
 
 

 

  
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 hypoglycIemic 
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 
 

I. 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, (ii) 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 

35 years) 
Late (after 40 years) 

Type of onset Abrupt and 
severe 

Gradual and insidion 

Weight    Normal Obese/non-obese 
Family history   <20%   About 60% 
Genetic locus Unknown   Chromosome 6 
Pathogenesis Autoimmune 

destruction 
of β-Cells 

Insulin resistance, impaired  
insulin secretion 

Islet cell 
antibodies 

Yes No 

Blood insulin 
level 

Decreased 
insulin 

Normal or increased insulin 

Islet cell changes Insulitis, 
β-cell 
depletion 

No insulitis, later fibrosis of 
islets. 

Clinical 
management 

Insulin and 
diet 

Diet, exercise, oral drugs, 
insulin 

Acute 
complications 

Ketoacidosis Hyperosmolar coma 

 
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,  
Paronychia argentea,  
and Pistacia atlantica 

Jordan [9] 

Piper sarmentosum Thailand [10, 11]
 Pandanus odorus 

Pseuderanthemum 
palatiferum 

Vietnam & Thailand [12] 

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 
intestinal disaccharidases 

[30]   

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  

TABLE 4. CHEMICAL AND NUTRITIONAL CONSTITUENTS OF AE 

Constituents  Author

Uracil, uridine, deoxyuridine, adenine, 
Adenosine, 3′-deoxyadenosine, Guanosine, 
deoxyguanosine ,phenylalanine  
Tyrosine, leucine, and isoleucine  

[33] 

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

[38] 

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 

Healing properties Author 
Anti-ulcer food [40] 
Anticancer, reduced heart attack, lower blood 
cholesterol, relieve intestinal disorder, relieve 
inflammation of the colon, relieve diverticulitis, 
relieve stomach ulcer 

[41] 

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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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±1◦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/l). 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 µl of RNase-free 

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 
TaqMan probe. The in-house real-time TaqMan assay will be 
carried out using QuantiTect Probe RT-PCR kit 
(Qiagen,Germany). The reaction contained 5 μl of RNA, 
0.6μM of each primer, 0.2 μM of the TaqMan 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 

N group 
(7 rats) 

Treated with  
0.9% NaCl 

Preparation of 
AE water extract

STZ group 
(7 rats) 

AE group 
(21 rats) 

Intravenous injection of STZ 

Treated with 
0.9% NaCl 

Confirmed diabetic rat

Treated with 
100mg/kg 
body weight  
Of AE 

Treated with  
150mg/kg 
body weight  
Of AE 

Treated with 
200mg/kg 
body weight 
Of AE 

Male Sprague-Dawley rats (weight 130-150g at 5 weeks of age)

Extraction of RNA from rats liver 

Quantitative expression analysis 
-using Real Time RT-PCR 

 
-Gel electrophoresis 
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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 Taq-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 β-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. 
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