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ABSTRACT

Background: An aphthous ulcer is a painful and recurrent oral mucosal inflammation that is retractable to treatments
and resistant to healing. Conventional treatments include a variety of antiseptic, anti-inflammatory, and analgesic
therapies, yet their efficacy remains inconsistent. Aim: The present study was conducted in order to evaluate the
effects of ginger powder on the healing of chemically-induced aphthous ulcers in rabbits. Methodology: Twelve healthy
rabbits were divided into control and ginger-treatment groups. Aphthous ulcers were induced in both groups. The
treatment group received ginger powder topically in the socket every 24 h, for 7 days. Subsequently, all animals were
sacrificed, and specimens were collected for macroscopic and histological examination. Results: Histological analysis
of the ulcer sites on days 3 and 7 post-induction revealed that ginger-treated ulcers exhibited enhanced healing, as
evidenced by increased collagen deposition, fibroblast proliferation, and re-epithelialization. Macroscopic
observations also confirmed a faster regression of necrotic tissue and a reduced ulcer size in the ginger-treated group
(as compared to the control group). Histological analysis has indicated significant differences in inflammation and
blood vessel congestion between the two groups, particularly on day 7. Conclusion: The findings of this study reveal
that locally applied ginger can enhance the healing in chemically-induced aphthous ulcers in rabbits, which may
support its use in clinical practice.
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DOI 10.61873/DERC5205 An aphthous ulcer is a lesion that affects the oral

mucous tissue, characterized by the appearance
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institutional affiliations. cavity [1]. These appear as small ovoid ulcers with

yellow floors, and are surrounded by an erythem-

atous zone [2]. Ulcers are either acute or chronic.

Acute ulcers persist for short periods (less than

i three weeks) and are most commonly caused by

trauma (physical, thermal, or chemical), while

chronic ulcers persist for longer periods (i.e., more
than three weeks) [3].

Conventional ulcer treatments include the use
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of antiseptics, antibiotics, analgesics, local anaes-
thetics, anti-inflammatory drugs, laser, and herbal
medicines [4]. Phytotherapy is the study of the sci-
ence of plants and the use of these plants for me-
dicinal purposes [5]. Ginger is a subtropical plant
grown for its root (rhizome or underground stem)
that has many dental uses. The rhizome is used
for the treatment of different conditions, while the
essential oil is applied topically as an analgesic.
Ginger is also used in order to cure several dis-
eases like nausea, pain, asthma, vomiting, dys-
pepsia, loss of appetite, cough, inflammation, pal-
pitation, constipation, and indigestion [6]. Our
study aimed at evaluating the effects of topically-
applied ginger on the healing of chemically-
induced oral acute ulcers in rabbits.

2. METHODOLOGY

2.1. Source and maintenance of animals

Twelve healthy adult male rabbits (weighing 2 to
2.5 kg) were purchased from the local market and
were included in this study. They were housed in
the College of Veterinary Medicine of the Univer-
sity of Mosul under standard care conditions de-
fined by the Animal Welfare Standards (Mosul,
Irag). The food and water were freely accessible,
while the light/dark photoperiod, humidity, and
temperature conditions were applied according to
the standards of animal housing conditions [7].

2.2. Ethical approval

Approval for the study was obtained from the Re-
search Ethics Committee of the College of Dentis-
try of the University of Mosul (reference:
UoM.Dent.23/67; date: 19-Nov-2023).

2.3. Experimental grouping and treatment

The rabbits were divided equally into two groups:
the control group and the ginger-treated group.
The control group contained six rabbits, which
were anaesthetized by a xylazine-ketamine hydro-
chloride mixture (ketamine at 35 mg/kg and
xylazine at 5 mg/kg) administered intramuscularly
[8] so as to induce ulcers in the left side of the oral
mucous membrane. All the rabbits in this group
were left without treatment. The ginger-treated
group contained six rabbits, which were anaesthe-
tized using the previous method and the ulcers
were induced in the same manner on the third day
(day 0 of the appearance of the ulcer). In order to
induce the aphthous ulcer, a round filter paper with
a 5-mm diameter was soaked in 38% sulfuric acid
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and was then placed for 60 sec on the left buccal
mucosa of the animals [8,9]. This produced a uni-
form circular ulcer as depicted in Figure 1. Ginger
was applied to the ulcers of the treatment group
rabbits, which was achieved by grinding dried gin-
ger root so as to produce a fine powder that was
applied topically on the aphthous ulcer in the gin-
ger-treated group twice daily from days 3 to 7
(days 0 to 4 after the ulcer induction). Ginger was
not used in the control group. At the end of the ex-
periment, the animals were sacrificed and speci-
mens were obtained for macroscopic and histolog-
ical examination.

2.4. Histological examination

Clinical follow-up was made for 7 days so as to as-
sess the changes occurring in the ulceration site
macroscopically (gross) and biopsies of 1 cm in di-
ameter were obtained from the ulcer site on days
3 and 7 after the ulcer induction. The specimens
were fixed in neutral buffered formalin (10%) for 48
h and were then processed by a routine histologi-
cal processing method [10,11]. Sections of 5-um
thickness were made and stained with hematoxylin
and eosin, as well as with Masson’s trichrome
stain. The ulceration sites were photographed in
situ by using a digital camera (Sony Dsc-H90),
whereas the histological sections were captured
using a microscopic tube camera (HDCE-X5)
provided with picture analysis software; the latter
were analysed based on scoring system of Li et al.
[12], as displayed in Table 1.

2.5. Statistical analysis

The data were expressed as mean * standard de-
viation. The differences in the histological injury
area or the score used for the evaluation of the in-
duced ulcer were compared by using a two-sam-
ple t-test. A p-value being <0.05 has been consid-
ered as significant.

3. RESULTS

3.1. Macroscopic or gross observations

On day 3, the presence of elevated congestion
mucous membrane surrounding the necrotic area
was observed in the control group (Figure 1A).
Meanwhile, in the ginger-treated group, there was
a sloughing congested area surrounding the lim-
ited area of the necrotic mucous membrane
(Figure 1B). On the seventh day, there was a
marked congested area surrounding the necrotic
area that decreased in size, and also a smaller
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ulcer was observed in the control group, as
depicted in Figure 1C. The results obtained for the
ginger-treated group have revealed a congested
area with a definite beginning of re-epithelialization
as well as advanced regression of the necrotic

Control Group

area (Figure 1D). As shown in Table 2, the area
(cm?) of injury of the mucosa was significantly
(p<0.05) reduced in the ginger-treated group when
compared to that of the control group, both on day
3 and day 7.

Treated Group

Figure 1. Representative images of the gross appearance of the aphthous ulcers in the rabbits of the control group on day 3
(A), the ginger-treated group on day 3 (B), the control group on day 7 (C), and the ginger-treated group on day 7 (D) of the

experiment.
Table 1. Score scale used for the histological evaluation of the staining intensity.
Staining positive cells L .
% Score Staining intensity
<5 0 Absent
6-25 1 Weak
26-50 2 Moderate
51-75 3 Strong
76-100 4 Very strong

Table 2. The average area (cm?) of injury in the rabbit mucosa of the control and the ginger-treated groups. Data are
expressed as mean + standard deviation; a p<0.05 was considered significant after using a two-sample t-test.

Timepoint Area of mucosal injury (cm?) p-value
Control group Ginger-treated group

Day 3 0.98 +£0.36 0.81+£0.30 0.0364

Day 7 0.82+0.31 0.65+0.17 0.031
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3.2. Histological analysis

On the third day, there was a haemorrhage in the
area of the ulceration and an infiltration of inflam-
matory cells in the control group, which demon-
strates the start of the healing process. The use of
Masson’s trichrome stain revealed the deposition
of collagen fibres and the infiltration of inflamma-
tory mononuclear cells and congested blood ves-
sels (Figure 2). In the ginger-treated group, there
was a deposition of mature collagen fibres with an
increasing number of fibroblasts (hyperplasia).
Moreover, it was observed that there was a depo-
sition of collagen fibre at the edge of the wound,
with an increasing number of newly formed blood
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vessels parallel to the fibroblasts (Figure 2). In
the control group, it was observed on the seventh
day that there was an infiltration of inflammatory
cells and fibroblasts, with an increased number of
fibroblasts and collagen fibres. The formation of
granulation (healing) with new blood vessels was
also identified (Figure 3). A few inflammatory
cells and fibroblasts with mature collagen fibre
(good healing) were observed in the ginger-
treated group, as highlighted in Figure 3. The
histological scoring (Table 3) of the inflammatory
cells and congested blood vessels revealed that
there were significant differences between the
studied groups on days 3 and 7; particularly on
day 7.

Control Group

Treated Group

MT stain

Figure 2. Representative histological section captions (100x) in the control group and the ginger-treated group on day 3,
using hematoxylin-eosin (HE) and Masson trichrome (MT) stains. (A): Identification of hemorrhage (h) and inflammatory cells
(i). (B): Identification of the deposition of collagen fibers (c) and congested blood vessels (b). (C): Identification of collagen
bundles (c) and fibroblast hyperplasia (f). (D): Identification of deposition of collagen fibers (c) and new blood vessels (b).



HISTOLOGICAL ASSESSMENT OF THE EFFECT OF GINGER ON THE HEALING OF CHEMICALLY-INDUCED... 287

Control Group
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Treated Group
B Wiy g9 oud

Figure 3. Representative histological section captions (100x) in the control group and the ginger-treated group on day 7,
using hematoxylin-eosin stain. (A): Identification of new blood vessels (b). (B): Identification of mature collagen fibres (c) and

new blood vessels (b).

Table 3. Histological evaluation of inflammatory cells and congested blood vessels in the rabbit mucosa of the control and
the ginger-treated groups. Data are expressed as mean + standard deviation; a p<0.05 was considered significant after using

a two-sample t-test.

Timapoint Histological scores pvalue
Control group Ginger-treated group

Day 3 1.0£0.0 3.0+0.0 0.02

Day 7 1.0+0.0 3.0+0.0 0.0001

4. DISCUSSION

Aphthous stomatitis treatment is still controversial
in scientific literature. Multiple substances and
drugs are used for the treatment of aphthous ul-
cers with no real efficacy due to the uncertainty
about the real etiological mechanism of the dis-
ease [13]. The present study evaluated the effect
of topically-applied ginger on the treatment of aph-
thous ulcers in rabbits. Ginger was used in this
study due to its pharmacological effects owing to
gingerol and shogaol [14]. These active constitu-
ents are confirmed to hinder inflammation through
tackling de novo synthesis of prostaglandins, nitric
oxide, inducible nitric oxide synthase, tumour ne-
crosis factor-alpha, interleukin (IL)-one beta, and
the macrophage chemoattractant protein-1 (MCP-
1) in murine macrophages (such as J774.1 and
RAW264.7 cells), human monocyte cell lines, and
U937 cells [15].

Mustafa et al. [16] have demonstrated that
ginger has an antioxidant activity. Nam et al. [17]
have proposed that the antioxidant effects of
ginger are due to the fact that it contains a high

quantity of phenol, which may be responsible for
this activity [17]. Another study conducted by
Novakovic et al. [18] has demonstrated that ginger
extract daily intake has antioxidant impacts with
negligible adverse effects. Ginger has strong anti-
bacterial properties against Escherichia coli,
Staphylococcus aureus, and Salmonella enteritis
[19]. Moreover, the ginger extract is very effective
against several fungal diseases due to its active
ingredients (ginger diol and gingerols) [20]. The
immunomodulatory activity of this plant has been
reviewed, identifying that an increase in plague-
forming cell count and hemagglutinating antibody
titre may contribute to enhancing the body immun-
ity in mice feeding on ginger extract [21]. Finally,
ginger has been shown to suppress the prolifera-
tion of lymphocytes in in vitro studies due to its ef-
fects on IL-6 and IL-10 production [22].

According to our study, ginger powder can
enhance the healing of induced aphthous ulcera-
tion in rabbits, which was manifested by clinical
and histological evidence. This could be because
ginger has multiple effects on all possible causes
of aphthous ulcers (such as bacterial flora, immun-
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ity problems, or inflammatory reactions); therefore,
ginger was probably able to accelerate the healing
of the ulcers through multiple ways. A limitation of
the present study is based on the context of the
differences between the physiology of rabbits and
humans. The small number of animals used could
have also skewed the results obtained and could
have reduced the reliability of the conclusions ob-
tained. The single dose of ginger tested and the
simple parameters assessed are additional limita-
tions. Finally, one should not neglect to admit that
both the concentration and the composition of the
administered ginger are inconsistent.

5. CONCLUSION

Ginger powder has shown promising potential in
accelerating the healing of aphthous ulcers in rab-
bits, suggesting it could be a valuable therapeutic
option for similar conditions in humans.

ACKNOWLEDGMENTS

The authors are grateful to the College of Dentistry
of the University of Mosul for providing the facilities
allowing them to accomplish this work.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

REFERENCES

1. Conejero Del Mazo R., Garcia Forcén L.,
Navarro Aguilar M. E.: Recurrent aphthous stoma-
titis. Med. Clin. (Barc.) 161(6): 251-259 (2023).
DOI: 10.1016/j.medcli.2023.05.007

2. Kumail I. A., Jasim G. H., Maleh M. A.: The prev-
alence of recurrent aphthous ulcers among pri-
mary school students in Nasiriya City, South Iraq.
Int. J. Health Sci. 6(s1): 295-302 (2022).

DOI: 10.53730/ijhs.v6nS1.4745

3. Choi Y.: Association of neutrophil defects with
oral ulcers but undetermined role of neutrophils in
recurrent aphthous stomatitis. Heliyon 10(5):
26740 (2024).

DOI: 10.1016/j.heliyon.2024.e26740

4. Mousavi T., Jalali H., Moosazadeh M.: Hemato-
logical parameters in patients with recurrent aph-
thous stomatitis: a systematic review and meta-
analysis. BMC Oral Health 24(1): 339 (2024).
DOI: 10.1186/s12903-024-04072-5

5. Singh P., Srivastava S., Singh V. B., Sharma P.,
Singh D.: Ginger (Zingiber officinale): a Nobel

Rcpp =,

herbal remedy. Int. J. Curr. Microbiol. Appl. Sci.
7(7): 4065-4077 (2018).

6. Sethy P. R., Supra S., Sahoo, J. P.: Unveiling
the remarkable health benefits of ginger: a spice
with therapeutic potential. Agric. Mag. 3(8): 566-
569 (2024).

7.Hamed Z. S., Abed R. R., Almashhadany M. S.,
Merkhan M. M.: Effects of Hypericum perforatum
on serum lipid vascular systems in mice. Iraqi J.
Vet. Sci. 36(2): 525-530 (2022).

8. Lim Y. S., Kwon S. K., Park J. H., Cho C. G.,
Park S. W., Kim W. K.: Enhanced mucosal healing
with curcumin in animal oral ulcer model.
Laryngoscope 126(2): E68-E73 (2016).

DOI: 10.1002/lary.25649

9. Rahmadhini E. N., Wahyuni I. S.: Oral mucosal
ulcer induction methods in rats: a systematic re-
view. Int. J. Appl. Pharm. 15(s2): 1-6 (2023).

DOI: 10.22159/ijap.2023.v15s2.01

10. Zaher A. R., Elsabaa H. M., Abou Elkhier M. T.
M., Elhindawy M. M.: Impact of curcumin on
tongue ulcer healing in albino rats. Mansoura J.
Dent. 1(3): 85-89 (2014).

11. Al-Jammas S., Al-Saraj A.: The histological
changes induced by cytarabine on rabbits livers
(with and without vitamin E administration). Iragi J.
Vet. Sci. 34(1): 9-13 (2020).

12. Li Y. X., Zhang L., Simayi D., Zhang N., Tao
L., Yang L., et al.: Human papillomavirus infection
correlates with inflammatory Stat3 signaling activ-
ity and IL-17 level in patients with colorectal can-
cer. PLoS One 10(2): e0118391 (2015).

DOI: 10.1371/journal.pone.0118391

13. Fernandes Teixeira F. M., de Figueiredo Pe-
reira M., Gomes Ferreira N. L., de Miranda G. M.,
de Andrade Aguiar J. L.: Spongy film of cellulosic
polysaccharide as a dressing for aphthous stoma-
titis treatment in rabbits. Acta Cir. Bras. 29(4): 231-
236 (2014).

DOI: 10.1590/s0102-86502014000400003

14. Dhanik J., Arya N., Nand V.: A review on Zin-
giber officinale. J. Pharmacogn. Phytochem. 6(3):
174-184 (2017).

15. Ballester P., Cerd& B., Arcusa R., Marhuenda
J., Yamedjeu K., Zafrilla P.: Effect of ginger on
inflammatory diseases. Molecules 27(21): 7223


https://doi.org/10.1016/j.medcli.2023.05.007
https://doi.org/10.53730/ijhs.v6nS1.4745
https://doi.org/10.1016/j.heliyon.2024.e26740
https://doi.org/10.1186/s12903-024-04072-5
https://doi.org/10.1002/lary.25649
https://doi.org/10.22159/ijap.2023.v15s2.01
https://doi.org/10.1371/journal.pone.0118391
https://doi.org/10.1590/s0102-86502014000400003

HISTOLOGICAL ASSESSMENT OF THE EFFECT OF GINGER ON THE HEALING OF CHEMICALLY-INDUCED... 289

(2022).
DOI: 10.3390/molecules27217223

16. Mustafa I., Chin N. L.: Antioxidant properties of
dried ginger (Zingiber officinale Roscoe) var.
Bentong. Foods 12(1): 178 (2023).

DOI: 10.3390/foods12010178

17. Nam D. G., Kim M., Choi A. J., Choe J. S.:
Health benefits of antioxidant bioactive com-
pounds in ginger (Zingiber officinale) leaves by
network pharmacology analysis combined with ex-
perimental validation. Antioxidants (Basel) 13(6):
652 (2024).

DOI: 10.3390/antiox13060652

18. Novakovic S., Jakovljevic V., Jovic N., Andric
K., Milinkovic M., Anicic T., et al.: Exploring the an-
tioxidative effects of ginger and cinnamon: a com-
prehensive review of evidence and molecular
mechanisms involved in polycystic ovary syn-
drome (PCOS) and other oxidative stress-related
disorders. Antioxidants (Basel) 13(4): 392 (2024).
DOI: 10.3390/antiox13040392

19. Mokhtari H., Eskandarinezhad M., Barhaghi M.
S., Asnaashari S., Sefidan F. Y., Abedi A., et al.:
Comparative antibacterial effects of ginger and
marjoram extract versus conventional irrigants on
mature Enterococcus faecalis biofilms: an in vitro
study. J. Clin. Exp. Dent. 15(4): e304-e310 (2023).
DOI: 10.4317/jced.60081

20. Xi K. Y., Xiong S. J., Li G., Guo C. Q., Zhou J.,
Ma J. W., et al.: Antifungal activity of ginger rhizome
extract against Fusarium solani. Horticulturae 8(11):
983 (2022).

DOI: 10.3390/horticulturae8110983

21. Harun N. H., Mohamad M. F.: The immuno-
modulatory effects of Zingiber officinale (ginger): a
systematic review. Res. J. Pharm. Technol. 15(8):
3776-3781 (2022).

DOI: 10.52711/0974-360X.2022.00634

22. Yiicel C., Karatoprak G. S., Acikara O. B., Akkol
E. K., Barak T. H., Sobarzo-Sanchez E., et al.: Im-
munomodulatory and anti-inflammatory therapeutic
potential of gingerols and their nanoformulations.
Front. Pharmacol. 13: 902551 (2022).

DOI: 10.3389/fphar.2022.902551


https://doi.org/10.3390/molecules27217223
https://doi.org/10.3390/foods12010178
https://doi.org/10.3390/antiox13060652
https://doi.org/10.3390/antiox13040392
https://doi.org/10.4317/jced.60081
https://doi.org/10.3390/horticulturae8110983
https://doi.org/10.52711/0974-360X.2022.00634
https://doi.org/10.3389/fphar.2022.902551

