Eco. Env. & Cons. 26 (4) : 2020; pp. (1768-1774)
Copyright@ EM International
ISSN 0971-765X

Antioxidant potency of Okra (Abelmoschus
esculentus L. Moench) pods extract to Ameliorate
Kidney structure and function in diabetic mice

1.2Saikhu Akhmad Husen, ?Dwi Winarni, *Arif Nur Muhammad Ansori,
'Raden Joko Kuncoroningrat Susilo, 'Suhailah Hayaza and "*Win Darmanto

'Department of Biology, Faculty of Science and Technology, Universitas Airlangga, Surabaya,
Indonesia

2Animal Histology Laboratory, Faculty of Science and Technology, Universitas Airlangga,
Surabaya, Indonesia.

3Doctoral Program in Veterinary Science, Faculty of Veterinary Medicine, Universitas Airlangga,
Surabaya, Indonesia.

(Received 1April, 2020; Accepted 20 June, 2020)

ABSTRACT

This study was aimed to investigate the ability of okra (Abelmoschus esculentus L. Moench) pods extract to
reduce plasma blood urea nitrogen (BUN) and creatinine level, and also to ameliorate damaged renal
proximal tubular of kidney in diabetic mice. In vivo, the antioxidant test was conducted by using male
BALB/c mice. Mice were divided into two groups; normal control (KN) and streptozotocin-induced diabetic
mice. Streptozotocin (STZ) induction was performed using multiple low-dose of 30 mg/kg BW injected for
five consecutive days. Diabetic mice have separated again into three subgroups; diabetic control (KD),
diabetic mice treated with acarbose (KA), and diabetic mice treated with fractionation of okra pods extract.
Fractionation of pods extract treatment group was categorized based on given; crude extract (CU=100 mg/
kg BW), non polar extract (NP=20.04 mg/kg BW), semi-polar extract (SP= 27.39 mg/kg BW) and polar
extract (PE=54.10 mg/kg BW). Before and after STZ injection, body weight and fasting blood glucose were
measured. Bodyweight and fasting blood glucose were measured at 1*, 7" and 14" day of okra pods treatment.
Okra pods extract was given per oral for 14 days. On 15" day, plasma BUN and creatinine levels were
measured using Pentra C200 Reader. Interestingly, okra pods extract administration was found to be able
to lower plasma BUN and creatinine, and ameliorate damaged renal proximal tubular of kidney in diabetic
mice significantly.

Ke ywords : Blood urea nitrogen, Diabetic mice, Okra pods extract, Plasma creatinine, Renal proximal tubular of kidney

Introduction

Diabetes mellitus is a global public health problem
with high levels of morbidity and mortality
(Guariguata et al., 2014; Kang et al., 2014). In 2017
there were more than 400 million people suffering
from diabetes mellitus worldwide and this number

is expected to increase to 592 million by 2030. Indo-
nesia is currently ranked fourth in the world with
12.4 million people with diabetes mellitus in the
year 2015 and this figure is expected to increase to
21.3 million by 2025 (Arifin et al., 2019). Diabetes
mellitus is a chronic metabolic disorder of the pan-
creas with signs of hyperglycemia, as well as disor-
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ders of carbohydrate, fat, and protein metabolism
(Kim et al., 2013; Meles et al., 2019; Parvizi et al.,
2014; Pane et al., 2018). Hyperglycemia in people
with diabetes mellitus causes glucose auto-oxida-
tion, activation of protein kinase C, protein
glycation, and activation of the polyol metabolic
pathway which further accelerates the formation of
reactive oxygen species (ROS) or conditions of oxi-
dative stress (Yusoff et al., 2015; Putri and
Notobroto, 2020). The presence of ROS causes free
radicals in the body to increase. Free radicals can
damage various body tissues, including kidney tis-
sue (Ansori et al., 2019; Ansori et al., 2020; Tacharina
et al., 2020). Histopathological renal tissue damage
has been reported to include hypertrophy of glom-
eruli, glomerulosclerosis, swelling of epithelial tu-
bules, and tubular epithelial necrosis (Ansori et al.,
2019). Damage to the proximal tubular cells of the
kidney is one of the morphological changes that are
typical in the kidney of diabetics, this being a better
indicator of disease progression than glomerular
damage. Creatinine excretion is the result of two
physiological processes, namely glomerular filtra-
tion and renal proximal tubular secretion. Creati-
nine is a creatine metabolite. Creatine is synthesized
mainly in the liver and kidney and is present in al-
most all skeletal muscles that are bound in the form
of creatine phosphate, and energy storage com-
pound (Sudjarwo and Koerniasari, 2015; Husen et
al., 2018).

Prolonged hyperglycemia can lead to increased
levels of reactive oxygen species (ROS) and reactive
nitrogen species (RNS). Increased levels of ROS and
RNS can directly oxidize and damage DNA, pro-
tein, and lipids. To overcome the high levels of ROS
and RNS, more exogenous antioxidants are needed.
Antioxidants are substances that can inhibit the
negative effects of free radicals, by providing elec-
trons so that damage to lipids, cell membranes,
blood vessels, DNA, and other damage caused by
reactive compounds, such as ROS and RNS can be
prevented (Arudina et al., 2017; Purnamasari et al.,
2019; Roestamadji et al., 2017; Sukardiman and
Ervina, 2020). One type of antioxidant that still gives
hope, to overcome free radicals is quercetin (Sulastri
et al., 2018; Sinuraya et al., 2018; Nilamsari et al.,
2020), which is a flavonoid compound contained in
okra (Arwini et al., 2018). Quercetin compounds
have a significant ability to reduce ROS, hydrogen
peroxide, and protein oxidation, by donating hydro-
gen atoms and stabilizing resonant free radicals,
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which do not easily participate in other radical reac-
tions (Husen et al., 2019a; Husen et al., 2019b; Husen
et al., 2019c¢). In addition to neutralizing free radi-
cals, the antioxidant is expected to reduce oxidative
stress, especially in various cells affected by pro-
longed hyperglycemic conditions, such as hepato-
cytes in the liver and proximal cells of the kidney
tubules (Husen et al., 2017; Husen et al., 2018; Husen
et al., 2020).

Based on the background of the problems men-
tioned above, until now there has been no scientific
explanation about the antioxidant potential of vari-
ous fractions of okra pods extract, which can reduce
blood urea nitrogen (BUN) and creatinine blood
plasma levels of mice, and do repair damage to
proximal cells of kidney tubules in mice diabetics
treated with red okra pods extracts. Therefore, this
study was aimed to investigate the ability of okra
pods extract to reduce plasma blood urea nitrogen
(BUN) and creatinine level, and also to ameliorate
damaged renal proximal tubular of kidney in dia-
betic mice.

Materials and Methods

This research is an experimental study conducted at
the Molecular Genetics Laboratory, Experimental
AnimalsLaboratory, Animal Histology Laboratory,
and BiochemistryLaboratory, Faculty of Science and
Technology, Universitas Airlangga, Surabaya, Indo-
nesia. The research sample used was adult male
mice, the type of Mus musculus strain BALB/c,
aged 3-4 months, body weight ranging from 30-40 g.
The research materials are crude red okra extract
and its fractionation (non-polar, semi-polar, and
polar), streptozotocin, citrate buffer solution pH 4.5,
and phosphate-buffered saline (PBS), solvent CMC
extract (carboxymethylcellulose), antidiabetic stan-
dard drugs (Acarbose 100 mg/kg BW), lard, anes-
thetics (ketamine-xylazine), glucose (10% D-glucose
in distilled water). The main tool in this study is a
mouse cage in the form of a plastic tub with a lid
from gauze, drinking bottles, feed containers, husks,
microscopes, Petri dish, analytical scales with an
accuracy of 4 digits behind the comma, 2-3G injec-
tion needles that have been given lead safety at the
end, 1 mL insulin injection needle for diabetes in-
duction, Accu-Check glucometer, glucostrips,
EasyTouch, blood cholesterol strips, glassware, ro-
tary vacuum evaporator, spectrophotometer (Husen
et al., 2019a; Husen et al., 2019b; Husen et al., 2019¢).
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Before conducting this research, ethics clearness test
was conducted at the Faculty of Veterinary Medi-
cine, Universitas Airlangga (2.KE.069.04.2018).

The study sample consisted of 35 male mice, di-
vided into normal control groups (KIN) and diabetic
groups (induced with streptozotocin). The study
sample measured fasting blood glucose levels be-
fore and after induction with STZ. Measurement of
fasting blood glucose levels was carried out on days
7 and 14 after induction of streptozotocin (STZ).
Measurement of blood glucose levels with a
glucometer to determine the diabetic condition of
mice. Only mice with fasting blood sugar levels of
more than 170 mg/dL were used as a group of dia-
betic mice. The grouping of experimental animals
was carried out as follows: nondiabetic mice were
used as a normal control group (KN). While the dia-
betic mice resulting from STZ induction were di-
vided into 2 control groups namely the diabetic con-
trol group (KD), the diabetic control group who
were given the drug acarbose dose 100 mg/kg BW
(KM) and the crude extract treatment group with a
dose of 100 mg/kg BW (EK) and fractionation of red
okra pods extract. The administration of Non-polar
(NP), Semi-polar (SP) and polar (EP) fractionation,
refers to the results of conversion with a crude ex-
tract dose. NP dose = 20.04 mg/kg BW, SP dose =
28.39 mg/kg BW, while EP dose = 54.11 mg/kg BW.
Provision of treatment carried out for 14 days.

On the fifteenth day after the treatment, intracar-
diac blood sampling was taken and plasma BUN
and creatinine levels were measured, through ab-
sorbance readings using Pentra C200 (Horiba Medi-
cal) at a wavelength of 510 nm. Kidney preparations
are stained with Haematoxylin-Eosin staining, then
read the variable damage to the proximal cells of the
kidney tubules using a light microscope with a
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magnification of 400X, which is equipped with
Grateculae.

Results and Discussion

Data on the reading and calculation of the mean
BUN and plasma creatinine levels after administra-
tion of crude extracts and various fractions of okra
pods extracts on day 15 are presented in Figure 1.
While the data on reading and calculation of mean
swelling and necrosis of renal tubular cells after
administration of extracts of mice after extracting
coarse and various fractions of okra pods extract on
day 15 are presented in Figure 2. The figure of
preparations of kidney tubular cells after adminis-
tration of crude extracts and various fractions of
okra pods extract, presented in Figure 3.
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Fig. 2. The effect of okra pods extracts toward the num-
ber of tubular cell damages in diabetic mice’s kid-
neys. The different letter indicated a significant
difference.

Hyperglycemic conditions cause glucose cannot
be processed into energy, so energy must be made
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Fig. 1. The effect of okra pods extracts toward plasma BUN (left) and creatinine (right) levels in diabetic mice. The

different letter indicated a significant difference.
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from other sources such as fats and proteins
(Hayaza et al., 2019). A condition of hyperglycemia
in people with diabetes mellitus causes glucose
auto-oxidation, resulting in the activation of protein
kinase C, protein glycation, and activation of the
polyol metabolic pathway which further accelerates
the formation of reactive oxygen species (ROS) or
conditions of oxidative stress. The presence of ROS
causes free radicals in the body to increase. Free
radicals can damage the structure and function of
various body tissues, one of which is kidney tissue
(Fadholly et al., 2019; Fadholly et al., 2020; Tacharina
et al., 2019). Damage to the structure and function of
kidney tissue histopathologically has been reported
to include hypertrophy of glomeruli, glomeruloscle-
rosis, swelling of the epithelial tubules and
apoptosis and necrosis of the epithelial tubules
(Ansori et al., 2019). In patients with DM, hypergly-
cemia causes an increase in the production of ROS
and RNS due to increased oxidation of NADPH in
endothelial tissue. ROS and RNS are highly reactive
molecules that can directly oxidize and damage
DNA, protein, and lipids and cause oxidative stress.
Oxidative stress occurs when there is an imbalance
between the number of highly reactive molecules
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(ROS and RNS) with existing antioxidants
(Tacharina et al., 2019).

Streptozotocin (STZ), is a free radical that can in-
crease ROS and RINS levels and is very reactive, es-
pecially for hepatocytes and renal tubular cells. In
the group of mice induced by STZ, showed in-
creased levels of BUN and plasma creatinine in the
diabetic control group (KD) significantly different
from the normal control groups (KN), KA, EK, NP,
and SP. This is because the diabetic condition trig-
gers the formation of ROS through the glucose auto-
oxidation pathway, the formation of the advanced
glycationend products (AGE), and the polyol path-
way mechanism. ROS can trigger lipid peroxidation
in cell membranes that cause damage to these cells.
This is reinforced by Ansoriet al. (2019) who states
that free radicals can cause lipid peroxidation that
can damage the structure of cell membranes, caus-
ing damage to the structure and function of renal
tubular cells characterized by increased levels of
BUN and plasma creatinine in the diabetic control
group (KD) compared to all groups. The treatment,
except for plasma creatinine levels, did not differ in
KD from KA but differed significantly when com-
pared with the other groups. From the results of this

Fig. 3. The histological structure of damages of kidney tubular cells in diabetic mice.
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study, it can be said that the kidneys are organs that
play a role in regulating body balance, maintaining
body fluids, and regulating the disposal of meta-
bolic waste and toxic substances such as urea, uric
acid, ammonia, creatinine, inorganic salts, and also
medicinal compounds. Drugs that are not needed
by the body (Husen et al., 2019a; Husen et al., 2019b;
Husen et al., 2019¢).

Increased creatinine levels in the blood can be
caused by kidney damage mainly due to glomeru-
lar filtration disorders, acute tubular necrosis, glom-
erulonephritis, and tubular apoptosis (Husen et al.,
2018). The results of research conducted by Parviziet
al. (2014) showed that diabetic rats (Rattus
norvegicus) who had been injected with STZ, had
elevated serum creatinine levels compared to the
normal group. This is because of the result of dam-
age to kidney histological structure that occurs in
rats (Rattus norvegicus) diabetic so that the work of
the kidneys in eliminating creatinine is disrupted.
Ansori et al. (2019) state that serum creatinine levels
increase to approximately twice normal if there is a
decrease in kidney function by up to 50%. The kid-
neys are not dependent on insulin for glucose ab-
sorption, so an increase in blood glucose levels in
diabetic conditions will result in high glucose at in-
tracellular levels and is faced with severe and sus-
tained hyperglycemia. Increasing the amount of
glucose filtered by the glomeruli under hyperglyce-
mia will increase the workload of proximal tubular
cells. In addition, proximal tubular cells cannot re-
duce glucose transport levels to prevent excess in-
tracellular glucose in hyperglycemic conditions.
This is supported by Hayaza et al. (2019) which
states that hyperglycemia is associated with in-
creased ROS production and produces conditions of
oxidative stress that are thought to play a key role in
the pathogenesis of this disorder.

Conclusion

From the results of this study, it can be concluded
that the administration of okra pods extract can sig-
nificantly reduce BUN and plasma creatinine levels
and is able to repair proximal tubular cell damage,
especially swelling and necrosis in the kidney or-
gans of mice. Therefore, it is advisable to always do
counseling to the wider community, about the ben-
efits of the okra pods extract in tackling diabetes
mellitus, especially in improving the structure and
function of liver cells.

Eco. Env. & Cons. 26 (4) : 2020
Acknowledgement

The authors would like to thank the Head of Insti-
tute of Innovation and Research Universitas
Airlangga for the opportunity given to conduct this
research funded by 2020 PDD.Moreover, special
thanks to PMDSU Scholarship - Batch III provided
by the Ministry of Research, Technology, and
Higher Education of the Republic of Indonesia
which was awarded toArif Nur Muhammad
Ansori, Raden Joko Kuncoroningrat Susilo, and
Suhailah Hayaza. We thank EJA —Professional
Translation Services for editing the manuscript.

References

Ansori, AN.M., Fadholly, A., Hayaza, S., Susilo, R.J.K.,
Inayatillah, B., Winarni, D. and Husen, S.A. 2020. A
review on medicinal properties of mangosteen
(Garcinia mangostana L.). Research Journal of Pharmacy
and Technology. 13 (2) : 974-982.

Ansori, AN.M,, Susilo, R].K., Hayaza, S., Winarni, D. and
Husen, S.A. 2019. Renoprotection by Garcinia
mangostana L. pericarp extract in streptozotocin-in-
duced diabetic mice. Iraqi Journal of Veterinary Sci-
ences. 33 (1) : 13-19.

Arifin, B., van Asselt, A.D.I., Setiawan, D., Atthobari, J.,
Postma, M.]. and Cao, Q. 2019. Diabetes distress in
Indonesian patients with type 2 diabetes: a compari-
son between primary and tertiary care. BMC Health
Services Research. 19 (1) : 773.

Arundina, I., Diyatri, I, Budhy, T. and Jit, F. 2017. The
effect of brotowali stem extract (Tinospora crispa)
towards increasing number of lymphocytes in the
healing process of traumatic ulcer on diabetic Wistar
rat. Journal of International Dental and Medical Re-
search. 10 (3) : 975-980.

Arwini, A. E., Pasinringi, S.A. and Jafar, N. 2018. Okra
Powder Effect to Low Density Lipoprotein and Trig-
lycerides in Diabetic Wistar Rat. ICHSM 2018, June
8-10, 2018, Tsukuba, Japan. 221-225. DOI: https:/ /
doi.org/10.1145/3242789.3242831.

Fadholly, A., Ansori, AN.M., Jayanti, S., Proboningrat, A.,
Khaliim, M.K.]., Putri, N., Rantam, F.A. and
Sudjarwo, S.A. 2019. Cytotoxic effect of Allium cepa
L. extract on human colon cancer (WiDr) cells: In
vitro study. Research Journal of Pharmacy and Technol-
ogy. 12 (7) : 3483-3486.

Fadholly, A., Ansori, A.N.M., Proboningrat, A., Nugraha,
A.P., Iskandar, R.P.D., Rantam, F.A. and Sudjarwo,
S.A. 2020. Apoptosis of HeLa cells via caspase-3
expression induced by chitosan-based nanoparticles
of Annona squamosa leaf extract: In vitro study. Indian
Journal of Pharmaceutical Education and Research. 54(2):
416-421.



AKHMAD HUSEN ET AL

Guariguata, L., Whiting, D.R., Hambleton, I., Beagle, J.,
Linnenkamp, U. and Shaw, ]J.E. 2014. Global esti-
mates of diabetes prevalence for 2013 and projec-
tions for 2035 for the IDF Diabetes Atlas. Diabetes
Research and Clinical Practice. 103 : 137-149.

Hayaza, S., Istiqomah, S., Susilo, R.J.K., Inayatillah, B.,
Ansori, A.N.M., Winarni, D., Husen, S.A. and
Darmanto W. 2019. Antidiabetic activity of ketapang
(Terminalia catappa L.) leaves extract in
streptozotocin-induced diabetic mice. Indian Veteri-
nary Journal. 96 (12) : 11-13.

Husen, S.A., Kalqutny, S.H., Ansori, A.N.M., Susilo, R ] K.,
Alymahdy, A.D. and Winarni, D. 2017. Antioxidant
and antidiabetic activity of Garcinia mangostana L.
pericarp extract in streptozotocin-induced diabetic
mice. Bioscience Research. 14 (4) : 1238-1245.

Husen, S.A., Salamun, Khaleyla, F., Ansori, A.N.M., Susilo
R.J.K. and Winarni D. 2018. Antioxidant activity
assay of alpha-mangostin for amelioration of kidney
structure and function in diabetic mice. Advances in
Social Science, Education and Humanities Research
(ASSEHR). 98: 84-88.

Husen, S.A., Setyawan, M.F., Syadzha, M.F., Susilo, R ] K.,
Hayaza, S., Ansori, A.N.M., Alamsjah, M.A., IImi,
Z.N., Wulandari, P.A.C., Pudjiastuti, P., Awang, K.
and Winarni, D. 2020. A novel therapeutic effects of
Sargassum ilicifolium alginate and okra (Abelmoschus
esculentus) pods extracts on open wound healing
process in diabetic mice. Research Journal of Pharmacy
and Technology. 13(6).

Husen, S.A., Wahyuningsih, S.P.A., Ansori, A.N.M.,
Hayaza, S., Susilo, R.J.K., Darmanto, W. and
Winarni, D. 2019a. The effect of okra (Abelmoschus
esculentus  Moench) pods extract on
malondialdehyde and cholesterol level in STZ-in-
duced diabetic mice. Ecology, Environment and Con-
servation. 25 (April Suppl. Issue): S50-556.

Husen, S.A., Wahyuningsih, S.P.A., Ansori, A.N.M.,
Hayaza, S., Susilo, R.J.K., Punnapayak, H. and
Darmanto, W. 2019b. Therapeutic effect of okra
(Abelmoschus esculentus Moench) pods extract on
streptozotocin-induced type-2 diabetic mice. Re-
search Journal of Pharmacy and Technology. 12 (6): 3703-
3708.

Husen, S.A., Winarni, D., Salamun, Ansori, A.N.M., Susilo,
R.J.K.and Hayaza, S. 2019c. Hepatoprotective effect
of gamma-mangostin for amelioration of impaired
liver structure and function in streptozotocin-in-
duced diabetic mice. IOP Conference Series: Earth and
Environmental Science. 217(1): 012031.

Kang, K.S., Lee, W., Jung, Y., Lee, ] H., Lee, S., Eom, D.,
Jeon, Y., Yoo, H.H,, Jin, M.],, Song, K.I., Kim, W.J.,
Ham, J., Kim, H.]. and Kim, S. 2014. Protective effect
of esculin on streptozotocin-induced diabetic renal
damage in mice. Journal of Agricultural and Food
Chemistry. 62 : 2069-2076.

1773

Kim, E.Y., Kim, C.S., Choi, ].S., Bae, E.H., Ma, S.K., Kim,
K.K., Lee, ].U., Kim, S.W. and Lee, K.E. 2013. Mac-
rophage-stimulating protein attenuates gentamicin-
induced inflammation and apoptosis in human re-
nal proximal tubular epithelial cells. Biochemical and
Biophysical Research Communications. 434 : 527-533.

Meles, D.K., Adnyana, D.P.A., Rinaldhi, C.P., Octaviani,
R.R. and Cempaka, D.K.S. 2019. The antidiabetic
effect of bitter melon (Momordica charantia L.) ex-
tracts towards glucose concentration, langerhans
islets, and leydig cells of hyperglycemic mice (Rat-
tus norvegicus). EurAsian Journal of BioSciences. 13 :
757-762.

Nilamsari, K.A., Fatimah, N. and Prabowo, G. 1. 2020.
Aktivitas Antiangiogenesis Ekstrak Daun
Dewandaru (Eugenia uniflora L.) pada Retina Tikus
Wistar yang Diinduksi Streptozotocin. Jurnal Medik
Veteriner. 3(1) : 9-16. DOI: http://dx.doi.org/
10.20473 /jmv.vol3.iss1.2020.9-16.

Pane, Y.S., Ganie, R.A., Lindarto, D. and Lelo, A. 2018. The
Effect of Gambier Extract on The Levels of
Malondialdehyde, Superoxide Dismutase, And
Blood Glucose in Type 2 Diabetes Mellitus Patients.
DOI: http://dx.doi.org/10.22159/
ajpcr.2018.v11i10.26620. Asian Jounal of Pharmaceuti-
cal and Clinical Research. 11(10) : 2018, 121-124.

Parvizi, M. R., Parviz, M., Tavangar, S. M., Soltani, N.,
Kadkhodaee, M., Seifi, B., Azizi, Y. and Keshavarz,
M. 2014. Protective effect of magnesium on renal
function in STZ-induced diabetic rats. Journal of Dia-
betes and Metabolic Disorders. 13(1): 84.

Purnamasari, R., Winarni, D., Permanasari, A.A.,
Agustina, E., Hayaza, S. and Darmanto, W. 2019.
Anticancer activity of methanol extract of Ficus carica
leaves and fruits against proliferation, apoptosis,
and necrosis in Huh7it cells. Cancer Informatics. 18:
1-7.

Putri, N.A. and Notobroto, H.B. 2020. Viability Status of
Diabetes Melitus Patients with Complications of Hy-
perglycemia, Cetoasidosis, and Gangrene. Jurnal
Berkala Epidemiologi. 8 (1) : 72-80. DOI: 10.20473/
jbe.v8i12020. 72-80.

Roestamadji, R., Arundina, I. and Diyatri, I. 2017.
Brotowali extract (Tinospora crispa) for oral traumatic
ulcer in diabetes mellitus wistar rat. Journal of Inter-
national Dental and Medical Research. 10(3) : 991-996.

Sinuraya, M., Hanafiah, D.S., Romulo, A. and Barus, A.
2018. Determination quercetin content, antioxidant
and antimicrobial activity of genotype mutant
Samosir shallots irradiated by gamma rays. IOP
Conf. Series: Earth and Environmental Science.
1221234567890 (2018) 012070. doi :10.1088 /1755-
1315/122/1/012070.

Sudjarwo, S.A. and Koerniasari. 2015. Protective effects of
ethanol extract of mangosteen (Garcinia mangostana
L) pericarp against lead acetate-induced nephrotox-



1774

icity in mice. Global Journal of Pharmacology.9(4): 385-
391.

Sukardiman and Ervina, M. 2020. The recent use of
Swietenia mahagoni (L.) Jacq. as antidiabetes type 2
phytomedicine: A systematic review. Heliyon. 6(3):
e03536.

Sulastri, E., Zubair, M.S., Anas, N.I., Abidin, S., Hardani,
R., Yulianti, R. and Aliyah, 2018. Total Phenolic, To-
tal Flavonoid, Quercetin Content and Antioxidant
Activity of Standardized Extract of Moringa oleifera
Leaf from Regions with Different Elevation. Pharma-
cognosy Journal. 2018, 10, 6s, s104-s108. DOI:10.5530/
pj-2018.6s.20

Eco. Env. & Cons. 26 (4) : 2020

Tacharina, M.R., Ansori, A.N.M., Plumeriastuti, H.,
Kusnoto, Kurnijasanti, R. and Hestianah, E.P. 2020.
Beneficial effect of grinting grass (Cynodon dactylon)
on the streptozotocin induced diabetes mellitus in
the mice. Indian Veterinary Journal. 97 (4).

Yusoff, N.A., Ahmad, M., Al-Hindi, B.,, Widyawati, T.,
Yam, M.F.,, Mahmud, R., Razak, K.N.A. and
Asmawi, M.Z. 2015. Aqueous Extract of
Nypafruticans Wurmb. Vinegar Alleviates Post-
prandial Hyperglycemia in Normoglycemic Rats.
Nutrients 2015,7,7012-7026; d0i:10.3390 /nu7085320.




