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ABSTRACT:

Diabetes Mellitus is a metabolic disease that delayed traumatic ulcer healing process. Citrus limon contains
fumaric acid, d-limonene and citral that can accelerate the healing of traumatic ulcer. The aims of this study were
to investigate the effect of 0.78% Citrus limon essential oil topical application can increase Fibroblast Growth
Factor-2 (FGF-2) and Fibronectin expression. This study was true experimental analytic study with random
sampling methods. The study was conducted on 30 male Wistar rats (Rattus novergicus) induced with DM by
injecting 50 mg/kg of Streptozotocin, intraperitoneally, and a traumatic ulcer on their lower lip mucosa. These
were divided into six groups; three each for control and treatment groups. Each control and treatment group
consisted of five rats. The control groups treated with CMC 5% gel and treatment groups were administered with
Citrus limon peel essential oil gel. The expression of FGF-2 and Fibronectin was observed on Days 5, 7 and 9.
Furthermore, mice sacrificed and the lower lip labial mucosa tissue of mice has been taken to make the
Histopathology Anatomy preparation by means of immunohistochemical examination with monoclonal
antibodies anti-FGF2 and anti-Fibronectin. ANOVA analysis was performed to analyze the difference between
group (p<0.05). The increased FGF-2 and Fibronectin expression in the treatment group as compared to that of
the control group. There were significant differences (p<0.05) of both FGF2 and Fibronectin expression between
the two groups. The citrus limon peel essential oil gel increased the FGF-2 and Fibronectin expression during the
healing process of traumatic ulcers on the oral mucosa of diabetes afflicted Wistar rats (Rattus novergicus).

KEYWORDS: Diabetes Mellitus, Citrus limon Essential Oil Gel, Traumatic ulcer, Fibroblast Growth Factor-
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INTRODUCTION:

Diabetes mellitus (DM) is a metabolic disease with
hyperglycemia condition because an impairment towards
insulin secretion, the work of insulin, or combination®2.
According to a few studies there is an increase on the
prevalence of DM patients worldwide®*. DM patients in
Indonesia as many as 384 million®. Ulcer is the most
common disease that could be found in the oral cavity
mucosa®’.
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Ulcer is the condition where there is a loss of epithelial
layers until more than the basal membrane and affects
the lamina propria. Traumatic ulcer is an ulcer caused by
physical, chemical, and also thermal trauma. There are a
few complications that could happen in DM patient such
as an extended ulcer healing time. There is an increase of
complication incidences such as infection and wound
dehiscence when ulcer that does not heal completely®°1°,

Several Growth Factors (GFs) play an important role in
the wound healing process of the ulcer. Fibroblast
Growth Factor (FGF) is a growth factor that has a
potential effect towards the fixing and regeneration of
tissues. There are many important FGFs in the healing
process such as FGF-2, FGF-7, and FGF-101121314 The
acceleration of wound healing regeneration could be
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known from the FGF-2 expression, the amount of
fibroblast and capillary vessels. The expression of FGF-2
could be known immunohistochemically as a variable to
be studied because the fibroblasts chemotactic GF could
stimulate angiogenesis and synthesize Fibronectin.
Fibronectin at the end produces new blood vessels thus
accelerates wound healing®>%617, The aim of this study to
investigate the topical application of 0.78% Citrus limon
essential oil can increase FGF-2 and Fibronectin
expression of traumatic ulcers on the oral mucosa of
diabetes afflicted Wistar rats (Rattus novergicus).

MATERIAL AND METHODS:

Ethical Clearance:

This study received an ethical clearance approval letter
for animal subjects from the Ethics Research Committee
Faculty of Dental Medicine, Universitas Airlangga
Surabaya, East Java, Indonesia with number
065/HRECC.FODM/VI1/2017.

Citrus Limon Essential Oil Gel Preparation:

Citrus limon used was taken from BALIJRESTO of
Malang city, East Java, Indonesia. The peel of Citrus
limon is taken to obtain the essential oil with the steam
distillation method. The essential oil is dissolved with
3% CMC (Bioworld, China) thus it is obtained the result
of the essential oil gel containing citrus limon with the
0.78% concentration.

Animal subject preparation:

The subjects consisted of 30 male Wistar rats (Rattus
norvegicus) 200-250 gr body mass, aged 2-3 months,
adapted for seven days, provided with standard rat food
constituting 10% of their body weight and drinking
water at a temperature of 22 + 2°C. Wistar rats were
injected intraperitoneally with a single 50 mg / kg BW
dose of streptozotocin (STZ) (Bioworld, China). After
three days, rats with random blood glucose / > 200 mg /
dl or fasting blood glucose > 126 mg / dl were used as
subjects in further procedures. Ulceration of the labial
mucosa of subjects’ lower lips was induced by thermal
injury through application of a ball burnisher tip animal
models were injected with 0.05- 0.1ml/10g body Intra-
muscular (IM) rodent anesthesia (ketamine, xylazine,
acepromazine and sterile isotonic saline) (Sigma
Aldrich, US). After 24 hours, the formation of ulcers
could be observed?®,
The Propolis Citrus Limon Gel Extract
Administration:

30 male Wistar rats suffering from DM with induced
ulcers on the lower labial mucosa were divided into 3
control groups (Days 5, 7, and 9) each consisting of five
rats treated with 5% CMC gel and 3 treatment groups
(Days 5, 7, and 9) with the same number of rats, were
administered gel Citrus Limon Peel Essential Qil

topically. Observations of FGF-2 and Fibronectin
expression were conducted on Days 5, 7, and 9%°.

The Effect of Citrus Limon Peel Essential Oil Gel
FGF-2 and Fibronectin Expression on the Healing
Process of Traumatic Ulcer:

The rats acclimated and the lower labial mucosa tissue
was prepared for immunohistochemical imaging using
monoclonal antibody (anti FGF-2) with antigen reaction
(FGF-2) and monoclonal antibody (anti-Fibronectin)
(Sigma  Aldrich, US). with antigen reaction
(Fibronectin) reacted with Diaminobenzidine (DAB)
substrate (Sigma Aldrich, US). FGF-2 expressing
endothelial ~cells appear brown under 1000x
magnification and fibroblast cells expressing Fibronectin
appeared brown under electron microscope (Olympus,
Japan) at 1000x magnification in 5 different fields
examined by two expertise and cells were counted?®®19,

Data Analysis:

The obtained data was then tested for its normality using
One-Sample Kolmogorov-Smirnov test to know whether
the data obtained distributed normally an Levene test
was performed to know data homogenity variance
(P>0.05). One Way ANOVA was conducted to
understand the significant difference between control
group and treatment group (p<0.05).

This experiment demonstrated increased FGF-2 and
Fibronectin expression on treatment group with
application of Citrus Limon Peel Essential Oil Gel
compared to the control group. Immunohistochemistry
examination showed FGF-2 and Fibronectin expression
have significant difference between treatment and
control group that can be seen on Figure 1 and Figure 2.
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Fig. 1. Immunohistochemistry examination showed FGF-2
expression (1000x magnification). Positive reaction showed brown
color on cytoplasm indicating reaction between antigen (FGF-2)
and monoclonal antibody (anti FGF-2) (Red Arrow). (A) FGF-2
expression in endothelial cells of control group on Day 5. (B) FGF-
2 expression in endothelial cells of treatment group on Day 5. (C)
FGF-2 expression in endothelial cells of control group on Day 7.
(D) FGF-2 expression in endothelial cells of treatment group on
Day 7. (E) FGF-2 expression in endothelial cells of control group
on Day 9. (F) FGF-2 expression in endothelial cells of treatment
group on Day 9.
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Fig. 2. Immunohistochemistry examination showed Fibronectin
expression (1000x magnification). Positive reaction showed brown
color on cytoplasm indicating reaction between antigen
(Fibronectin) and monoclonal antibody (anti Fibronectin) (Red
Arrow). (A) Fibronectin expression in fibroblast cells of control
group on Day 5. (B) Fibronectin expression in fibroblast cells of
treatment group on Day 5. (C) Fibronectin expression in fibroblast
cells of control group on Day 7. (D) Fibronectin expression in
fibroblast cells of treatment group on Day 7. (E) Fibronectin
expression in fibroblast cells of control group on Day 9. (F)
Fibronectin expression in fibroblast cells of treatment group on
Day 9.

There were also significant differences in the mean FGF-
2 and Fibronectin expression that can be seen on Figure
3 and Figure 4. The One-Way Analysis of Variance
(ANOVA) showed significant differences (p<0.05) in
FGF-2 and Fibronectin expression between the groups
(Table 1).
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Fig. 3. The mean comparison of FGF-2 expression each group.
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Fig. 4. The mean comparison of Fibronectin expression each
group.

Table 1. The result of one way ANOVA

Group p-value
ClandT1 0.001
C2and T2 0.001
C3and T3 0.001

* Significant p<0.05.

Patient with DM there are a lot of physiological factors
that are impaired such as the altered of growth factor
production, angiogenic response, macrophage function,
the collagen formation, the granulation tissue amount,
fibroblasts migration and proliferation, and the balance
between Extracellular Matrix (ECM) component and
remodelling by the Matrix Metalloproteinase
(MMPs)?2, The wistar rat was chosen because there is
a similarity between the structure of rat oral mucosa and
the human’s oral mucosa that basically formed by
epithelial tissues and connective tissues. The male wistar
rat was used to prevent hormonal factor that can
influences or alter the experiment variables?.

The wistar rat was induced by STZ with the dosage of
150 mg/kg body weight of the rat. STZ works by formed
the free radical that could damage the cell membrane,
protein, and Deoxyribonucleic Acid (DNA). The free
radical altered in insulin production by the Pancreas’
Beta Langerhans cell. STZ invades the Pancreas’ Beta
Langerhans cell through Glucose Transporter 2 (GLUT
2) through the nitrous urea chain. STZ was a Nitric
Oxide (NO) donor that could increase the xanthin
oxidase activity reduced oxygen. NO has an effect
toward blocked the Krebs cycle. The limitation of ATP
production in the mitochondria will cause the nucleotide
decreased in the B cell. STZ has a high success rate to
induce DM than alloxan, uric acid, dehydroascorbate
acid and dialurate acid?*2425,

The normal fasting blood glucose rate in the rat was 3.95
+ 1.31 or equivalent to £116 mg/dL. In this study, the
measurement the fasting blood glucose level in all STZ
induced rats showed a blood glucose level above 126
mg/dL.The result in accordance with WHO classification
for DM condition in humans which is the fasting blood
glucose level is above 126 mg/dL?>2%. Traumatic ulcer
was formed on the rat’s lower labial mucosa by thermal
trauma using heated burnisher for 60 seconds and
applied without pressure in order not to perforated. The
labial mucosa was selected by the consideration it is easy

to create and apply the citrus limon essential oil
ge|27,28,29_

The active component of the Citrus Limon fruit Peel
Essential Oil was assessed using Gas Chromatography-
Mass Spectometry (GCMS) test. GCMS test showed
31.78% fumarat acid, 17.38% d-limonene, 13.55% citral,
8.51% L-Linalool, and other compounds in a low
concentration. In this study, the application of the Citrus
Limon fruit Peel Essential Qil was done 3 times daily.
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The previous study of d-limonene topically it is shown
that it will reach the highest concentration in the tissue 3-
6 hours after application. The d-limonene on the
essential Citrus Limon fruit Peel Essential Oil beside that
there is citral component. Citral component was known
as toxic characteristic. Citral component has the half-life
of 8 hours in a human’s body®%3!,

In this study, the application of Citrus Limon fruit Peel
Essential Oil Gel on the oral mucosa traumatic ulcer was
done third times daily or every 6-8 hours. The 0.78%
Citrus Limon fruit Peel Essential Oil Gel was used to
accelerate the traumatic ulcer healing. The FGF-2
expression increased in treatment group. The increased
expression of FGF-2 was influenced by the d-limonene.
D-limonene has the ability as an antioxidant that could
reduce the free radical, furthermore d-limonene could
prevent apoptosis and cell function alteration3232, The D-
limonene as anti-inflammatory agent could increase
number and the stability of Th17/Tregs. D-limonene
could modulate various pro-inflammatory anti-
inflammatory  cytokines that could induce the
differentiation of macrophage M2 (anti-inflammatory
macrophage) thus inhibit the M1 macrophage (pro-
inflammatory macrophage). The M2 macrophage will
secrete the anti-inflammatory cytokines and growth
factors such as FGF-2. When the number of M2
increased it will also increase FGF-2 expression®.

Fibronectin expression is higher on the treatment group
compared to the control group. The result was in line
with the increased expression of FGF-2. FGF-2 is the
growth factor that has important role as chemotactic and
mitogenic fibroblasts to stimulate angiogenesis and
synthetizing Fibronectin®23334, In this present study that
can be concluded the citrus limon peel essential oil gel
increased the FGF-2 and Fibronectin expression during
the healing process of traumatic ulcers on the oral
mucosa of diabetes afflicted Wistar rats (Rattus
novergicus).

ACKNOWLEDGEMENT:

The research was funded by author independent fund.
The authors would like to thank the Oral Medicine
Department, Faculty of Dental Medicine Universitas
Airlangga and Molecular Biochemistry Department,
Faculty of Medicine Universitas Brawijaya Malang, Mr.
Wibi Riawan B.Sc, M.Sc for helping our research.

CONFLICT OF INTEREST:
The authors declare no conflict of interest.

REFERENCES:

1. Nwauche KT, Monago CC, Frank O. Management of Diabetes
Mellitus with Combined Therapy of Reducdyn and Metformin in
Streptozotocin-induced Diabetic Rats. Research J. Pharm. and
Tech. 2014, 7(1):39-43.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

3353

Kamtekar S, Keer V. Management of Diabetes: A Review.
Research J. Pharm. and Tech. 2014;7(9):1065-1072.

Kumari MS, Babu MK, Sulthana R, Srinivas M, Prasanthi C.
Diabetes Mellitus: Present status and Drug therapy Updates.
Research J. Pharm. and Tech. 2014;7(1):84-94.

Rupashri SV, Gheena S. Recent Advances in Diabetes Research.
Research J. Pharm. and Tech. 2016; 9(10):1806-1808.

Departemen Kesehatan Republik Indonesia. National Basic Health
Research Report 2013. 83-97.

Glick, M. Burket’s Oral Medicine 12th Ed.
Publishing House, Connecticut-USA, 2013;87-88.
Chaiprateep E, Khobjai W, Noysang N. Clinacanthus nutans-
Based Mucoadhesive Films for Oral Ulcers. Research J. Pharm.
and Tech 2018; 11(11): 5089-5095.

Regezi, J., Sciubba, J. and Jordan, R. Oral Pathology: Clinical
Pathologic Correlation.2012; 22-25.

Larjava, H. Oral Wound Healing: Cell Biology And Clinical
Management, Pondicherry: John Wiley and Sons, 2012;49, 186-
188.

Gupta N, Jain UK. An Update- Prominent Wound Healing
Property of Indigenous Medicines-: A Review. Research J. Pharm.
and Tech. 2011;4(2):203-213.

Guo, S. and DiPietrio, L. Factors Affecting Wound Healing.
Journal of dental research, 2010;89(3): 219-229.

Majumdar M Samanta A, Roy A. Study of wound healing activity
of different formulations of Nigella sativa seed extract. Research J.
Pharm. and Tech. 2016; 9(12):2097-2105.

Singh D, Daharwal SJ, Rawat M. Hydrogels- A Potent Carter in
Wound Healing. Research J. Pharm. and Tech. 2008;1(1): 6-13.
Misra PM, Ravichandiran V, Aanandhi MV. Design, Synthesis
and In Silico Molecular Docking Study of N-carbamoyl-6-oxo-1-
phenyl-1,  6-dihydropyridine-3-carboxamide  derivatives  as
Fibroblast growth factor 1 inhibitor. Research J. Pharm. and Tech.
2017; 10(8): 2527-2534.

Schultz, G.S. and Wysocki, A. Interaction between extracellular
matrix and growth factors in wound healing. Wound Rep Reg,
2008;17: 134-147.

Yun, Y.R., Won, J.E,, Jeon, E., Lee, S., Kang, W., Jo, H., Jang,
J.H., Shin, U.S., and Kim, H.W. Fibroblas growth factors: biology,
function and application for tissue regeneration. J. Tiss Engineer,
2010;1-18.

Al-wailli, N., Hozzein, W.N., Badr, G., Al-Ghamdi, A., Al-Waili,
H., Salom, K., and Al-Waili, T. Propolis and bee venom in
Diabetic Wounds; A Potential Approach That Warrant Clinical
Investigation. Afr J Tradit Complement Altern Med, 2015;12(6):1-
11.

Puspasari A, Harijanti K, Soebadi B, Hendarti HT, Radithia D,
Ernawati DS. Effects of topical application of propolis extract on
fibroblast growth factor-2 and fibroblast expression in the
traumatic ulcers of diabetic Rattus norvegicus. J Oral Maxillofac
Pathol. 2018 Jan-Apr;22(1):54-58. doi:
10.4103/jomfp.JOMFP_82_17.

Ernawati DS, Puspa A. Expression of vascular endothelial growth
factor and matrix metalloproteinase-9 in Apis mellifera Lawang
propolis extract gel-treated traumatic ulcers in diabetic rats. Vet
World. 2018 Mar;11(3):304-309. doi:
10.14202/vetworld.2018.304-309. Epub 2018 Mar 14.

Haidari F, Mansoori E, Zakerkish M, Haghighizadeh M. The
Relationship between Metabolic Factors and Quality of Life
Aspects in Type 2 Diabetes Patients. Research J. Pharm. and Tech.
2017; 10(5): 1491-1496.

Le N, Rose M, Levinson H, Klitzman B. Implant Healing in
Experimental Animal Models of Diabetes. Journal of Diabetes
Science and Technology. 2011;5(3): 605-618.

Ciobotaru E. Development of Improved Animals Models for the
Study of Diabetes. INTECH open sciences. 2013;1-5.

People Medical

. Erwin, E., Etriawati, E., Muttagien, M., Pangestiningsih, T.W., dan

Widyarini S. The expression of insulin in the mice pancreas (Mus
musculus) induced with repeated streptozotocin. Jurnal
Kedokteran Hewan, 2013;7(2): 97-100.



24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Research J. Pharm. and Tech. 12(7): July 2019

King, AJ.F. The Use of Animal Models in Diabetes Research.
British Journal of Pharmacology, 2012;166(3):877—-894.

Soelistijo SA, Novida H, Rudijanto A, Pradana S, Ketut S, Asman
M, Harsinen S, Dharma L, Alwi S, Bowo P, Yuanita AL, Dyah P,
Nanny NS, Made RS, Made PD, Agus Y, Laksmi S, Sugiarto KW,
Sucipto S, Hendra Z. Konsensus Pengelolaan dan Pencegahan
Diabetes Melitus Tipe 2 di Indonesia. PB PERKENI. 2015;11.
Wang Z, Yang Y, Xiang X, Zhu Y, Men, J, He M. Estimation of
the normal range of blood glucose in rats. Wei Sheng Yan Jiu,
2010;9(2): 33-137, 142.

Arundina |, Yuliati Y, Soesilawati P, Damaiyanti DW, Maharani
D. The effects of golden sea cucumber extract (Stichopus
hermanii) on the number of lymphocytes during the healing
process of traumatic ulcer on wistar rat’s oral mucous. Dental
Journal. 2015; 48(2): 100-103.

Hanum F, Ernawati DS, Jusri M. Effectiveness of Probolinggo
blue grape (Vitis vinifera) extract on fibroblasts proliferation in
traumatic ulcer of Rattus novergicus albino. Oral Medicine Dental
Journal. 2013;4(2): 103-112.

Larasati AR, Soesilawati P, Arundina |. Effect of Stichopus
hermanii extract to increase re-epithelization in healing process of
traumatic ulcer in wistar rat’s oral mucous. Oral Biology Journal.
2013; 5(2): 41-46.

Nielsen E, Ladefoged O, Sgborg O. Evaluation of health hazards
by exposure to d-limonene and proposal of a health-based quality
criterion for ambient air. The Danish Environmental Protection
Agency. Copenhagen Denmark. 2013;11-13.

Amorim JL, Simas DLR, Pinheiro MMG, Moreno DSA, Alviano
CS, Ribeiro da Silva AJ, Fernandes PD. Anti-Inflammatory
Properties and Chemical Characterization of the Essential Oils of
Four Citrus Species. PLoS ONE. 2016; 11(4): 1-18.

Campelo LM, de Almeida AAC, de Freitas RLM, Cerqueira GS,
de Sousa GF, Saldanha GB, Feitosa CM, de Freitas RM.
Antioxidant and antinociceptive effects of citrus lemon essential
oil in mice. Journal of Biomedicine and Biotechnology. 2011;1-8.
Murali, R., Karthikeyan, A., and Saravanan, R. Protective effects
of d-limonene on lipid peroxidation and antioxidant enzymes in
streptozotocin-induced  diabetic rats. Basic dan Clinical
Pharmacology dan Toxicology, 2013;112:75-181.

Kumar, Abbas, Aster. Robbins basic pathology 9th ed, Elsevier
Saunders. 2015; (2):55-60.

3354



