effect by stimulating insulin secretion so that a lot of insulin production is released
to control blood sugar levels to be normal. In addition, there are phytosterols in the form of B-sitosterol which
also play a role in stimulating insulin sensitivity, increasing insulin production, and as an antioxidant to reduce
damage that occurs in cells in Langerhans?.

Saponins act as antioxidants by capturing superoxide and forming hydroxperoxides which prevent biomolecular
damage caused by free radicals. The hypoglycemic effect of saponins is through changes in insulin signaling,
increased insulin secretion by pancreatic B cells, inhibition of disaccharide activity, activation of glycogen
synthesis, inhibition of gluconeogenesis, inhibition of [-glucosidase activity, inhibition of mMRNA expression of
glycogen phosphorylase and glucose 6-phosphate and increase in GLUT-4 expression?,

The present study aimed to determine the correlation between proinsulin/ insulin ratio and adiponectin receptor
after giving the Puguntano leaf extract (Curanga fel-terrae Merr.) in type 2 Diabetes Mellitus Wistar rat.

Method

Data collection

An experimental study, conducted from April to August 2018 at unit of research laboratory of Faculty of
medicine in Padjadjaran University, Bandung. This study was conducted on 48 white Wistar rats (Rattus
norvergicus, sp) 8-week-old males who had met the inclusion and exclusion criteria and were divided into 2
groups, namely the control group (K1) and the treatment group (K2).

Inclusion criteria:

a. White rat 8 weeks old
b. Male rat

c. Weight 180-200 grams
d. Rats in good health

Exclusion Criteria:

Mice that experienced other diseases or injuries during the study

The data were analyzed in univariate analysis by analyzing the frequency distribution of independent and
dependent variables, while bivariate analysis is an analysis of the variables studied (independent) which are
thought to have a relationship with the dependent (dependent) variable. For the correlation analysis of each
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group we used Pearson correlation for normally distributed data and Spearman for data that were not normally
distributed. The desired significance level is p <0.05. Normality test uses Saphiro-wilk because the number of
samples used is less than 50.All data were analyzed with SPSS for window version 22.

Result

This study was conducted on 48 white Wistar rats (Rattus norvergicus, sp) 8-week-old males who had met the
inclusion and exclusion criteria and were divided into 2 groups, namely the control group (K1) and the treatment
group (K2).

Table 1. Mean blood glucose (BG) levels and body weight (BW) of animals tested Wistar strain rats before and after

DMT2
Characteristics K1 K2 P
(n=24) (n=24)
Mean BG (mg/dl)
3 Pre DMT?2 (77 £7)? (715 7)? 0,742
. Post DMT?2 384 (207-490)° 250 (201-385)° 0,001
Mean BW (gram)
3 Pre DMT2 209 (200-221)° 209 (200-390)° 0,634
. Post DMT?2 395 (305-430)° 375 (308-400)° 0,033

anormal distribution: mean + SD
®abnormal ditribution: median (min-max)
“p value < 0,05 : significant

Table 1 shows the mean (mean), standard deviation (SD), median, minimum and maximum values of Blood
Glucose (BG) and body weight (BW) of experimental animals Wistar strain rats before and after T2DM. The
mean BG before T2DM in the control group was 77 + 7. mg / dl and in the treatment group was 75 + 7 mg / dl.
The difference in BG in the two groups before T2DM showed a value of p = 0.742 which means there was no
statistically significant difference between the two groups. Whereas the mean BG after T2DM in the control
group was 384 (207-490) mg / dl and the treatment group was 250 (201-385) mg / dl. The difference in BG in
the two groups after T2DM was found to be p = 0.001 which means there was a significant difference between
the two groups namely higher BG levels in the control group compared to the treatment group. The mean BW
value of the control group before T2DM was 209 (200-221) grams and in the treatment group there were 209
(200-390) grams. The difference between the two groups shows the value of p = 0.634 which means there is no
significant difference between the two groups. While the mean value of the control group after T2DM was 395
(305-430) grams and in the treatment group 375 (308-400) grams were obtained. The difference between the
two groups shows the value of p = 0.033 which means that there is a statistically significant difference between
the two groups namely BW decreases in the treatment group.

Table 2 shows the mean (mean), standard deviation (SD), median, minimum and maximum values of the levels
of adiponectin, proinsulin, insulin and proinsulin / insulin (PI / I) receptors in both groups, the control group
(K1) and the treatment group (K2). In the control group, the average value of the adiponectin receptor level was
13.82 (10.88-16.53) pg / ml, whereas in the treatment group it was 16.07 (10.09-28.25) pg / ml. Both groups
showed a value of p = 0.001 which means there was a statistically significant difference between the two
groups. The mean value of proinsulin in the control group was 192.89 + 11.44 pg / ml, while in the treatment
group it was 188.26 + 8.69 pg / ml. A value of p = 0.121 indicates there was no statistically significant
difference between the two groups. The mean value of insulin levels in the control group was 54.37 (47.77-
70.81) IU / ml, whereas in the treatment group it was obtained 55.41 (48.81-73.67) IU / ml. A value of p = 0.404
indicates there was no statistically significant difference between the two groups. Proinsulin / insulin ratio
values in the control group were 3.47 + 0.26%, while in the treatment group obtained 3.39 + 0.38%. Value of p
= 0.398 indicates there was no statistically significant difference between the two groups.
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Table 2. Data on average levels of adiponectin (AdipoR) receptors, proinsulin, insulin and proinsulin / insulin ratio (P1/
1) in the control group (K1) and treatment group (K2)

Characteristics K1 K2 p

(n=24) (n=24)

AdipoR (ug/ml) 13,82 (10,88-16,53)" 16,07 (10,09- 0,001
28,25)P

Proinsulin (pg/ml) (192,89 + 11,44)? (188,26 + 8,69)? 0,121

Insulin (1U/ml) 54,37 (47,77-70,81)° 55,41 (48,81- 0,404
73,67)°

PI/l Ratio (3,47 £ 0,26)? (3,39 £0,38)2 0,398

anormal distribution: mean = SD
babnormal ditribution: median (min-max)
“p value < 0,05 : significant

Table 3. Correlation of adiponectin receptors (AdipoR) with proinsulin, insulin and proinsulin / insulin ratio after
administration of Puguntano leaf extract (Curanga fel-terrae Merr.)

Variables r p
Proinsulin (pg/ml) -0,252 0,235
Insulin (1U/ml) 0,137 0,522
P1/I Ratio (%) -0,254 0,231

After conducting statistical tests using Spearman correlation (abnormally distributed data) with a sample size of
n = 24, the correlation of adiponectin receptors with proinsulin obtained correlation coefficient r = -0.252 and p
= 0.235. This shows that the correlation between proinsulin and adiponectin receptors after administration of
Puguntano (Curanga fel-terrae Merr.) Leaf extract is negatively correlated with statistical tests that are not
significant. Correlation between adiponectin receptors with insulin obtained correlation coefficient r = 0.137 and
p = 0.522. This shows the correlation between the two is directly proportional to the statistical test is not
significant. Correlation of adiponectin receptors with proinsulin / insulin ratio obtained the value of the
correlation coefficient r = -0.254 and p = 0.231. This shows that both of them are negatively correlated with
statistically insignificant test (p> 0.05).

i

RASIO PIN

ADIPOR

Picture 1. Scatter plots AdipoR levels to proinsulin/ insulin ratio
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Discussion

Insulin resistance (IR) is a condition that underlies the occurrence of T2DM. IR is characterized by
hyperglycemia and hyperinsulinemia. The condition of hyperglycemia is characterized by an increase in blood
glucose levels exceeding the normal value. This research has succeeded in inducing white wistar rats into T2DM
animal models. From the results of this study it was found that there were significant differences in blood
glucose levels (BG) of Wistar strain rats before and after DM induction (p <0.001), where there was an increase
in BG in mice that had received DM induction. This happens because DM induction mice type 2 have
experienced RI. RI will interfere with glucose uptake by muscle and fat tissue and increase glucose production
by the liver. Both of these will cause hyperglycemia®.

Statistical analysis begins with the analysis of the similarity of the groups being compared, namely the control
group and the treatment group. From the calculation results it was found that there were no significant
differences in the BG and BW between the control group and the treatment group, so these two groups were
suitable to be paired based on the matching process criteria.

In this study, there was a significant difference in the mean body weight of Wistar rats before and after T2DM
(p <0.001), it was found that there was an increase in body weight in mice that had been induced into DM. This
is because mice that have been induced have undergone lipogenesis (storing excess calories which can be in the
form of fat). This has been proven by Kalderon et al. in his research, which explains that hyperglycemia and
hyperinsulinemia will increase the activity of central enzymes in lipogenic pathways, such as acetyl-CoA
carboxylase (ACC), fatty acid synthetase (FAS), NADP-maleate dehydrogenase (NADP-MD) and pyruvate
dehydrogenase, which in turn can increase weight?.

This study found changes in the mean BG and BW of experimental animals Wistar rats and those who did not
get treatment Puguntano leaf extract treatment. The BG of experimental animals which had received Puguntano
leaf extract had a significant decrease (p <0.001). These results are in line with the study of Lindarto et al., Who
compared Puguntano extracts with metformin for 12 weeks and found that Puguntano leaf extract could
significantly improve BG?. The body weight of experimental animals which had received Puguntano leaf
extract also decreased significantly. The reduction in BG and body weight in animals receiving this treatment
can be attributed to the extract content of Puguntano leaves.

The reduced insulin response in the first phase is an important inhibitor signal for hepatic glucose release, so it
can predict the timing of insulin secretion in early stage T2DM patients. The progression of the disease over
time will cause disruption of insulin secretion gradually and irregularly caused by failure of secretion time.
Quantitative disorder begins when [ cells increase the volume of insulin secretion based on external needs. In
the later stages, production capacity will be disrupted and ultimately insulin secretion decreases?’.

Increased levels of proinsulin and the proinsulin / insulin ratio can be strong predictors of B cell dysfunction.
Research by Saisho et al said that intact proinsulin levels had a positive correlation with the use of
sulfonylureas, BMI, hypertension, glucose, HbA1c levels, insulin and HOMA-IR in univariate analysis?,

Mean proinsulin and insulin levels in the two groups in this study obtained differences that were not statistically
significant (p> 0.05). While the mean proinsulin / insulin ratio in Wistar rats in the T2DM model in the control
group and the treatment group obtained insignificant differences after being given Puguntano leaf extract (p>
0.05). This is in line with research conducted by Harfina et al who said the cucurbitacin compounds in
glycosides contained in the Puguntano simplicia powder were thought to have an effect on reducing blood sugar
levels by stimulating insulin secretion so that a lot of insulin production is released to control blood glucose
levels to be normal. In addition, there are phytosterols in the form of B-sitosterol which also play a role in
stimulating insulin sensitivity, increasing insulin production, and as an antioxidant to reduce damage that occurs
in cells in Langerhans?.

Research by Syafril et al in treated T2DM mice (administration of Puguntano extract) showed a significant
increase in GLUT-4 expression compared to the control group. This significant increase in GLUT-4 expression
is due to the effects of triterpenoid metabolites and saponins from Puguntano leaves which increase glucose
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uptake in skeletal muscle tissue in DMT2 mice through translocation and GLUT-4 expression. GLUT-4 plays
an important role in maintaining blood glucose homeostasis through translocation and expression in muscle
tissue. One defect in post receptor insulin will cause insulin resistance in the target tissue, this includes defects
in GLUT-4 function and expression (Gutierrez et al., 2011).

Another study by Lindarto et al. Compared the effects of puguntano extract with metformin for 12 weeks on
metabolic and inflammatory parameters in newly diagnosed type 2 DM patients, finding that after metformin
administration decreased waist circumference, fasting blood glucose, HbAlc and HOMA-B which is
statistically significant, whereas after administration of puguntano extract is effective in reducing fasting blood
glucose levels, and HOMA-IR is statistically significant (Lindarto et al., 2016).

Adiponectin (adipoQ / Acrp30) is a protein secreted by mature adipocyte cells into the circulation. In animal and
human studies adiponectin has an effect on increasing insulin sensitivity, anti-inflammatory effect, anti-
atherogenic effect and affecting lipid profile levels. In this study, differences in the mean value of adiponectin
receptors in T2DM Wistar rats in both groups showed significant results (P <0.001) after being given Puguntano
leaves.

Study by Lindarto et al in rats induced into T2DM showed that after administration of Puguntano leaf extract
there was a significant decrease in body weight, fasting BG and HOMA-IR levels but increased levels of
adiponectin receptors compared to the control group. This is due to the content of the leaves of Puguntano can
increase glucose metabolism and improve insulin resistance and inflammatory processes through increased
adiponectin and adiponectin receptor activity in T2DMsubjects®,

Study by Ye and Scherer shows that adiponectin has an important role in the metabolism of skeletal and liver
muscles. In muscle, the insulin sensitivity function of adiponectin is mediated by AMP kinase (AMPK) and
Peroxisome proliferator-activated receptor O (PPARD). In the liver, adiponectin activates glucose transport and
inhibits gluconeogenesis through AMPK, adiponectin activates fatty acid oxidation and decreases inflammatory
reactions through the PPARD pathway. AMPK activation is seen to be mediated mainly by AdipoR1, while
PPARa is mediated by AdipoR2. Adiponectin in the liver will increase insulin sensitivity through stimulation of
insulin receptor phosphorylation and insulin receptor protein substrate 1 (IRS-1). In the pancreas, adiponectin
plays a role in cell proliferation in stimulating insulin secretion. In adipose tissue, adiponectin increases basal
glucose uptake and increases insulin stimulated glucose uptake through AMPK activation. In vitro research,
explains that adiponectin can regulate lipid metabolism by inhibiting the process of lipolysis. However, a
significant increase in lipolysis was observed to occur in both mouse gene adiponectin and primary adipocytes
from these mice.

In this study, a correlation test between adiponectin levels with proinsulin, insulin and proinsulin / insulin ratio
after administration of Puguntano leaf extract (Curanga fel-terrae Merr.) With the results obtained the
correlation between proinsulin and proinsulin / insulin ratio with adiponectin receptors was negatively correlated
with statistical tests which is meaningless. While the correlation of adiponectin receptors with insulin levels is
directly proportional to the non-statistically significant test.

Adiponectin production is reduced in obesity and causes hepatic insulin resistance. Adiponectin plays an
important role in the occurrence of insulin resistance associated with molecular structure and its mechanism of
action, namely reducing the content of triglycerides, activating PPAR-o and AMP-Kinase. Low adiponectin
levels are one of the risk factors and predictors of T2DM. In addition, some adipocyte and adipokine products
stimulate inflammation resulting in an increase in IL-6 and C-reactive protein in T2DM*.

Conclusion

Based on the results and discussion in this study, it can be concluded that there is no significant correlation
between the proinsulin / insulin ratio and adiponectin receptors after administration of Puguntano leaf extract
(Curanga fel-terrae Merr.) In Wistar strain T2DM strains.

http: // www.ijrsm.com © International Journal of Research Science & Management
(45]



3 THOMSON REUTERS

[Farhan * et al., 6(8): August, 2019] ISSN: 2349-5197
Impact Factor: 3.765

8
Kﬁ’ INTERNATIONAL JOURNAL OF RESEARCH SCIENCE & MANAGEMENT

References

[1] DeFronzo RA: Lilly lecture 1987. The triumvirate: beta-cell, muscle, liver. A collusion responsible for
NIDDM. Diabetes 1988, 37:667—687.

[2] Reder ME, Porte D Jr, Schwartz RS, et al: Disproportionately elevated proinsulin levels reflect the
degree of impaired B cell secretory capacity in patients with noninsulin dependent diabetes mellitus. J
Clin Endocrinol Metab 1998, 83:604-608.

[3] Michael R, et al: Intact proinsulin and B-cell function in lean and obese subjects with and without type
2 diabetes. Diabetes Care 1999, 22:609-614.

[4] Inoguchi T, Umeda F, Kakimoto M, Sako Y, Ishii H, Noda K, Kunisaki M, Imamura M, Yu HY, Etoh
T, Yoshikawa H, Aoki T, Hashimoto T, Nawata H: Chronic sulfonylurea treatment and hyperglycemia
aggravate disproportionately elevated plasma proinsulin levels in patients with type 2 diabetes. Endocr
J 2000, 47:763-770.

[5] Haffner SM, Bowsher RR, Mykkanen L, Hazuda HP, Mitchell BD, Valdez RA, Gingerich R,
Monterossa A, Stern MP. Proinsulin and specific insulin concentration in high- and low-risk
populations for NIDDM. Diabetes. 1994;43(12):1490-3.

[6] Friedman JM, Halaas JL: Leptin and the regulation of body weight in mammals. Nature 1998,
395:763-770.

[7] Ahima RS, Flier JS: Adipose tissue as an endocrine organ. Trends Endocrinol Metab 2000, 11:327—
332.

[8] Hotamisligil GS: The role of TNF-a and TNF receptors in obesity and insulin resistance. J Int Med
1999, 245:621-625.

[91 Mohamed Ali V, Pinkney JH, Coppack SW: Adipose tissue as an endocrine and paracrine organ. Int J
Obes Relat Metab Disord 1998, 22:1145-1158.

[10] Scherer PE, Williams S, Fogliano M, Baldini G, Lodish HF: A novel serum protein similar to C1q,
produced exclusively in adipocytes. J Biol Chem 1995, 270(45):26746-26749.

[11]Maeda K, Okubo K, Shimomura I, Funahashi T, Matsuzawa Y, Matsubara K: cDNA cloning and
expression of a novel adipose specific collagen-like factor, apM1 (AdiPose Most abundant Gene
transcript 1). Biochem Biophys Res Commun 1996, 221(2):286-289.

[12]Hu E, Liang P, Spiegelman BM: AdipoQ is a novel adipose-specific gene dysregulated in obesity. J
Biol Chem 1996, 271(18):10697-10703.

[13] Comuzzie AG, Funahashi T, Sonnenberg G, Martin LJ, Jacob HJ, Black AE, Maas D, Takahashi M,
Kihara S, Tanaka S, Matsuzawa Y, Blangero J, Cohen D,mKissebah A: The genetic basis of plasma
variation in adiponectin, a global endophenotype for obesity and the metabolic syndrome. J Clin
Endocrinol Metab 2001, 86(9):4321-4325.

[14] Fasshauer M, Klein J, Neumann S, Eszlinger M, Paschke R: Hormonal regulation of adiponectin gene
expression in 3 T3-L1 adipocytes. Biochem Biophys Res Commun 2002, 290(3):1084-1089.

[15] Statnick MA, Beavers LS, Conner LJ, Corominola H, Johnson D, Hammond CD, Rafaeloff-Phail R,
Seng T, Suter TM, Sluka JP, Ravussin E, Gadski RA, Caro JF: Decreased expression of apM1 in
omental and subcutaneous adipose tissue of humans with type 2 diabetes. Int J Exp Diabetes Res 2000,
1(2):81-88.

[16]Halleux CM, Takahashi M, Delporte ML, Detry R, Funahashi T, Matsuzawa Y, Brichard SM:
Secretion of adiponectin and regulation of apM1 gene expression in human visceral adipose tissue.
Biochem Biophys Res Commun 2001, 288(5):1102-1107.

[17]Juwita NA. Testing the anti-inflammatory effect of ethanol extract of Puguntano leaves (Curanga fel-
terrae Merr.) on white mouse. Medan: Faculty of pharmacy, Univesitas Sumatera Utara, 2009. PMCid:
PMC2760095

[18] Harahap U, Patilaya P, Mariane, Yuliasmi S, Husori DI, Prasetyo BE, et al. The phytochemical profile
profile of the ethanol extract of the leaves of Puguntano (Curanga fel-terrae Merr.) which has potential
as an anti-asthma. National Seminar on science & technology V. Lampung: Research Institution of
Universitas Lampung, 2013.

[19] Bramahchari G. Bioflavonoids with promising anti-diabetic potentials: A critical survey: opportunity,
challenge and scope of natural products. J Medicines Chemistry. 2011;2(1): 187-212

http: // www.ijrsm.com © International Journal of Research Science & Management
(46]



% THOMSON REUTERS

[Farhan * et al., 6(8): August, 2019] ISSN: 2349-5197
Impact Factor: 3.765

a8
m INTERNATIONAL JOURNAL OF RESEARCH SCIENCE & MANAGEMENT

[20] Kumari, M. and Jain, S. 2012. Tannins: An Antinutrient with Positive Effect to Manage Diabetes. Res J
Recent Sci. 1(12): 70-3.

[21] Pradhan AD, Manson JE, Meigs JB, et al. Insulin, proinsulin, proinsulin:insulin ratio, and the risk of
developing type 2 diabetes mellitus in women. Am J Med. 2003;114(6):438-444.

[22] Harfina, F., Bahri, S., Saragih, A. 2012. Pengaruh serbuk daun Puguntano (Curanga fel-terrae Merr.)
pada pasien Diabetes Mellitus. Journal of Pharmaceutics and Pharmacology. 1 (2): 112-8.

[23]1Khan, A.A., Nagvi, T.S. , Nagvi, M.S. 2012. Indentification of Phytosaponin as Novel Biodynamic
Agents: An Updated Overview. Asian J.Exp. Biol. Sci 3(3): 459-67.

[24] Purnamasari, D. 2014. Diagnosis dan Klasifikasi Diabetes Mellitus. Buku Ajar Ilmu Penyakit Dalam
jilid I11. Pusat Penerbit Departemen Penyakit Dalam FK Ul: Jakarta. 2323 — 7

[25] Lewadowski P. A., Cameron-smith D., Jackson C.J., Kultys E.R., Collier G. R. 2008. The Role of
Lipogenesis in the development of Obesity and diabetes in Israeli sand rats ( psammomys obesus).J.
Nutr. 128: 1984-88

[26] Lindarto, D., Syafril, S., Zein, U., Saragih, A. 2016. The Effect of Dhawalsan-1 (Curanga ferl-terrae
[Lour.]) Extract Versus Metformin On The Metabolic And Inflammatory Characteristics of Patients
with Newly Diagnosed Type 2 Diabetes Mellitus. Asian Journal of Pharmaceutical and Clinical
Research. 9(1): 225-8.

[27]Pfltzner A, Forst T: Elevated intact proinsulin levels are indicative of Beta-cell dysfunction, insulin
resistance, and cardiovascular risk: impact of the antidiabetic agent pioglitazone. J Diabetes Sci
Technol 2011, 5:784-793.

[28] Saha, P.K., Reddy, V.T., Konopleva, M., Andreef, M., Lawrence, C. 2010. Antidiabetic effect and
mode of action of the triterpenoid, cddo-me, in diet-induced type 2 diabetic mice and lepr db/db mice.
ADA. p. 1393-7.

[29] Syafril s, Lindarto D, Lelo A, Sembiring RJ, Manaf A, Budi I, et al. 2019. The effect of Puguntano
Leaf extract (Curanga fel-terrae Merr.) on P38 MAPK levels and GLUT-4 expression in type 2
Diabetic rat muscle. Open access Macedonian Journal of Medical Sciences. 7(4):521-25.

[30] Gayoso-diz, P., Alfonso, and Maria. 2013. Insulin resistance (HOMA-IR) cut-off values and the
metabolic syndrome in a general adult population: effect of gender and age: EPIRCE cross-sectional
study. BMC Endocrine Disorders. 13: 47.

http: // www.ijrsm.com © International Journal of Research Science & Management
(47]



