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Abstract 

      To analyze the anti-inflammatory properties of okra fruit extract and its efffect toward wound 
healing process in diabetic mellitus rats. 
 27 Wistar rats were divided into three groups: (1) negative control (K-), (2) positive control 
(K+) and (3) streptozotocin induction and 250 mg/kg body weight okra fruit extract (P). Three rats 
from each group were sacrificed on the 1st, 4th, and 7th days after extraction of their left lower 
incisor and excised for histologic examination by Hematoxylin Eosin (HE) staining to enable 
evaluation of the neutrophil expressions. 
 The administration of okra extract to the tooth extraction wounds significantly reduced 
neutrophil expression compared to that in the untreated group. There was a significant difference 
on day 1 between the following groups: (1) K- and K+ and (2) K + and P. On day 4, the most 
significant difference was between K- and P. On day 7, the most significant difference was between 
K- and K+ group, K+ and P group. 
 Okra fruit extract exhibits anti-inflammatory activity and is, therefore, an effective agent for 
healing process of tooth extraction wounds in diabetic mellitus rats. 
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 Introduction 

 
 Diabetes Mellitus (DM) is a condition 
characterized by chronic hyperglycemia due to 
impaired metabolism of carbohydrates, fats and 
proteins. DM can occur due to various 
(multifactorial) reasons or to the pathophysiology 
process.1 Chronic hyperglycemia in DM can be 
associated with long-term damage to body 
tissues, including blood vessels. Long-term 
damage to these can result in slower wound 
healin.2 

Wound healing, in fact, constitutes a 
complex and dynamic series of processes whose 
purpose is to replace damaged cell structures 
and tissues.3 Effective healing occurs if the 
regeneration and integrity of functional tissue is 
achieved through the activation and infiltration of 

inflammatory cells such as neutrophils and 
macrophages which produce pro-inflammatory 
cytokines including: tumor necrosis factor-alpha 

(TNF-) and interlukin-1 (IL-1).4 The acute 
inflammatory phase occurs between the first 24 
hours and the third day, a period marked by the 
presence of cellular activity, namely; the 
movement of neutrophils from blood vessels to 
the wound site, their increase between 24 and 48 
hours and subsequent decrease after the third 
day.5 

The inflammatory response begins when 
leukocyte infiltrates tissues, especially if 
neutrophils present in the blood vessels 
penetrate the wound area. Neutrophils constitute 
the most abundant cells there for the first two 
days after injury.6 The chemokines function 
mainly to attract neutrophils and lymphocytes 
and participate in regulating the initial wound 
healing phase. After neutrophils have migrated to 
the injured area, monocytes will follow suit. 
Monocytes will differentiate into macrophages 
that play a significant role in the inflammatory, 
proliferation and rehabilitation phases of the 
wound healing process.7 
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Neutrophils are inflammatory cells 
released immediately after injury which provoke 
an immune response by producing proteolytic 
enzymes to digest foreign particles and destroy 
bacteria. Although neutrophils have a role in 
preventing infection, the presence of persistent 
neutrophils in the wound will result in impaired 
healing and the development of chronic wounds.8 

At present, alternative medicine using 
natural ingredients is widely resorted to because 
it is more economical with limited undesirable 
side effects. One plant suitable as an alternative 
treatment is okra fruit extract (Abelmoschus 
esculentus) due to its numerous beneficial 

characteristics including: antidiabetic, antioxidant, 
antibacterial and anti-inflammatory.9 According to 
Shah and Seth, a dose of 250 mg / kg body 
weight okra fruit extract produces an encouraging 
anti-inflammatory effect.10 Okra fruit extract 
inhibits alpha-glucosidase enzyme which 
impedes glucose absorption in the intestine and 
lowers blood glucose levels.11 The active 
ingredients contained in okra extract include: 
saponins, tannins, flavonoids and alkaloids.12 In 
previous research conducted by Sathish et al., 
flavonoids were shown to produce anti-
inflammatory effects13 by inhibiting 
cyclooxygenase and lipookigenase enzymes in 
arachidonic acid metabolism.14 Flavonoids can 
modulate oxidative bursts in neutrophils resulting 
in a decrease in ROS, thereby accelerating 
wound healing.15 saponins, tannins, alkaloids, 
triterpenoids, flavonoids, phenolics, steroids, and 
glycosides from herbal plants  is potentially 
effective as a wound healing agent that 
stimulates fibroblast cell proliferation.16 

Based on these facts, researchers resolved to 
analyze the anti-inflammatory effect of okra fruit 
extract on the healing of tooth extraction wounds 
of diabetic mellitus rats. 
   

Materials and methods 
 
 Preparation of wistar rats 

 Samples of 27 2-3 month-old, male, 
Wistar rats, weighing 100-150 grams were 
provided with ad libitium standard pellets and 

distilled water for one week. These subjects were 
divided into three groups, namely: a negative 
control group (K-), a positive control group (K +) 
and a treatment group (n = 9). The K- group was 
neither Streptozotocin-induced nor administered 
with okra fruit extract, the K+ group was 

Streptozotocin-induced, but not given okra fruit 
extract, while the P group was induced with 
Streptozotocin and okra fruit extract. 
 Plant material and preparation of 
extract 

Fresh okra fruit was identified at the 
Integrated Service Unit of Materia Medica, Batu, 
East Java before being cleaned and mashed 
using a blender. 70% ethanol solvent was 
subsequently introduced into the jar which was 
tightly sealed for 24 hours and agitated in a 
digital shaker (Orbital Shaker OS-100, 
Guangdong, China) at a speed of 50 rpm. The 
liquid extract was then passed through a filter 
before being stored in an erlenmeyer flask. The 
results of the liquid extraction process were 
evaporated using a rotary evaporator 
(Rotavapor® R-100, Banten, Indonesia) for 90 
minutes. The resulting extract was evaporated in 
a waterbath (WNB14, German) for two hours. 
Thereafter, the liquid extract produced was 
stored in a container.  the basic use of ethanol 
solvents is due to the results of the study showed 
that the ethanolic extract of Moringa leaves helps 
to accelerate the wound healing on the rat’s 
palate.17  
 Streptozotocin preparation 
 Streptozotocin (STZ) (Bioworld, Batam, 
Indonesia) was administered at a dose of 50 mg / 
kg BW to rats by dissolving STZ powder in a 0.05 
M citrate buffer solution of 4.3-4.5 pH which had 
been made with STZ concentration of 22.5 mg / 
ml in citrate.18 

 Experimental treatment 

In both the positive control and treatment 
groups, STZ was induced by means of one 
intraperitoneal injection. On the fourth day after 
STZ induction, the blood glucose levels of the 
Wistar rats were calculated by extracting blood 
from from their lateral veins and measuring it by 
glucometer (Accu-Chek, Basel, Switzerland). 
Wistar rats are considered to be diabetic when 
their blood glucose level reach ≥ 200 mg / dl.18 

 All groups were then given anesthesia by 
means of peritoneal injection of 0.1 ml of 
ketamine per subject. After 1-1.5 hours, the lower 
left incisor of each subject was extracted, and the 
tooth socket irrigated using saline solution.19 
After extraction, the K- and K + groups were 
denied okra fruit extract, while the P group was 
given a 250 mg / kg dose of the extract orally 
using a gastric tube as much as 1 ml once a day 
until all subjects had been sacrificed. 
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 Three Wistar rats from each group were 
sacrificed on the 1st, 4th and 7th day after tooth 
extraction by intraperitoneal ketamine injection of 
a lethal dose (at least four times the anesthetic 
dose or approximately 0.4 ml / kg body weight). 
The gingival around the incisor tooth socket was 
subsequently excised and placed in fixation 
solution.20 The sacrificed rats were then buried.  
 Two millimeters of gingival mucosa 
around the socket was excised for histologic 
examination by Hematoxylin Eosin (HE) staining. 
Histopathological observation was performed by 
counting the number of neutrophil cells under a 
light microscope at 400x magnification. 

Statistical analysis 
A statistical analysis was performed on 

the data obtained by means of Kolmogorov-
Smirnov and Levene tests. Data normally 
distributed, although not homogeneous, was 
identified by means of a Kruskall-Wallis test. For 
that data containing significant differences, the 
analysis was further conducted by a Mann-
Whitney test. 

 
Results 

 
 It was found that neutrophil expression on 
the gingival mucosal surface identified by 
Hematoxilin eosin (HE) staining was as follows: 

The results from observation of neutrophil 
cells using a light microscope at 400x 
magnification can be seen in Figure 1., Table 1 
Day 4 shows a decrease in the number of 
neutrophil cells in the treatment group compared 
to the positive control group.  

 

 
Figure 1. Neutrophil cells in the mandibular left 
incisor socket wound on day 1, 4, and 7. (a) K- 
group. (b) K+ group. (c) P group. The yellow 
arrow indicates the neutrophil cells. Day 1 shows 
a decrease in the number of neutrophil cells in 
the treatment group compared to the positive 
control group, although it was not less than the 
negative control group. 

 
Table 1. Results of Mann-Whitney Test: K + and 

P group. 
* = significant differences (p<0,05) 

 
In contrast, neutrophil cells were absent 

from the negative control group. Day 7 shows a 
decrease in the number of neutrophil cells in the 
treatment group compared to the positive control 
group. Neutrophil cells were not found in the 
treatment group; neither were they present in the 
negative control group. Those results showed 
fewer neutrophil cells in the treatment group than 
the positive control group, but not fewer than the 
negative control group. A diagram of the average 
number of neutrophil cells can be seen in Figure 
2. 

 

 
Figure 2. The diagram of the average number of 

neutrophil cells in groups K-, K +, and P. 
 

The normality test was conducted in the 
form of a Kolmogorov-Smirnov test. In this study, 
all groups showed normal data distribution 
except for the K- group day 4, K- group day 7, 
and P group day 7. Those results did not show 
normal data distribution since the mean data was 
0 (zero). A Kruskall-Wallis test was carried out to 
compare the mean value of cell numbers 
between groups. If there were significant 
differences (indicated by p <α = 0.05), a Mann-
Whitney test was executed. The results of the 
Kruskal-Wallis statistical test confirmed that the 
K- group did not show significant differences 
between days 1, 4 and 7 (p = 0.105), whereas 
the K + group (p = 0.042) and P (p = 0.038) 
showed a significant difference. 
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The results showed the lack of significant 
difference between days 1, 4 and 7 in the 
negative control group (p = 0.105). The positive 
control group showed significant differences (p = 
0.042), while the most significant difference (p = 
0.038) was that of the treatment group. The most 
significant difference in the positive control group 
was between day 1 and day 7, while in the 
treatment group the most significant differences 
occurred between day 4 and day 7. 

 
 Discussion 
 

 The aim of this study was to analyze the 
anti-inflammatory effect of okra fruit extract on 
the wound healing process of post extraction 
socket in subjects with DM through the 
expression of neutrophil cells. The results of this 
study indicate that the administration of okra fruit 
extract can reduce the number of neutrophil cells 
within the healing process of extraction wound 
sockets in diabetic mellitus rats. The number of 
neutrophil cells in the P group was less than that 
in the K+ group, although greater than in the K-
group. Neutrophil cells were not found in the K-
group on the 4th and 7th days. This is in 
accordance with the short life span of neutrophils, 
namely, the first 24-48 hours after injury before 
decreasing after the 3rd day.5 

The average number of neutrophils in the 
K + group was the highest because STZ-induced 
DM rats experienced an interrupted wound 
healing process. STZ induction is intended to 
induce DM in the animal model, characterized by 
hyperglycemia. STZ is a diabetogenic material 
widely used in research.21 Damage of pancreatic 
beta cells caused by STZ induction depends on 
the dose and type of treatment provided to the 
subject. In this study, a low, non-toxic (to Wistar 
rats) dose of 50 mg / kg body weight was injected 
intraperitoneally and STZ was able to affect 
blood glucose through three mechanisms, 
including: 1) absence of the first stage ofinsulin 
response. Insulin secretion is delayed, failing to 
restore a surge of prandial blood sugar in normal 
time, 2) decreased insulin sensitivity in response 
to the amount of glucose causes hyperglycemia, 
and 3) failure to stimulate a realistic insulin 
response.22 

The cytotoxicity of STZ causes the 
release of free radicals which trigger intracellular 
oxidative stress.21 This is related to the inhibition 
of the wound healing process in Wistar rats with 

DM. The obstruction of the wound healing 
process in DM is one of the conditions that can 
complicate the healing of lesions. The function of 
inflammatory cells changes under DM conditions, 
one of which is neutrophils. Under DM conditions, 
it is known that high blood sugar levels will 
induce protracted hyperglycemic conditions so 
that Advance Glycilation End (AGE) product is 
formed. AGE affects the migration and 
phagocytosis of neutrophils so that they become 
persistent. Persistent neutrophils is capable of 
increasing pro-inflammatory cytokines, such as 
IL-1β, IL-8, and TNF-α. Excessive production of 
cytokines causes the number of neutrophils to 
remain high and result in inappropriate activation 
causing tissue damage.24,25 Neutrophils 
experience an extended life span the duration of 
which is normally 2-3 days after injury. However, 
in this study with DM conditions, neutrophils 
persisted until the 7th day after injury. If 
neutrophil apoptosis is delayed, neutrophils will 
continue to secrete matrix metalloproteinase-8 
(MMP-8) and reactive oxygen species (ROS) 
which triggers more protracted tissue 
damage.26,27 

In P group, the mean number of neutrophil 
cells was lower than that of the K+ group 
because of the per oral okra fruit extract. Oral 
administration represents the most common 
method but takes longer to reach the wound site. 
The extract passes through the digestive tract, 
thereby not directly reaching the target receptor. 
In the study conducted by Tamara et al. 
regarding differences between oral and topical 
drug administration in cases of Wistar tooth 
extraction wounds, it can be concluded that oral 
administration of an effective dose is more 
supportive of the extract reaching the target 
receptor.28 This is related to the theory that the 
effectiveness of the drug is influenced by the 
dose, the method of administration and half-life, 
the time that the body requires to eliminate drugs 
until there is an effective dose remaining.29 The 
current dose being used in this study (250 mg/kg 
body weigh) can effectively reduce the number of 
neutrophil cells so that the wound healing 
process can be accelerated. In addition, oral 
administration is also intended to stabilize the 
systemic state of Wistar rats, STZ-induced group 
(K + and P) experience decreased activity and 
weight loss. When given topically it only induces 
local effects, leading to concerns that the 
systemic conditions of the Wistar rats cannot be 
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managed effectively. 
Efforts that can be made to accelerate 

wound healing in DM rats are blood glucose 
control.30 Okra fruit extract can be used as an 
alternative treatment to control blood glucose 
with its potential as an anti-diabetic treatment. 
The isoquersetin and quersetin-3-O-
glucopyranosyl-glucoside content in okra fruit 
extracts can reduce blood glucose levels by 
acting as an α-glucosidase inhibitor. If the action 
of the α-glucosidase enzyme is inhibited, the 
blood glucose level can be restored to normal 
limits thereby promoting the wound healing 
process.11 The difference between the K + and P 
groups, due to the administration of okra fruit 
extract, function as an anti-inflammatory agent 
with the presence of flavonoids, those flavonoids 
can inhibit inflammation by inhibiting the 
cyclooxygenase enzyme and lipookigenase 
enzyme in arachidonic acid metabolism. After the 

cyclooxygenase pathway is inhibited, 
prostaglandin and leukotrin in the lipooxygenase 
pathway, will also be inhibited. In the presence of 
inflammation, those prostaglandins with the most 
important role are: prostocycline (PGI2), PGD2, 
PGE2 and PGF2 which can act as a vasodilator. 
This vasodilation of veins and arteries results in 
increased blood flow and enhanced vascular 
permeability that will transports blood cells to 
areas of infection or trauma. White blood cells 
then attach to the endothelial wall of the blood 
vessels using adhesion molecules and migrate to 
the inflamed tissue.31,32 

In this study, oxidative stress due to STZ 
administration can be neutralized by flavonoids 
contained in okra fruit extract which can act as 
antioxidants indirectly supporting their anti-
inflammatory effects. Flavonoids can stabilize 
ROS by reacting with reactive compounds from 
radicals, thereforethose radicals become 
inactive. Flavonoids can inhibit neutrophil 

degranulation, thereby directly reducing the 
release of arachidonic acid by neutrophils that  
decrease immunity response.33 

Tooth extraction represents a minor 
surgical procedure involving both the hard and 
soft tissue of the oral cavity. The study sample 
was taken from the soft tissue (gingiva) of 
extraction wounds. After further histology 
examination, it was found that there was only a 
small number of neutrophils, indicating, in turn, 
mild inflammation of the gingiva. The possibility 
of mild gingival damage is related to the 

expertise of the operator and his/her ability to 
perform tooth extraction effectively. This is in 
accordance with the findings of  Rakhshan on 
factors that can affect the degree of trauma 
caused by tooth extraction, one of which is that of 
the operator.34 Operators play an important role 
because they must have the appropriate 
techniques and predict the amount of power that 
should be used when extracting teeth to cause 
minimal trauma to the tissue. 

 
 Conclusions  
 
 Okra fruit extract exhibits anti-
inflammatory activity and is, therefore, an 
effective agent in the healing process in tooth 
extraction wounds of diabetic mellitus rats. 
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