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Hypoglyclemic Effects in Response to Abelmoshus
Esculentus Treatment: A Research Framework using
STZ-Induced Diabetic Rats

Indah Mohd Amin

Abstract—Abelmoschus esculentus,AE (okra or lady’s finger)
is flowering plant and cultivated throughout the tropical and
temperate region in the world. This plant is popular with its
mucilaginous properties and has been acclaimed to have
various health benefits which include anti-diabetic properties.
This paper will provide the overview of the research framework
and giving insight of the experimental procedure to be
implemented to investigate the differential expression analysis
of liver tissue in streptozotocin-induced diabetic rat in response
to Abelmoschus esculentus (AE) treatment. The hypoglyclemic
effects of water extract prepared from the fruit of AE will be
studied in diabetic rats (streptozotocin induced). The
differential expression study will be carried out by using real
time RT-PCR method. Four diabetes-specific genes of interest
(carboxylesterase 2, stearoyl-Coenzyme A desaturase 1,
insulin-like growth factor 1 and insulin-like growth factor
binding protein 2 binding protein) will be selected and the
expression level of these genes will be examined quantitatively.
The abnormal expression of genes in STZ group will be rescued
by the AE therapy. The expected findings from both in vivo and
molecular studies may reveal the anti-diabetic properties of the
AE and suggest that the plant extract may be useful for the
management of the disease. A review of relevant literature and
studies on AE will also be presented in this paper.

Index Terms— diabetes mellitus, abelmoschus esculentus,
gene expression, stretozotocin

[. INTRODUCTION

Diabetes can be described as the increase of glucose (sugar)
in the blood. It is important to prevent diabetes complications
with careful monitoring of blood sugars. Diabetes is
correlated with abnormalities in variety of microvascular,
macrovascular, neurologic and infectious complications
including carbohydrate, fat, and protein metabolism. Type 2
DM begins with a period of insulin resistance with increased
pancreatic insulin secretion. As the disease progresses,
pancreatic function weaken and as a result, insulin levels fail
to keep up with the body requirements [1].

Currently DM is considered one of the chronic diseases
and is a condition that is increasing in epidemic proportions
throughout the world. WHO reported that diabetes affects
about 5% of the global population [2]. The management of
diabetes without any side effects is still a challenge to the
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medical system as the treatment for diabetes is relatively
limited with significant side effects. There is growing interest
in the use of natural health products as an alternative
approach to current medications. Plant sources has become a
target to explore new drugs and in searching biologically
active compounds [3].

The streptozotocin-induced diabetic rat is still considered as
an important means for the pathophysiology and
pharmacology studies of diabetes mellitus. Some of the
research has done using diabetic rat to investigate the
anti-diabetic properties are mentioned in the literature. The
next section discusses the literature review, research
framework, expected results and conclusions.

II. LITERATURE REVIEW

This section provides a summary of the literature review
on (i) diabetes mellitus, (i) AE, (iii) scientific study on
anti-diabetic properties of medicinal plants from different
countries, (iv) research on bioactive properties of AE, (v)
chemical and nutritional constituents of Abelmoschus
esculentus, (vi) nutritional healing properties of AE and (vii)

AE-based outcome studies.
A. Diabetes Mellitus (DM)

TABLE 1. COMPARING TYPE 1 AND TYPE 2 DIABETIC MELLITUS [6]

Feature Type 1 DM Type 2 DM
Frequency 10-20% 80-90%
Age at onset Early (below | Late (after 40 years)
35 years)
Type of onset Abrupt and | Gradual and insidion
severe
Weight Normal Obese/non-obese
Family history <20% About 60%
Genetic locus Unknown Chromosome 6
Pathogenesis Autoimmune | Insulin resistance, impaired
destruction insulin secretion
of B-Cells
Islet cell | Yes No
antibodies
Blood insulin | Decreased Normal or increased insulin
level insulin
Islet cell changes | Insulitis, No insulitis, later fibrosis of
B-cell islets.
depletion
Clinical Insulin and | Diet, exercise, oral drugs,
management diet insulin
Acute Ketoacidosis | Hyperosmolar coma
complications

Diabetes mellitus (DM) is the most challenging metabolic
disorder as it cannot be cured but needs only to be managed.
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In Malaysia, it is reported in 2010, that the diabetic sufferers
are approximately 3.4 million [4]. By far, Asia was
recognized as having the potential increase with 2.5 to 3
times more common diabetes [4]. Hence, by 2010, Asia was
expected to have 138 million diabetic patients [4].

There are many clinical and pathophysiologic differences
between Type 1 and Type 2 diabetes mellitus (DM) and the
contrasting features is clearly seen in Table 1 [5, 6].

B. Abelmoschus Esculentus (AE)

According to Maganha et. al (2009) [7] AE, known as
lady’s finger, is a very poorly studied species. It is reported
that the biological activity in this species was the in vitro
antioxidant potential [8]. The major antioxidant molecules
were identified to be quercetin derivatives and
-epigallocatechin [8]. There is lacking scientific reported
study on these plant properties despite its wide usage as
medicinal plant. Therefore, the main objective of this study is
to investigate the underlying molecular mechanism on the
natural hypoglycemic substances effect in AE.

C. Scientific study on anti-diabetic properties of medicinal
plants from different countries

TABLE 2. STUDY ON ANTI-DIABETIC PROPERTIES OF MEDICINAL PLANTS

Plant Country Author
Spergularia purpurea Morocco [8]
Ferula persica, Jordan [9]
Paronychia argentea,

and Pistacia atlantica

Piper sarmentosum Thailand [10, 11]
Pandanus odorus

Pseuderanthemum Vietnam & Thailand [12]
palatiferum

Phellinus baumii Asean [13]

Buchholzia coriacea Southern Nigeria, Africa [14]

Cymbopogon citratus

Stapf Nigeria [15]
Sclerocarya birrea South Africa [16]
Musanga cecropioides Africa [17]
Cogniauxia podoleana Congo [18]

Table 2 provides a summary of the literature on the study
relevant to anti-diabetic properties of medicinal plants from
various countries.

D. Research on Bioactive Properties Of AE

TABLE 3. RESEARCH ON BIOACTIVE PROPERTIES OF AE

Bioactive Properties Author
Antitumor cancer [19]
Antiproliferative & Proapoptotic [20]
Antioxidant [21, 22,23, 24]
Antihemolictic & antioxidant [25]
Anti-adhesive & antibacteria [26,27]
Mucilaginous effect [28]
Hypocholesterolemic effect [29]
Inhibitory activities againts certain [30]
intestinal disaccharidases

Antiallergic [31]
Hypoglycemic effect [32]

Table 3 presents the literature on the research on bioactive
properties of AE.

E. Chemical and nutritional constituents of Abelmoschus
esculentus
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TABLE 4. CHEMICAL AND NUTRITIONAL CONSTITUENTS OF AE

Constituents Author
Uracil, uridine, deoxyuridine, adenine, [33]
Adenosine, 3'-deoxyadenosine, Guanosine,
deoxyguanosine ,phenylalanine

Tyrosine, leucine, and isoleucine

B-carotene [34]
Protein, fat, fiber, amino acid [35]
Phospholipids fraction [36]
Triaglycerols component [37]
Ash, carbohydrate, protein, moisture, fat, fiber [38]
contents & etc

Volatile components [39]

Table 4 presents the literature on chemical and nutritional
constituents of AE.

F. Nutritional Healing Properties of AE

TABLE 5. NUTRITIONAL HEALING PROPERTIES OF AE

Author
[40]
[41]

Healing properties

Anti-ulcer food

Anticancer, reduced heart attack, lower blood
cholesterol, relieve intestinal disorder, relieve
inflammation of the colon, relieve diverticulitis,
relieve stomach ulcer

Neutralize acid, lubricate large intestine, treatment
of lung inflammation,

treatment of irritable bowel, keep joints limber,
treatment of sore throats, heal burn

soothe poison, soothe psoriasis

[42]

Table 5 presents the literature on nutritional healing
properties of AE.

G. AE-Based Outcome Studies

TABLE 6. AE-BASED OUTCOME STUDIES

AE-Based Outcome Author
Colon targeted tablets [43]
Oral sustained release matrix tablets [44, 45]
Disintegrant tablets [46]
Food additive to produce bread [47]
Fat replacer in chocolate bar cookies | [48]

Table 6 presents the literature on different results of
different studies which are based on AE.

III. RESEARCH FRAMEWORK

The research framework of this study comprise of;
preparation of the aqueous extract, animal experiments,
isolation of total RNA, real time reverse transcriptase-PCR
(RT-PCR), gel electrophoresis.

The following provides the explanation of each of the
stages:

A. Preparation Of The Aqueous Extract

The plant in this study will be collected in its natural
habitats and botanically determined by Forestry Research
Institute Malaysia (FRIM), Malaysia. The whole plant will be
ground and 50 g of powder mixed with 500 ml of distilled
water (10%). The mixture is heated and boiled under reflux
for 30 min. The decoction obtained is centrifuged, filtered,
frozen at —20 °C, lyophilised and used without further
purification.
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v
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Figure 1. Research Framework
B. Animal Experiments
Experiments will be carried out in adult male

Sprague-Dawley rats weighing from 130 to 150 g at age of 5
weeks according to standard procedure. Animals house under
standard environmental conditions (23+£/°C, 55+5%
humidity and a 12-h light/dark cycle) and maintained with
free access to water and a standard laboratory diet.
Experimental rats will be induced by intravenous injection of
streptozotocin (STZ) (Sigma, St. Louis, MO, USA) into the
tail vein (dose 50 mg/kg body weight). STZ is dissolved in
0.1M cold sodium citrate buffer, pH 4.5 and the control rats
are injected with vehicle alone. Diabetes will be verified by
evaluating blood glucose levels and diabetic rats are
confirmed if blood glucose level greater than 300mg/dl (16.7
mmol//). All the animals are randomly divided into three
groups: (n=7 per group).

Group 1: Normal healthy control group (N group), normal
rats received 0.9% NaCl solution.

Group 2: STZ-induced diabetic group (STZ group), diabetic
rats treated with 0.9% NaCl solution

Group 3: AE-treated diabetic group (AE group), diabetic rats
treated with AE at three different level (100, 150
and 200mg/kg body weight) and blood glucose
levels determine in fasted rats, every 4 to 6 hrs,
after 2 and 4 days, 1 and 2 weeks of single or
repeated oral administration.

C. Isolation of Total RNA
Total RNA from frozen liver tissue will be isolated with
the RNeasy Mini Kit (Qiagen, Stanford, CA). Samples will

be processed following the manufacturer’s directions. At the
last step, the RNA will be eluted with 50 pl of RNase-free
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water. Quality of the RNA will be assessed using Agilent
Bioanalyzer System.

D. Real Time Reverse Transcriptase-PCR (RT-PCR)

The assay performs using a one-step RT-PCR kit (Qiagen,
Germany). A set of primers and a probe will be selected for
the in-house real-time RT-PCR assay, forward, reverse, and
TagMan probe. The in-house real-time TagMan assay will be
carried out wusing QuantiTect Probe RT-PCR kit
(Qiagen,Germany). The reaction contained 5 ul of RNA,
0.6uM of each primer, 0.2 uM of the TagMan probe. An
Appliee Biosystem real time-PCR machine is used with the
following thermal steps: reverse transcription 30 min, initial
denaturation, followed by 40 cycles of denaturation,
annealing for , and extension

E. Gel Electrophoresis

Assessment of PCR products will be carried out using
Agilent Bionalayzer system. The PCR product will be
visualized as a single compact band with expected size.

IV. EXPECTED RESULTS

The following subsections provide insights on the
expected results from the experiments.

A. Preparation Of The Water Extract

In this study, a water extract use as a method of choice in
order to follow similar traditional preparation had done in
many countries. Moreover it also used as a preliminary study
before searching on the pure compound.

B. Animal Experiments

A comparison of the glucose levels from three different
groups will be studied. STZ induce diabetic rat should
significantly elevated the blood glucose levels after 3 months
compared with rats injected with vehicle alone (control
group). These observations are according to Verspohl (2002)
[49], for the development of a type 2 diabetic model. In the
diabetic rat model, the extracts will show significant
hypoglycemic effect and the effect of the administered
extract is dose dependant. It is expected that the lower dose
(100 mg/kg) of the AE only produced a statistical significant
effect less than the higher dose (150 mg/kg), after its
administration.

The data obtained from this study will be the first
documented data demonstrated the appropriate doses that can
be traditionally used for treating diabetic people. In addition,
the result should not show any toxicity and mortality occur to
the control group. This is based on the fact that there is no
data reported of toxicity occur among its consumer.

C. Molecular Studies

Gene expression can be assessed by measuring the
quantity of the final product for instance, the protein.
However in this study, measuring RNA level is chosen
because it is more efficient with the current technologies and
easy access of information. Moreover, available proteomic
technologies are generally lower throughput and more
challenging.

It is critically important to have a good quality of RNA in
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any of expression study. To ensure the reliability of the RNA
samples, RNA assessment will be carried out using Agilent
Bioanalyzer system. Successful isolation technique yields
good quality of RNA. The intact total RNA sample will show
distinct 18S and 28S subunit spikes, with 2:1ratio (28:18S).

In this study, real-time RT-PCR is chosen because it
enables us to view PCR amplification in each cycle in faster
and easiest way. Compare to other quantitative RT-PCR, real
time RT-PCR requires shorter development, normally less
variable and more reproducible. Protocol chose for this
method is using Tag-Man assay. The advantage of this
method is more specific because of the probe designed and
will also avoid the primer dimmer.

In studies of target gene expression by RT-PCR, the use of
internal reference genes is required to control for RNA
quality, reverse transcription efficiency and overall
transcriptional activity in samples. Preferably, internal
standards should be constitutively expressed by all cell types
independent of experimental conditions and they should not
be affected by any disease. For normalization, housekeeping
genes of B-actin is employed. From this study, the expected
real time RT-PCR product will be confirmed by post-PCR gel
analysis. This additional step will be carried out as to make
sure the amplified product within the expected size

Analysis of gene profiling study on STZ induce diabetic
rat did by Hwang et al, 2009 [50], demonstrated many
changes occurred in their gene expression. More than a half
of gene analyzed (565 from total 835 genes) showing
two-fold differences compared to the control. The
differentially expressed genes involved in carbohydrate,
amino acid metabolism, immunity and defense, lipid, fatty
acid , steroid metabolism and signal transduction [50].

In this study, four specific diabetes genes will be chosen to
present the hypoglycaemic effect of the extract. Treatment
with AE may show significant changes in rescue the
abnormal expression of genes in STZ induced diabetic rat.

V. CONCLUSIONS

This paper provides insights of the research framework to
investigate the differential expression analysis of liver
protein in streptozotocin-induced diabetic rat in response to
AE treatment. The expected findings from both in vivo and
molecular studies may reveal the anti-diabetic properties of
the AE and suggest that the extract could be developed as a
prospective phytomedicinal plant. The risks involve in this
study may include the animals experimental ranging from
ethical consideration, pre, during and after experiments being
conducted. The physiological status of each of the rat may
give different results with different interpretation.

One limitations of the experiment is on the molecular
approach. Using four genes to represent the underlying
molecular may not be sufficient. Therefore, future works may
involve larger number of genes platform system, for example
using microarray as a tool to reveal the molecular mechanism
of the hypoglycemic of AE. The findings of the expected
results from this experiment may provide indications of the
changes in gene expression that may reveal underlying
mechanism of diabetic pathophysiology, suggesting new
potential target for drug discovery.

66

ACKNOWLEDGMENT

This research is funded by the Excellence Fund of
Research Management Institute, Universiti Teknologi
MARA (UiTM) Malaysia. The author would like to thank
UiTM Malaysia for its financial and support in completing
this work.

REFERENCES
(1]

S. Inzucchi, “Classification and diagnosis of diabetes mellitus,” in
Elenberg & Rifkin’s Diabetes Mellitus, D. Porte, R. Sherwin, A. Baron,
Eds. New York: McGraw Hill, 2003, pp. 274.

WHO, Traditional medicine strategy 2002—-2005, WHO Publications;
2002. pp 1-6.

G. Y. Yeh, D. M. Eisenberg, D. M. Kaptchuk, and T. J. Phillips
“Systematic review of herbs and dietary supplements for glycemic
control in diabetes,” Diabetes Care, vol. 26,2003, pp. 1277-1294.
Rugayah, B., The Second National Health and Morbidity Survey II -
Diabetes Epidemic in Malaysia was published in 1997 by the Public
Health Institute, Ministry of Health, and Malaysia., 1997.
http://www.diabetes.org.my/article.php?aid=63nik

E. Brown, Pathology: PreTest self-assessment
McGraw-Hill Professional, 2004.

H. Mohan, Essential Pathology for Dental Students, Jaypee Brothers
Publishers, 2005.

E. G. Maganha, R. d. C. Halmenschlager, R. M. Rosa, J. A. P.
Henriques, A. L. L. d. P. Ramos and J. Saffi, “Pharmacological
evidences for the extracts and secondary metabolites from plants of the
genus Hibiscus,” Food Chemistry, vol. 118, no. 1, 2010, pp. 1-10,

G. Shui and L. L. Peng. An improved method for the analysis of major
antioxidants of Hibiscus esculentus Linn. Journal of chromatography,
2004, vol. 1048, pp. 17-24.

M. Eddouks, H. Jouad, M. Maghrani, A. Lemhadri and R. Burcelin,
“Inhibition of endogenous glucose production accounts for
hypoglycemic effect of Spergularia purpurea in streptozotocin mice,”
Phytomedicine, vol. 10,2003, no. 6-7, pp. 594-599.

1. I Hamdan and F. U. Afifi, “Studies on the in vitro and in vivo
hypoglycemic activities of some medicinal plants used in treatment of
diabetes in Jordanian traditional medicine,” Journal of
Ethnopharmacology, vol. 93, no. 1, 2004, pp. 117-121.

P. Peungvicha, S. S. Thirawarapan, R. Temsiririrkkul, H. Watanabe, J.
K. Prasain and S. Kadota, “Hypoglycemic effect of the water extract of
Piper sarmentosum in rats,” Journal of Ethnopharmacology, vol. 60, no.
1, 1998, pp. 27-32.

P. Peungvicha, R. Temsiririrkkul, J. K. Prasain, Y. Tezuka, S. Kadota,
S. S. Thirawarapan and H. Watanabe, “4-Hydroxybenzoic acid: a
hypoglycemic constituent of aqueous extract of Pandanus odorus root,”
Journal of Ethnopharmacology, vol. 62, no. 1, 1998, pp. 79-84.

P. Padee, S. Nualkaew, C. Talubmook, §S. Sakuljaitrong,
“Hypoglycemic effect of a leaf extract of Pseuderanthemum
palatiferum (Nees) Radlk. in normal and streptozotocin-induced
diabetic rats,” Journal of Ethnopharmacology, vol. 132, no. 2, 2010, pp.
491-496.

H.-J. Hwang, S.-W. Kim, J.-M. Lim, J.-H. Joo, H.-O. Kim, H.-M. Kim
and J. W. Yun, “Hypoglycemic effect of crude exopolysaccharides
produced by a medicinal mushroom Phellinus baumii in
streptozotocin-induced diabetic rats,” Life Sciences, vol. 76, no. 26,
2005, pp. 3069-3080.

R. A. Adisa, M. I. Choudhary and O. O. Olorunsogo, “Hypoglycemic
activity of Buchholzia coriacea (Capparaceae) seeds in
streptozotocin-induced diabetic rats and mice,” Experimental and
Toxicologic Pathology, 2010.

A. A. Adeneye and E. O. Agbaje, “Hypoglycemic and hypolipidemic
effects of fresh leaf aqueous extract of Cymbopogon citratus Stapf. in
rats,” Journal of Ethnopharmacology, vol. 112, no. 3, 2007, pp.
440-444.

J. A. O. Ojewole, “Hypoglycemic effect of Sclerocarya birrea {(A.
Rich.) Hochst.} [Anacardiaceae] stem-bark aqueous extract in rats,
“Phytomedicine, vol. 10, no. 8, 2003, pp. 675-681.

A. A. Adeneye, O. P. Ajagbonna and O. W. Ayodele, “Hypoglycemic
and antidiabetic activities on the stem bark aqueous and ethanol
extracts of Musanga cecropioides in normal and alloxan-induced
diabetic rats,” Fitoterapia, vol. 78, no. 7-8, 2007, pp. 502-505.

M. Diatewa, C. B. Samba, T. C Hondi Assah and A. A. Abena,
“Hypoglycemic and antihyperglycemic effects of diethyl ether fraction
isolated from the aqueous extract of the leaves of Cogniauxia

(2]
(3]

(4]

(5]

(6]
(7]

and review,

(8]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]



[19]

[20]

(21]

(23]

[24]

[25]

[26

[}

[27

—

(28]

[29]

[32]

(36

—

International Journal of Bioscience, Biochemistry and Bioinformatics, Vol. 1, No. 1, May 2011

podoleana Baillon in normal and alloxan-induced diabetic rats,”
Journal of Ethnopharmacology, vol. 92 , no. 2-3, 2004, pp. 229-232.
Y. Okada, M. Okada, Y. Sagesaka, “Screening of dried plant seed
extracts for adiponectin production activity and tumor necrosis
factor-alpha inhibitory activity on 3T3-L1 adipocytes,” Plant Foods
For Human Nutrition, vol. 65, no. 3, 2010, pp. 225-232.

M. Vayssade, N. Sengkhamparn, R. Verhoef, C. Delaigue, O.
Goundiam, P. Vigneron, A. Voragen, H. Schols & M. Nagel,
“Antiproliferative and proapoptotic actions of okra pectin on B16F10

melanoma cells,” Phytotherapy Research: PTR, vol. 24, no. 7, 2010, pp.

982-989.
S. Atawodi, J. Atawodi, G. Idakwo, B. Pfundstein, R. Haubner, R.
Owen, et al., “Polyphenol composition and antioxidant potential of

Hibiscus esculentus L. fruit cultivated in Nigeria,” Journal Of

Medicinal Food, vol. 12, no. 6, 2009, pp. 1316-1320.

N. Ansari, L. Houlihan, B. Hussain, and A. Pieroni, “Antioxidant
activity of five vegetables traditionally consumed by South-Asian
migrants in Bradford, Yorkshire, UK,” Phytotherapy Research: PTR,
vol. 19, no. 10, 2005, pp. 907-911.

R. Nagashree, R. Latha, C. Anand, and V. Karthikeyan, “Effect of
Hibiscus esculentus fruit on arsenic induced oxidative changes in
albino rats,” Journal of Natural Remedies, vol. 9, no. 2, 2009, pp.
170-176.

0. E. Adelakun, O. J. Oyelade, B. I. O. Ade-Omowaye, I. A. Adeyemi,
and M. Van de Venter, “Chemical composition and the antioxidative
properties of Nigerian Okra Seed (Abelmoschus esculentus Moench),
“ Flour Food and Chemical Toxicology, vol. 47, no. 6, 2009, pp.
1123-1126.

M. A. Ebrahimzadeh, S. F. Nabavi, and S. M. Nabavi, “Antihemolytic
and antioxidant activity of Hibiscus esculentus
leaves, Pharmacologyonline,, vol. 2, 2009, pp. 1097-1105.

N. Wittschier , Lengsfeld C, Vorthems S, Stratmann U, Ernst J, Hensel
A, et al., “Large molecules as anti-adhesive compounds against
pathogens,” The Journal Of Pharmacy And Pharmacology, vol. 59, no.
6,2007, pp. 777-786.

C. Lengsfeld, F. Titgemeyer, G. Faller, and A. Hensel, “Glycosylated
compounds from okra inhibit adhesion of Helicobacter pylori to human
gastric mucosa,” Journal Of Agricultural And Food Chemistry, bol. 52,
no. 6,, 2004, pp. 1495-1503.

K. Ameena,, C. Dilip, R. Saraswathi, P. N. Krishnan, C. Sankar, S. P.
Simi, “Isolation of the mucilages from Hibiscus rosasinensis linn. and
Okra (Abelmoschus esculentus linn.) and studies of the binding effects
of the mucilages,” Asian Pacific Journal of Tropical Medicine, vol. 3,
no. 7, 2010, pp. 539-543.

P. Srinivasa Rao, P. Udayasekhara Rao and B. Sesikeran, “Serum
cholesterol, triglycerides and total lipid fatty acids of rats in response to
okra (hibiscus escuientus) seed oil,”, Journal of the American Oil
Chemists' Society, vol. 68, no. 6, 1991, pp. 433-435.

H. M. M., Hassan, “Inhibitory activities of some mucilages and gums
against certain intestinal disaccharidases,” Australian Journal of Basic
and Applied Sciences, vol. 3, no. 3, 2009, pp. 2741-2746.

S. Tewtrakul, A. Ttharat, P. Thammaratwasik, B. Ooraikul,
“Anti-allergic and anti-microbial activities of some Thai crops
Songklanakarin®, Journal of Science and Technology, vol. 30 , no. 4,
2008, pp. 467-473.

M. Aslan, E. Sezik. and E. Yesilada, “Effect of hibiscus esculentus L.
Seeds on  blood glucose levels in  normoglycaemic,
glucose-hyperglycaemic and streptozotocin-induced diabetic rats Gazi
Universitesi Eczacilik Fakultesi Dergisi”, vol. 20, no. 1, 2003, pp. 1-7.
L. Jia, H-F., Li, L.-L. Jing, ”Chemical constituents in n-butanol extract
of Abelmoschus esculentusl Chinese Traditional and Herbal Drugs”,
vol. 41, no. 11, 2010, pp. 1771-1773.

J. M. El-Qudah, “Identification and quantification of major carotenoids
in some vegetables,” American Journal of Applied Sciences, vol. 6, no.
3, 2009, pp. 492-497.

P. Udayasekhara Rao, “Chemical composition and biological
evaluation of Okra (Hibiscus esculentus) seeds and their kernels,”
Plant Foods for Human Nutrition (Formerly Qualitas Plantarum), vol.
35, no. 4, 1985, pp. 389-396.

S. Fiad, “Phospholipids of six seed oils of malvaceae,” Journal of the
American Oil Chemists' Society, vol. 68, no. 1, 1991, pp. 26-28.

67

[37] S. Fiad, “Component triacylglycerols of six seed oils of malvaceae,”
Journal of the American Oil Chemists' Society, vol. 68, no. 1, 1991, pp.
23-25.

[38] J. Hussain, A. L. Khan, N. U. Rehman, M. Hamayun, T. Shah, M. Nisar,
T. Bano, and 1.-J. Lee, “Proximate and nutrient analysis of selected
vegetable species: A case study of Karak region,” Pakistan African
Journal of Biotechnology, vol. 8, no. 12, 2009, pp. 2725-2729.

[39] M. Camciuc, J. M. Bessi¢re., G. Vilarem, A. Gaset, “Volatile
components in okra seed coat,” Phytochemistry, vol. 48, no. 2, 1998, pp.
311-315.

[40] H.K. Bakhru, Healing Through Natural Foods, 2000, Jaico Publishing
House.

[41] P. A. Balch, Prescription for Dietary Wellness, 2003, Avery.

[42] B.Mars, Rawsome!: Maximizing Health, Energy, and Culinary Delight
With the Raw Foods Diet, 2004, Basic Health Publications, Inc.

[43] Ilango, K.B.a , Mishra, M.b , Devi, S.c , Rajsekaran, A.c , Senthil
kumar, M.c , Subburaju, T.a In vitro and in vivo evaluation of okra
polysaccharide-based  colon-targeted drug delivery  systems
International Journal of Pharmaceutical Sciences Review and Research
Volume 5, Issue 1, November 2010, Pages 138-145

[44] M. Emeje, O. Olaleye, C. Isimi,, J. Fortunak, S. Byrn, O. Kunle, and S.
Ofoefule, “Oral sustained release tablets of zidovudine using binary
blends of natural and synthetic polymers,” Biological and
Pharmaceutical Bulletin, vol. 33, no. 9, 2010, pp. 1561-1567.

[45] V.D.Kalu, M. A. Odeniyi and K. T. Jaiyeoba, “Matrix properties of a
new plant gum in controlled drug delivery,” Archives of Pharmacal
Research, vol. 30, no. 7, 2007, pp. 884-889.

[46] Bakre, L.G. , Jaiyeoba, K.T. Evaluation of a new tablet disintegrant
from dried pods of abelmuscus esculentus L (Okra) Asian Journal of
Pharmaceutical and Clinical Research Volume 2, Issue 3, July 2009,
Pages 83-91

[47] Acquistucci, R, & Francisci, R 2002, 'Effect of okra (Hibiscus
esculentus L.) addition on the technological properties of a wheat flour',
International Journal Of Food Sciences And Nutrition, 53, 5, pp.
375-379, MEDLINE with Full Text, EBSCOhost, viewed 2 April 2011.

[48] Romanchik-Cerpovicz, J, Tilmon, R, & Baldree, K 2002, 'Moisture

retention and consumer acceptability of chocolate bar cookies prepared

with okra gum as a fat ingredient substitute', Journal Of The American

Dietetic Association, 102, 9, pp. 1301-1303, MEDLINE with Full Text,

EBSCOhost, viewed 2 April 2011.

Verspohl, E.J., Recommended testing in diabetes research. Planta

Medica, vol. 68, 2002, pp. 581-590.

[50] H.J.Hwang, S. W.Kim, Y. M. Baek, S. H. Lee, H. S. Hwang and J. W.
Yun, Gene Expression profiling in streptozotocin-induced diabetic rat
liver in response to fungal polysaccharide treatment, Korean J. Chem.
Eng., vol. 26, no 1, 2009, pp. 115-126.

[49

[}

Indah Mohd Amin was born at Hospital Duchess
of Kent, Sandakan, Sabah, Malaysia, on the 9" June
1978. She obtained a degree in molecular and cell
biology (biochemistry) from Universiti Kebangsaan
Malaysia (UKM), Bangi, Selangor, Malaysia in
2000. Then, she obtained master in science
(molecular and medicine) from Universiti
Teknologi MARA (UiTM) Malaysia, Shah Alam,
Selangor, Malaysia in 2007.

Previously, she was a lecturer at the Faculty of Health and Life Sciences,
Management Science University (MSU), Shah Alam, Selangor, Malaysia
from the year 2005 to 2008. Currently, she is a biochemistry lecturer at the
Faculty of Dentistry, Universiti Teknologi MARA (UiTM) Malaysia, Shah
Alam, Selangor, Malaysia, since 2008. Her research interests are in
molecular medicine, biochemistry, biotechnology, bioinformatics and health
informatics.

Ms Indah Mohd Amin is a member of Institute of Electrical and
Electronics Engineers (IEEE), International Association of Computer
Science and Information Technology (IACSIT), Asia-Pacific Chemical,
Biological and Environmental Engineering Society (APCBEES) and
International and American Association for Dental Research (IADR).






