
Brief Communication

A Comparative Study of the Effects of Nigella
sativa Oil Gel and Aloe Vera Gel on Wound
Healing in Diabetic Rats

Yunita Sari, MHS, PhD1 , Iwan Purnawan, MKep1,
Dhadhang Wahyu Kurniawan, MSc, Apt2, and Eman Sutrisna, Dr, MKes3

Abstract
Clinicians and wound care nurses in Indonesia usually use Nigella sativa oil (NSO) gel and aloe vera (AV) gel to treat diabetic ulcers.
However, there are no studies directly comparing the effects of NSO and AV gels on wound healing, so it is unknown which of
these 2 plants is better at promoting wound healing in diabetic ulcers. If the comparative efficacy between these 2 gels was known,
it would be important evidence favoring the clinical use of one or the other product in Indonesia. The aim of this study was to
investigate and compare the effectiveness of NSO and AV gels on wound healing in a rat model of diabetic ulcers. This
experimental study involved 3 groups: NSO gel, AV gel, and controls. Our study showed that from day 5 onward, necrotic tissue
and inflammation decreased in the AV gel group compared with the other groups. The wound areas on days 6 (P ¼ .020) and
7 (P¼ .021) were significantly smaller in the AV gel group than in the NSO gel group. Reepithelialization was also better in the AV
gel group than in the other groups. This is the first study to compare the effects of AV and NSO gels on wound healing in diabetic
ulcers. Our study indicates that the AV gel is better than the NSO gel. Therefore, it is recommended that clinicians and wound
care nurses use AV gel instead of NSO gel for the topical treatment of diabetic ulcers.
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The number of persons suffering from diabetes mellitus was

approximately 171 million in the year 2000 and is increasing

worldwide. It is predicted that there will be 592 million patients

with diabetes mellitus by 2035.1 Diabetes mellitus causes many

complications. One of the most devastating is the diabetic foot

ulcer. Previous studies have shown that 9.1 to 26.1 million

patients with diabetes mellitus develop foot ulcers.2 The mor-

tality risk for patients with diabetic foot ulcers is 2 times higher

than for those without foot ulcers, and 20% of foot ulcers will

lead to foot amputation.2

Clinicians and wound care nurses in developed countries

usually use advanced therapies, such as negative pressure ther-

apy, hyperbaric oxygen, and growth factors, to accelerate

wound healing in diabetic ulcers.3-5 However, such therapies

are not available in developing countries. Therefore, nurses and

clinicians in developing countries, like Indonesia, use botanical

extracts and other natural products to treat diabetic ulcers.

These botanical extracts and natural products offer low-cost,

simple, and realistic therapeutic options when there are no

other alternatives.6

The botanical products that are usually used to treat diabetic

ulcers in Indonesia are Nigella sativa oil (NSO) and aloe vera

(AV) gels. NSO has been credited with a range of health

benefits and is widely used to treat many conditions, such as

fever, dyspepsia, jaundice, paralysis, and skin diseases.7

Previous studies have shown that NSO has many active

ingredients that can promote wound healing, such as

anti-inflammatory, antioxidant, antiparasitic, antibacterial, and

antifungal components, among others.8-10 Regarding its effects
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on wound healing, studies by Al-Douri and Al-Kazaz11 and

Yaman et al12 showed that NSO could promote the healing

of oral ulcers and burn wounds. Our previous study also

showed that NSO gel reduced inflammation and improved ree-

pithelialization and granulation tissue formation in diabetic

rats.13

In a previous study, we compared the effects of various

concentrations of NSO gels on wound healing in a rat model

of diabetic ulcers. We found that 10% NSO could reduce

inflammation in diabetic ulcers. The reduction of inflammation

may be linked to the presence of thymoquinone, which is the

active component of NSO. Previous study showed that thymo-

quinone can reduce inflammation.7

Aloe vera has also been studied for a decade because its

components have many beneficial effects on the body.14-17

Previous studies have shown that AV gel can also accelerate

the healing of burn wounds.18 Another study revealed that AV

improved wound healing in diabetic rats.19

Based on the above studies, NSO and AV gels appear to be

promising candidates for the treatment of diabetic ulcers.

However, it is still unknown which of these 2 botanical plants

is better at promoting wound healing in diabetic ulcers. There

are no published studies comparing their efficacy, and clin-

icians and wound care nurses in Indonesia cannot make

evidence-based decisions regarding which is more suitable

in clinical settings. Therefore, the purpose of this study was

to compare the efficacy of NSO and AV gels on wound heal-

ing in diabetic ulcers.

Methods

Gel Preparation

All the herbal components used in this study were purchased from

a local research center, supervised by Jenderal Soedirman Univer-

sity. The NSO gel was manufactured as described in a previous

study.13 We used 10% NSO based on the results of this previous

study, which showed that this NSO concentration accelerated

wound healing when compared with higher concentrations.13

Briefly, Carbopol was dispersed and hydrated in hot water by

continuous stirring. NSO, methyl paraben, propyl paraben, and

propylene glycol were then added to the Carbopol solution. Water

was then added to the mixture, followed by triethanolamine, until

it formed a clear gel.

The AV gel was prepared as described in a previous study.20

Briefly, the leaf surfaces were cleaned with ethanol to remove

traces of dirt and soil. The base, tapering point, and margins were

carefully removed to facilitate the slicing of the aloe vera leaves.

The transparent mucilage was carefully removed and processed

with a kitchen blender. The liquid obtained was filtered by using

a strainer.20 One hundred microliters of gel were applied to the

wounds using a micropipette.

Chemicals

The materials needed to make the NSO gel, such as Carbopol 940,

propylene glycol, methyl paraben, propyl paraben, and triethanola-

mine, were purchased from Bratachem (Indonesia). Alloxan

monohydrate and ketamine hydrochloride was purchased from Sigma

Aldrich Co (St Louis, MO, USA).

Animals

Twelve male Wistar rats aged 12 to 14 weeks (body weights between

170 and 200 g) were used in this study. The rats were purchased from

the Department of Pharmacy, Gadjah Mada University, Indonesia.

The rats were handled according to the Guide for the Use of Labora-

tory Animals of the National Institutes of Health. The experimental

protocols in this study were approved by the Ethical Committee for

Animal Study, Faculty of Medicine, University of Jenderal Soedir-

man, Indonesia (No. 1207/KEPK/III/2017).

Induction of Diabetes

The animals were acclimated for 1 week before diabetes induction.

Diabetes was induced by injecting alloxan monohydrate intraperito-

neally (90 mg/kg body weight). Before the injection, the rats were

fasted overnight. To monitor blood glucose levels, blood was collected

from the tail vein. Rats with blood glucose levels of 250 mg/dL or

higher were considered diabetic.

Wounding Procedure and Assessment of the Wound

Animal hair was removed 1 day before the wounding procedure. Rats

were anesthetized by an intraperitoneal injection of ketamine hydro-

chloride (40 mg/kg body weight). Then, a wound of 1 cm in diameter

was made on the dorsum of the rats. The wounding procedure fol-

lowed the method described in our previous study.21 The rats in this

study were divided into 3 groups: AV gel (4 rats), NSO gel (4 rats),

and control groups (4 rats). In the AV and NSO gel groups, 100 mL of

the corresponding gel was applied to the wounds. Then, the wound

was covered with a transparent film dressing. The control group was

subjected to the same procedure, except that no gel was applied.

Wound areas were measured by using the ImageJ software developed

by the National Institutes for Health.22 Relative wound areas were

calculated as follows: (area on day n – area on day 0) / (area on day

0).23 Wounds were also macroscopically assessed for closure (wound

size, color of wound bed, presence of exudate, and necrotic

tissue).24,25

Histological Procedure

The samples were harvested on day 7. Tissues were fixed in 10%
formalin, processed, and embedded into paraffin. Tissues were cut

into 5-mm-thick sections and then stained with hematoxylin and

eosin. To compare the wounds between the experimental and con-

trol groups, all tissue samples were assessed microscopically. Tis-

sue examination was performed according to a previously

described method.26

Statistical Analysis

Statistical analysis was performed using the SPSS software, version 20

for Windows (IBM Corp, Armonk, NY). Wound size and histological

results were analyzed by means of the Kruskal-Wallis test, followed

by the Mann-Whitney U test. A P value <.05 was considered

significant.
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Result

Macroscopic Findings

The macroscopic findings are presented in Figure 1. Our results

showed that the appearance of the wounds in the 3 groups was

similar on day 0. On day 1, the wounds in the AV gel, NSO gel,

and control groups appeared smaller than on day 0. However,

the wounds in the NSO gel and control groups turned a whitish

color when compared with the AV gel group. The wounds in

the AV gel group also started to fill with granulation tissue. On

day 1, the exudate in the AV gel and NSO gel groups had a

reddish color; however, in the control group, the exudate was

more yellowish. From days 3 to 5, the wounds in the AV gel

group were still covered with granulation tissue, and there was

no necrotic tissue. Conversely, there was necrotic tissue in the

NSO gel and control groups. In addition, the exudate in the

NSO gel and control groups was more purulent than in the AV

gel group. By day 7, the wounds in the AV gel and NSO groups

were almost healed; however, the wounds in the AV gel group

had a smaller size when compared with the NSO gel and con-

trol groups.

Wound Size

The wound size comparison between the AV gel, NSO gel, and

control groups is shown in Table 1 and Figure 2. The figure

shows that there were no significant wound size differences

between the 3 groups from days 1 to 5. However, the wound

areas in the AV gel group were significantly smaller than in the

NSO gel and control groups on days 6 (P ¼ .020, AV vs NSO

group; P ¼ .021, AV vs control group) and 7 (P ¼ .021, AV vs

Figure 1. Macroscopic findings in wounds treated with aloe vera (AV) gel (upper row of images) or Nigella sativa oil (NSO) gel (middle row), and
in control wounds (lower row) (bar ¼ 1 cm).

Table 1. The Ratio of Wound Area to Initial Area on Day 0.

Days Aloe Vera Nigella sativa Oil Control

0 1 1 1
1 0.85 + 0.078 0.83 + 0.083 0.80 + 0.25
2 0.80 + 0.22 0.75 + 0.08 0.68 + 0.17
3 0.76 + 0.23 0.69 + 0.10 0.69 + 0.26
4 0.60 + 0.182 0.59 + 0.13 0.63 + 0.30
5 0.55 + 0.15 0.59 + 0.13 0.58 + 0.13
6 0.39 + 0.13 0.56 + 0.08 0.56 + 0.08
7 0.24 + 0.194 0.58 + 0.07 0.53 + 0.06

Figure 2. Comparison of wound sizes in diabetic rats treated with
aloe vera (AV) gel or Nigella sativa oil (NSO) gel, and in control animals
(*P < .05, AV vs NSO group; yP < .05, AV vs control group).
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NSO group; P ¼ .021, AV vs control group). There were no

significant differences on days 6 and 7 between the NSO and

control groups.

Histological Findings

The histological findings are shown in Figure 3. There was less

intense inflammation in the AV gel group than in the NSO gel

and control groups. Fibroblast infiltration was more abundant

in the AV gel group than in the NSO gel and control groups.

Reepithelialization was also more complete in the AV gel

group than in the NSO gel and control groups. The inflamma-

tion intensity in each rat is shown in Table 2, while the differ-

ences in inflammation intensity and fibroblast infiltration are

shown in Table 3. The number of polymorphonuclear neutro-

phils in the microscopic fields of wound samples from the AV

gel group were significantly less than in the NSO gel and

control groups (P ¼ .015, AV vs control group; P ¼ .04, AV

vs NSO gel group). The number of polymorphonuclear neutro-

phils in the NSO gel group were also significantly less than in

the control group (P ¼ .04). The relative abundance of fibro-

blast infiltration in the AV gel group was significantly higher

than in the NSO gel and control groups (P ¼ .026, AV vs

control group; P ¼ .032, AV vs NSO gel group). However,

there were no significant differences between the NSO gel and

control groups (P ¼ .68).

Discussion

This is the first study to compare the effects of AV and NSO

gels on the promotion of wound healing in diabetic ulcers. We

compared AV and NSO because they are commonly used in the

rural areas of Indonesia to treat persons with diabetic ulcers.

NSO has been reported to contain active components that can

promote wound healing and that have anti-inflammatory, anti-

parasitic, and antimicrobial properties.9,27 A previous study by

the authors also showed that NSO gel reduced inflammation

and improved reepithelialization and granulation tissue forma-

tion in the wounds of diabetic rats.13 Similarly, previous studies

also reported that AV has active components that can promote

wound healing and which have anti-inflammatory, antibacter-

ial, and antifungal properties.18,19

Based on the macroscopic assessment, we found that

wounds healed better in diabetic rats when treated with AV gel

than with NSO gel. Moreover, the wound areas were also

smaller after treatment with AV gel than with NSO gel. Con-

sistent with the macroscopic findings, the microscopic exam-

ination demonstrated that wounds treated with AV showed a

greater reduction in inflammatory intensity than wounds

treated with NSO. In addition, fibroblast infiltration was also

more abundant in the AV group than in the NSO group. The

ability of AV to reduce inflammation may be due to the pres-

ence of anthraquinone. A previous study revealed that the

mechanism underlying the reduction of inflammation by AV

is linked to the inhibition of the cyclooxygenase pathway and

reduced production of prostaglandin E2 from arachidonic

acid.28 The higher abundance of fibroblasts seen in AV group

Figure 3. Hematoxylin and eosin staining of wound tissue samples from the aloe vera (AV) gel, Nigella sativa oil (NSO) gel, and control groups
(magnification 200�).

Table 2. Score of Inflammation for Each Rat.

Rats Aloe Vera Nigella sativa Oil Control

1 1 2 3
2 2 3 4
3 2 3 4
4 2 3 4

Table 3. Relative Abundance of Inflammatory Polymorphonuclear
Neutrophil Cells and Fibroblasts.a

Group Polymorphonuclear Neutrophils Fibroblasts

Aloe vera gel 2*y 3*y

Nigella sativa oil gel 3* 2
Control 4 2

aValues indicate the median score. Rating scale: 0¼ absent, 1¼ occasional, 2¼
moderate, 3 ¼ abundant, 4 ¼ very abundant.
*P < .05 (aloe gel/Nigella sativa oil gel vs control). yP < .05 (aloe gel vs Nigella
sativa oil gel).
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samples than in NSO group samples might explain why more

granulation tissue was seen in the AV group than in the NSO

group. In this regard, a previous study showed that AV could

increase the levels of collagen in granulation tissue and

improve ground substance (glycosaminoglycans and proteo-

glycans) formation in the wound area.29

In our previous study, we compared NSO with the standard

treatment. In that study, we found that NSO could reduce

inflammation and improve the reepithelialization of diabetic

ulcers.13 In this study, we found significantly improved ree-

pithelialization of wounds treated with AV when compared

with NSO. Based on the results of this study, the recommen-

dation is to use AV gel over NSO gel for the treatment of

diabetic ulcers. A future study with human subjects is needed

to confirm our findings.

Conclusion

This is the first study to compare the efficacy of AV and NSO

gels in the promotion of wound healing in diabetic ulcers. Our

results showed that wounds treated with AV gel were signifi-

cantly smaller than those treated with NSO gel. Our results also

showed that inflammation was more attenuated after treating

with AV gel than with NSO gel, and fibroblast infiltration was

more abundant after applying AV gel than NSO gel. Finally,

wound reepithelialization was also better with the AV gel than

with the NSO gel.
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