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ABSTRACT 

Health problems relating to wound healing remain a significant issue in health management. Various 

formulations of Spondias mombin Linn. (Anacardiaceous) serves potent roles in ethnomedicine.  

To explore the counter-inflammatory and cytokines modulatory roles together with the antioxidant and 

wound healing properties of Spondias mombin Linn. (Anacardiaceous) leaves essential oil (SMEO) on 

excised wounds.  

Spondias mombin Linn. (Anacardiaceous) leaves essential oil was isolated through hydro distillation 

essential in Clevenger type apparatus (Borosil, India). Then thirty-eight healthy adult male albino rats 

(250 ± 20g) were grouped randomly into (n=6); Group 1- 50 µL 1% SMEO, Group 2- 0.1% DMSO and 

Tween 20 (Control), Group 3- Dermazin® ointment, Group 4-untreated, Group 5-50µL 10% SMEO, 

Group 6- 50µL 15% SMEO, with two unwounded samples, were treated for 14 days. Tissues of two rats 

was harvested per group on the 3rd, 10th and 14th days after excision, wounded areas were excised for 

RT-qPCR cytokines analysis and gene expression (Light Cycler, Mannheim, Germany) (IL 6, IL1β, 

TNFα). The SMEO of (25–100 μg/ml) was passed through Total antioxidant/flavonoid/phenol 

phytochemical estimation assays.  

The assays showed high presence of flavonoids/phenols. The 10% and 15% essential oil healing 

progression showed efficiency over the standard. Cytokine analysis/gene expression revealed a 

significant reduction in IL6 levels, a key regulator of other pro-inflammatory cytokines and reparative 

process, after the 3rd, 7th and 14th day. 

The extracted Spondias mombin Linn. essential oil showed stimulation of an anti-inflammatory effect 

through a significant reduction of IL-6 levels as compared to the vehicle and standard treatment on the 

3rd, 10th through to the 14th day of the treatment course, neo-vascularization, tissue regeneration phase 

and overall improved wound healing better than the standard.   

Keywords: Wound Healing, Spondias mombin, Anti-Inflammatory, Cytokines, Essential Oil, 

Antioxidant Assay. 

 
INTRODUCTION 

The search for natural drug leads is unending in science as a result of different adverse effects reports of 

conventional synthetic drugs [1,2]. Spondias mombin Linn. (Anacardiaceous) has numerous local 

applications. It is referred to as Hog plum, Iyeye (Yoruba), Ijikara (Igbo), Its fruit is said to contain 

vitamin C with its leaves usually odd-numbered [3-5]. 

The leaves extract is commonly used as passed down, local remedies such as, throat diseases and 

cavities; aid in women who just gave birth. (Nwogu et al, 2007) The juice from the leaves and dried, 

crushed ones are also used to aid wound healing by direct application on the affected area. This is 

popular in South America. Herb portions containing its parts such as flowers are believed to cure 

stomach-ache, gastric ulcers and Sexually Transmitted Diseases [6-9]. Numerous studies have been 

carried out on the leaf, fruit, flower, and stem bark of Spondias mombin, not much has been revealed 

about the biological activities of its essential oil. Therefore, this recent study has been geared towards the 

anti-inflammatory and wound healing activities of Spondias mombin leaves essential oil. 

Wound healing is stepwise, involving various stages and numerous mediators with a sole aim of return to 

homeostasis, from blood coagulation, inflammation, through to neovascularization and epithelialization. 

The success of this long and orderly process depends on many biochemical processes, cells and  
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mediators involved [9,10]. One of these is IL 6, a proinflammatory 

cytokine with many functions in inflammation, modulation of other 

proinflammatory cytokines (TNFα and IL1β), response to immune 

signaling and blood cells formation. Some studies have shown that 

drug candidates that can modulate IL 6, help promote better wound 

healing. Tackling wound invasion by disease-causing organisms to aid 

wound healing requires application of drugs such as penicillin topical 

gel, ampicillin. Other drugs used in wound healing may include 

collagen-degrading enzymes for treatment by debriding of necrotic 

tissues of infected wounds and thereby achieving re-epithelization 

fast, growth factors such as VEGF, TGFβ, Corticosteroids and other 

recent products [11]. Even though they are effective, it is of urgent 

concern that the cases of antimicrobial resistance and issues with other 

chemical components are on the increase and alternatives must be 

found [12,13].  

Various plants have however been showing promising results as drug 

leads [13-15]. This is connected to the presence of phenolic contents, 

tannins, terpenes and other secondary metabolites in their composition 

that modulate wound healing at appropriate stages. Plant candidates 

have been proven to shorten wound healing phases and initiate re-

epithelialization faster and therefore shows greater promises [16,17]. 

Spondias mombin essential oil contains monoterpene (22.5%) and 

sesquiterpene (48.5%). Such as Beta-caryophyllene (19.1-30.5%), 

caryophyllene oxide (5.5%) and α-humulene (3.5%) just to mention a 

few [18-20]. Some studies have pointed to the activities of β-

caryophyllene (a natural sesquiterpene) as wound healing candidate 

through reduction of inflow of inflammatory cytokines by blocking of 

the Toll receptor and CD14 receptor [21,22]. Its receptors have been 

uncovered as CB1 and 2 (expressed in the epidermis region of the 

skin) [23,24]. 

This study primarily seeks to explore Spondias mombin leaf essential 

oil for its natural, potent, anti-inflammatory and wound healing 

activities on wounds using excision wound model in rats and to 

identify the intrinsic chemical compounds responsible for the anti-

inflammatory, antioxidant, wound healing activities and possible 

mechanism of action of Spondias mombin as natural drug candidates. 

MATERIALS AND METHODS 

Ethical Approval and Plant Identification 

Ethical approval was obtained from Animal Care and Use Research 

Ethics Committee (ACUREC) with College of Medicine HREC 

number: CMUL/HREC/06/21/899. All protocols and guidelines 

concerning animal care and handling was duel observed in all phases 

of the work and conforms with the Helsinki Declaration 1975 (as 

amended) and The Institutional Animal Care and Use Committee 

(IACUC). Spondias mombin L. leaves were purchased from a local 

market in Mushin. Lagos state. The plant was identified as Spondias 

mombin Linn. (Anacardiaceous) by Mr. Adeleke Tijani Isaac of the 

Department of Pharmacognosy Medicinal Garden, College of 

Medicine. University of Lagos.  

Chemicals and Biochemicals  

The following chemicals and kits were used: DMSO (Sigma-Aldrich 

Inc., St. Louis, MO), Tween 20 (Sigma-Aldrich Inc., St. Louis, MO), 

TCA, Phosphate buffer, RNeasy micro kit, Qiagen, FIRE Script RT 

cDNA Synthesis MIX with Oligo (dT) and Random primers for TNF-

𝛼, IL-6 and IL-1𝛽 cytokines and 𝛽-actin control (Solis Bio Dyne. 

Estonia). Other reagents are of analytical grade. 

Extraction of the essential oils from leaves 

Collected Spondias mombin leaves were washed and was further run 

through distilled water. The leaves were air-dried and then ground. 

These leaves were (400 g out of 1200 g per session) were passed 

through hydro distillation in Clevenger equipment (Borosil, India) for 

4 hours following [25]. The extraction yielded oil of 0.35% (v/w).  

Ointment preparation  

Spondias mombin essential oil was made into a (1 %, 10 % and 15 %) 

solution with 0.1 % DMSO (Sigma-Aldrich Inc., St. Louis, MO) and 

Tween 20 (Sigma-Aldrich Inc., St. Louis, MO). 

Animals 

Thirty-eight healthy adult male albino rats (experiment worthy) of 

weights ranging from 250 ± 20 g were kept under adaptive feeding for 

about a week and also subjected to standard and ethical laboratory 

conditions at 23± 2°C without tampering with the normal 12 hours day 

time cycle and fed freely standard diet with standard feed (Animal 

share feeds, grower, Ogre-Remo. Ogun state. Nigeria) and water.  

Grouping of animals  

Animals were distributed into groups based on their weights. As 

follows: 

GROUP 1- rats treated with 1% of essential oils from leaves (50 µL 

per animal) 

GROUP 2- rats treated with a solution containing 0.1% DMSO and 

Tween 20 (Control) 

GROUP 3- rats treated with standard drug (Dermazin® ointment) 

GROUP 4- rats left untreated 

GROUP 5-rats treated with 10% of essential oils from leaves (50 µL 

per animal) 

GROUP 6- rats treated with 15% of essential oils from leaves (50 µL 

per animal) with the remaining two animals as unwounded samples. 

Wound healing activity 

In Vivo Wound Healing Experiments 

The hair on the back of the rats was shaved. Then a 2cm excision 

wound was created on the shaved spot. About 50 μl of each solution 

was given after excision and then every day for 2 weeks [26]. The 

diluted essential oil was applied (including control) without any 

addition of other oils or cream bases so as to factor out any 

interference [27]. Euthanasia of 2 rats on the 3rd, 10th and 14th day post 

excision and healing tissue was collected for further histological 

examination. and cytokines analysis. 

Wound Healing Contraction Determination 

Reducing wound contraction on the excision day, 3rd, 7th, 10th, 12th and 

12th days was recorded with a camera, a caliper was used for the 

closure rate.  

Wound healing contraction = (wound area on day 0 − wound area on 

day 𝑛) / (wound area on day 0) × 100%, where 𝑛 = 0, 3, 7, 10, 12, 14 

days post-wounding. Values was expressed as the percentage of 

wound area reduction [26]. 

Tests and Assays 

Quantitative Real Time Polymerase Chain Reaction Cytokine Gene 

Expression Measurements  

Healing wound tissues were routinely stored in 0.02 Molar Hosphate 

Buffer (pH 7) and stored under 80°.  TNF-𝛼, IL-6, IL1-𝛽 were assayed 

with qPCR. 

RNA Isolation/Purification 

Exactly 0.25 g excision from the wounds was weighed with a  
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weighing balance into a microcentrifuge tube and ground in RNA 

later (Qiagen, ON, Canada). 500 µL of the Lysis Buffer (RNeasy 

micro kit, Qiagen), was added, vortexed for 5 minutes, incubated, 

Then, 300 µL of Isopropanol was pipetted into it and vortexed again 

(Eppendorf, Germany). The mixture was then centrifuged in a spin 

column (Eppendorf, Germany) at 10,000 rpm for some seconds. The 

part that flowed through this spin column was removed. 700 µL of 

secondary wash buffer was added to the spin column and centrifuged 

at 10,000 rpm for 30 seconds. The flow-through was again discarded 

and the collection tube blotted on tissue. Ccentrifuge action at 12,000 

rpm, 2 minutes was done to remove wash buffer, a this is transferred 

to a new tube then a pipette of 50 µL of Elution Buffer (RNeasy micro 

kit, Qiagen), was done and incubateion carried out at room 

temperature, for a minute, this was centrifuged at 10,000 rpm for 1 

minute. The trapped RNA is released and stored under 80° [28]. 

Complementary DNA synthesis 

A 40x cDNA mix was prepared containing 40 µL template RNA, 40 

µL 10x RT reaction premix with with Oligo (dT) and random primers, 

30 µL RT enzyme and Risograph RN as inhibitor and made up with 

250 µL nuclease free water (Solis Bio Dyne. Estonia). 9 µL of the mix 

was pipetted to 1 µL of the template RNA. The plate was slightly (at 

30% of maximum speed) vortexed (Eppendorf, Germany) and 

centrifuged (Eppendorf, Germany) for 30 seconds at 1,000 rpm. 

Prsetting of the thermocycler (Light Cycler, Mannheim, Germany) 

was fixed at 45 cycles, 95℃ for 20 seconds, matter annealing 

temperature for 4–5 seconds and 72°C for 8 seconds. The melt-curve 

was documented for amplification monitoring. (Solis Bio Dyne. 

Estonia) [28]. 

Quantitative Real Time Polymerase Chain Reaction Protocol 

A 45x qPCR mix was prepared containing 90 µL Master mix, 45 µL 

cDNA, 9 µL primer of both the 3’ and 5’ and 𝛽-actin control, 9 µL of 

probe (SYBR green) and 306 µL of nuclease free water (Solis Bio 

Dyne. Estonia), vortexed (Eppendorf, Germany) and centrifuged for 

30 s at 1,000 rpm. Then the thermocycler (Light Cycler, Mannheim, 

Germany) was fixed at 45 cycles, 95℃ for 20 seconds, matter 

annealing temperature for 4–5 seconds and 72°C for 8 seconds. 

Melt curve was programmed from 55-80°C. The Ct value was gotten 

and the ∆Ct, ∆∆Ct and RQ were derived from the following 

equations: 

Delta Ct = Ct gene test – Ct endogenous control  

Delta Ct = ΔCt sample1 – ΔCt calibrator 

Relative quantification (RQ) = 2-ΔΔCt [28]. 

The determinant calibrator helps determine the RQ of all samples as 

they are placed side by side with it. A relative quantification of 10 

shows that the particular gene is 10 times present. 

Quantitative Real Time Polymerase Chain Reaction Primers Used 

IL 1β forward 

5-CAC CTC TCA AGC AGA GCA CAG-3 

IL 1β reverse 

5-GGG TTC CAT GGT GAA GTC AAC-3 

IL 6 forward 

5-TCC TAC CCC AAC TTC CAA TGC TC-3 

IL 6 reverse 

5-TTG GAT GGT CTT GGT CTT TAG CC-3 

TNFα forward 

5-AAA TGG GCT CCC TCT CAT CAG TTC-3 

TNFα reverse 

5-TCT GCT TGG TTT GCT ACG AC-3 

β-actin forward 

5-AAG TCC CTC ACC CTC CCA AAA G-3 

β-actin reverse 

5-AAG CAA TGC TGT CAC CTT CCC-3 

Quantitative Phytochemical Estimation Assays  

Total antioxidant/Flavonoid/Phenol composition (mg/100g) 

Total antioxidant 

The total antioxidant activity of Spondias mombin essential oil was 

carried out using the phosphomolybdenum method by [29]. 

Molybdenum is reduced from (VI) to green phosphate Molybdenum 

(V) complex by the essential oil. Exactly 0.3 ml of the essential oil 

was mixed with 3 ml of (0.6 molar H2SO4, 28 millimolar Na2PO4 and 

4 millimolar ammonium molybdate) in solution as reagent. The 

reaction undergone incubateion at 95°C for 90 minutes. This was read 

spectrophotometrically at 695 nm. The total antioxidant composition 

was expressed as mg gallic acid equivalent per 100g. 

Total phenol 

[30].’s method was employed. Exactly 0.5 ml essential oil was pipetted 

into one microliters of Fooling-Dennis reagent, one microliter of 7% 

Na2CO3.10H20 and five microliters of diluting water. This was 

vortexed and left to stand for thirty minutes and afterwards read 

spectrophotomically at the appropriate wavelength. Gallic acid was 

used as standard. mg/100g. 

Total Flavonoid Content 

This was quantified by AlCl3 colorimetry [31]. The isolated essential 

oil (1 microliter) was added to 300 µL of 5% Sodium nitrate and six 

hundred microliters of 6 minutes old 10% AlCl3 mixture. Four 

microliters of 1 molar Sodium hydroxide are added to the reaction 

mixture, made up to 10mL. This was quantified with a 

spectrophotometer at the appropriate wavelength. The graph generated 

from the parameters (/gram) was against a solution of mg quercetin as 

standard.  

Statistical Analysis 

Statistical analysis was carried out using GraphPad Prism 5.01 

Software. All experimental measurements were carried out in 

triplicate, eexpressed as average of three analyses (Mean±SEM).and 

analyzed as *p<0.05 and **p<0.01 and ***p<0.001 vs 

vehicle/standard, using one way/two-way ANOVA followed by 

Bonferroni post-tests or Tukey Multiple comparison test.  

RESULTS  

Total Antioxidant/Flavonoid/Phenol Composition 

Total phenolic assay was carried out based on the absorbance values 

of the various extract solutions, reacted with Folin-Ciocalteu reagent 

and compared with the standard solutions of pyrocatechol equivalents 

as described above. Data obtained from the total phenolic assay 

supports the key role of phenolic compounds in free radical 

scavenging and/or reducing systems with the essential oil the essential 

oil displaying total antioxidant activity of 31.75 mg/100g, total phenol 



The Journal of Phytopharmacology 

 

 

263 

of 24.24 mg/100g and total flavonoid content of 38.28 mg/100g 

(Figure I). 

The Wound Contraction For 14 Days 

Spondias mombin essential oil ointment treatment groups have shown 

better wound contraction than those of the control group, even though 

the 1% essential oil group had a slow significant initial effect. The 

10% essential oil group outperformed the standard ointment group 

with 94% trailed by the 15% at 83% contraction on the 12th day 

against the standard’s contraction of 85% progressing with 100% 

contraction on the 14th day against the standard’s 90% wound 

contraction. 

Cytokines Expression Determination through qPCR 

Although fluorogenic probes are considered more sensitive than 

fluorescent dyes, this study employed the use of potent SYBR Green 

real-time RT-PCR protocols to assay pro-inflammatory cytokines 

(IL1β, IL6 and TNFα) in rats. This method enables normalisation 

against a housekeeping gene (beta-actin) using comparative CT 

quantification method. PCR efficiency and sensitivity allow the 

assessment of; i) basal mRNA levels in many tissues and even 

decreases in mRNA levels, ii) mRNA levels from very small samples. 

 

Linearity and Efficiency of PCR Amplification 

The PCR curves are nice and parallel. Technical replicates are within 

0.5 cycles and the CTs are <35. These are all good signs of good PCR 

amplification.  

 

Cytokines Mean Plots 

The graphs below show that Spondias mombin L. essential oil 

stimulated an anti-inflammatory effect through a significant reduction 

of IL-6 levels as compared to the vehicle and standard treatment on 

the 3rd, 10th and 14th day. The effect of the oil was not significant on 

IL1β on any sample collection day. 

 

Figure 1: Graph of Spondias mombin essential oil Total 
Antioxidant/Flavonoid/Phenol composition assay showing total antioxidant 

activity of 31.75 mg/100g, total phenol of 24.24 mg/100g and total flavonoid 

content of 38.28 mg/100g 

 

Figure 2: The mean and percentage of wound contraction for each treatment 

group treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 

mombin essential oil and the standard drug, Dermazin® after 14 days. *p<0.05 
and **p<0.01 and ***p<0.001 vs vehicle/standard, using two-way ANOVA 

followed by Bonferroni posttests 

 

Figure 3: Showing the IL1β amplification curve 

 

Figure 4: Showing the IL6 amplification curve 
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Figure 5: Showing the TNFα amplification curve 

 

Figure 6: Showing gene expression (RT-qPCR) of IL1β in rat cutaneous 

lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 

mombin essential oil and the standard drug, Dermazin® for 3 days. Using 

ANOVA followed by Tukey Multiple comparison test 

 

Figure 7: Showing gene expression (RT-qPCR) of IL1β in rat cutaneous 
lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 

mombin essential oil and the standard drug, Dermazin® for 10 days. Using 

ANOVA followed by Tukey Multiple comparison test 

 

Figure 8: Showing gene expression (RT-qPCR) of IL1β in rat cutaneous 

lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 
mombin essential oil and the standard drug, Dermazin® for 14 days. Using 

ANOVA followed by Tukey Multiple comparison test 

 

Figure 9: Showing gene expression (RT-qPCR) of IL 6 in rat cutaneous 

lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 

mombin essential oil and the standard drug, Dermazin® for 3 days. *p<0.05 vs 

vehicle/standard, using ANOVA followed by Tukey Multiple comparison test 

 

Figure 10: Showing gene expression (RT-qPCR) of IL6 in rat cutaneous 
lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 

mombin essential oil and the standard drug, Dermazin® for 10 days. *p<0.05 

and **p<0.01 vs vehicle/standard, using ANOVA followed by Tukey Multiple 

comparison test 
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Figure 11: Showing gene expression (RT-qPCR) of IL6 in rat cutaneous 

lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 

mombin essential oil and the standard drug, Dermazin® for 14 days. *p<0.05 
vs vehicle/standard, using ANOVA followed by Tukey Multiple comparison 

test 

 

Figure 12: Showing gene expression (RT-qPCR) of TNFα in rat cutaneous 

lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 

mombin essential oil and the standard drug, Dermazin for 3 days, using 

ANOVA followed by Tukey Multiple comparison test 

 

Figure 13: Showing gene expression (RT-qPCR) of TNFα in rat cutaneous 

lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 
mombin essential oil and the standard drug, Dermazin® for 10 days. *p<0.05, 

using ANOVA followed by Tukey Multiple comparison test 

 

Figure 14: Showing gene expression (RT-qPCR) of TNFα in rat cutaneous 

lesions treated with vehicle, 1% Spondias mombin essential oil, 10% Spondias 
mombin essential oil and the standard drug, Dermazin® for 14 days. **p<0.01 

vs vehicle/standard, using ANOVA followed by Tukey Multiple comparison 

test 

DISCUSSION 

Inflammation plays an important role in early wound healing stages 

enhancing proper fibroblast and collagen remodelling and 

arrangement [32]. The inflammatory phase must be terminated so as to 

proceed to the repair phase, this is a key change that must occur for 

proper wound healing. IL-6 is at the centre of this switch as it is 

involved in the signalling of fibroblasts, re-epithelialization and 

vascularization and subsequent differentiation of immature fibroblasts 

to myofibroblasts and formation of granulation during cutaneous 

wound healing. This can also be explained by down-regulation of IL6, 

because low IL6 levels stimulate maturation of fibroblasts, which 

promotes wound closure in the healing process. If this goes wrong, 

fibrosis occurs [33,34]. Therefore, the effect of Spondias mombin 

essential oil on IL6 and its subsequent effects on IL1β and TNFα 

production was investigated after wound treatment. This study results 

showed that Spondias mombin essential oil stimulated an anti-

inflammatory effect through a significant reduction of IL-6 levels as 

compared to the vehicle and standard treatment on the 3rd, 10th 

through to the 14th day of the treatment course (Figures 21-23). 

Therefore, when IL6 is controlled, proper wound healing occurs. (For 

example, Corticosteroids reduce IL6, VEGF, STAT3 levels to 

improve hypertrophic/keloid scars [35]. Tocilizumab (IL6 receptor 

alpha antagonist) reduces IL6, VEGF and consequently increase 

apoptosis of fibroblasts to improve hypertrophic/keloid scars [35]. The 

10% Spondias mombin essential oil significantly reduced TNFα 

expression on the 10th day compared to the standard. (Figure 25) 

TNFα is regulated to lower levels during the repair process as 

compared to the inflammatory phase some seconds to hours after 

injury. There was no significant reduction in the gene expression of 

IL1β in the three periods of treatment. 

Spondias mombin Linn. (Anacardiaceous) essential oil contains 

Alkaloids (inhibits arachidonic acid synthesis), phenolics, terpenes 

(especially Beta-Caryophyllenes, an essential oil component wwidely 

distributed in essential oils, a wound healing candidate which works 

through reduction of inflow of inflammatory cytokines by blocking of 

the Toll receptor and CD14 receptor [21,22]. and flavonoids which have 

been proven to enhance antioxidation, help reduce microorganisms on 

wound site and help create conditions for regeneration of fibroblasts. 



The Journal of Phytopharmacology 

 

 

266 

[36]. Which can be linked to wound antioxidation and increase in 

Superoxide Dismutase enzymes to provide healing effects [37]. which 

can be attributed to Spondias mombin essential oil’s high antioxidant 

activities especially when it showed close properties to the standard 

used, Ascorbic acid.  

Some inflammatory biomarkers and phases that are postulated to be 

regulated by Spondias Mombin essential oil are NFκB: A 

transcription factor that is increased to express cytokines (IL6, IL1β 

and TNFα) and enzymes during wound healing conditions [38]. Ki-67: 

Help in the formation of granulation tissues, neo formation of blood 

vessels and construction of extracellular matrix [39]. Vascular 

Endothelial Growth Factor VEGF, a central mediator of blood vessel 

formation and finally, the remodeling phase: Here, proteoglycan and 

collagen molecules are re-arranged and remodeled in closer bundles to 

form high tension fibers [40]. More extensive research on gene 

expression and cytokines analysis to confirm the effects of Spondias 

mombin essential oil on NFκB, Ki-67, Transforming Growth Factor β 

TGFβ, Vascular Endothelial Growth Factor VEGF and other 

biomarkers needs to be done. 

CONCLUSION 

Based on this study, it can be said that Spondias mombin Linn. 

(Anacardiaceous) leaves essential oil contains therapeutic components 

that accelerates wound healing through mechanisms such as counter-

inflammation, modulation of anti-inflammatory cytokines, modulating 

other biomarkers that help in formation of granulation tissues, neo 

formation of blood vessels and construction of extracellular matrix, 

converging activity of keratinocytes at the re-epithelization phase and 

tissue remodeling. Therefore, Spondias mombin Linn. 

(Anacardiaceous) essential oil is a lead for therapeutic use.   
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