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ABSTRACT

Carica papaya has been investigated in treatméntieers and wounds especially in developing caestrThis
study was aimed at investigating the wound headifigiency of powdered Carica papaya leave. Wistts were divided
into 3 groups: Group 1(control): Treated with notrisaline. Group 2 (control check): Treated withgyiene glycol alone,
Group 3 (experimental): Treated with powdered Gapapaya leave. Wound was inflicted and dressddmaitmal saline;
propylene glycol and powdered Carica papaya leasperctively.The efficacy of treatment was assessed by theofate
wound closure, Wound contraction, fibroblast cedust and histology of granulation tissue. The restlowed an
insignificant difference in wound contraction (P®9). Significant difference in wound closure waserved with group 3
been the fastest (P< 0.05). Fibroblast cell cohotved statistical significant difference among dineups and across days
(P< 0.05). Scar tissue also showed significantediffice in fibroblast cell counts (P< 0.05). In dosion, our study gave
scientific background for the use powdered Carigpaya leave as a potential wound healing agenttwikipotent and
faster in wound healing as against papaya extraots normal saline among Wistar rats. It has alscuahented that

propylene glycol has an enhancing therapeutic ptpjrethe wound healing process among Wistar rats.
KEYWORDS: Wound Healing, Carica Papaya, Fibroblast, Woundti@ation
INTRODUCTION

Wound healing is the body natural process of regdimg dermal and epidermal tissue (Stadelmanh,gtL898];

Iba et al., [2004]. A normal reaction to injurygdgnamic process with four continuous, overlappingris which overlap in
time [Iba et al., [2004], and precisely programnthses:-hemostasis, inflammation, proliferationgd aemodeling
(Peacock et al., [1984]; Mast [1992]). Componerftplant (70%), mineral (20%) and animal origin10%e aised for
wounds and its management [Biswas et al., [200d] it fundamental to the practice of surgery [Bwiket al., [2000].
Propylene glycol is considered generally recognaedafe by the U.S. Food and Drug Administratiord it is used as a
humectants (E1520) solvent, and preservative id fowd for tobacco products, as well as being themmagredient in the
liquid used in electronic cigarettes. Wound corttoacin rodents contributes about 80% - 90% ofttital wound closure
unlike in human that it contributes 25% - 50% (Tite2$2004].
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Fibroblast later differentiates into myofibroblagitsough which wound contraction is mediated tar@agextent
(a week after wounding), which in turn are attreldbg fibronectin and growth factors to the woundesl(Junquera et al.,
[2010]. The actin in myofibroblasts usually contraesulting in the pulling of the wound edges tbget(Hinz, [2006];
Falanga, [2005]; Stadelmann et al., [1998]). Filasbbegin entering wound 2-5 days after woundisgndammatory
phase is ending and their number peaks at 1-2 wasdtsvounding (Larjava et al., [2002].

At the end of the first week fibroblast are the maells in the wound and ends 2-4weeks after wagndi
[Stadelmann et al., [1998]. Oxygen is a major factontributing to wound healing, it is important feell metabolism,
especially energy production by means of ATP, andritical for nearly all wound-healing processéqrevents wounds
from infection, induces angiogenesis, increaseatk@cyte differentiation, migration, and re-eplihkzation, enhances
fibroblast proliferation and collagen synthesisd goromotes wound contraction. (Bishop, [2008]; Rgukz et al.,
[2008]). In addition, the level of superoxide protdan (a key factor for oxidative kiling pathogéndy

polymorphonuclear leukocytes is critically depertdamoxygen levels.

Carica papaya (Pawpaw) had been utilized for normal wound hegiind antibacterial activities especially the
leaf [(Giovannucci [1999]; Emeruwa, [1982]; Osatoaé [1993]), diabetic induced wounds [Iba et f2004]. Aqueous
extract of Carica papaya leaves accelerates thgrgssion of wound healing activity significantly,prevents infection,
reduces odour and possess antimicrobial activitghidMood et al. [2005]). The fresh leaves and extoBCarica papaya is
used in treatment of burns, soft tissue wound dad imfection as its unripe fruit promotes granidat and healing
especially skin and gastric ulcers (Hewitt et glQ00]; Dawkins et al., [2003]; Chen et al., [198Cho et al., [1984]).
Antioxidant properties have been discovered andiyapeave contains Vitamin C in large quantity,olved in collage
synthesis (Rimbach et al., [2000]). Anti-inflammato(Gupta et al., [2000]), antifertility [(Udoh eal., [1999],
antihypertensive properties (Eno et al., [2000}retic effects [Sripanidkulchai et al., [2001], naty tract infections
[Yusha'u et al., [2009] has been attributed to yadaaves.

Propylene glycol is considered generally recogniasdafe by the U.S. Food and Drug Administrataong it is
used as a humectants (E1520) solvent, and preservatfood and for tobacco products, as well amdpehe major
ingredient in the liquid used in electronic cigéest It is also used in pharmaceutical and persoasd products as
reported [Carl J. Sullivan (2005)]. Propylene glyc®a solvent in many pharmaceuticals especiallydral products,
injectable and topical formulations, such as diare@nd lorazepam that are insoluble in water; itsis as a solvent in

their clinical, injectable forms [Janusz et al.919

MATERIALS AND METHOD

Animals

Female albino Wistar rats weighing 150-220 g wewntained the animal house of Department of Anatomy

University of Ibadan, in transparent plastic cage.
Experimental Design

The rats were randomly divided into three group& afits per group. All treatment was given topicallhe

contraction parameters and granulation tissues ta&sn on day 3, 6, 9 and scar tissue.
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Wounds Evaluation/ Excision Wound Model

The animals were anesthetized with 1.5 ml of irgreous ketamine hydrochloride (120 mg/kg body weight
Wounds were created using the method of Mahmoad. ¢2005]) with some slight modifications. The ieails divided
into three groups; Group 1 (control) received tresit with normal saline. Group 2 was treatment \pithpylene glycol

and Group 3 was treated with Papaya powdered leave.
Measurement of Wound Area

A transparent sheet tracing the wound boundarigs weed to measure the progressive wound areaery 8v
days interval. The wound areas were recorded omaphgpaper. Wound contraction was expressed astreduin
percentage of the original wound size. Wound hegadificacy was evaluated by the rate of wound s{g&ssure), wound

contraction, fibroblast cell count and histologygo&nulation tissue.
Ethical Approval

The authors here declare that the study was caoigdwith approval of the University of Ibadan Etli
Committee on Experimental Animal. Also the “Prirleip of laboratory animal care” as contained in e publication
No. 85-23, revised 1985 were duly observed by thkas.

Histological Analysis/Tissue Processing

Granulation tissue harvested on day 3, 6, and &lbeg with the scar tissue were transferred to idi%nal saline
to prevent autolysis and preserve the tissue $sué processing. The tissues were then processegdstandard method
with Haematoxyline and Eosin stairfSbroblast cell and blood vessel counts were obthinsing a microscope and a
graticle making counts at 5 different equidistamgizaof the granulation tissue on day 3, 6, 9 antherscar tissue, at x400

in both control and experimental groups and slidese snapped with the aid of a camera.
Statistical Analysis

The mean of wound healing day, contraction ratejngiosize and cell counts between the groups weesrdimed
from the results expressed in Meant S.E.M using OM& ANOVA. The level of significance was taken 86%

confidence interval (P< 0.05)
RESULTS

Table 1: Wound Contraction Rate

Days
0 3 6 9 12 15 18 21 24 27
GROUP 1 8.24 6.27 3.53 1.10 0.39 0.1y 0.13 0.10 0.12 0.08
GROUP 2 8.59 4.96 3.09 0.72 0.32 0.16 0.08
GROUP 3 8.73 5.27 2.44 0.40 0.13 0.12 0.04

Group

Group 1 was those treated with Normal Saline, Grdwpas treated with Propylene Glycol while Group&s

treated with Powdered Papaya Leave.

Progressive increase was observed in the woundramion rate with group 3 been fastest though these

differences were not statistically significant &0F05 as seen in Table 1.
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Table 2: Mean Percentage Wound Contraction (%)

Grou DEE
P 3 6 | 9 12 15 18 21 24 27
GROUP1 | 0 | 24.16 ‘i% 8?'3 95.23 9786 | 9828 9877  98.52 92'0
GROUP2 | 0 | 3632 %11' 9?3'2 95.48 98.10 | 99.03
GROUP3 | 0 | 37.80 117 956'3 98.48 9857 | 99.53

Progressive increase was also observed in the pe@entage wound contraction which is as a reduth®
progress observed in the wound contraction rath gibup 3 been fastest though these differencee netr statistically

significant at P>0.05 as seen in Table 2.

Table 3: Mean Group Duration of Wound Healing in Days (Mean + SD)

Group 1 Group 2 | Group 3
Mean 25.00 + 4.58 17.25+3.30 | 15.33 £ 3.22*

An enhanced mean group duration of wound healirdpiys was observed with the experimental grouped e
fastest, nevertheless a new finding was obsenadgttoup 2 (propylene glycol alone) which was thbstance used as a
scaffold tend to show a strong wound healing effjcas the second fastest and this property was aneato us as seen in

Table 3. The difference found in the wound heaiindays was statistically significant at P< 0.05.

Table 4: Mean Fibroblast Cell Counts (Mean * SD)

Days GROUP1 | GROUP2 | GROUP3
DAY 3 440+052 | 500%1.14| 6.40+167*
DAY 6 11.20 + 1.39%  9.40+1.51| 10.20 % 1.17
DAY 9 2020+084] 22.20+1.23 2350 £ 110
SCARTISSUE| 7.80+1.74 | 11.20 + 1.19F  7.10%0.89

A statistically significant difference in the mefibroblast cell counts across the groups in thengliation tissue
was observed on day 3 and 9 with group 3 havingyteatest count at P< 0.05. Significant differenees also observed
on day 6 with group 1 having the greatest count@ndcar tissue with group 2 having the greatbsbffilast cell count at
P< 0.05 as seen in Table 4. There was also signifidifference across the days in mean fibrobleltcount reaching its
peak on day 9 P< 0.05.

Inflammatory phase of the wounds were characterizigd lot of neutrophils, macrophages. Fibroblasgib
entering 2-5 days after wounding as inflammatorageghis ending with its peaks at 1-2 weeks post diogn The
fibroblast cell count reaching its peak on day 9reeh that at the end of the first week fibrobkagt the main cells in the
wound and ends 2-4weeks after wounding accountinghfe reduction in cell count observed in the dcssue. This
however affected the rate of wound contraction \itshpeak from [ to D;s. Collagen fibers were also as seen in the

figures 1-4.

Figure 1: Histology of granulation tissueaairica papaya leaves groupl-3 (a-c) granulation tissue of day 3
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Figure 1: Histology of Granulation Tissue ofCarica Papaya Leaves Group1-3. (a-c) Granulation Tissue of Day 3
Showing with Less Collagen (C) And More Macrophaged.ittle Fibroblast s(F), Neutrophils_(Ne)
Which Reflect a Recent History of Inflammation Triggered by the Injury, Collagen Fibers
(C), Blood Vessels (Bv), Nerve Fibers (N) and Artict (A). H & E X400.

Figure 2: Histology of Granulation Tissue @farica Papaya Leaves Group1-3. Granulation Tissue of Day 6

Figure 2: Histology of Granulation Tissue ofCarica Papaya Leaves Groupl-3. Granulation
Tissue of Day 6 Showing Significant Collagenatiorkibroblasts H& E X400

Figure 3: histology of granulation tissue odrica papaya leaves groupl1-3 granulation tissue of day 9

Figure 3: Histology of Granulation Tissue ofCarica Papaya Leaves Groupl-3. Granulation Tissue
of Day 9 Showing Significant Collagenation, and Nuerous Fibroblasts. H&E X400.

The histology of the scar tissue showed the presehother cells present and the major divisionhef skin as

well as the epidermal divisions of the skin. Séssues were not formed as seen specifically inréigu

Figure 4: histology of scar tissue
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Figure 4: Histology of Scar Tissue Showing Layersfdahe Epidermis (Ep); Stratum Corneum (Sc), Stratum
Granulosum (Sg), Stratum Spinosum(Ss), Stratum Baga (Sb),Also the Keratinocytes(k). Collagen Fibersf,
Lesser Fibroblasts (f) And Blood Vessels (Bv) And &tve Fibers (n) Are Seen Within The Dermis (d). H&EX400

DISCUSSIONS

An enhanced wound contraction rate was observedhwieflected in the percentage contraction, needsts this

finding was not significant P>0.05.

Mean group duration of wound healing in days waseoled in the experimental groups with group 3 kben
fastest, however a new finding was observed tham2 (propylene glycol ) which was the substareeduas a scaffold
tend to show a strong wound healing efficacy ass#eond fastest and this property has not beendiffeeences in these
mean wound healing day values among the groupdouas to be statistically significant P< 0.05; tiwas in agreement
with the work of Mahmood et al., (2005).

A statistically significant difference in the me#iroblast cell counts across the groups in thenglation tissue
was observed on day 3 and 9 with group 3 havinggtbatest count at P< 0.05. Significant differemees also observed
on day 6 with group 1 having the greatest count@ndcar tissue with group 2 having the greatbsbffilast cell count at
P< 0.05. There was also significant difference s&tbe days in mean fibroblast cell count reachtsigeak on day 9 P<
0.05. This may be attributed to the enhanced wanamdraction rate recorded between the groups. d$ssrtion is based
on the fact that wound contraction in rodents dbates about 80% - 90% of the total wound closuméea in human that
it contributes 25% - 50% (Theoret, 2004). Fibroblasgin entering 2-5 days after wounding as inflatory phase is
ending and their number peaks at 1-2 weeks poshding (Larjava et al., [2002], this may be the oeasvhy day 3
recorded the least count. Stadelmann et al., (1888) reported that by the end of the first weékofblast are the main
cells in the wound and ends 2-4weeks after woundaugunting for the reduction in cell count obsdrirethe scar tissue.
In all groups the rate of wound contraction washair peak from B to D5 thus, conforming to literature on wound
contraction reaching its peak at 5 to 15 days posinding in full thickness wound.

However the difference in wound contraction betwél@ groups is most likely attributed to the faltt
fibroblast, which later differentiates into myofiiilasts through which wound contraction is medidte@ great extent
(Junguera et al., 1998), showed a significant difiee between the groups (both the controls anestperimental) and
across days. The fibroblast when stimulated by gndactors differentiate into myofibroblasts (a Wesdter wounding),
which in turn are attracted by fibronectin and giloviactors to the wound edges. The actin in myofitaists usually
contract resulting in the pulling of the wound esigegether (Hinz, [2005]; Falanga, [2005]; Stadeimat al., [1998]).
Thus, any factor that facilitates fibroblast prefition and growth factor excretion to wound siesld accelerate wound
contraction.
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Furthermore, no statistical difference was obsemetie blood vessel counts in the granulatioruéssf day 3, 6,

9 and the scar tissue in both controls and expeatahgroups, this may suggest ti@drica papaya leave may not be a

facilitator or promoter of angiogenesis. Increasegjiogenesis requires a moist environment and gag&sis occurs

towards regions of low oxygen tension such thatustee dressing may act as impairment to the psocEsus, the wound

environment in the experimental group may not begadtely moist enough to bring about a statisticsitinificant change

in blood vessel count relative to the control group

At the end of the experiment, there were no hypphic scars generated in wound dressed with Gaftica

papaya extracts and the controls.

CONCLUSIONS

This study has demonstrated that powdéTardca papaya leaves extract is a strong therapeutic agent inngo

healing process significantly with respect to wowodtraction, size and cell count. It has also duented that propylene

glycol has an enhancing therapeutic property innthend healing process.

REFERENCES

1.

2.

10.

Bishop, Role of oxygen in wound healirbi\bund Care 17:399-402. 2008
Emeruwa, Antibacterial substance from carica papaygextract. J. natural. Prod., 45:132-137. 1982

A.A. Mahmood, K. Sidik and I. Salmah , Wound Heglifsctivity of Carica papaya L. Aqueous Leaf Extract
Rats.International Journal of Molecular Medicine and Advance Sciences, 1: 398-401. 2005.

A.E Eno, O.l. Owo, E.H. Itam and R.S. Konya. Blguéssure depression by the fruit juice of caricpapa in
renal and doca-induced hypertension in the rattd®hgrapy res.,14:235-239. 2000

Sripanidkulchai., V. Wongpanich, P. LaupattarakgsénBSuwansakri and D. Jirakulsomchok, Diuretie@f of
selected thai indigenous medicinal plants in rat&thnopharmacol., 75: 185-190. 2001

A. Mast, “The skin,” in Wound HealingBiochemical and Chemical Aspects. WB Saunders, Philadelphia, Pa,
USA, 344-355. 1992.

Hinz, "Masters and servants of the force: the mflenatrix adhesions in myofibroblast force perceptand
transmission"European Journal of Cell Biology 85 (3—4): 175—-81. 2006.

Bailey & Love. Short practice of surgery'28d. Arnold publishers. 28-31. 2000.

C.F. Chen, , S.M. Chen, S.Y. Chow and P.W. Hanteltive effects of carica papaya Linn on the exogsn
gastric ulcer in rats. Amer. J. Chinese Medicing®-212. 1981

C.H. Cho, and P.W. Han, Papain reduces gastric segicetion induced by histamine and other secrgtagoin
anesthetized rats. Proceedings of the nationatseieouncil, republic of china. Part B, life scieac8: 177-1781.
1984

Impact Factor(JCC): 1.8207 - This article can be denloaded from www.impactjournals.us




Ukoba. O, Adefisan. I. E & Ague. U.S |

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

C.L. Theoret, "Update on wound repai€linical Techniquesin Equine Practice 3 (2): 110-122. (2004).

Gionannucci, Tomatoes, Tomato-based products, lgmepand Cancer: Review of the Epidemiologic Litee
J Natl Cancer Ingt. 91.4. 317-331. 1999

Peacock, Erle, "Healing wound”, plastic surgefygd. W. B. Sunder Co. Pg. 167-169, 1984.

Rimbach, Q. Guo, T. Akiyama, S. Matsugo, H. Mofri,Virgili and L. Packer, Ferric nitrilotriacetateduced
DNA and protein damage: inhibitory effect of a femted papaya preparation. Anticancer Res., 20:-29Q4.
2000

G.Dawkins, H. Hewitt, Y. Wint, P.C. Obiefuna and Blint, Antibacterial effects of carica papaya fsuibn

common wound organisms. West indian med. J., 52:282. 2003

Larjava., L. Koivisto., and L Hakkinen. Chapter KReratinocyte Interactions with Fibronectin Duringoud
Healing. 2002

H.Hewitt, S. Whittle, S. Lopez, E. Bailey and S.aWer, Topical use of papaya in chronic skin ult@rapy in
jamaica. West indian med. J., 49: 32-33. 2000.

J. Carl Sullivan."Propanediols”, Ullmann's Ency@dja of Industrial Chemistry, Weinheim: Wiley-VCBO005.

J.A. Osato, L.A. Santiago, G.M. Remo, M.S. Cuadwad A. Mori, Antimicrobial and antioxidant acti\as of
unripe papaya. Life sciences, 53: 1383-1389. 1993.

L. C. Junqueira and J Carneiro; Muscles TissuejcBdistology, Atlas and Text 12th edition, The Me@rHill
Companies. (2010)

M. Yusha'u,, I. Onuorah, F. C and Murtala. VY.; iitr@ sensitivity pattern of some urinary tract &s@ls to carica

papaya extracts; bayero journal of pure and apgligehces, 2(2): 75-78. 2009.

M.D. Janusz Szajewski, , Warsaw Poison Control @e@hugust, 1991). "Propylene glycol (PIM 443)".A8
INChem. Retrieved July 2, 2009.

O.P. Gupta, S. Sing, S. Bani, N.Sharma, S. Malhd&x®. Gupta, S.K. Banerjee and S.S. Handa,. Anti-
inflammatory and anti-arthritic activities of silyrin acting through inhibition of 5-lipoxygenease.
Phytomedicine. 7: 21-24. 2000

P .Udoh,. And A. Kehinde,. Studies on antifertilifect of pawpaw seeds (carica papaya) on thedgpatimale
albino rats. Phytotherapy research. 13: 226-228919

P.G Rodriguez, F.N Felix,., D.T Woodley,. & E.K 8hiThe role of oxygen in wound healing: a reviewtlud
literature:PubMed Dermatol Surg 34:1159-1169. 2008

T. K. Biswas & B. Mukherjee. Plant medicines of ibd origin for wound healing activitygur J. Ophthalmol,
10:71-76. 2003

. V. Falanga. Wound Healing. American Academy of Datotogy (AAD). 2005

Index Copernicus Value: 3.0 - Articles can be serib editor@impactjournals.us




| The Wound Healing Effect of Powdered Carica Papayheave 9 |

28. W.K. Stadelmann, A.G Digenis,; G.R Tobin, ."Physm} and healing dynamics of chronic cutaneous wstnd
American journal of surgery 176 (2A Suppl): 265-38S. 1998

29. Y. Iba, A.Shibata,, M. Kato, & T. Masukwa,. Possilihvolvement in the mast cells in collagen remiodein the

late phase of cutaneous wound healing in migernational immunopharmacology. 4(14).1873-1880. 2004

Impact Factor(JCC): 1.8207 - This article can be denloaded from www.impactjournals.us







