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Abstract 

Oral mucosal wounds affect the Hssues lining the oral cavity and may result from trauma, 
surgery, burns, infecHons, or systemic diseases. The oral mucosa heals faster than the skin 
because of its moist environment, rich blood supply, and saliva. However, healing can be 
affected by microbial contaminaHon, mechanical irritaHon, and other underlying health con-
diHons. Ginger (Zingiber officinale) is a medicinal plant with anH-inflammatory, anHoxidant, 
and anHmicrobial properHes that may support oral wound healing. Its acHve compounds, 
including gingerols, shogaols, and zingerone, help reduce inflammaHon, control microbes, 
and protect Hssues from oxidaHve damage. Ginger also enhances fibroblast acHvity, collagen 
producHon, angiogenesis, and re-epithelializaHon, which contribute to faster Hssue repair 
and healing of oral mucosal wounds. The goal of this work was to perform histological as-
sessment of the impact of topical ginger oil on the healing of incisional wounds in the oral 
mucosa of rats. A total of ten adult male Wistar albino rats of 250-350 g weight and ages of 
3-5 months were used in the current study. Full-thickness surgical intramuscular incisional 
wounds were made in the lining buccal mucosal membrane of each rat’s cheek. The rats were 
grouped as follows: control group (incisional wound inducHon on the le\ side of the cheek 
lining buccal mucosa was allowed to heal spontaneously) and study group (incisional wound 
on the right side of the cheek lining buccal mucosa was treated daily with topical applicaHon 
of ginger oil). At the end of the healing period (3 and 7 days), all rats were sacrificed by an 
overdose of general anestheHc, and Hssue specimens were prepared for clinical histological 
analysis. The mean wound contracHon size, number of inflammatory cells, and epithelial 
thickness were measured by histological assessment under a light microscope. Inflammatory 
cell counts were significantly higher in the study group than in the control group on days 3 
and 7 (P=0.008). The highest mean value was observed on day 3 in the study group, followed 
by a gradual decrease over Hme. Epithelial thickness increased progressively over Hme in 
both groups; the study group showed significantly higher epithelial thickness than the control 
group at both day 3 and 7. Topical applicaHon of ginger oil accelerated oral wound healing in 
rats owing to its anH-inflammatory, anHoxidant, and pro-healing properHes. These findings 
suggest that ginger oil may be a promising adjunct therapy for promoHng oral mucosal repair. 
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Introduc)on 
The mucous membranes that coat the oral cav-
ity consist of an outer layer of keratinocytes re-
inforced by a layer of connective tissue of 

varying composition, as viewed under a micro-
scope. The mucosa acts as a defensive barrier 
by preventing the entry of any external agent 
that may pose a threat to one’s health [1]. 
Three forms of oral mucosa that vary 

histologically, clinically, and functionally can be 
identified: the lining mucosa, masticatory mu-
cosa, and specialized mucosa, which might be 
keratinized or non-keratinized [2,3]. 
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Wounds are common in the oral cavity, caused 
by either trauma or surgery, and wound heal-
ing follows the same biological principles as 
skin healing and begins immediately after in-
jury. Inflammatory phase, proliferation, and 
maturation are the three steps that make up 
the wound healing process. The inflammatory 
phase is characterized by an increase in the 
number of macrophages and neutrophils in the 
peripheral blood. The maturation phase is 
characterized by the emergence of wound 
healing, while the proliferation phase is char-
acterized by fibroblasts and epithelialization 
[4,5]. 
In the wound healing process, platelets inter-
act with exposed collagen, triggering clot for-
mation and initiating the healing cascade. A fi-
brin clot forms a temporary matrix, whereas in-
flammatory cells release cytokines and growth 
factors to regulate tissue repair. Fibroblasts 
then produce collagen to restore tissue 
strength and integrity. Disruption of this coor-
dinated process can lead to delayed or chronic 
wounds [6,7]. 
Additionally, several herbal formulations, in-
cluding ginger oil, have shown effective 
wound-healing properties in wound manage-
ment [8, 9]. Due to its beneficial antioxidant 
and anti-inflammatory characteristics, ginger 
rhizome (Zingiber officinale Roscoe), a plant 
that belongs to the Zingiberaceae family, has 
been used as a spice and medicinal herb in 
many different regions of the globe since an-
cient times. Ginger, in its many forms, including 
fresh, dried, aqueous, and ethanolic extracts, 
as well as ginger oil, is increasingly being used 
for nutritional and therapeutic reasons. There 
are several therapeutic properties that have 
been linked to gingerol, which is the primary 
component of ginger. These effects include an-
algesic and anti-inflammatory activity [10,11]. 
 
Material and Methods 
Ginger oil, ketamine 10% (Alfasan, Holland), 
xylazine 2% (Alfasan, Holland), and distilled 
water that had been sterilized were the com-
ponents that were used in this clinical investi-
gation. Ten albino male rats weighing 450 
grams and being only two to three months old 
were housed in the animal house at the Veter-
inary Clinic in Al-Najaf City from May 2026 to 
June 2026. The animals were housed in poly-
carbonate cages, given a regular rat chow pel-
let meal, and were allowed unrestricted access 
to tap water. The circumstances of the labora-
tory were standard, and the temperature was 
room temperature. 
Ten rats were used in this study and divided 
into two groups. Each rat received two intra-
muscular incisions (0.6 mm deep × 15 mm long) 
on both sides of the cheek. The right-side inci-
sion was treated with ginger oil, while the left-

side incision healed spontaneously as a con-
trol. Group A (n = 5): Wound evaluation after 3 
days. Group B (n = 5): Wound evaluation after 
7 days.  
Each individual animal was weighed before the 
surgical procedure was carried out to deter-
mine the appropriate dose of general anesthe-
sia. The administration of xylazine 2% (0.4 
mg/kg body weight) and ketamine HCL 50 mg 
(40 mg/kg body weight) by intramuscular injec-
tions was the method that was used to pro-
duce general anesthesia. An incision was made 
on the right and left sides of the cheek lining 
mucosa (Figure 1A) of about 0.6 mm depth and 
15 mm length [12]; the wound length was 
made using a digital vernier caliper. Afterward, 
a daily local application of 10 µl of ginger oil 
was applied using a micropipette on the in-
duced incision of the study group [13] (Figure 
1B), whereas normal saline was applied for the 
control group. After the anesthetic stage was 
achieved, the wound size was measured daily 
using a digital vernier until the day of sacrifice. 
The animals were sacrificed by an overdose of 
an anesthetic solution [14]. At the end of heal-
ing durations of 3 and 7 days, the wound area 
and normal tissue specimens were sectioned 
longitudinally from the buccal mucosa using a 
surgical blade (no. 21) and sharp surgical scis-
sors; the area surrounding the wound was cut 
5 mm around the wound boundaries on the 
3rd and 7th days [15], and finally, the speci-
mens were placed directly in a sterilized plastic 
tube with 10% freshly prepared formalin [16]. 
Thereafter, the specimens were prepared for 
histological analysis. 
 
 

 
Figure 1. Surgical procedure (A-wound induc-
Hon, B-oil applicaHon). 
 

Histological Parameters of Inflammatory Cells 
Count 
The number of inflammatory cells was counted 
randomly in five fields for each tissue speci-
men. Cells were counted using a light micro-
scope under a (×40) lens, as shown in Figure 2. 
Thereafter, the mean number of cells was cal-
culated using ImageJ software [17,18]. 

 
Figure 2. The inflammatory cells counHng using 
ImageJ so\ware.  
 
Ulcer size measurement was done daily by dig-
ital vernier caliper in (mm) for all groups with 
both healing durations [12,19], as shown in Fig-
ure 3.  

 
Figure 3. Measurement of wound size during 
wound healing.  
 
Epithelial thickness was assessed by measuring 
the distance from the outermost epithelial sur-
face to the deepest layer of the basement 
membrane at the wound margins. To improve 
accuracy, two measurements were taken for 
each sample, and their average value was used 
for statistical analysis [18,20]. 
Epithelial thickness was measured using Im-
ageJ software (version 1.54) to accurately de-
termine the distance between the specified ep-
ithelial layers on digital images of the wound 
edges, enabling precise quantitative analysis 
[21].  
Red blood cells were used as a calibration ref-
erence for image analysis because the average 
diameter of rat red blood cells is approximately 
6 µm. Their diameters were measured in pixels 
using the straight line and measure tools in Im-
ageJ software, and the average pixel value was 
used to determine the image scale for accurate 
measurements, as shown in Figure 4 [22]. 
 

A 

B 
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Figure 4. RBC diameter measurement. 
 
After that, the analyze option was chosen, and 
the set scale option in image software was 
used to use the average diameter measured in 
pixels to set the scale (Figure 5). 
 

 
Figure 5. Set the calibraHon scale in ImageJ to 
convert pixel measurements. 
 
Following scale adjustment, epithelial thick-
ness was measured by drawing a line extending 
from the epithelium’s outermost layer to the 
deepest region of the basement membrane. 
The distance was measured from the 

epithelium’s outermost layer to the deepest 
region of the basement membrane, expressed 
in micrometers. The procedure was performed 
twice, and the mean of both measurements 
was obtained to ensure precision, as shown in 
Figure 6. 

 
Figure 6. Epithelial thickness measurement. 
 
Results 
The microphotograph at 3 days shows promi-
nent regenerative changes, including the 
movement of epithelial cells from the margins 
of the wound to facilitate re-epithelialization. 
The connective tissue stroma exhibits a pro-
nounced inflammatory infiltrate along with sig-
nificant fibroblastic activity and extensive vas-
cular proliferation. Furthermore, the initial 
deposition of collagen fibers is observable, in-
dicating the early organization of granulation 
tissue within the injury site (see Figures 7 and 
8). 
The photomicrograph of the wound site in the 
study group reveals closure of the surface by a 
newly formed epithelial bridge, indicating suc-
cessful re-epithelialization. Beneath this layer, 
the lamina propria shows an advanced stage of 
tissue repair, characterized by the arrange-
ment of collagen fibers and active fibroblasts. 
Furthermore, the area is highly vascularized 
with numerous blood vessels (BV) and contains 
a localized infiltration of inflammatory cells, all 
of which reflect a robust regenerative process 
at the injury site, as shown in Figures 9 and 10. 
Microscopic assessment of the wound site in 
the control group on day 7 revealed the for-
mation of a delicate, keratinized epithelial 
layer that successfully spans and seals the 
wound surface. The subjacent lamina propria 
exhibited signs of maturation, including well-
arranged collagen bundles and active fibro-
blasts. Additionally, newly formed blood ves-
sels and organized connective tissue indicate 
progression into the remodeling stage of heal-
ing, as shown in Figures 11 and 12. 
Microscopic examinaHon of the wound site re-
vealed re-epithelializaHon with a thickened, 
newly formed epithelium. The lamina propria 
exhibited features of granulaHon Hssue, includ-
ing collagen fiber deposiHon, proliferaHng 

fibroblasts, and a rich network of blood vessels, 
as shown in Figures 12 and 13. 
The descriptive statistics of mean, standard de-
viation (SD), standard error (SE), minimum 
(min), and maximum (max) values of the 
wound size on days 3 and 7 are shown in Table 
1 and Figure 14. The mean values of wound size 
decreased with time in both groups, and the 
least value was recorded in the study group af-
ter 7 days. 
No significant difference was observed be-
tween the groups regarding the wound size at 
day 3 and 7 (P = 0.4 and 0.383, respectively), as 
shown in Table 2. 
It was found that the inflammatory cells were 
significantly higher in the study group as com-
pared with the control group at day 3 (P=0.008) 
and at day 7 (P=0.008), as listed in Table 4. 
The descriptive statistics for the standard devi-
ation, mean, minimum, and maximum values 
of the epithelial thickness at days 3 and 7 for 
both the subjects of the study and the control 
group are shown in Table 5 and Figure 16, re-
spectively. The result illustrates an increase in 
the mean value of epithelial thickness in all 
groups with time; the lowest mean value was 
recorded in the control group at the 3rd day, 
and the highest mean value was recorded in 
the study group at the 7th day of healing inter-
vals. 
The descriptive statistics for the standard devi-
ation, mean, minimum, and maximum values 
of the epithelial thickness at days 3 and 7 for 
both the subjects of the study and the control 
group are shown in Table 5 and Figure 16, re-
spectively. 
 
Discussion 
The skin and oral mucosa act as the body’s first 
line of defense against infection, but wounds in 
these tissues are susceptible to bacterial inva-
sion, which can delay healing. While skin 
wound healing is well understood, knowledge 
of intraoral wound healing remains limited, 
creating challenges in developing effective 
treatments [23]. Proper wound care and anti-
biotic therapy are important for accelerating 
healing, and herbal medicines are increasingly 
used as complementary therapies due to their 
effectiveness and relatively mild side effects 
[24]. 
Notable among them is ginger, also known as 
Zingiber officinale Roscoe, which has garnered 
interest because of the anti-inflammatory, an-
tibacterial, antioxidant, and anticancer quali-
ties that it has. Its bioactive compounds, in-
cluding gingerols, zingerone, shogaols, and ses-
quiterpenes, are mostly responsible for these 
therapeutic actions. These elements help the 
reduction of inflammation and the promotion 
of wound healing [25]. In this study, the results 
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of clinical observation revealed that there were 
obvious reductions in wound size over time in 
both groups (control and study). The most ob-
vious reductions in wound size were observed 
in the study group on the seventh day. This 
finding is in agreement with Mahmood, Al-
Kazzaz [26], who discovered that ginger pow-
der can enhance the healing of induced aph-
thous ulceration in rabbits. This was demon-
strated by clinical reduction of the size of the 
wound as well as histological evidence. This 
might be because ginger has various impacts 
on all the potential causes of aphthous ulcers, 
such as bacterial flora, immune system issues, 
or inflammatory responses. As a result, ginger 
was probably able to speed up the healing pro-
cess of the lesion in several different ways. 
Up to 2 days following injury, neutrophil migra-
tion typically increases; afterward, it gradually 
decreases if no infection is present [13]. In this 
study, both groups (control and study) showed 
variable degrees of inflammatory reaction at 
all healing intervals, with a marked increase in 
the number of neutrophils that infiltrated 
wound sites in the study group at 3 and 7 days. 
The values of neutrophils decreased with time 
for both the control and study groups. In the 
beginning, the reason why neutrophils have 
the highest number because they constitute 
the largest proportion of white blood cells in 
the peripheral blood. Through both phagocytic 
and non-phagocytic processes, neutrophils 
perform the process of clean the inflammatory 
region of infectious and toxic agents, as well as 
debris from the tissue.  
In the wound healing process, the presence of 
neutrophil activity indicates that it is in the in-
flammatory phase. Ginger contains flavonoids, 
oleoresin, gingerol, and shogaol. They are also 
present. In addition to their anti-inflammatory 
and anticancer properties, gingerol and 
shogaol, which are phenolic components of 
ginger, have been shown to have antitumor 
and anticancer properties. Consequently, the 
quantity of prostaglandin that acts as an in-
flammatory mediator decreases because of 
this active substance’s ability to limit the activ-
ity of cyclooxygenase. This drop in inflamma-
tory mediators will result in a reduction in the 
number of neutrophils, and this conclusion of 
the current research is consistent with the find-
ings of Rahayu, Suharto [27], who investigated 
the impact of ginger extract on the number of 
neutrophils in incisional wounds in rats. 
In the current research, it was shown that the 
re-epithelialization rate for both the control 
group and the study group rose over the course 
of time, reaching a high mean value on day 7. 
Because the mean values of epithelial thick-
ness were higher than those in the control and 
progressively increased with time, the re-epi-
thelialization was significantly faster in both 

the control and the study groups. This indicates 
that the epithelial cells in both groups are rap-
idly proliferating and progressing, as evidenced 
by an increase in the amount of neovasculari-
zation, the number of fibroblast cells, and the 
formation of collagen fibers. His finding agrees 
with Rahayu, Suharto [27], who suggested that 
wounds treated with extracted ginger showed 
more proliferation of fibroblast cells, epithelial 
degeneration, and normal epidermal cell pro-
liferation in induced skin wounds in rats. 
	
Conclusion 
Based on the findings of the present study, gin-
ger oil demonstrated beneficial effects on the 
healing of experimentally induced oral mucosal 
wounds in rats. The histological and clinical ob-
servations indicated enhanced tissue repair 
and progression of the wound-healing process. 
The use of ginger oil led to improved wound 
healing, reduced inflammation, and acceler-
ated restoration of epithelial integrity, reveal-
ing a significant improvement in the healing 
process without generating any complications.  
Topical application of ginger oil proved suc-
cessful as a therapeutic strategy for experi-
mentally generated buccal mucosal wounds in 
rats. This was accomplished by accelerating the 
proliferative activity of inflammatory cells and 
advancing oral wound healing. 
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Figure 7. Microphotograph of the epithelium margin (EP), and collagen 
fibers (C). H&Ex20. 

Figure 8. Microphotograph of the epithelium margin (EP), and (collagen 
fibers (C). H&E x10. 
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Figure 9. Wound surface sealed with newly epithelium (EP), BV, in-
flammatory cells (IF), H&E in x10. 

Figure 10. Magnified view of the epithelial bridge (EPB), fibroblasts (FB), 
inflammatory cells (IF), and BV. H&E in x40. 

 
 
 

  
Figure 11. Newly epithelium (EP), collagen fibers (C) and BV. H&E 
in x20. 

Figure 12. Magnified view of epithelium (EP), inflammatory cells (IF), and BV. 
H&E in x40. 

 
 

  
Figure 12. KeraHnized epithelium (EP), fibroblasts (FB), collagen fibers (C), 
and BV. H&E in x20 (IF). 

Figure 13. Magnified view of epithelium (EP), inflammatory cells (IF), 
and BV H&E in x40. 
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Table 1. Wound size during the study period. 
Wound size 

Day Group N Mean±SD SE Minimum Maximum 

Day 3 Study 5 10.9±4 2.3 7.1 15 
Control 5 13.2±1.8 1 11.5 15 

Day 7 Study 5 5.2±5.6 2.1 0 15 
Control 5 7.8±5.3 2 1.4 15 

 

 
Figure 14. DistribuHon of the mean values of wound size on days 3 and 7. 
 
Table 2. Group comparison of wound size during each study period. 

Variable DuraHon Group comparison 
StaHsHcal value P-value 

Wound size 
3 days 0.886 0.4 
7 days 0.961 0.383 

Mann-Whitney U test used. 
 
Table 3. DescripHve staHsHcs of mean values of inflammatory cell. 

Inflammatory cells 

Day Group N Mean±SD SE Minimum Maximum 

Day 3 Study 5 36.7 ± 4.1 1.8 30.1 40.4 
Control 5 21.4 ± 1.8 0.8 19.4 23.9 

Day 7 Study 5 19.9 ± 1.8 0.8 17.9 21.7 
Control 5 10.9 ± 0.8 0.4 9.9 12.1 

  

 
Figure 15. DistribuHon of the mean value of inflammatory cell count for different duraHons. 
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Table 4. Group comparison of inflammatory cells during each study period. 

Variable DuraHon Group comparison 
StaHsHcal value P-value 

Inflammatory cells 
3 days 2.611 0.008* 
7 days 2.611 0.008* 

*Significant result, Mann-Whitney U test used. 
 
 
Table 5. StaHsHcal analysis of the mean value of epithelial thickness (μm) during the study period. 

Epithelial thickness 

Day Group N Mean±SD SE Minimum Maximum 

Day 3 Study 5 837.7±117.1 52.4 683.5 953.2 
Control 5 445.1±85.3 38.1 387.7 594.5 

Day 7 Study 5 1303.6±92.9 41.5 1181.3 1401.8 
Control 5 870.2±137.8 61.6 656.6 1027.1 

 

 
Figure 16. DistribuHon of mean value according to epithelial thickness in different duraHons. 
 
Table 6. Group comparison of epithelial thickness during each study period. 

Variable DuraHon Group comparison 
StaHaHcal value P-value 

Epithelial thickness 
3 days 2.611 0.008* 
7 days 2.611 0.008* 

*Significant result, Mann-Whitney U test used. 
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