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ABSTRACT

The incidence of diabetes increased significantly around the world in accordance with lifestyle and
change in eating behaviour. Streptozotocin-Nicotinamide (STZ-NA) is capable of inducing Diabetes
Mellitus type 2 in experimental animals for insulin resistance. In this research, we inspect the therapeu-
tic potential of Etlingera elatior ethanol extract (EEEE) on diabetes associated with diabetic nephropa-
thy and hypertension complications in mice models. Diabetes and hypertension are induced in mice
using STZ 45 mg/kgBB and NA 110 mg/kgBB, followed by unilateral ureter ligation (UUO) for 4 weeks
after a week of STZ-NA induction. The EEEE solution was given in the last 4 weeks with doses of 200,
400, 600, and 800 mg/kgBB. The results of this study prove the effect of vanillic acid on improving
systolic blood pressure, plasma creatinine, plasma glucose, albuminuria and reducing the inflammatory
marker high sensitivity C-reactive protein (hs-CRP). Histopathology of kidney is under investigation
for being part of diabetes hypertension pathology. Treatment using EEEE 600 and 800 mg/kgBB for
4 weeks in experimental mice results in the decrease of plasma glucose, systolic blood pressure, plasma
creatinine, albuminuria, and hs-CRP, including the restoration of kidney histology significantly com-

pared to 200 and 400 mg/kgBB doses. This result concludes that EEEE offers modulation effects on
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diabetes hypertension control by reducing blood glucose rate, blood pressure rate, kidney defect, and

inflammation markers.

Keywords: Diabetic nephropathy, Ethanol extract of Etlingera elatior fruit, Anti-inflammation

INTRODUCTION

Chronic kidney disease (CKD) is a rampant
health issue around the world with increasing prev-
alence with each passing year. The causes of CKD
resulting in hemodialysis treatment in 2015 are
hypertension 44%, diabetes 22%, primary glomeru-
lopathy (GNC) 8%, chronic pyelonephritis 7%, lupus
nephropathy/Systemic Lupus Erythematosus (SLE)
1%, polycystic kidney disease 1%, gout nephropathy
1%, others 8%, and undefined 3%.' Diabetes melli-
tus and hypertension are the two biggest correlat-
ing causes of CKD.?? Both are affected by life style
and genetic factors, and their prevalence is increas-
ing along with the prevalence of CKD each year.*
Because of this, the progressivity of CKD caused by
hypertension and diabetes, especially non-insulin-
dependent diabetes mellitus (diabetes type 2; DM2),
needs to be controlled.

Research shows that oxidative stress decreases
and inflammation will hamper the CKD devel-
opment caused by hypertension and diabetes.’
Oxidative stress causes excess ROS production,
which will increase proinflammatory cytokines,
one of which is Interleukin 6 (IL-6). Interleukin 6
will stimulate hepatocyte cells to synthesize high-
sensitivity C-reactive protein (hs-CRP).*” Oxidative
stress and inflammation have significant positive
correlation with the level of kidney failure; hence, a
biological agent with anti-inflammatory activity can
be used for CKD management.®

The beneficial parts of Etlingera elatior (E. ela-
tior) proven by research are flowers, leaves, rhizome,
and stem; however, there is still only limited research
on the E. elatior fruit.” Therefore, the E. elatior

fruit will be inspected for the anti-inflammatory
potential including its beneficial role in reducing
CKD progressivity.” !

MATERIALS AND METHODS

Materials
E. elatior fruit ethanol extract

E. elatior fruits were dried and subjected to
maceration process using six litres of ethanol sol-
vent 96% to get Etlingera elatior ethanol extract
(EEEE).'”*'* The E. elatior fruit was obtained from
Langkaplancar district, Pangandaran regency, West
Java.

Chemicals

The substances induced to model were
Streptozotocin (STZ) and Nicotinamide (NA)
from Nacalai Tesque Inc. Vanillic acid from
Sigma-Aldrich was for DPPH (a,0-diphenyl-f-
picrylhydrazyl) inspection. Reagen latex CRPHS
(Cardiac C-Reactive Protein (latex) High Sensitive)
from Roche was for blood hs-CRP inspection.

Experimental animals

The experimental animals were healthy
wistar rats aged 8 weeks and weighed 180-200 g.
The mice were bred and taken from Laboratory
of Experimental Animal Development, Faculty
of Pharmacy, Gadjah Mada University. The entire
experiment was reviewed and agreed by ethical
commissions of Sebelas Maret University. The
experimental mice were randomly divided into four
groups in controlled room temperature (20-26°C)
with relative humidity (40-70%) and light dark

J Popul Ther Clin Pharmacol Vol 29(4):e140—e149; 2 December 2022.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2022 Widyarini T et al.

el141



Modulation effects of Etlingera elatior ethanol extract

cycle lighting 12:12 hours. The mice were acclima-
tized in the environment for a week and provided
with food and ad libitum water.

Methods
Induction of diabetic hypertension

The mice were induced with Streptozotocin-
Nicotinamide (STZ 45 mg/kg BB-NA 110 mg/kg
BB) and the following week went through unilat-
eral ureter ligation (UUO) to develop CKD mice
model with hypertension and diabetes. Samples
were divided into four groups with different extract
doses, 200 mg/kgBB, 400 mg/kgBB, 600 mg/
kgBB, and 800 mg/kgBB. The development of dia-
betes hypertension is confirmed by measuring fast-
ing plasma glucose rate and systolic blood pressure
(tail cuff method). Mice with higher plasma glucose
rate than 200 mg/dl (11.1 mmol/I) and systolic blood
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pressure higher than 135 mmHg after ligation were
chosen for further experiments.

Experimental design

EEEE was given orally to each group with dif-
ferent doses using a gastric probe once a day for
4 weeks continuosly. The extract was dissolved in
NaCMC (Sodium carboxymethyl cellulose) 0.5%
and given in 2 mL volume for each mice. Other
than EEEE, mice were given pellets as food and ad
libitum pump water as drink. Weight, tension, and
glucose rate were measured each week within the
experiment. The examination of albuminuria and
creatinine rate in blood was done on the fourth and
fifth weeks, followed by examination of hs-CRP
rate in the last week. The four groups were evalu-
ated for anti-inflammatory activity that improves
diabetes status, hypertension, and kidney function.

Mouse DM - HT
EEEE 200 mg/kgBB

O (+)

Mouse DM - HT
EEEE 400 mg/kgBB

0(-)

Mouse DM - HT
EEEE 600 mg/kgBB

Mouse DM - HT
EEEE 800 mg/kgBB

oz
*

4 weeks

Experimental design. Group 1 (P1) — EEEE 200 mg/kgBB, Group 2 (P2) — EEEE 400 mg/kgBB,

Group 3 (P3) — EEEE 600 mg/kgBB, and Group 4 (P4) — EEEE 800 mg/kgBB. EEEE, Etlingera elatior

ethanol extract.
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After that, the four groups were compared to deter-
mine the effective dose solution of the experiment.

Estimation of blood glucose

Measurement of blood glucose rate with glu-
cose oxidase enzyme (GOD) gives D-gluconic acid
and hydrogen peroxide. Hydrogen peroxide will
produce quinoneimine colorant in red. The color
intensity is compatible with glucose concentration
in samples, measured with spectrophotometer in
505 nm wavelength equivalent to blood glucose rate
in mg/dL of samples.'

Blood pressure measurement

Systolic blood pressure is examined with the
tail cuff method using the blood pressure analyzer
tool for experimental animals. In prior, each mouse
was put inside a retainer and kept in serene environ-
mental heat temperature for 5-10 minutes. This pro-
cedure is repeated for a week to habituate the mice
with the retainer.

Estimation of creatinine

Determination of creatinine through the Jaffe
reaction that occurs between picric acid and creati-
nine under alkaline conditions using colorimetric
analysis method.'®

Determination of albuminuria

Albuminuria examination is done on the four-
teenth day (H14), twenty-eighth day (H28), and fifty-
sixth day (H56) by collecting mice urine in individual
metabolic cages for 24 hours using enzyme linked
immune-sorbent assay (ELISA) method.

Estimation of hs-CRP

The testing technique of hs-CRP ELISA can
measure systemic inflammation in the early stage
accurately.

RESULTS

Effects of EEEE on body weight changes

Table 1 shows that EEEE effects body weight
changes of experimental mice in different doses.
The EEEE results in a decrease in body weight in
experimental mice due to the effects of diabetes.
The extract treatment using 800 mg/kgBB dose sig-
nificantly shows optimum dose (p < 0.05).

195.28 + 3.81%(5th week (W5) — P2) = Significant
as compared to P1 (P < 0.05; ANOVA followed by
Duncan Multiple Range Test (DMRT)), 183.00 +
3.67° (2nd week (W2) — P3) = Significant as com-
pared to P2 (P < 0.05; ANOVA followed by DMRT),
206.80 + 4.43" (5th week (W5) — P3) = Significant
as compared to P2 (P < 0.05; ANOVA followed by
DMRT), 177.00 + 3.78" (2nd week (W2) — P4) =
Significant as compared to P2 (P < 0.05; ANOVA
followed by DMRT), 191.85 + 3.76° (4th week (W5)
— P4) Significant as compared to P3 (P < 0.05;
ANOVA followed by DMRT), 199.00 + 3.46¢ (4th
week (W5) — P4) Significant as compared to P3 (P <
0.05; ANOVA followed by DMRT).

EEEE, Etlingera elatior ethanol extract.

Effect of EEEE on plasma glucose

The effect of EEEE on blood glucose rate
in experimental animals is shown in Table 2.
Experimental mice were treated using EEEE on

TABLE 1. Effects of E. elatior ethanol extract on body weight.
Parameters P1 P2 P3 P4
2nd week (W2) 17571 £ 4.02 170.57 + 3.50 183.00 £ 3.67° 177.00 + 3.78°
4th week (W4) 186.42 + 3.69 188.57 £ 3.52 201.80 + 3.56 191.85 £+ 3.76°¢
5th week (W5) 190.28 +4.38 195.28 £ 3.812 206.80 + 4.43° 199.00 + 3.46°¢

Group 1 (P1) — EEEE 200 mg/kgBB, Group 2 (P2) — EEEE 400 mg/kgBB, Group 3 (P3) — EEEE 600 mg/kgBB, and
Group 4 (P4) — EEEE 800 mg/kgBB. Values are means + SD of five rats from each group.
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TABLE 2. Effect of EEEE on plasma glucose.
Parameters P1 P3 P4
2nd week (W2) 276.81 +3.19 278.74 £ 1.66 266.09 +3.97 262.85 £ 3.2]1%b°
4th week (W4) 133.86 £2.12 124.28 +£2.52° 113.98 + 3.63*" 107.09 £ 2.15%b¢
5th week (W5) 11770 £2.27 114.15 £ 2.60? 104.25 £ 3.95¢ 89.90 £+ 1.230¢

Group 1 (P1) = EEEE 200 mg/kgBB, Group 2 (P2) = EEEE 400 mg/kgBB, Group 3 (P3) = EEEE 600 mg/kgBB, and
Group 4 (P4) = EEEE 800 mg/kgBB. Values are means + SD of five rats from each group. EEEE, Etlingera elatior

ethanol extract.

2 = Significant as compared to P1 (P < 0.05; ANOVA followed by DMRT).
b= Significant as compared to P2 (P < 0.05; ANOVA followed by DMRT).
¢= Significant as compared to P3 (P < 0.05; ANOVA followed by DMRT).

doses of 400, 600, and 800 mg/kgBB; this signifi-
cantly reduces blood glucose rate in the fourth week.
In comparison of different doses, the optimum dose
was 800 mg/kgBB in the fifth week.

Effect of EEEE on blood pressure levels

Systolic blood pressure of experimental mice
after receiving EEEE in different doses is shown
in Figure 2. Experimental mice receiving EEEE in
doses of 400, 600, and 800 mg/kgBB experienced
decreasing blood pressure significantly in the fourth
week. The lowest blood pressure happened while
taking the 800 mg/kgBB dose of EEEE.

Effect of EEEE on renal markers

Rate of renal markers is shown in Table 3.
Rate of creatinine and albuminuria of experimental
mice decreases significantly after receiving EEEE
with doses 0of 400, 600, and 800 mg/kgBB (p <0.05),
but there is no significant difference with the
200 mg/kgBB dose.

Effect of EEEE on hs-CRP

E. elatior fruit ethanol extract will decrease hs-
CRP rate in blood on doses of 200, 400, and 800
mg/kgBB (p < 0.05).

Effect of EEEE on the histopathology of kidney
Hematoxylin and eosin stain of kidney sections
were showed on Figure 4a and b. STZ-NA induction

BLOOD PRESSURE
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FIG 2. Effect of EEEE on systolic blood pres-
sure levels in normal and diabetic hypertensive rats.
Group 1 (P1) = EEEE 200 mg/kgBB, Group 2 (P2)
= EEEE 400 mg/kgBB, Group 3 (P3) = EEEE 600
mg/kgBB, and Group 4 (P4) = EEEE 800 mg/kgBB.
EEEE = Etlingera elatior ethanol extract.

@ = Significant as compared to P1 (P < 0.05; ANOVA
followed by DMRT).

® = Significant as compared to P2 (P < 0.05; ANOVA
followed by DMRT).

¢ = Significant as compared to P3 (P < 0.05; ANOVA
followed by DMRT).

followed by ligation changes kidney tissue morphol-
ogy. After treatment with EEEE, those changes are
normalized. Oil red ‘O’ stain of liver tissue is repre-
sented in Figure 4c.
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TABLE 3. Effects of EEEE on renal markers in diabetic hypertensive rats.

Albuminuria

Parameters P1 P2 P3 P4

2nd week (W2) 25.15+0.47 2490 +0.35 2472 +£0.52 2476 +0.45
4th week (W4) 24.00 £0.48 22.52 £ 0.37° 22.25+0.212 22.30 £0.49°
Sth week (W5) 20.03 £ 0.37 20.60 +0.36 24.25 + 0.69%° 20.04 £0.37°
Creatinine

Parameters P1 P2 P3 P4

2nd week (W2) 2.86 = 0.06 2.80+£0.10 2.82+£0.12 2.79 £ 0.11
4th week (W4) 1.93 £ 0.06 1.60 + 0.09* 1.40 £ 0.16%° 1.03 £ 0.03%b<
5th week (W5) 1.32 £0.05 1.10 £ 0.032 0.87 +£0.03 0.96 £ 0.03%b¢

Group 1 (P1) = EEEE 200 mg/kgBB, Group 2 (P2) = EEEE 400 mg/kgBB, Group 3 (P3) = EEEE 600 mg/kgBB, and
Group 4 (P4) —=EEEE 800 mg/kgBB. Values are means + SD of five rats from each group. EEEE=Etlingera elatior

ethanol extract.

2 = Significant as compared to P1 (P < 0.05; ANOVA followed by DMRT).
b= Significant as compared to P2 (P < 0.05; ANOVA followed by DMRT).
¢= Significant as compared to P3 (P < 0.05; ANOVA followed by DMRT).

hs-CRP (W5)
1.2
ab ac
0.8
0.6
0.4
0.2

P1 P2 P3 P4

FIG 3. Effects of EEEE on hs-CRP in the plasma
of diabetic hypertensive rats.

Group 1 (P1) = EEEE 200 mg/kgBB, Group 2 (P2)
= EEEE 400 mg/kgBB, Group 3 (P3) = EEEE 600
mg/kgBB, and Group 4 (P4) = EEEE 800 mg/kgBB.
EEEE=Etlingera elatior ethanol extract.

* = Significant as compared to P1 (P < 0.05; ANOVA
followed by DMRT).

b = Significant as compared to P2 (P < 0.05; ANOVA
followed by DMRT).

¢ = Significant as compared to P3 (P < 0.05; ANOVA
followed by DMRT).

DISCUSSIONS

Although the model is not an animal model
with DM2 and other complications, this STZ-NA
model is proven to be the closest to DM2 mice
models. STZ causes damage to the pancreas B cell,
while NA protects some of the insulin-secreting
cells. STZ is transported to B cell through glu-
cose transporter GLUT2 and then causes dam-
ages. The severity of diabetes depends on the
given STZ-NA dose. Insulin secretion response to
glucose is weakened due to STZ-NA induction in
mice as a result of the decrease of B cell amounts.
The results of various experiments show that this
diabetes model is useful for the study of different
aspects of diabetes.!!8

This research discloses that induced STZ-NA
mice undergo fasting blood glucose rate escala-
tion. All groups given EEEE show that their fasting
blood glucose rate is almost normal and plasma glu-
cose decrease is significant with doses of 400, 600,
and 800 mg/kgBB in the fourth week. Significant
decrease in the last week is because of using the 800
mg/kgBB (p < 0.05) dose.
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FIG 4.

(a) Morphology changes in mice with EEEE 200 mg/kgBB dose results in the thinning of cortex

with medulla dilatation; (b) existing changes on glomerulus with moderate mesangial cell expansion after
receiving EEEE 400 mg/kgBB dose; (c) no mesangial expansion with minimum glomerulus changes
after receiving EEEE 600 mg/kgBB dose; (d) no changes on glomerulus; only minimum inflammation after
receiving EEEE 800 mg/kgBB dose. EEEE, Etlingera elatior ethanol extract.

Hypertension is closely related to kidney fail-
ure, as a result of some mechanisms such as hyper-
insulinemia, sympatic activation increase, oxidative
stress, endotel dysfunction, and renin-angiotensin
system activation due to inflammation increase.
Yang and Li" stated that UUO will induce fibro-
sis interstitial causing end stage renal failure. Mice
given UUO will produce ROS (reactive oxygen spe-
cies), which plays a centric role in apoptosis, fibro-
sis, and inflammation due to obstruction induction
formation. Ureter obstruction results in angiotensin
receptor type 1 (ATIR) in kidney, NF B, mono-
cyte chemotactic protein 1 (MCP-1), and fibronec-
tin expression escalation. Angiotensin II through

ATIR receptor bond will activate NFkB and hs-
CRP, thereby stimulating inflammation and fibrosis,
which are closely related to hypertension.?*?' Qur
study shows that the experimental mice undergo
increase in blood pressure. The hypertension condi-
tion is reducing after EEEE cure with doses of 400,
600, and 800 mg/kgBB.

Creatinine is a leftover metabolism product,
which is mostly filtered from kidney and secreted
in urine.”?** Our finding shows that creatinine rate
is influenced by EEEE treatment with doses of
400, 600, and 800 mg/kgBB. Post-treatment cre-
atinine levels in the 400 mg/kg BW group slightly
increased, although not significantly compared to
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before treatment but still significantly different from
the 200 mg/kg BW dose, so it can be concluded that
the ethanolic extract of E. elatior fruit is able to nor-
malize blood creatinine levels in plasma by being
excreted through urine.

Albuminuria is a key feature of diabetic
nephropathy; therefore; we inspect EEEE effects on
albuminuria development and compare them based
on the EEEE doses of 400, 600, and 800 mg/kgBB
to reach the benefit of EEEE. In the 600 mg/kgBB
dose group, the EEEE effect is the most significant
to reduce albuminuria after 4 weeks of therapy on
experimental mice (p > 0.05).

The research result shows that giving EEEE
at doses of 200, 400, 600, and 800 mg/kgBB has
an effect on hs-CRP rate. Undertaking STZ-NA
induction followed by UUO in mice results in glo-
merulosclerosis and kidney tubulus degeneration.
Necrosis and apoptosis can trigger inflammation
marked by hs-CRP increase detected in low con-
centration. After giving EEEE to experimental
mice at doses of 200, 400, 600, and 800 mg/kgBB,
the hs-CRP level is proven to decrease within 3
weeks. This shows that EEEE possess anti-inflam-
matory activity.

UUO is admitted as a representative method
to build kidney fibrosis model.>** The UUO model
in 24 hours experiences significant decrease of
kidney blood stream and glomerular filtration rate
in which interstitial inflammation will happen in
2-3 days. Tubular dilatation, tubular atrophy, and
fibrosis will happen on the seventh day.?® Dilatation
of cortex and thinning of medulla happen in the
200 mg/kgBB dose group of EEEE mice. Diffuse
mesangial expansion is a unique sign of diabetic
nephropathy.”” Mesangial matrix expansion will
reduce capillary surface area that contributes to
proteinuria and kidney function failure.”® The
EEEE dose of 400 mg/kgBW still showed mesan-
gial cell expansion as in diabetic nephropathy, but
no histologic features such as unilateral ureteral
obstruction were found. Administration of EEEE
at a dose of 600 mg/kgBW only showed minimal

glomerular changes without mesangial expansion,
whereas at a dose of 800 mg/kgBW only minimal
inflammation was observed.

CONCLUSIONS

The experimental animals that are induced with
STZ-NA followed by UUO represent proper diabe-
tes and hypertension animal models. Increased pro-
duction of high-level free radical oxygen is related
to glucose oxidation and nonenzymatic protein gly-
cation that contribute to the development of diabetes
complications. This research proves that EEEE pos-
sesses anti-hyperglycemia and anti-hypertension
effects, resulting in significant recovery of plasma
glucose, blood pressure, kidney failure, and also
anti-inflammation activity.
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