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Mofex igerikli Rapider Bariyer krem isimli preparatin deri iizerindeki fizyolojik ve mekanik
etkisi lizerine yapmis oldugumuz preklinik ¢alismalar ve klinik gézlem sonuglar1 Ek’'te rapor
halinde sunulmustur.
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GIRIS
Fiziksel, kimyasal, termal radyasyon ve cerrahi nedenlere bagl veya kendiliginden
gelisen doku biitiinliigiiniin bozulmasi yara olarak isimlendirilir'. Hiicre ve dokular zedelen-
diginde yaralanmis dokunun biitlinliigiiniin yeniden olusturulmasi i¢in temel olarak ii¢ fazda
gelisen biyolojik bir silire¢ baslar. Bu fazlar, karisik ve ¢esitli dokularla organize etkilesim
olusturan erken donem cevabi, epitel yenilenmesi ve cilt alt1 dokularin onarimi seklinde geli-
sen enflamasyon, hiicre sayisinda artisin meydana geldigi proliferasyon ve iyilesen dokunun

saglamlagma siireci olan yeni olusum (remodeling) fazlaridir?.

Yara iyilestirici etkinin belirlenmesi amaciyla fare, sican ve kobay gibi kii¢lik boyutta
memeli hayvanlar tercih edilir. Hayvanlar {izerinde mekanik veya termal travma yoluyla spe-

sifik yaralar olusturulur?.

Cilt yiizeyinde belirli bir alanda olusturulan insizyon, eksizyon veya yanik yara mo-
dellerinde belirli araliklarla fotograflanan yara alanlart AutoCAD gibi alan 6l¢meye yarayan
bilgisayar programlari kullanilarak &lgiiliir*. Olgiilen alanlardan hareketle yara kontraksiyonu

hesaplanir. Alanda meydana gelen kii¢lilme yara iyilesmesinin gorsel ifadesidir.

Yara gerilim kuvvetinin dl¢lilmesi, insizyon tipi yara olusturulmus deney hayvanlari
tizerinde yapilan deneyleri kapsamaktadir. Hayvanlarin sirt kisimlarinda steril cerrahi bistiiri
ile kesi yaras1 olusturulduktan sonra yara kenarlar1 cerrahi dikisle birlestirilir. Test numunele-
rinin yara gerilim kuvveti lizerindeki etkisi, belirlenen bir siire sonra dikislerin alinmasi ve
yara alanlarmin cikarilarak tensiometre ad1 verilen yara kuvvetini 6lcen cihazlarla dlgiiliir. Tyi-
lesen dokudaki yirtilma kuvvetinin yiiksek olmasi yaranin saglamliginin gostergesidir. Bu da
dokudaki kolajen olusumu hakkinda bilgi verir’. Kolajen, yaranin hizli bir sekilde iyilesmesi
icin gerekli olan 6nemli bir ekstraseliiler matriks proteinidir. Yara alanindaki kolajen miktari-
nin tespit edilmesi i¢in kolajeni olusturan aminoasitlerden olan hidroksiprolinin dokudaki

miktar1 6l¢tliir®.

Bu arastirmada, “Rapider Bariyer Krem” isimli preparatin deriden nem kaybi {ize-
rindeki etkisi incelenerek, yara olusumunu engelleyici/geciktirici etkisinin arastirilmasi
amactyla preklinik caligmalarin yapilmasi planlanmistir. Bu amagla kremin deriden nem kaybi
tizerindeki etkisi incelenerek, yara olusumunu engelleyici/geciktirici aktivitesi in vivo deney
modeli olan ¢izgisel insizyon yara modeli ve akabinde histopatolojik incelemeler yapilarak
aragtirilmistir. Deney sonuglar1 kendi igerisinde pozitif ve negatif kontrol gruplar1 kullanilarak
istatistiksel olarak degerlendirilmis ve anlamli sonuglar kayit altina alinmistir.
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Deney Hayvanlar

MATERYAL VE METOT

Deneylerde Kobay Firmasi Deney Hayvanlar1 Arastirma Laboratuvari’ndan temin edi-

len 160-180 g agirhiginda erkek Sprague&Dawley sicanlar kullanildi. Hayvanlarin ortama

adapte olabilmesi i¢in deneye baslamadan 6nce laboratuvar sartlarinda en az ii¢ giin bekletil-

di. Bu bekleme siiresince hayvanlar standart pellet yem ve su ile beslendiler, 12 saat aydinlik

12 saat karanlik uygulamas1 yapilan laboratuvarda oda sicakliginda barindirildilar. Deneylerde

her grupta alt1 hayvan kullanildi.

Test numunesi

Botafarma Saglik Uriinleri Tic. San. Ltd. Sti. tarafindan génderilen ve preparat iizerindeki

icerigi asagida belirtilen “Rapider Bariyer Krem” isimli bitmis iiriin test numunesi

olarak kullanild.

Rapider Bariyer Krem Icerik Bilgisi

Deionized water

Mofex

Lanovaseline

Gliseril Monostearat

Cera alba

Setilstearil Alkol

Shea Butter

Jasmine oil

Trietanolamin,

Methyl p-hydroxybenzoate

Propil p-hidroksibenzoat

Butilhidroksitoliien

Alfa tokoferol
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DENEY PROTOKOLU

Kullanilan Madde. Solvan ve Cihazlar

Biyolojik aktivite deneylerinde kullanilan madde, solvan ve cihazlar ve bunlarin temin

edildigi firmalar asagidaki tabloda verilmistir.

Tablo 1. Deneylerde kullanilan madde ve solvanlar

Madde/Solvan/Cihaz Temin edildigi firma
Alfazine Alfasan International B.V., Hollanda
Cerrahi ipek iplik Huaiyin Medical Instruments
Hematoksilen Sigma-Aldrich 517-28-2
Isik mikroskobu Nikon Eclipse C
Analiz Sistemi
Ketasol Richter Pharma
Tensiometre Zwick/Roell Z0.5, Germany

Cizgisel insizyon Yara Modeli

Cizgisel insizyon yara modelinde deney siiresince uygulanan merhemlerin kolajen ya-
pim1 ve yara gerilimini arttirict etkisi, Lodhi ve ark. ile Suguna ve ark.’nin yontemi kullanila-

rak degerlendirilmistir’®.

Siganlara intraperitonal yolla 0.05 cc Ksilazin (%2 Alfazine®) ve 0.15 cc Ketamin
(%10 Ketasol®)enjeksiyonu ile genel anestezi yapildi. Sirt kisimlarinin orta hattindan 2 cm
uzaklikta bistiiri ile iki adet 5 cm’lik ¢izgisel insizyon yarasi olusturuldu. Cerrahi ipek iplikle
esit araliklarla 3 adet dikis atildi. 10 giin boyunca giinde bir defa 500’er mg merhem formii-
lasyonlar1 haricen yaralara uygulandi. 11. giin sonunda dikisler alindi. 11. giin hayvanlar yiik-
sek doz anestezi ile 6ldiirtildii. Yara olusturulan bolgeler yara kenarlarinin 2’ser cm uzagindan
cerrahi makasla kesildi. Yaralardan biri histopatolojik incelemeler i¢in ayrildi. Diger yaranin

tensiometre ile gerilim kuvveti 6l¢iildi®.

Cizgisel insizyon yara modelinde yiizde gerilme kuvveti hesaplanirken asagidaki

formiil kullanilmistr.
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(T-NK)
% Gerilme kuvveti: — x 100

NK
NK: Tedavi edilmeyen grup

T: Test numunesi uygulanan grubun gerilme kuvveti ortalamasi

Resim 1. Tensiometre (Yara Gerilme Kuvvetinin Olgiimii)
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Deney gruplari
Deney gruplar1 asagida Tablo 2’de sunulmustur.

Tablo 2. Deney gruplari

Grup Uygulama yontemi

Deney hayvanlarinin sirtlarinda 5 cm
Insizyon (Negatif Kontrol (NK)) uzunlugunda sadece insizyon yarasi
olusturulmus ve tedavi uygulanmamastir.
Deney hayvanlarinin sirtlarinda 5 cm uzunlu-
insizyon +RapiderBariyer Krem gunda insizyon yarasi olusturulmus ve 10 giin
boyunca Rapider Bariyer Krem ile tedavi
edilmistir.
Deney hayvanlarinin sirtlarina 10 giin boyunca
Rapider Bariyer Krem uygulanmis akabinde 5

RapiderBariyer Krem + Insizyon

) ) cm uzunlugunda insizyon yarasi olusturulmus
+ Rapider Bariyer Krem

ve 10 giin boyunca Rapider Bariyer Krem ile
tedavi edilmistir.
Deney hayvanlarina herhangi bir uygulama

Saglam deri
yapilmamugtir.

Histopatolojik Incelemeler

Histopatolojk incelemeler i¢in uygun biyiikliikkteki 6rnekler %10’luk tamponlu
formaldehitte tespit edildi, rutin doku takibine alind1 ve parafinde bloklandi. Parafin bloklar-
dan alman 5 pm kalinligindaki kesitler lama transfer edilerek hematoksilen-eozin (HE) ve
Van Gieson (VG) boyalar1 ile boyandi. Isik mikroskobu (Nikon Eclipse Ci bagli Kameram®
Dijital Image Analiz Sistemi) altinda incelenen dokularda epidermal ve dermal re-modelleme
hafif (+), orta (++) ve siddetli (+++) olmak tizere derecelendirildi. Epidermis re-epitelizasyon
veya llser; dermis ise fibroblast proliferasyonu, mononiiklear ve/veya polimorfoniiklear
hiicreler, neovaskiilarizasyon ve kollojen birikimi yoniinden incelenerek epidermal ve/veya
dermal re-modelleme evrelendirildi. Van Gieson boyanmis kesitlerde kollojen birikimi ortaya

kondu '0:11,
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Istatistiksel Degerlendirmeler

Deney sonuclart degerlendirilirken tek yonli “ANOVA” testini igeren

“Instat” (Windows) istatistik programi ve Students-Newman-Keuls posthoc testi kullanildi.

Kontrol grubu ile karsilastirilan deney sonuglarindaki istatistiksel belirginlik asagi-

daki sekillerle ifade edildi:
* 1 p<0.05;**% :p<0.01; ***:p<0.001

SONUC

Fiziksel, kimyasal, termal radyasyon ve cerrahi nedenlere bagl veya kendiliginden
gelisen doku biitiinligliniin bozulmasi yara olarak tanimlanir. Yara iyilesmesi kendiliginden
gelisen fizyolojik bir siirectir. Deride yaranin olugmasi ve iyilesmesi siireclerinde derideki
nem oraninin ¢ok dnemli bir faktor oldugu yapilan ¢aligmalarla ortaya konmustur. Cilt {ize-
rinde nem kaybina kars1 bariyer olusturan iiriinler hem yara olusumunu geciktirmekte hem
de olusmus yaralarin iyilesme siirecini kisaltmaktadir. Ozellikle derideki acik yaralarin enfek-
siyon ve komplikasyonlara acik olmasi nedeniyle miimkiin oldugu kadar hizli ve herhangi bir
iz birakmadan, diistik maliyet ile iyilesmesini saglayabilecek maddelere ihtiya¢ duyulmaktadir.
Bu amagla gerek sentetik molekiiller gerekse de biyolojik kaynakli iiriinlerden yararlanmak
iizere kapsamli bilimsel arastirmalar yiiriitiilmektedir. Ozellikle bitkisel iiriinler halk arasinda,
kolay saglanabilmesi ve yan etki olusturma diizeylerinin diisiik olmasi nedeniyle yara iyilesti-

rici amagla yaygin olarak tercih edilmektedir 1.

Calismada Rapider Bariyer Krem deriden nem kaybi iizerindeki etkisi incelene-
rek, yara olusumunu engelleyici/geciktirici aktivitesi si¢anlar {izerinde ¢izgisel insizyon de-
ney modeli kullanilarak yara alanindaki kolajen olusumu ve kapanan yaranin saglamligi de-
gerlendirilmistir. Cizgisel insizyon yara modelinde “Rapider Bariyer Krem” formiilasyonu-
nun insizyon yarasi olusturulduktan sonra 10 giin boyunca uygulanmasi ile %50.57; 10 giin
boyunca krem uygulanip insizyon yarast olusturulduktan sonra yine 10 giin boyunca tekrar
krem uygulanmas: suretiyle yapilan islemde %75.72 oraninda yara kuvvetini arttirdig1 tespit
edilmistir (Tablo 2). Ayrica Rapider Bariyer Krem + Insizyon + Rapider Bariyer Krem uy-
gulamasinin hicbir islem yapilmanug saglam deriye yakin bir yara gerilme kuvveti goster-

digi de tespit edilmistir.
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Tablo 3. “Rapider Bariyer Krem” formiilasyonunun ¢izgisel insizyon deney modeli iizerinde-

ki etkileri

Yara gerilme kuvveti + O.S.H

Materyal
(%Yara gerilme kuvveti)

Insizyon (Negatif Kontrol (NK)) 10.46+1.99
Insizyon + Rapider Bariyer Krem 15.75+1.86

(50.57*%)
Rapider Bariyer Krem + Insizyon + 18.38+1.72
Rapider Bariyer Krem (75.727%%%)
Saglam deri 27.3242.42

*:ip<0.05; **:p<0.01; ***:p<0.001; *** : p<0.001; O.S.H.:Ortalama Standart Hata
Yiizde yara gerilme kuvvetleri: Negatif kontrol grubuna gore kiyaslandi.

0. giin 5. giin 11. giin

Resim 2. Insizyon yara modeli (0., 5. ve 11. giin fotograflar1)

Histopatolojik incelemeler sonucunda remodeling (yeni olusum), ozellikle re-

2

epitelizasyon “Rapider Bariyer Krem” formiilasyonu ile tedavi edilen dokularda tespit
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edilmistir (Tablo 3). Histopatolojik incelemede, iyilesme sirasi fazlardan inflamasyon,

proliferasyon ve remodelleme goz oniinde tutuldugunda en iyiden en kotiiye Saglam deri ,

Rapider Bariyer Krem + Insizyon + Rapider Bariyer Krem , Insizyon + Rapider Bariyer Krem

ve Insizyon (Negatif Kontrol (NK)) gruplari olarak siralanmistir (Resim 3 ve Tablo 4).

Tablo 4. Test numuneleri ile tedavi edilen yara dokularmin hayvanlarda yara

iyilesmesi ve epidermal/dermal re-modelleme’nin histopatolojik karakteristikleri*

Gruplar Yara lyilesmesine Ilgili Veriler Tyilesme
Evreleri
S U RE| FP | CD MNC| PM NV | I | P | R
N
Insizyon (Negatif | ++/++ | +4/| -+ +++ | ++ 4+ | H+| A |
Kontrol (NK)) + | +++ ++ +++ + | ++ H+ |+
Insizyon + Rapider +++ | -+ I e I e A I e o e I e o e o ol e I o o o
Bariyer Krem =t ++
Rapider Bariyer ++ | /| A ++ | +/+ ++ - A
Krem + insizyon + + - P |+ |
Rapider Bariyer
Krem
Saglam deri + -+ ++ | +H+ + +| | | |
+

*S: Yara kabugu, U: Ulser, RE: Re-epitelizasyon, FP: Fibroblast proliferasyonu, CD: Kollojen

birikimi, MNC: Mononiiklear hiicre, PMN: Polimorf hiicre, NV: Neo-vazkiilarizasyon, I:

Yangisal evre, P: Proliferatif evre, R: Re-modelleme evresi.
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Resim 3.Deney numuneleri ile tedavi edilen yara dokularinin histopatoloji sonuglari

1. Rapider Bariyer Krem + Insizyon + Rapider Bariyer Krem 2. insizyon + Rapider Bariyer
Krem, 3. Insizyon (Negatif Kontrol (NK)), 4. Saglam deri A: Hematoksilen-eozin ile boyan-
mis epidermis ve dermis; B: Van Gieson ile boyanmis dermis. A kodlu resimlerin orijinal bii-
yiitmesi x 100 olup biiyiitme bar1 100 pm, B kodlu resimlerin orijinal biiyiitmesi x 400 olup
biiyiitme bar1 25 pm. Bilgiler her gruptaki 6’sar hayvanin ortalamasini yansitacak sekilderdir.

s: Yara kabugu , re: Re-epithelizasyon, u: Ulser, f: Fibroblast, c: Kollajen, nv: Neovazkiilari-

zasyon.
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Sonuc olarak;

“Rapider Bariyer Krem” isimli miistahzar {izerinde ¢izgisel insizyon yara modeli ile
yapilan deneyde deri {izerindeki yara olusumunu engelledigi/geciktirdigi tespit edilmistir.
Bu etkinin kuvvetle muhtemel mekanizmalarindan birisi “Rapider Bariyer Krem”in deri {ize-
rinde mekanik bir bariyer olusturmasi ve bu suretle ciltteki nem kaybini azaltarak yara olusu-
munu geciktirdigi/engelledigi seklinde yorumlanabilir. “Rapider Bariyer Krem”in ayni za-
manda olusmus yarada enfeksiyon riskini de azaltarak yara iyilesmesini hizlandirdig1 yapilan

bu deneyde gosterilmistir.
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The beneficial effects of Momordica charantia (bitter gourd) on wound
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Momordica charantia (MC; bitter gourd) is a traditional herbal
commonly used for its antidiabetic, antioxidant, contraceptive
and antibacterial properties. In the current study, the authors
aim to observe the topical effect of MC cream on the wound-
healing process in rabbits. Moreover, they compare the healing
potential with conventional creams used therapeutically.
Towards this aim, 28 New Zealand rabbits were divided into
four groups and excision wounds (7 cm?) were made on their
backs. Open wound dressing was carried out daily for 28 days
among the experimental groups with the application of
dekspanthenol (Bepanthen®; BP group, n = 7), nitrofurazon
(Furacin®; FR group, n = 7) and olive oil extract of MC (MC
group, n = 7). No application was made to the control group. At
the end of day 28, areas of the skin with initial wound area were
en bloc dissected and prepared for histopathological and
stereological analysis. Inflammatory cells were abundant in
the control group and cream application led to a decrease in
the number of these cells, especially in the MC group. The highest
number of fibroblasts was detected in the MC group.
Furthermore, the MC group displayed the highest fractions of
epidermis to papillary dermis, fibroblasts to reticular dermis and
collagen fibres to reticular dermis. The MC group also presented
a high density of blood vessels, moderate density of collagen
fibres and mature fibroblasts. The BP group showed better
epithelialisation compared with the FR group, but the latter
provided more effective reorganisation of the dermis. Different
cream supplements caused healthy and fast wound healing
according to untreated controls and the results show that
administration of the MC extract improves and accelerates the
process of wound healing in rabbits in comparison with the BP
and FR extracts.

Key words: Momordica charantia, dekspanthenol, nitrofurazon,
wound healing, histopathology, stereology, rabbit

Introduction

In developing countries across the world, 80% of population
continues to use traditional medicine for their primary medical
problems. Therefore, recent research has focused on the scientific

evaluation of traditional drugs made from plants. In this study,
the authors evaluate the use of one such plant, Momordica
charantia (MC), as a medicine (1,2).

MC, a climber belonging to family Cucurbitaceae, is commonly
known as bitter melon in English, karela in Hindi and kudret nar:
in Turkish (3). The plant is oblong, 15-20 cm long, pendulous and
orange in colour when mature or green or whitish when unripe
and the pulp is blood-red or scarlet after dehiscence (4). It is
grown in the natural environment of India, Asia and South
America in tropical and subtropical climate zones. MC is widely
used around the world because of antidiabetic properties (5-8). It
is used as a vegetable and also as a traditional ingredient for
treating various conditions such as the common cold, fever,
helminths, rheumatism and wounds (4). It has also been used
as a laxative, an antioxidant and antispasmodic and cholinergic
agents (9).

In Turkeys, it is used externally on wounds and consumed orally
to resolve stomach complaints caused by peptic ulcers (4,7).
A commonly used MC preparation is the oil extract of fruits
in Turkish folk medicine (3).

Recent studies on the pharmacological properties of MC have
revealed several biological activities including antidiabetic, anti-
lipidemic, antibacterial, antiviral and anticancer activities (10-13).
However, only a few studies have focused on its wound healing
effects. Further, none of these studies have compared MC’s would
healing effects with other medical treatments using unbiased
stereological methods.

In this study, the authors investigate the wound healing effects
of MC and compared the effects with those of (Bepanthen® (BP),
Furacin® (FR)) treatment by using stereological methods and
histopathological evaluation. The study shows that the oil extract
of MC is comparable with BP and FR in terms of re-epithelialisa-
tion, vascularisation, proliferation of dermal fibroblasts, inflam-
mation and collagen production.

Materials and methods

Drugs and chemicals

Plant material, olive oil (Sthhat® drinkable olive oil; acidity
0.25-0.30%), dekspanthenol (BP) and nitrofurazon (FR) were
applied externally on the wound.
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Figure 1. Methodologlcal approaches to macroscoplc and mlcroscoplc analyses of wound healing. Eplthehsauon ratios of the mean area fractlons of layers
and numerical density of fibroblasts in the wounds were estimated. Ratio of non-epithelialisated areas were estimated by dividing the wound area still
uncovered with epidermis by the total lesion area (A, B). Rates of re-epithelisation areas were estimated by dividing the wound area covered with epidermis
by the total lesion area (C, D). Wound contraction data were obtained by dividing the wound area at the beginning of the study by the lesion area still
uncovered with epidermis (E, F). Also in the current study, the mean area fractions of epidermis to dermis (G, H) collagen fibres and fibroblasts to reticular
dermis (I, J) were estimated. All surface area fractions were estimated with point counting grids (B, D, F, H and J) and numerical density of fibroblasts were
estimated with unbiased counting frames (K, L). Arrows and arrow heads indicate countable fibroblasts, whose nuclei are seen in reference sections (K or L)
but not in look-up section (K or L); each disector particle that is completely inside in the unbiased counting frames or superimposed with its including edges,

H&E staining.

Preparation of plant material

Mature MC fruits were purchased from a garden in Carsamba,
Samsun, Turkey in July 2010. The fruits were identified by the
Botanical Institutes, Ondokuz May1s University, Samsun, Turkey,
where a voucher specimen is maintained. Five hundred gram of
MC was added into 500 g of olive oil. Approximately 30 days later
(when MC was completely dispersed in the olive oil), the oil was
filtered with a fine sieve and centrifuged; only the oil was prepared
for use. This oil was stored at -80°C until use.

Animals

Male New Zealand rabbits (2.5-3 kg) used in the study were
obtained from the Animal Laboratory of Ondokuz Mayis Uni-
versity. The animals were maintained in standard laboratory
conditions. Food was withdrawn 24 h before the experiment,
but the animals were allowed free access to water. Experiments
were conducted in accordance with the recommendations from
the Declaration of Helsinki and the internationally accepted
principles in the care and use of experimental animals. The
protocols used were approved by Ondokuz Mayis University’s
Ethic Committee for Animal Use.

Experimental procedure

The 28 New Zealand rabbits were divided into four groups and
excision wounds (7 cm?) were made on their backs. Open wound
dressing was carried out daily for 28 days among the experimental
groups with dekspanthenol (BP group, n = 7), nitrofurazon (FR
group, n = 7) and olive oil extract of MC (MC group, n = 7). No
application was made to the control group.

At the beginning of the study, the rabbits were anesthetised
with ketamine (5 mg/kg, i.p.) and xylazine (2 mg/kg, i.p.), their
backs were shaved bilaterally and full-thickness excision wounds
(7 cm?) were made. The wounds were not sutured or covered or
healed by second intention. The experimental groups received a
daily supplementation of different agents: dekspanthenol (BP),
nitrofurazon (FR) and olive oil extract of MC. Open wound
dressing was carried out with the application of these creams
and the MC extract on the wounds of the rabbits. The creams
were applied twice daily in the morning and evening for 28 days,
starting from the day of wounding. The day on which the wound
was made was considered as day 0. At the end of the day 28, the
initial wound areas of the skin were en bloc dissected and
prepared for stereological and histopathological analysis. The
wounds were then closed primarily and the rabbits were not
sacrificed.

Stereological histopathological procedures

Stereological analysis

In this study, stereological analyses were made on macroscopical
and microscopical views of the skin samples. Macroscopical
analyses include surface areas of the wound still uncovered
with epidermis, the total lesion area and the wound area covered
with epidermis. Their fractions showed different values as
explained below. Also, microscopical analyses contain the surface
area fraction of epidermis to papillary dermis, fibroblasts to
reticular dermis, collagen fibres to reticular dermis and numerical
density of fibroblasts in reticular dermis.
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Figure 2. Evaluation of the wound contraction rate, non-epithelialisated areas and re—epitheliali-s;ted areas. (A-C) Wound contraction rates, non-
epithelialisated areas and re-epithelialisated areas; (D-G) wound areas on the first day of wounding; (H-K) wound areas on day 28 of wounding. The areas of
total wound (D-G), non-epithelialisated wound (still uncovered by neoepidermis) (H-J) and re-epithelialisated wound (H-K) are obviously seen. (*) and (**)

indicate 0.05 and 0.01 significance levels, respectively.

Macroscopic analysis

To evaluate wound contraction and epithelialisation rates, photo-
graphs of all wounds and a metal ruler were taken with a digital
camera (Fujifilm Finepix $2800, Tokyo, Japan) at the first and last
days of the study. On these photographs, the margins of all
wounds, epithelialisated and non-epithelialisated areas were
traced. The areas were then estimated with a point counting
grid using the Stereoinvestigator software (Stereoinvestigator
version 9.2, Microbrightfield, Colchester, VT, USA) (14-16).
Rates of non-epithelialisated areas were estimated by dividing
the wound area still uncovered with epidermis by the total lesion
area. Wound contraction data were obtained by dividing the
wound area at the beginning of the study by the lesion area still
uncovered with epidermis. Rates of re-epithelialisated areas were
estimated by dividing the wound area covered with epidermis by
the total lesion area. Mean ratios of the groups and standard error
of mean (SEM) values of all groups were used (Figure 1).

Microscopic analyses

Surface area fraction of epidermis to papillary dermis, fibro-
blasts to reticular dermis and collagen fibres to reticular
dermis. On the basis of a pilot study, the authors decided to
select every 40th section from the consecutive sections (17). Then,
the point counting technique was applied to the light microscopic
images for the stereological estimation of surface area fraction of

epidermis to dermis, fibroblasts to dermis and collagen fibres to
reticular dermis (18,19). Two different point counting test grids
were used for the estimation of the sectioned areas, as shown
in Figure 1. These grids were used to estimate the layers of skin
(alp = 6.25 um?) and mean area fraction of both fibroblasts and
collagen fibres (a/p = 6.25 um?). The point density of the counting
grids was set to obtain an appropriate coefficient of error (CE) for
the interested areas in the images of these serial sections (18-20).
CE and coefficient of variation (CV) were estimated according to
Gundersen and Jensens’ formula (20). The test grids with system-
atic arrays of points were randomly placed in the computerised
stereology software (Stereoinvestigator 9.2, Microbrightfield).

Each area of interest in the skin sections was estimated with the
following formula (16):

Interested area = (a/p)- 2P

where (a/p) represents the area of each point on the point
counting grid, and XP, the total number of points hitting the
sectioned surface area.

Numerical density of fibroblasts

In brief, the authors obtained approximately 80 serial sections
from each skin sample. The ratio of section sampling was 1/8.
Dissector pairs were taken from the tissue at known intervals,
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'mis and papillary dermis layers of control, BP, FR and MC groups,

respectively. Epidermis is very thin in the other groups compared with the MC group. (*) and (***) indicate 0.05 and 0.001 significance levels, respectively,

H&E staining.

until the tissue sample was exhausted. Two consecutive sections
were mounted on the same slice. Photographs of adjacent sections
were taken with a digital camera (Leica DM 4000 B, Tokyo, Japan)
at a magnification of 480x. Unbiased counting frames of size
10 cm? (real size of the frame was 441x 10 cm®) were super-
imposed on these photographs. Nuclei of fibroblasts in the
reference section and not the look-up section were counted. To
increase the dissector particle number, that is, the nuclei number,
the role of the sections were changed. An unbiased counting frame
was placed on the reference and the look-up sections on the screen
of the PC to perform the counting according to the dissector
counting method. The bottom and the left hand edges of the
counting frame are considered to be the exclusion lines together
with the extension lines. Other boundaries of the frame and the
top-right corner were considered to be inclusion points and any
particle that hit these lines or was located inside the frame was
counted as a dissector particle (21,22).

The mean numerical density of fibroblasts in per mm’ was
estimated using the following formula:

where Nv(rc) denotes the numerical density of the fibroblast cells;
>"Q (k) the total number of fibroblast cells; t, the thickness of the
section and a, the counting frame area (Figure 1).

Light microscopy

Skin tissues were kept in 10% formalin for fixation. On the fourth
day following fixation, the samples were exposed to routine
histological procedures and embedded in paraffin blocks. Each
paraffin-embedded tissue block was serially sectioned using a
Leica RM2125RT microtome (Leica, Germany). Sections of 5 um
were mounted on glass slides and one series of sections were
stained with H&E and another with Mallory’s trichrome so as to
evaluate the general histological structure and collagen contents,
respectively. Then, all slides were photographed on the PC screen
using a light microscope (Leica, Japan) with a digital colour
camera attachment.

Histological score

The Abramov’s histological scoring system was used in this study
(12). Each parameter was evaluated independently and assigned
Abramov’s assessment score system. Acute and chronic inflam-
matory infiltrates, the amount of granulation tissue, and collagen
deposition were graded as 0 (none), 1 (scant), 2 (moderate) or
3 (abundant). The fibroblast maturation of granulation tissue was
graded as 0 (immature), 1 (mild maturation), 2 (moderate matu-
ration) or 3 (fully matured). Fibroblast maturation was evaluated as
to nuclear composition and cytoplasm. Neovascularisation was
graded as 0 (none), 1 (up to five vessels per 40 x high magnified area,
HMA), 2 (6-10 vessels per HMA) or 3 (more than 10 vessels per
HMA). Two independent histologists performed the histological
examination and applied the scoring system in a blind manner.

Statistical analysis

The Bonferroni test was used for multiple comparisons. Inter- and
intra-observer variabilities were calculated using Cohen’s K test.
Statistical analysis was performed using the Statistical Package for
the Social Sciences (SPSS) for Windows 13.0 (SPSS, Inc., Chicago, IL,
USA). p-Values of less than 0.05 were considered as statistically
significant. All data are shown as means+ SEM (standard error mean).

Results

Macroscopical results

Twenty-eight days after wounding, the percentage of wound
healing was higher in the MC group than in the control, BP
and FR groups (p < 0.01) (Figure 2). In addition, wound healing in
the BP and FR groups was better than that in the control group
(p < 0.05) (Figure 2). There was no difference between the BP and
FR groups (Figure 2). According to macroscopical evaluation, the
ratio of the non-epithelialisated area was least and that of the re-
epithelialisated area was highest in the MC group (p < 0.01).
However, the non-epithelialisated site was higher in the FR group
compared with the BP group and re-epithelisation rates were
higher in the FR group compared with the BP group (p > 0.05).
Additionally, the non-epithelialisated area was also highest in the
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Figure 4. Mean numerical densities, area fractions of fibroblasts and collagen fibres to reticular dermis in all groups. The performance of the MC group is
significantly better, higher than that of the other groups. (*) and (**) denote 0.05 and 0.01 significance levels, respectively. D-G show features of the collagen
fibres. The most mature and thick bundles of the collagen in the MC group were examined with Mallory’s trichrome staining. Fibroblast profiles of the reticular
dermis from all groups are shown in H-K with H&E staining. The highest numbers of fibroblast profiles in the reticular dermis are seen in the MC group.

control group (p < 0.01) (Figure 2). Wound healing and
re-epithelisation rates were compared with each other in all
the groups. Also non-epithelialisated and re-epithelialisated areas
were inversely proportional to each other.

Microscopical results

Mean area fraction of epidermis to papillary dermis

The mean area fraction of epidermis to papillary dermis in the
MC group was significantly higher than that of the other groups
(p < 0.001). Also, this fraction significantly increased in the BP
and FR groups in comparison with the untreated controls
(p < 0.05), but no significant difference between the BP and
FR group was found in terms of the fraction (p > 0.05; Figure 3).

Mean numerical density of fibroblasts

The mean numerical density of fibroblasts in the MC group was
significantly higher than that of the other groups (p < 0.05). Also,
this value significantly increased in the BP and FR groups in
comparison with the untreated controls (p < 0.01) and a signif-
icant difference was detected between the BP and FR groups in
terms of the value (p < 0.05) (Figure 4).

Mean area fraction of fibroblasts and collagen fibres to
reticular dermis

Mean area fractions of fibroblasts and collagen fibres to reticular
dermis in the MC group were significantly higher than those of

the other groups (p < 0.01). These fractions increased significantly
in the BP and FR groups in comparison with the untreated
controls (p < 0.01) and such differences were also detected
between the BP and FR groups in terms of the fractions
(p < 0.01; Figure 4).

Histopathological scoring

Histopathological scores of all groups are summarised in Figure 5.
The acute inflammation score for the treated groups was less than
that of the control group, and there was a significant difference
between the groups on day 28 post-application (p < 0.05). Further,
there was a significant difference between the groups in terms of
chronic inflammation (p < 0.05). The amount of granulation
tissue in the treated groups on day 28 was higher than that of
the control group and there were significant differences
among the groups concerning the amount of granulation tissue
formation (p < 0.05). Fibroblast maturation in the treated groups
on day 28 was higher than in the control group; there was a
significant difference between groups (p < 0.05). Collagen depo-
sition in the treated groups (Figure 4) gradually increased by day
28, there was a significant difference among the groups in terms of
collagen deposition (p < 0.05). A significant difference was found
between the groups regarding neovascularisation (p < 0.05).
Histological comparisons of wounds for all groups are shown
in Figure 5.
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Scores Cont BP FR MC

Acute inflammation 28107 1.9+0.6 1.5+£0.37 0.7+0.21
Chronic inflammation 05+0.15 1.6+042 24+086 1.2%0.24
Amount of granulation tissue 1.1+0.5 26+081 21+049 1.8+0.38
Fibroblast maturation 15+023 2.0+065 23%0.76 2.7+0.88
Collagen deposition 1.2+012 1.9%£051 22+044 2.6%0.31

Neovascularization

1.3+0.21 1.5+0.36 1.8+0.47

Light microscopical results

In the present study, histopathological evaluation was conducted
with a light microscope. In the skin samples of the controls, the
inflammatory infiltrate and scar formation were abundant. This
group presented a reduced number of fusiform fibroblast-
like cells, thin epidermis and leaks in the dermal papillary. After
cream application, the authors detected hyperkeratinisation and
scar formation in the BP group. In the FR group, keratinisation
was less than that of the BP group and irregular and rare collagen
fibres were seen. In both the BP and FR groups, oedema, fibrin
clots and haemorrhage were seen. In the MC group, a thick
epidermis and collagen bundles and more fibroblast profiles,
capillaries and macrophages were found, as compared with other
groups (Figure 5).

Discussion

MC, a member of the Cucurbitaceae family, is a plant grown
throughout the world for use as a vegetable. The unripe fruit has
also been used in developing countries in traditional medicines for
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healing microbial infections, sluggish digestion, intestinal gas,
inflammation, fever and wounds (5). Immunosuppressive and
immunostimulating activities of MC or its constituents have also
been reported (23).

In the present study, a full-thickness excisional cutaneous
wound was created in animals given supplements of different
wound care creams (dekspanthenol (BP), nitrofurazon (FR) and
MC olive oil extract) and in untreated control animals. The effect
of the supplements was evaluated with macroscopical and micro-
scopical pictures using stereological techniques and histopatho-
logical methods. In the present study, it was shown that MC olive
oil extract has a more positive effect on wound healing when
compared with the dekspanthenol, nitrofurazon and untreated
control groups.

Wound healing is a complex and sequential process that occurs
in three overlapping stages: inflammation, cell proliferation and
tissue remodelling, and results in scar tissue formation (24). A large
number of biological mediators control the molecular and cellular
processes that comprise wound healing (25). During wound heal-
ing, fibroblasts secrete an extracellular matrix (in the form of
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collagen, which ultimately forms the bulk of the mature scar) that
brings the edges of a wound together. Besides wound contraction,
re-epithelialisation is also required to completely close the wound.
In addition, angiogenesis is a crucial step that allows the delivery of
nutrients to granulation tissue components (24).

Quantitative analysis of the size, shape and number of objects
could be done by stereological techniques. It is well known that
when they are properly used, it does play an important role in
validating and rejecting experimental hypotheses in biological
researches that had previously been done, since the results of these
techniques are not only accurate but also efficient and more
reliable than other ad hoc quantitative analyses (17-22).

According to the stereological results, the mean area fractions
of epidermis to papillary dermis; fibroblasts to reticular dermis
and collagen fibres to reticular dermis of the MC group was
significantly higher than that of the other groups. Further, the
mean numerical density of fibroblasts in the MC group was
significantly higher than that of the other groups. These findings
indicate that MC performs better epithelisation, fibroblast mat-
uration and collagen remodelling in comparison with dek-
spanthenol and nitrofurazon. Further, in terms of connective
tissue remodelling, the nitrofurazon showed more positive effects
in fibroblast maturation and collagen synthesis as compared with
dekspanthenol.

In the present study, the treated groups of rabbits showed a
decrease in the number of infiltrated cells at the end of day 28. The
epithelialisation was found to be greater in the treated groups than
in the non-treated group. The histological pictures of the treated
group with topical MC extract showed a well-formed epidermis.
The skin of rabbits had a normal epithelium, thereby indicating
the protective role of MC extract on skin. If the histology of the
wound, after any type of oxidative damage, shows rapid epithe-
lialization which could be considered a positive sign for regen-
eration (26). In the present study, the authors found that the
treated groups, especially the MC group, showed an increased
granulation tissue and neovascularisation compared with the
control group indicating MC extract was particularly beneficial
in the healing process of wounds.

Although bitter melon has been shown to possess a wound-
healing property (5,27) in the literature, there is not sufficient
number of study to demonstrate the effects of MC on wound
healing. But, the results of few studies are very promising as the
present study. For this reason, in the literature there are no studies
that have proven the mechanism of MC on wound healing.
Prasad et al. investigated the effects of MC on the different types
of wounds and they found that the level of hydroxyproline which
is basic building block of collagen synthesis significantly increased
in MC-treated groups (27). Also MC has useful effects on wound
healing by reducing inflammation. At this point, we would like to
state on a study that was conducted by Ozbakis and co-workers.
They did a chemically induced of wound on rat stomach and
compared the effect of MC with famotidine and olive oil on
wound healing. They reported that MC was more effective than
the others in wound healing by reducing inflammation (4).
Kuri et al. investigated the chemical composition of MC and
found that MC is a very rich source in terms of essential amino
acids (28). However, neither unbiased quantitative methods were
used nor effects of the MC compared with any medication in
previous studies (4,27,28).

In conclusion, this study showed that the oil extract of MC
significantly contributed to wound healing and the results suggested
that the extract markedly stimulates the epithelialisation, neovas-
cularisation and proliferation of fibroblasts. And also it suppressed
the inflammation and provided rapid improvement of wounds.

The effects of Momordica charantia on wound healing 7

Finally, the findings suggest that potential usefulness of the
extract for tissue regeneration and in the absence of any delete-
rious side effects being known, the MC extract can be used safely
for treating wounds.

Declaration of interest: The authors report no conflicts of
interest. The authors alone are responsible for the content and
writing of the paper.
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Botafarma Saglik Uriinleri Ticaret ve Sanayi Limited Sirketi

KLINIK GOZLEMLER

VAKA 1 : 80 Yasinda tip 1 diabet hastasi ,dolasim bozuklugu mevcut
Diabetik ayak yara tedavisinde RAPIDER BARIYER KREM Kullanimi

pansuma oncesi pansuman sonrasi (5 ay kullanim)

VAKA 2: 40 yasinda cerrahi operasyon gecirmis hasta dekubit olusmus
Dekiibit iilser yara tedavisinde RAPIDER BARIYER Kullanimi

pansuma oncesi pansuman sonrasi (10.giin ) pansuman sonrasi (21. giin)
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Botafarma Saglik Uriinleri Ticaret ve Sanayi Limited Sirketi

VAKA 3 : 50 yasinda diabet hastasi bir parmak ampute olmus
ayak iistiinde yara acildi ve RAPIDER BARIYER ile pansuman edild
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