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Abstract

Introduction: Antidiabetic medicinal plants are increasingly used in the treatment of diabetes as they are generally assumed to pro-
duce minimal side effects. Okra is a quercetin-containing plant which can induce pancreas regeneration and has antidiabetic effect.
There has been a lot of research that demonstrate that purple okra contains more quercetin than green okra.

Aim: To demonstrate the advantages of purple okra over green okra on the diabetic markers improvement in diabetic rats.

Materials and methods: Fifteen male 2-month-old Wistar rats were injected intraperitoneally with 65 mg streptozotocin and
110 mg niacinamide. Their blood glucose levels were measured three days after the injection. The induction of diabetes was deemed
successful if the glucose level of the rats got higher than 250 mg/dL, and then such rats were considered diabetic. The diabetic rats were
divided into three groups: an acarbose group, a purple okra powder group, and a green okra powder group. The latter two were given,
respectively, purple and green okra powder for 28 days. Blood serum was taken to examine the fasting blood glucose, insulin, HOMA-B
and GLUT-4 levels. Pancreas was examined histologically for damage using hematoxylin eosin staining.

Results: Fasting blood glucose, insulin, HOMA-B, and GLUT-4 levels of diabetic rats that received purple okra powder (p<0.05) were
better than those of the rats that received green okra powder. The least damage (p<0.05) to pancreatic beta cells was found in the purple
okra powder group.

Conclusions: Purple okra is superior to green okra in terms of improving the diabetic markers of rats.
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ber of diabetic patients also increases the risk of diabetic
complications. The global loss of Gross Domestic Product
(GDP) due to the direct and indirect effects of T2D is esti-

INTRODUCTION

Type 2 diabetes mellitus (T2D) is a major global health
threat. The World Health Organization (WHO) estimates
for 2014 showed that there were 422 million diabetic pa-
tients compared to 108 million in 1980.! The growing num-

mated to be around 1.7 trillion dollars. Type 2 diabetes is a
disease that is strongly associated with both microvascular
and macrovascular complications, including polyneuro-
pathy, retinopathy, diabetic nephropathy, coronary heart
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disease, atherosclerosis and stroke.? T2D is considered
successfully managed if we could minimize any damage it
causes, one possible approach to this issue being the use of
an oral drug or plant such as okra (Abelmoschus esculentus)
with hypoglycemic effect.

Inadequate pancreatic B cells cause dysfunction of insu-
lin secretion which leads to T2D. Insulin secretion function
can be restored if blood glucose level is decreased by either
an antidiabetic drug or some other therapy.> Acarbose is
an antidiabetic drug which works through inhibiting the
alpha-glucosidase inhibitor enzyme that inhibits gluco-
se absorption from intestine, and prevents postprandial
hyperglycemia.* Acarbose is actually able to restore the
function of pancreatic beta cells and insulin resistance.®

Okra is often used by people on diabetes management.
Okra is a Malvaceae plant and has some variants, such as
green and purple okra, which may serve as a hypoglycemic
agent, since it is able to inhibit alpha glucosidase.® Okra
contains some advantageous nutrients and substances such
as high fiber, but low calorie and fat. It also contains pro-
tein, minerals of phosphor, zinc, copper, potassium, mag-
nesium, calcium, manganese, and vitamins A, B2, B3, B6,
C, and K7 Okra contains antioxidants such as polyphenol,
hyperoside, quercetin, coumarin scopoletin, uridine, and
phenylalanine compounds.® Okra peel and seed powder
used in diabetic rats evidently decreases blood glucose le-
vel? Okra infusion water also evidently decreases blood
glucose level.!® Administration of okra peel powder and
okra seed powder evidently decreases diabetic rat’s blood
glucose level.” Many studies have been conducted on green
okra, but not on purple okra. Purple okra has higher pheno-
lic and antioxidant content than green okra. The amount of
quercetin contained in purple okra is higher than that in
green okra, thus it is expected to have higher potential an-
tidiabetic effect than green okra.!!

Oleanolic acid, beta sistosterol, myricetin and kaemp-
ferol are okra’s main ingredients with antidiabetic effect.
Beta sistosterol may inhibit target protein diabetes.!? Quer-
cetin and isoquercetin may inhibit maltase and sucrase in-
testinal enzymes. These two compounds are similar to oral
hypoglycemic drugs, a-glucosidase inhibitors.!* Quercetin
may increase insulin secretion and protect pancreatic beta
cells from death.!* In addition, quercetin may also protect
pancreatic beta cells from damage because of H,O, and
the production of interleukin 1f-induced nitrite.!> Myri-
cetin may also protect pancreatic beta cells from apopto-
sis through stress inhibition on endoplasmic reticulum.'®
Administration of 200 mg/kg green okra powder may
down regulate PPAR-y gen, regulator of cell proliferation
and glucose homeostasis.!”

AIM

The objective of this study was to investigate whether purple
okra is better than green okra in improving diabetic markers
in rats.

MATERIALS AND METHODS

This research was conducted in full compliance to the
ethical standards and approved by the Ethical Committee
of Faculty of Medicine, UNISSULA Semarang, Indonesia
(No 6/1/2019/Komisi Bioetik).

This study included 15 male 12-week-old Wistar rats
(200-250 g). It was conducted in the Center of Food and
Nutrition Studies, Gadjah Mada University, Yogyakarta. All
rats were given standard food and distilled water, and accli-
matized for 7 days before induction.

Purple and green okra powder
preparation

Washed purple and green okra powders were dried using
cabinet dryer at 40°C and mashed up to form fine pow-
der. Forty milligrams of purple and green okra powders
were dissolved in 50°C distilled water until they become
homogenous and given once daily to the purple okra pow-
der (POP) group and the green okra powder (GOP) group
using oral gauge.

Induction of experimental diabetes
mellitus and experimental design

Diabetes induction in rats was implemented using intra-
peritoneal injections of niacinamide 110 mg, followed by
streptozotocin 65 mg, 15 minutes after niacinamide in-
jection. The niacinamide was provided by Sigma-Aldrich,
St. Louis, MO, USA Lot #BCBS3492V, and the streptozo-
tocin — by Nacalai Tesque, Inc., Kyoto Japan. The behavi-
oral change of rats was observed after diabetes induction,
and distilled water was provided ad libitum. Fasting blood
glucose was measured three days after induction. The rats
were considered diabetic if the fasting blood glucose level
was over 250 mg/dL.

The diabetic rats were randomized and divided into 3
groups: one group was given 6 mg of acarbose, another
was given purple okra powder 40 mg/200 g b.w. and a third
group was given green okra powder 40 mg/200 g b.w. The
treatment was administered for 28 days. Fasting blood
sample was taken from the ophthalmic vein.

Measurements

The fasting blood glucose (FBG) level was measured using
GOD-PAP enzymatic photometric test. The pre-post data
was taken during the treatment and delta FBG was calcu-
lated for analysis. The levels of serum insulin, GLUT-4 and
IGF-1 were examined using ELISA. Homeostasis model
assessment of B-cell function (HOMA-P) was measured
using the formula: Fasting insulin (uIU/ml)x20/Fasting
glucose (mmol/L) - 3.5.!% The damage of pancreatic beta
cells was measured by calculating the number of necrosis
and apoptosis cells using an optical microscope.
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Statistical analysis

The mean levels of fasting blood glucose, fasting serum in-
sulin, HOMA-B, and GLUT-4 of pancreatic beta cells were
analyzed using one way ANOVA, followed with post-hoc
LSD using SPSS ver. 16.0 and GraphPad ver. 8.2. Data were
considered significant if p<0.05.

RESULTS

Fasting blood glucose level

The mean level of fasting blood glucose after streptozoto-
cin-niacinamide induction (pre-treatment) on the three
rats groups was higher than 250 mg/dL (Fig. 1), and was
comparable for the three groups (p>0.05).
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Figure 1. Fasting blood glucose level pre-treatment.

The GOP group had the highest mean FBG level (135.94
mg/dL) of the three groups. The FBG level of POP group
(112.58 mg/dL) and acarbose group (112.69 mg/dL) was
measured at the end of treatment with post-hoc LSD and
found to be not significant (p>0.05) (Fig. 2).
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Figure 2. Fasting blood glucose level after treatment (ns: non-
significant, p>0.05).

Purple Okra Superiority to Green Okra

The same trend was also found for delta FBG. GOP had
the lowest delta FBG (-123.13 mg/dL). Delta FBG between
POP (-150.28 mg/dL) and acarbose groups (-145.706 mg/
dL) was not significantly different (p>0.05) (Fig. 3).
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Figure 3. Delta fasting blood glucose level after/before treatment
(ns: non-significant, p>0.05).

Fasting serum insulin level

The highest mean fasting serum insulin level was found in
the POP group (16.6 uIU/mL). The fasting serum insulin
level between the POP and acarbose groups (16.01 pIU/
mL) was not significantly different (p>0.05) after test using
post-hoc LSD (Fig. 4).
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Figure 4. Fasting serum insulin level all groups (ns: non-signif-
icant, p>0.05).

HOMA-B

The differences in HOMA-B between POP (49.69) and
acarbose groups (47.76) were not significantly different
(p>0.05). The GOP group had the lowest HOMA-B (36.9)
of the three groups (Fig. 5).
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Figure 5. HOMA-B (ns: non-significant, p>0.05).

GLUT-4 LEVEL

The same pattern also occurred with GLUT-4. GLUT-4
between POP (10.76 ng/mL) and acarbose groups (10.98
ng/mL) was also found to be not significantly different
(p>0.05), while the GOP group had the lowest GLUT-4
(9.73 ng/mL) of the three the groups (Fig. 6).
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Figure 6. GLUT-4 level (ns: non-significant, p>0.05).

IGF-1 LEVEL

A different pattern was seen in the IGF-1 result. The highest
IGF-1 level was found in the GOP group (296.49 pg/mL).
In this case, the GOP and POP groups were not significant-
ly different (p>0.05). The lowest IGF-1 level was found in
the acarbose group (258.95 pg/mL) (Fig. 7).

Number of damaged pancreatic 3 cells

The lowest number of damaged pancreatic B cells was
found in the acarbose group (15.2). Conversely the diffe-
rence between GOP (26.36) and POP (26.48) groups in the
number of damaged pancreatic  cells did not reach statis-
tical significance (p>0.05) (Fig. 8). The histological images
show differences between groups (Fig. 9).
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Figure 7. IGF-1 level (ns: non-significant, p>0.05).

DISCUSSION

By administering 65 mg of streptozotocin and 110 mg of
niacinamide we successfully induced diabetes in the rats
as proven by their FBG level (>250 mg/dL). These results
were consistent with the results reported by Pari et al. using
a procedure similar to that in the present study.!® Strep-
tozotocin (STZ) disrupts the work of pancreatic B cells in
glucose oxidation and decreases insulin synthesis. Niacina-
mide (NA) was given with STZ injection to decrease the
cytotoxic activity of STZ. The antioxidant effect of NA sca-
venges the free radicals formed from the STZ reaction on
cells and therefore reduces the disturbance and necrosis in
pancreatic f cells.?

The mean FBG level after treatment of POP group was
higher than that of GOP rats. Delta FBG after and before
treatment of POP was also higher than that of GOP. This
result is the same as that in a previous study - the fasting
blood glucose level was lower in the group given purple
okra than that in the group receiving green okra, which was
due to the greater concentration of quercetin in POP than
in GOP2! Quercetin inhibits sucrase and maltase intestinal
enzymes and GLUT-2, thus it inhibits glucose absorption
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Figure 8. Number of damaged beta cells (ns: non-significant,
p>0.05).
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Purple Okra Superiority to Green Okra

Figure 9. Histological examination of pancreas: a. Green okra powder treatment; b. Purple okra powder treatment; c. Acarbose treat-

ment; (hematoxylin and eosin staining, magnification, x400).

in small intestine and reduces blood glucose.®?> Another
interesting finding is that the mean FBG level after POP
treatment was not significantly different from that in acar-
bose treatment. This findings supports the reports that okra
and acarbose have the same mechanism of action as that of
alpha glucosidase inhibitors.>** Another ingredient of okra
is myricetin, which is able to improve carbohydrate meta-
bolism and drive glucose utilization.** Dietary fibers and
polyphenols contained in okra have a hypoglycemic effect.
Kaempferol, another constituent of okra, returns plasma
glucose level to normal.?? Mean fasting serum insulin le-
vel in POP treatment was higher than that in GOP. Mean
fasting serum insulin level of POP was not significantly
different from the mean fasting serum insulin level of acar-
bose. Previous research found that the okra-treated group
had a lower insulin level than without okra.?> Quercetin
given to diabetic rats may improve insulin level. Quercetin
modulates Ca?* in insulin secretion.?® Purple okra’s higher
quercetin level evidently improves insulin level better than
green okra does. Previous studies also have found that rats
which received kaempferol with a high-fat diet and low
dose streptozotocin injection had their insulin level im-
proved.?” Kaempferol, which is contained in Cyathea pha-
lerata Mart., even has insulin mimicking action effect.” On
the other hand, myricetin injection thrice daily in rats with
insulin resistance improves insulin performance. Myricetin
may reinforce insulin performance, thus it may improve in-
sulin sensitivity.?? Purple okra is superior to the green one
in improving insulin level due to the higher concentration
of quercetin. Thus, a further study in determining kaemp-
ferol and myricetin contained in purple okra is mandatory
to establish the superiority of purple okra in improving in-
sulin level on diabetics.

HOMA-B of POP group was also better than that of GOP
group. HOMA-B reflects the function of pancreatic  cells

and insulin secretion. Another research which uses quer-
cetin from Psidium guajava also shows improvement of
HOMA-B.* Higher quercetin content in purple okra gives
HOMA-B higher score to rats given purple okra than green
okra. In line with the results on glucose levels, HOMA-B
on POP was not significantly different from HOMA-B at
acarbose treatment. Acarbose administration on diabetes
patient with medium HOMA-B may evidently improve
pancreatic P cells function.’! Improved blood glucose level
boost insulin sensitivity and secretion, thus it may impro-
ve the residual function of pancreatic p cells.>> Okra and
acarbose have the same mechanism in ameliorating gluco-
se toxicity in inhibiting postprandial glucose uptake. A dif-
ferent condition was found with the number of damaged
pancreatic {3 cells. The number of pancreatic P cell damage
on POP group was not different from that in GOP group.
Kaempferol and myricetin, contained in purple okra, were
also supposed to be higher than in green okra, also has
effect of giving a higher score in HOMA-B on POP group.
Kaempferol, which is contained in okra, protects against
pancreatic damage.?” Myricetin acts as glucagon-like pepti-
de 1 receptor (GLP-1R) agonist. Long-term administration
of myricetin may improve pancreatic islets because of its
insulinotropic effect.??

Flavonoid in purple and green okra has the same abili-
ty to improve IGF-1 secretion, as shown with insignificant
difference on GOP and POP. Low IGF-1 level is associated
with the progress of T2D. IGF-1 increases serum insulin
level and decreases blood glucose level.** Flavonoid sup-
plementation to sheep feed also increases sheep’s IGF-1
serum level.?> Both IGF-1 and insulin receptors are highly
homologous in structure and function.?® IGF-1 synthesis is
also regulated by insulin.?” Okra delayed gastric absorption
of glucose influenced insulin secretion and thus influenced
IGF-1 synthesis. Kaempferol serve as glucosidase inhibitor.
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Kaempferol concentration in purple okra is thought to be
higher than in green okra, resulting in lower blood glucose
level, better insulin and IGf-1 level in purple okra group
than those in green okra group.

The GLUT-4 level in POP treatment was not significant-
ly different with acarbose and lower than GOP. This result
is thought to have correlation with the higher content of
quercetin, kaempferol, and myricetin in purple okra com-
pared to green okra. The quercetin in purple okra increases
GLUT-4 expression. The elevation of GLUT-4 expression
was also obtained on cultured rat L6 skeletal muscle cells
given quercetin for 18 hours. Another research also found
that quercetin administration to L6 myotube also increased
glucose uptake via translocation of glucose transporter
type 4 (GLUT4). Translocation and expression of GLUT-4
on skeletal muscle are stimulated by quercetin administra-
tion through adenosine monophosphate-activated protein
kinase (AMPK) activation?? which increases glucose upta-
ke with GLUT-4 translocation to cell membrane.*® Myri-
cetin injection for 14 days increases GLUT-4 expression of
rat’s membrane fraction of soleus muscles. Myricetin also
improves sensitivity of IRS-1-associated PI3-kinase with
translocation of glucose transporter subtype 4 (GLUT 4)
on soleus muscles with insulin resistance.?’

CONCLUSIONS

Purple okra powder was superior to green okra powder in
the improvement of diabetic markers on diabetic rats. Pur-
ple okra powder has even better potential than acarbose in
implementing the improvement of fasting blood glucose,
insulin, HOMA-B, and IGF-1 levels.
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NMpeBocxogcTBo nypnypHoit 6amun (Abelmoschus
esculentus) Hap, 3enéHoil 6aMmuneil B pe3aNCTEHTHOCTU
K MUHCYJIUHY U yNy4dlleHUn coaepXXaHunus B-KneTok
NoMAXenyao4yHoON Xenesbl y AuabeTnyeckmnx Kpbic

Hypuna Tarura!, Enganr Maxatn?, Asusax Xukma Cadurpu!
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Pe3tome

BBepeHue: IIporuBonuabeTndeckue 1eKapcTBEHHbIE TPaBbl BCE Yallle MCIIOMb3YIOTCA P JIedeHNN f1abeTa, IOTOMY ITO OOBITHO
CUMTAETCsI, YTO OHM BBI3BIBAIOT MUHMMA/IbHbIe T0604YHBIe 3¢ deKTbl. Bamusi - 310 pacTeHue, cofiepaliiee KBEPLETIUH, KOTOPOE MOXET
CTHMY/IMPOBATh PereHePaLNIo IOMKeTYLOIHO Xee3bl 1 00/IafaeT IPOTUBOAMNAOE TUIECKNM AelicTBIeM. EcTh MHOTO McCIeoBaHmIL,
KOTOpBIe [IOKa3bIBAIOT, YTO IyPIypHas 6aMusi COTEPXKNUT OOblile KBepLieTHHA, YeM 3e/IEHasT GaMusL.

Lenb: ITposeMOHCTPUPOBATDh MpeMMYLIeCTBa MyPIyPHO! 6aMUM IO CPABHEHMIO C 3e/IEHOI 6aMuell ¢ TOUKM 3PeHVs YIydIleHNs
AnabeTn4ecKnx MapKepoB y AMabeTHIecKnX KpBbIC.

Martepuanbl u meToAbl: IlaTHagLaTH AByXMeCAYHBIM CaMLiaM KPbIC IMHMM Bucrap BHY TPMOPIOIIVHHO BBOAVIN 65 MI. CTPEITO30-
touyHa 1 110 MI. HManVHaMuya. YpOBHM IIIOKO3bI B KPOBM M3MEPS/IM IIOCIe MHBEKIUM B TedeHue 3 gHeit. VIHgynuposaHue fuabeTa
CUMTAIOCh YCIIELIHbIM, eC/IM YPOBEHb IIIOKO3bI Y KPbIC HpeBsitan 250 Mr/mn. Kpsicsl ¢ guabeTom ObUIn pasfeeHbl Ha TPU TPYIIIbL:
TpyIITy, IOTyYaBLIyI0 aKap60o3y, TPYIIY, IOMYYABIIYI0 IyPIypPHYIO 6aMuio, U TPYIITy, IOTy4aBUIyIo 3e1éHyI0 Gamuio. IlocmenHum
ABYM AaBajIM IOPOLIOK IIYPITyPHOIL 11 3e/IEHOI 6aMIIL COOTBETCTBEHHO B TedeHne 28 fHeit. CbIBOPOTKaA KPOBU ObI/Ia B3sITa [/IsI M3Me-
peHus ypOoBHeii ITIIOKO3bI B KpOBM HaTolak, nHCymHa, HOMA-B 1 GLUT-4. ITompxenyodnyIo sxenesy UCCnefoBanu IMCTONOTMYeCKI
Ha Ha/IM41e MOBPEX/IeHNIA C IOMOLIBIO OKPAIIMBAaHMUA T€MAaTOKCU/IMH-303MHOM.

PesynbraTbl: YpoBHU IIII0KO3BI B KPOBU HaTomak, nHcyauHa, HOMA-B n1 GLUT-4 y nuabeTnuecKkux KpbiC, IIONTy4aBIINX IIOPOLIOK
nypuypHoit 6amun (p<0.05), 6pU1H my4llle, 4eM Y KPbIC, TONYYaBIINX TOPOLIOK 3e/1éHoit 6amun. HanMenbiuee nospexpenne (p<0.05)
6eTa-K/IeTOK IOMKeTyAOYHOI >Ke/e3bl ObII0 0OHAPY>KeHO B IPYIIIe, IIOMyYaBILell IIypIypHYI0 6aMIIo.

3akntoueHue: [TypnypHas 6amus Tydiile, YeM 3e1€Has 6aMus, C TOYKM 3peHNs YIYIIeHNs [1abeTIecKIX MapKepoB y KpbIC.

KnwoueBble cnosa

rmoko3a B Kposy, HOMA-B, uncynus, mypnypHas 6amus, 6eTa-KIeTKY IOIXKeTy04HOI JKele3bl
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