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Effects of Nigella sativa and Aloe vera on Burn Healing: 
Clinical and Histopathological Evaluations  

In this study, clinical and histopathological effects of Nigella sativa (NS) and Aloe vera (AV) on the 
healing of experimental skin burns were evaluated. Thirty-six rats were divided into three equal 
groups: control (cold cream, C), NS, and AV. A 1.5 cm diameter second-degree burn was created 
on the dorsal thoracic region and cold cream, NS, and AV were applied topically twice daily. The 
burn and epithelialization areas were measured on days 0, 4, 7, 10, and 14. On days 7 and 14, six 
rats from each group were euthanized for histopathological examination. 

Macroscopic examinations revealed that the healing was better in the AV group on days 4, 7, and 
10; on day 14, healing was better in both the AV and NS groups compared to the control group 
(p<0.0001). 

Histopathological examinations showed severe necrosis on day 7 and severe mononuclear (Mn) 
cell infiltration between days 7 and 14 in the control group. Oedema was severe in the AV and NS 
groups on day 7. Epithelialization was incomplete in the control group on day 7, moderate in the 
NS group, and advanced in the AV group. Epithelialization was complete in the AV and NS groups 
on day 14. Granulation tissue formation was advanced in the AV group.  

Clinical and histopathological findings demonstrated that AV enhances the healing of skin burns by 
preventing necrosis and promoting epithelialization. In conclusion, the obtained data indicate that 
NS and AV can be safely used in the treatment of thermal skin burns. 
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Nigella sativa ve Aloe vera’nın Yanık İyileşmesi Üzerine Etkileri: Klinik ve 
Histopatolojik Değerlendirmeler 

Bu çalışmada, Nigella sativa (NS) ve Aloe vera’nın (AV) deneysel deri yanıklarının iyileşmesi 
üzerindeki klinik ve histopatolojik etkileri değerlendirildi. Otuz altı rat kontrol (Cold krem, C), NS ve 
AV olmak üzere üç eşit gruba ayrıldı. Dorsal torasik bölgede 1.5 cm çapında 2. derece yanık 
oluşturuldu ve günde iki kez cold krem, NS ve AV topikal olarak uygulandı. Yanık ve epitelizasyon 
alanları 0., 4., 7., 10. ve 14. günlerde ölçüldü. Yedinci ve 14. günlerde histopatolojik inceleme için 
her gruptan 6 rat ötenazi edildi. 

Makroskopik incelemelerde, iyileşmenin 4., 7. ve 10. günlerde AV grubunda daha iyi olduğu; 14. 
günde ise AV ve NS gruplarında kontrol grubuna göre daha iyi olduğu gözlendi (p<0.0001).  

Histopatolojik muayenelerde, kontrol grubunda 7. günde şiddetli nekroz ve 7.-14. günlerde şiddetli 
düzeyde mononükleer (Mn) hücre infiltrasyonu saptandı. Ödem, 7. günde AV ve NS gruplarında 
şiddetli düzeydeydi. Epitelizasyon 7. günde kontrol grubunda tam olarak şekillenmemişken, NS 
grubunda orta, AV grubunda ileri düzeydeydi. Ondördüncü günde AV ve NS gruplarında 
epitelizasyon tamamlanmıştı. Granülasyon dokusu oluşumu AV grubunda ileri düzeydeydi.  

Klinik ve histopatolojik bulgular, AV’nin nekroz oluşumunu önleyerek ve epitelizasyonu 
destekleyerek deri yanıklarının iyileşmesini artırdığını göstermiştir. Sonuç olarak, elde edilen veriler 
NS ve AV’nin termal deri yanıklarının tedavisinde güvenle kullanılabileceğini ortaya koymaktadır. 

Anahtar Kelimeler: Aloe vera, Nigella sativa, yanık, rat 

Introduction 

In the treatment of thermal burns, ointments containing antibiotics, antimicrobials, 
and antiseptics, as well as those that promote epithelialization and possess antioxidant 
properties, are used with the aim of achieving rapid tissue repair (1-3). Research is still 
ongoing to identify the most effective treatment method for burns (4). 

Nigella sativa (NS) is composed of approximately 36-38% fixed oils along with 

proteins, alkaloids, and saponins, and it also contains 0.4-2.5% essential oils. In 
addition, it includes several bioactive constituents such as thymoquinone, 
dithymoquinone (5), and thymol (6). Through these compounds, it exhibits 
antineoplastic, antibacterial, antifungal, anthelmintic, antidiabetic, and antioxidant effects 
(7). NS has been reported to show therapeutic efficacy in conditions including 
inflammation, bronchitis, asthma, and eczema (8). It is also reported to support wound 
healing  by  stimulating  angiogenesis,  increasing  fibroblast  proliferation  and  collagen  
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synthesis, and reducing leukocyte count, tissue damage, 
and bacterial contamination (9). 

Aloe vera (AV) possesses topical anesthetic, tissue 
penetration, antimicrobial, anti-inflammatory, and 
immunomodulatory properties (10). AV, containing 
vitamins C and E, essential amino acids, and 
polysaccharides, is a powerful moisturizer that protects 
the skin barrier (11). It has been reported that AV 
shortens the treatment duration by supporting 
vascularization and accelerating healing and 
epithelialization (12). Additionally, it has been reported to 
be effective against various bacterial pathogens that 
cause infection in burn wounds, as well as certain 
Candida species (3). 

This study aimed to systematically assess the 
therapeutic effects of NS and AV on burn wound healing 
in an experimental rat model and to clinically and 
histopathologically compare the efficacy of these two 
herbal treatment agents. 

Materials and Methods  

Research and Publication Ethics: The present 

study was performed following approval from the Firat 
University Animal Experiments Local Ethics Committee 
(FU-HADYEK) (approval date: 30.06.2021; decision no: 
2011/11) and was financially supported by the Scientific 
Research Projects Coordination Unit of Fırat University 
(FÜBAP) (Project No: VF.21.20).  

Animals and Experimental Groups: This study 

utilized 36 female Wistar albino rats aged 2–3 months. 
The animals were randomly assigned to three main 
groups (n=12 each), and each group was further divided 
into two subgroups based on experimental duration (7 
and 14 days), with six rats per subgroup. Before the 
experimental procedures, all animals were acclimatized 
for at least one week in plastic cages under controlled 
environmental conditions (temperature and humidity), 
with unrestricted access to standard laboratory chow 
and water. 

Anesthesia: General anesthesia was induced by 

intramuscular administration of 6 mg/kg Xylazine 
hydrochloride (Rompun, Bayer, 23.32 mg/mL), followed 
10 minutes later by 85 mg/kg Ketamine hydrochloride 
(Ketalar, Parke-Davis, 50 mg/mL).  

Creation of the Burn Model: After shaving the 

dorsal thoracic regions of the rats, the areas were 
disinfected with a 10% povidone-iodine solution. A 
standardized full-thickness second-degree burn lesion 
with a 1.5 cm diameter was induced in each animal. For 
this purpose, a brass probe of the same diameter was 
heated in boiling water (100°C) until thermal equilibrium 
was achieved, then gently applied to the dorsal thoracic 
region without pressure and maintained in contact for 15 
seconds. Following the procedure, all rats received 
intraperitoneal resuscitation with Lactated Ringer’s 
solution at a dose of 2 mL/100 g body weight (6, 9, 13–
15). A total of 36 rats were then allocated equally into 
three experimental groups. Cold cream (control, K) was 
applied topically twice daily to the 12 rats in the first 

group, NS to the 12 rats in the second group, and AV to 
the 12 rats in the third group.  

Clinical Examinations: Digital photographs of the 

burn areas were taken from a distance of 8 cm under 
standard conditions on days 0, 4, 7, 10, and 14 following 
burn induction. The wound healing process was 
evaluated using these images. A quantitative 
assessment of wound healing was carried out using 
ImageJ software (National Institutes of Health, 
Bethesda, MD, USA) (16). In this process, wound areas 
were quantified from digital images acquired at each 
time point using ImageJ, and the wound closure rate 
was calculated over time. 

Histopathological Examinations: After burn 

induction, six animals from each experimental group 
were euthanized on days 7 and 14. Skin specimens, 
including the burn area and adjacent normal tissue, were 
harvested for histopathological evaluation. 

The skin specimens were fixed in 10% neutral 
buffered formalin. After fixation, routine tissue 
processing was performed through graded alcohols and 
xylene, followed by paraffin embedding. Sections of 4 
µm thickness were cut and placed on poly-lysine-coated 
slides. Hematoxylin and eosin staining was applied for 
routine histological evaluation, while Masson’s trichrome 
staining was used to assess granulation tissue 
formation. All slides were examined under a light 
microscope for necrosis, mononuclear (Mn) cell 
infiltration, oedema, and epithelialization. 
Histopathological findings were semi-quantitatively 
graded as absent (−), mild (+), moderate (++), or severe 
(+++) (Table 1). 

Table 1. Histopathologic scoring 

Necrosis 

Mn cell 
infiltration 

Epithelialization 

– : None 

+ : 1/3 of the wound length 

++ : 2/3 of the wound length 

+++ : Along the entire length of the 
wound 

Granulation 
tissue 
formation, 
Oedema 

– : None 

+ : 5–20% of the field 

++ : 20–40% of the field 

+++ : 40% or more of the field 

Statistical Analysis: All collected data were 

analyzed using IBM SPSS Statistics software (version 
22). The Shapiro-Wilk normality test was performed to 
determine whether the raw values of all measured 
parameters followed a normal distribution. For 
parametric data showing a normal distribution, a one-
way analysis of variance (ANOVA) was performed to 
determine differences between groups, and the post hoc 

Tukey test was used for pairwise comparisons. 
Differences in histopathological findings between groups 
were determined using the Kruskal-Wallis test, a 
nonparametric test, and the group showing the 
difference was identified using the Mann-Whitney U test. 
A p-value less than 0.05 was considered statistically 
significant. 
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Results 

Clinical Findings: Macroscopic examinations 

revealed marked inflammation and erythema in the burn 
area on day 1. On days 4 and 7, healing in the AV group 
was observed to be better than in the other groups 
(p<0.0001). While scab detachment occurred earlier in 
the AV group compared to the NS group, no scab 
detachment was observed in the control group for 14 
days. On the 10th day, it was determined that healing in 
the NS and AV groups was better than in the control 
group, with the best healing observed in the AV group 
(p<0.0001). By the fourteenth day, healing in the 
treatment groups was better than in the control group 
(p<0.0001); although there was no statistical difference 
between the NS and AV groups, it was determined that 
healing in the AV group was numerically better than in 
the NS group. 

Macroscopic images illustrating the effects of NS 
and AV on cutaneous burn healing in rats are presented 
in Figure 1, while data on the remaining wound area 
according to the post-burn period are presented in Table 
2. 

Histopathological Findings: On days 7 and 14, 

significant differences were detected among the 
experimental groups regarding necrosis, Mn cell 
infiltration, oedema, epithelialization, and granulation 
tissue formation (Table 3). 

On day 7, severe necrosis was observed in the 
control group, while mild necrosis was observed in the 
NS group. On day 14, mild necrosis was observed in the 
NS group, while no necrosis was detected in the control 
and AV groups. 

On day 7, Mn cell infiltration was assessed as 
severe in the control group and moderate in the NS and 
AV groups. In the AV group, Mn cell infiltration 
decreased to a mild level on day 14. Oedema was 
evaluated as severe in both NS and AV groups on day 7, 
while it decreased to a moderate level in the NS group 
and a mild level in the AV group on day 14. 
Epithelialization was not yet fully established in the 
control group. On day 7, epithelialization was moderate 
in the NS group and more advanced in the AV group. By 
day 14, complete epithelialization was observed in both 
treatment groups. 

Although granulation tissue had not yet fully begun 
to form in the control group by day 7,mild formation was 
observed in the NS and AV groups. By day 14, 
granulation tissue formation was graded as moderate in 
both the control and NS groups, whereas the AV group 
exhibited advanced granulation tissue development 
(Figure 3). 

 

Table 2. The remaining burn wound area relative to the elapsed time 

Day 
Groups 

p-value* 
Control Nigella sativa Aloe vera 

0 176.625 176.625 176.625 - 

4 122.62±13.21a, A 115.89±10.03a, A 90.97±9.52b, A <0.0001 

7 81.79±5.67a, B 76.04±10.12a, B 57.51±9.16b, B <0.0001 

10 41.36±6.15a, C 32.21±5.36b, C 19.77±3.09c, C <0.0001 

14 12.02±1.88a, D 5.12±2.71b, D 2.14±1.89b, D <0.0001 

p-value** <0.0001 <0.0001 <0.0001 - 

* The difference between groups (a–c) with different letters on the same row is statistically significant (p<0.05). 

** The difference between time points labeled with different letters (A–D) in the same column is statistically significant (p<0.05). 

Table 3. Statistical analysis of histopathological findings 

 Necrosis Mn cell infiltration Oedema Epithelialization Granulation tissue 

Day 7 Control 2.83±0.51a 2.66±0.40a 0.33±0.51a 0.12±0.40a 0.33±0.51a 

Day 7 Nigella sativa 1.12±0.40b 1.83±0.51b 2.66±0.40b 0.12±0.40a 1.12±0.40b 

Day 7 Aloe vera 0.33±0.51c 1.83±0.51b 2.83±0.51b 1.66±0.40b 1.00±0.00b 

Day 14 Control 0.12±0.40c 2.66±0.40a 0.33±0.51a 0.33±0.51a 1.66±0.40c 

Day 14 Nigella sativa 0.33±0.51c 1.66±0.40b 1.83±0.51c 2.83±0.51c 1.83±0.51c 

Day 14 Aloe vera 0.12±0.40c 0.83±0.40c 1.00±0.00d 2.66±0.40c 2.83±0.51d 

a,b,c,d, Different letters in the same column indicate differences between groups (p<0.05). 
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Figure 1. The effects of Nigella sativa and Aloe vera on the healing of cutaneous burns in rats. The figure shows representative 
images of the wounds, and rats treated with Nigella sativa and Aloe vera exhibited more pronounced healing compared to the control 
group. Time-dependent healing was observed in all groups. 

 
Figure 2. Microscopic appearance of burn wound healing on days 7 and 14. H&E. A. Control (Day 7): Severe necrosis (arrow) and Mn 
cell infiltration (□). B. Control (Day 14): Mild necrosis (arrow), severe Mn cell infiltration (□). C. Nigella sativa (Day 7): Mild necrosis 
(arrow), moderate Mn cell infiltration (□), moderate epithelialization (arrowhead), severe oedema (*). D. Nigella sativa (Day 14): 
Moderate Mn cell infiltration (□), severe oedema (*) and severe epithelialization (arrowhead). E. Aloe vera (Day 7): Moderate Mn cell 
infiltration (□), severe oedema (*) and severe epithelialization (arrowhead). F. Aloe vera (Day 14): Mild Mn cell infiltration (□), mild 
oedema (*), and severe epithelialization (arrowhead). 
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Figure 3. Microscopic appearance of burn wound healing on days 7 and 14. MST. A. Control (Day 7). Minimal granulation tissue 
formation (*), B. Control (Day 14). Moderate granulation tissue formation (*), C. Nigella sativa (Day 7). Mild granulation tissue 
formation (*) and moderate epithelialization (arrowhead). D. Nigella sativa (Day 14). Moderate granulation tissue formation (*) and 
severe epithelialization (arrowhead), E. Aloe vera (Day 7). Mild granulation tissue formation (*) and severe epithelialization 
(arrowhead). F. Aloe vera (Day 14). Severe granulation tissue formation (*) and severe epithelialization (arrowhead). 
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Discussion 

Burn healing is a dynamic, multi-stage biological 
process that begins following tissue damage and 
involves phases of inflammation, proliferation, and 
remodeling. The primary clinical goal in this process is to 
ensure that the wound heals as quickly as possible with 
minimal scar formation by preventing the development of 
complications, particularly infection (6, 9, 13, 15, 17). 
The effects of plant-derived agents on wound healing 
have long been studied in both traditional and modern 
medicine (17). The aim of this study was to investigate 
the clinical and histopathological effects of NS and AV 
on an experimental burn model established in rats and to 
determine any differences in efficacy between the 
groups. 

In this study, the burn model was created by 
applying a 1.5 cm diameter brass probe heated to 100°C 
to the dorsal region of rats for 15 seconds, in 
accordance with similar methodologies reported in the 
literature (6, 9, 13-15). The full-thickness second-degree 
skin burn created by this method allowed for the 
establishment of a standard tissue injury and the 
objective monitoring of the healing process. Wound area 
measurement is of critical importance for the reliability of 
results in experimental studies. It has been reported that 
individual variations and measurement errors in 
drawings made on live animals can lead to deviations in 
area calculations (6, 9, 13, 14, 17). In this study, digital 
measurements were performed using ImageJ software 
instead of traditional acetate paper and millimeter-based 
calculation methods, with the aim of minimizing 
measurement errors and enhancing the objectivity of the 
results. 

In this study, macroscopic evaluations revealed 
that wound area reduction in the AV group on days 4, 7, 
and 10 was statistically significantly greater than in all 
other groups (p<0.0001). By day 14, significant 
improvement was observed in both the NS and AV 
groups compared to the control group (p<0.0001). 
However, the data indicate that the AV group’s rate of 
healing is higher than that of the NS group, suggesting 
that AV may be a more effective alternative in burn 
treatment. 

In the first few days following a burn injury, the 
tissues surrounding the central necrotic area may 
progress to necrosis due to inflammation and oxidative 
stress. This can lead to an expansion of the area 
requiring surgical intervention and increased scar 
formation. In this study, the fact that necrosis remained 
at a lower level in the treatment groups compared to the 
control group demonstrates that NS and AV have the 
capacity to limit tissue loss in the stasis area. 

It has been reported that NS possesses 
antimicrobial, antioxidant, anti-inflammatory, and 
immunomodulatory properties and accelerates the 
histopathological healing process in burn models (6). It is 
stated that the positive effects of NS on wound healing 
are associated with the induction of angiogenesis, 

increased fibroblast proliferation, and stimulation of 
collagen synthesis. It is also noted that it contributes to 
reducing tissue damage and bacterial infection by 
regulating leukocyte activity (18). 

AV is widely used due to its antibacterial, antiviral, 
and anti-inflammatory properties (19, 20). It has been 
reported that AV is more effective in chronic wounds 
than in acute wounds and accelerates the healing 
process of burn wounds due to its anti-inflammatory 
effects, enhanced immune activity, antibacterial and 
antiviral effects, and reduced histamine activity (21). 

In the histopathological evaluation, collagen 
deposition and granulation tissue formation during the 
proliferative phase (key indicators of wound healing) 
were taken into account (22, 23). By day 7, a significant 
increase in granulation tissue was observed in the NS 
and AV groups compared to the control group. By the 
fourteenth day, it was notable that granulation tissue 
levels were higher in the AV group compared to the 
other groups. 

When evaluated in terms of epithelialization, the 
fact that the epithelialization rate in the AV group was 
significantly higher than in all other groups on day 7 
demonstrates the significant positive effect of AV on 
early-stage epithelialization. The higher levels of 
necrosis observed in the control group on day 7 and of 
mononuclear cell infiltration on days 7 and 14; in 
contrast, the more advanced epithelialization observed 
in the NS and AV groups on day 14, indicate that NS 
and AV positively influence the healing process. 

One limitation of the present study is that repeated 
measurements obtained from the same animals were 
evaluated primarily through time-point-based group 
comparisons. In addition, the relatively limited sample 
size in histopathological evaluations should be 
considered when interpreting the findings. Future studies 
using longitudinal statistical models and larger sample 
sizes may provide additional insight into healing 
dynamics over time. 

In conclusion, the findings of this study 
demonstrate that both AV and NS significantly 
accelerate burn healing at both the clinical and 
histopathological levels. However, AV exhibited more 
pronounced efficacy compared to NS in terms of limiting 
necrosis, initiating early-stage epithelialization, and 
achieving faster wound bed reduction. While this study 
supports the potential of herbal agents in burn treatment, 
it also highlights the need for comprehensive research 
evaluating different dosages, application forms, and 
long-term outcomes to fully integrate these findings into 
clinical practice and veterinary medicine. 
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