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Abstract: One hundred and twenty healthy female Sprague-Dawley rats weighing between 

300 to 350g were used in this study over a 20-day period. They were allocated randomly into 

4 groups of 30 animals each. After the creation of 2cm x 2cm open wound, Group I was con-

trol treated with Gentamycin ointment. Groups II, III and IV were treated with Different 

Types of Honey. On application, the honey was well accepted by the animals without any ad-

verse reaction. On clinical examination, Groups II, III and IV showed bright beefy red color 

granulation tissue with angiogenesis when compared to Groups I. On bacteriological examina-

tion, Staphylococcus aureus, Pseudomonas, Escherichia coli, Proteus and Klebsiella species 

were isolated from all the groups. Mean percentage of epithelialistion, wound contraction and 

total healing were significantly better in Group IV (P<0.05). Honey can be a better wound 

healing biomaterial in rats. It can be used as a less expensive skin substitute in order to stimu-

late and promote wound healing in animals. 
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INTRODUCTION 

A wound is a physical bodily injury resulting in 

the disruption of normal continuity of struc-

tures and wound healing is the restoration of 

the continuity. The treatment of wounds has 

improved considerably in the past 30 years, and 

will continue to progress rapidly with the ad-

vancing technology and a greater understand-

ing of chronic wounds (Ashraf. abdel-hamed. 

Hegazi & Khaled. M. A. Hussin, 2008; Ballard 

& Baxter, 2000; Khaled.  M. A. Hussin & 

Ashraf. abdel-hamed. Hegazi, 2008; Rafi. 

Mustafa. Elkaseh. Abdulla, Ashraf. abdel-

hamed. Hegaz, & Khaled. M. A. Hussin, 2008). 

The objectives of any wound management are 

relief of pain and distress to the animal, func-

tional and cosmetic repair, economic and time 

efficient procedures and prompt decision mak-

ing in the event of signs of delayed healing 

(Cockbill, 2002). In chronic wounds, the major 

focus of wound healing has been on the rela-

tionship between tissue destruction by excess 

inflammation and tissue synthesis stimulated 

by a pro-healing environment. Natural poly-

mers have been increasingly studied for appli-

cations in health care due to their biocompati-

bility, biodegradability, and nontoxity (Mali, 

Grossmann, García, Martino, & Zaritzky, 

2006). Topical application of honey to wound 

has been recognized for centuries as effective 

in controlling infection and producing a clean 

https://doi.org/10.54172/mjsc.v33i3.238
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i3.238&amp;domain=pdf&amp;date_stamp=2008-08-14


Al-Mukhtar Journal of Sciences 33 (3): 122-112, 2018 

 

© 1222 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

212 

granulating wound bed. The recorded observa-

tions show that inflammation, swelling, and 

pain are quickly reduced, unpleasant odors 

cease, sloughing of necrotic tissue occurs with-

out the need for debridement, dressings can be 

removed painlessly (Dunford, Cooper, Molan, 

& White, 2000; Peter. C Molan, 1999). It is 

one of the most enduring materials to be used 

in wound care, attributed to its antibacterial, 

anti-inflammatory, and antioxidant properties 

(Peter. C Molan, 1999) Honey is mildly acidic 

and has a pH between topical acidification of 

wounds promotes healing (P. Molan & Betts, 

2004; P. C. Molan, 1996; Peter. C Molan, 

1999). The hydrogen peroxide produced by 

honey is responsible for the stimulation of tis-

sue growth. Hydrogen peroxide has been 

shown to stimulate fibroblast growth in cell 

culture at micro- and nanomolar concentra-

tions(Schmidt, Chung, Andrews, & Turner, 

1992). The medical and nutritional properties 

of honey depend on its chemical composition. 

The chemical composition of honey varies de-

pending on the plant source, season, and pro-

duction methods (Moore et al., 2001). Honey 

has an obvious potential for use in a variety of 

clinical settings, and while a few clinics and 

individuals are using honey therapeutically, 

further research is needed to determine whether 

the source of honey can affect wound healing. 

The present paper discusses the effect of dif-

ferent types of honey for management of an 

full thickness skin wound in  rats. 

  

MATERIALS AND METHODS 

Animals: One hundred and twenty healthy fe-

male Sprague-Dawley rats weighing between 

300 to 350g were used in this study. The ani-

mals were randomly into four experimental 

groups with each group consisted of  30 ani-

mals. Group I was left untreated and acts as 

control group. Group II, III and IV were treated 

with  Hanon honey, Sidr honey and Rosemary 

honey respectively.  

The progress of wound healing was recorded at 

dyes 4, 8, 12, 16 and Day 20 post-operation. 

An Elizabethan collar was applied to prevent 

self-mutilation of the surgical site. 

Honey samples:Three selected  honeys which 

produced by bees from Al-Jabal Al-Akhdar 

Libya kept under different planting were used 

in this study the floral sources were Hanon 

honey from (Arbutus unedo) tree, Sidr honey 

from (Sidr) tree and Rosemary honey from 

(Rosemary) tree. The honeys were named ac-

cording to their floral sources. all the honeys 

were supplied from Al-Jabal Al-Akhdar farms, 

Libya. 

Surgical protocol: The rats were anaesthetized 

with an intramuscular injection of 35.0 mg/kg 

Ketamine and 5.0 mg/kg Xylazine in the glute-

al area (Khaled, Asma, & Almahdi, 2016). 

When fully anaesthetized, the animals were 

positioned on their dorsal area, which was pre-

pared aseptically for the creation of an open 

wound (2 X 2cm). The skin was disinfected 

with hibiscrub, containing 0.6% chlorohexidin 

then with 70 % alcohol solution and with 2% 

iodine solution (Druecke et al., 2004). 

Using a sterile millimetre ruler and cotton 

tipped applicator dipped in sterile methylene 

blue, a 2cm square was drawn on the skin. A 

full thickness skin defect in which all tissue 

down to and including the panniculus muscle 

was excised using no. 15 scalpel blade. Thera-

peutic ultrasound massage was given on the 

periwound skin after smearing the area with 

coupling gel 10mts @ 0.5 watts/ cm
2
 area 

(Altomare, Nascimento, Romana-Souza, 

Amadeu, & Monte-Alto-Costa, 2009).  

The wound was covered with honey and kept 

on the wound and protected with a band-

age.The limb was immobilized using a PVC 

splint and bandage. The same procedure was 

repeated once a week and the progress in heal-

ing was evaluated through wound colour cod-

ing, nature and quantity of exudates and odour 

(James & Bayat, 2003). 
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Clinical observation: The colour of the wound 

bed gives an indication of the phase of healing. 

The colour coding taken into account are red, 

yellow, black and pink areas as the main varia-

bles in a wound. Shiny beefy red or red indi-

cates healthy granulation tissue. Yellow colour 

is due to fibrous tissue or necrotic slough, 

black is eschar or necrotic tissue and pink or 

purple means re-epithelialisation has begun 

(James & Bayat, 2003). 

Mal-odour of the wound is commonly associat-

ed with infection or attributed to poor hygiene 

or from a dressing that has not been changed 

regularly. The presence of necrotic tissue gives 

off an offensive repulsive odour, and anaerobes 

typically produce a distinctive or putrid odour 

(James & Bayat, 2003). 

Exudate: Exudates can be scored as no exu-

dates, moderate or excessive. Type of dis-

charge can be described as serous (clear fluid 

without blood), pus or debris. Serosanguineous 

and sanguineous indicates thin watery pale red 

to pink fluid and bloody to bright red, respec-

tively. Purulent discharge is thick, cloudy, and 

yellow or tans (James & Bayat, 2003). 

A more accurate method for determining the 

wound area in healing studies is tracing of the 

wound margins onto a clear plastic sandwich 

film. In this method, a double layer sterile plas-

tic sandwich bag was placed on the wound for 

tracing; the layer that comes into contact with 

the wound can be removed and disposed of ac-

cordingly. The outer layer was placed on to a 

graph sheet and the squares were measured by 

square counting procedure. The number of 

squares (0.04 cm
2
) that lay completely (Nc) and 

partially (Np) inside the tracing were counted 

and the area was determined using the follow-

ing formula:  Ac+p = (Nc + 0.40 x Np) x 0.04 

(Richard, Daures, Richard, Vannereau, & 

Boulot, 2000). The wound margin at the border 

between normal skin and the wound and the 

outlined area was considered to be the total 

wound area. Next the leading edge of advanc-

ing epithelium was traced. The area between 

these two margins was considered to be the ar-

ea for epithelialization. The area within the 

margin of advancing epithelium was taken as 

the area of open or unhealed wound (Bohling, 

Henderson, Swaim, Kincaid, & Wright, 2004). 

Calculation of wound healing 

Percentage of epithelialzation 

Percentage of epithelialzation Day n 

 X 100 

Percentage of wound contraction 

Step 1: Total wound on Day n  

 X 100 

Step 2: % wound on Day n =100 - total wound 

on Dayn as % of original  

Percentage of total wound healing was calcu-

lated by 

Step 1: open wound Dayn as % of original 

 X100 

Step 2: Percentage of total wound healing Dayn 

=100- open wound Dayn as % of original 

(Bohling et al., 2004; Khaled et al., 2016; 

Khaled. M. A, Jalila, Kalthum. H, Noordin. M, 

& Asma. Saleh. W, 2014) 

Sterile cotton swabs were rolled over the 

wounds and streaked on blood and MacConkey 

agar plates. The colony growth was examined 

and identified by biochemical test after an in-

cubation period of 24 hours. 

Data analysis: In all groups, wound epitheli-

alization, contraction, and total wound healing, 

analysis across treatment groups were com-

pared using the repeated measures analysis of 

variance method for Days 0, 4, 8, 12, 16 and 20 

post-operation. The significant means were 

elucidated using Duncan’s multiple range tests. 

All statistical tests were conducted at P<0.05 

level of significance. 

RESULTS 

On application, the Hanon honey, adhered uni-

formly to the wound site, and were absorbed on 
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the wound site. No unabsorbed remnants were 

noticed during the next application. In Groups I 

and II animals, the wound colour was red up to 

Day 12 post- operation and pink in colour from 

Day 16 and 20. Groups III and IV showed 

bright beefy red colour up to Day 12 and it 

were red from Day 16 to 20.  Malodour was 

observed up to Day 12 post-operation in Group 

I and II animals. In Group III and IV mild mal-

odour were observed up to Day 8. Serous exu-

date was noticed up to Day 12 in Group I. Mild 

serous exudate was noticed up to Day 8 post-

operation in Group II animals. No exudate was 

seen in Groups III and IV animals throughout 

the study (Table 1). 

Table:(1). Clinical observation of the open wound  

 

 

The percentage of epithelialization was con-

sistently better in Group IV   throughout the 

trial. The difference between Groups I, II, and 

III compared to IV were evident as early as 

Day 4. The percentage of epithelialization im-

proved from 18.68% (Day 4) to almost 99.41% 

on Day 20 in Group IV. This was almost twice 

that of Group I until Day 12. Groups II and III 

however, demonstrated more than average epi-

thelialization throughout the trial (Figure 1). 

The percentage of wound contraction was bet-

ter in Group III up to Day 12 (59.24%), how-

ever, it was best in Group IV on Days 16 and 

20. The difference between Groups II, III and 

IV compared to Group I was evident on Day 8. 

The percentage of wound contraction improved 

from 75.64 % (Day 16) to almost 93.13 % on 

Day 20 in Group IV, but Group III showed an 

improvement from 17.69 % (Day 4) to almost 

84.55 % on Day 20, and Group II showed an 

improvement from 15.68 % (Day 4) to almost 

78.57 % on Day 20. Nevertheless, Group IV 

demonstrated better than average total wound 

healing throughout the trial (Figure 2). 

The percentage of wound contraction was bet-

ter in Group IV throughout the trial. The dif-

ference between the animals in Groups II, III 

and IV compared to Group I was evident from 

Day 8. The percentage of total wound healing 

improved from 38.59 % (Day 4) to almost 

99.13 % on Day 20 in Group IV. However, 

Group IV, demonstrated better than average 

total wound healing throughout the study (Fig-

ure 3). 

On bacteriological examination, Staphylococ-

cus aureus, Pseudomonas, Escherichia coli, 

Proteus and Klebsiella species were isolated 

from all the Groups. 

 

Figure: (1). Percentage of epithelization of the wound  
 

 

Figure: (2). Percentage of contraction of the wound 
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Figure (3): Percentage of total wound healing of the wound, Open wound on day 4 and 20 post-wounding: a) Group I; 

b) Group II;  c) Group III; Group IV 

 

DISCUSSION 

In Groups II, III and IV, the application of 

honey was well tolerated by the animals. The 

honey is easy to apply on the wound without 

any adverse reaction and was well accepted by 

all the animals. The application of Hanon hon-

ey did not show any adhesion of the gauze dur-

ing wound dressing. 

The colour of the wound bed in Groups I and II 

was red while Groups III and IV showed a 

bright beefy red colour, which indicates 

healthy granulation tissue with neovascularisa-

tion, (James and Bayat, 2003) and resistance to 

infection until the epithelial barrier is re-

established (Hosgood, 2003; Pope, 1993). The 

bright red colour observed is due to the micro 

vascular network throughout the granulation 

tissue (Tonnesen, Feng, & Clark, 2000). The 

basic fibroblast growth factor set the stage for 

angiogenesis during the first three days of 

wound repair (Schäffer, Tantry, & Barbul, 

2004) and plays an important role in granula-

tion tissue formation and the wound healing 

process (Takehara, 2000). Granulation in all 

the cases was flat without any exuberant na-

ture; granulation tissue with a smooth surface 

facilitates migration of epithelial cells (Pope, 

1993). On Days 16 and 20, the granulation tis-

sue was observed to be pink in colour in 

Groups I and II, which indicates the final stage 

of wound healing. In Groups III and IV the 

granulation tissue was red in colour due to ne-

ovascularisation (James & Bayat, 2003). 

Mal-odour was observed up to Day 12 in 

Groups I and II; however, in Groups III and IV 

mild mal-odour was observed up to Day 8 

which may be due to infection (James & Bayat, 

2003). The presence of bacterial infection was 

the common cause for the mal-odour observed, 

because all the wounds were infected. Serous 

discharge was noticed up to Day 12 in Group I 

and mild serous discharge was noticed up to 

Day 8 in Groups II and III; subsequently, the 

discharge was reduced because healthy vascu-

lar granulation tissue is resistant to infection 

(Hosgood, 2003; Pope, 1993).  

Wound epithelialisation of Group IV was con-

sistently better than Group I, and also better 

then Groups II and III because the re-

epithelialisation process in a full-thickness 

wound is accelerated by the presence of colla-

gen and its proliferation is essential for optimal 

wound healing (Rangaraj, Harding, & Leaper, 

2011). On Day 4, epithelialisation was signifi-
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cantly better in Groups II, III and IV, compared 

to Group I, because collagen from the wound 

margins began to migrate to form new epitheli-

um (Rangaraj et al., 2011).  

The mean percentage of wound epithelialisa-

tion in Group IV was maximum between Days 

4 and 8 (32.56 %) but in Groups I, II and III, it 

was between Days 16 and 20 (21.36%, 21.79% 

and 22.61 %). Collagen is a potent specific 

growth factor for epithelial cells and assists in 

re-epithelialisation (Rangaraj et al., 2011).  

The percentage of wound contraction on post 

wound Days 4 and 8 of all Groups showed no 

significant difference , this may be because of 

an inherent property of fibroblasts that appears 

early in the process of wound contraction, 

which, after some time, do not contract as 

forcefully as those that appear later (Bohling et 

al., 2004).  Schaffer et al. (2004) reported that 

there is increased fibroblast activity of the body 

until post-wound Day 14. On Days 12, 16 and 

20, Group IV was significantly better than 

Groups I, II and III since basic fibroblast 

growth factor effectively accelerated wound 

fibroblast proliferation (Kawai, Suzuki, Tabata, 

Ikada, & Nishimura, 2000) and has a character-

istic myofibroblastic appearance, which plays a 

critical role in closure and healing (Cheng et 

al., 1999).  

The mean percentage of wound contraction of 

Group IV on Day 20 was significantly better 

than other groups; in open wounds, contraction 

becomes an important feature and epithelialisa-

tion assumes a more predominant role. Howev-

er, the two processes are independent of each 

other (Probst, 2003). All the groups showed 

maximum rates of contraction in the period be-

tween Days 8 and 12 post-wound; similar find-

ings have been previously reported (Aljady, 

Kamaruddin, Jamal, & Mohd-Yassim, 2000; 

Baie & Sheikh, 2000; Bohling et al., 2004; 

Swaim et al., 1993). 

The percentage of total wound healing of 

Group IV was significantly better then Group I 

and consistently better than Group II and III 

because of more rapid epithelialisation; there is 

a corresponding reduction in area of exposed 

granulation tissue in the wound (Bohling et al., 

2004). On Day 20, among Groups II, III and IV 

in there was no significant difference but heal-

ing was significantly better than in Group I. 

Basic FGF is well known for promoting the 

proliferation of almost all cells associated with 

wound healing (Michiyo, Toshito, & 

Shigehiko, 2005). All the groups showed max-

imum mean percentage of total wound healing 

from Days 4 to 8; this is in concurrence with 

the results of Bohling, et al. (2004) but differs 

from the findings of Swaim, et al. (1993). 

Staphylococcus aureus, Psudomonous, 

Klebsiella sp Escherichia coli is the common 

infection in wounds (Kumar, Sripriya, 

Raghavan, & Sehgal, 2006). All wounds can be 

contaminated regardless of the precautions tak-

en (Arul Jothi et al., 2006). 

It is a biocompatible protein that does not inter-

fere with the body’s normal immunologic re-

sponse and can be used in non-healing chronic 

wounds, which require a trigger to stimulate 

the normal healing process. 

CONCLUSION 

Honey can be a better wound healing bio-

material in rats. It can be used as a less expen-

sive skin substitute in order to stimulate and 

promote wound healing in animals. 
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 أنواع مختمفة من العسل عمى التئام الجروح في الجرذان ريثتأ

 4صالح ونيسمروان و  3أكرم حسين 1نواره محمد بالقاسم ،²اء صالح ونيسأسم، *¹خالد مسعود عبدالخالق

جامعة  العموم،قسم النبات، كمية  2 ليبيا،جامعة عمر المختار، البيضاء،  البيطري،كمية الطب  ،الحيوانجراحة قسم طب و  1
مركز البحوث  4 الاسلامية الماليزية، ماليزيا، ، قسم الاغذية الحيوية، كمية العموم والتكنولوجيا، جامعة العموم3،، ليبيابرق، ططبرق

  البيضاء، ليبيا والحيوانية،الزراعية 
 

 2212أكتوبر  24/ تاريخ القبول:  2212سبتمبر  22تاريخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v33i3.238  

 

وشررءاء الجررروح  ررو اسررتعادة الاسررتمرارية   لمبنرراء،الجرررح  ررو ة ررابة جسرردية تررطدي ةلررم تعطيررل الاسررتمرارية الطبيعيررة  المستتتخم  
تحسنت معالجة الجروح بشكل كبير في الثلاثين سنة الماضية، وسوف تستمر في التقدم بسرعة مع التكنولوجيا المتقدمة وفهرم أكبرر 

جررام عمرم  352ةلرم  322التري يترراوح وزنهرا برين  جررذانمرن ةنراث الخدام مائرة وعشررون ترم اسرت رذ  الدراسرة  في ،لمجروح المزمنة
سرم ، ترم  2× سرم  2حيروان  بعرد ةنشراء جرروح مءتوحرة  32 في كرل مجموعرةمجموعات  4عشوائيا ةلم  وزيعهايومًا  تم ت 22مدى 

حيررث أنواع مختمءررة مررن العسررل، مررت معاممتهررا برربعررة توالرا والثالثررةالمجموعررات الثانيررة و  مررر م جنتاميسررينب عررلاج المجموعررة ا ولررم 
  ينسرفقرد كونرت المجموعتران الثالثرة والرابعرة  أمرافري الءحرا السرريري،  الحيوانرات دون أي رد فعرل سرمبي عمري ةجيرد أعطت نترائ 

 نرواع البكتيريرة التاليرةا  ، ترم عرزلير البكتيرالءحرا وعنرد  ،بالمقارنرة مرع المجمروعتين ا ولرم والثانيرة دمويرة أوعيرة تكوينمع  حبيبي
Staphylococcus aureus  ،Pseudomonas  ،Escherichia coli  ،Proteus  وKlebsiella جميرع المجموعرات فري، 

العسرل  بعد معاممتها بعسرل الحنرون، ومرن المعرروف ةن ي المجموعة الرابعةأفضل بكثير فح والشءاء الكمي و الجر  انكماش بينما كان
غيررر شررافية، والترري التعررارم مررع الاسررتجابة المناعيررة الطبيعيررة لمجسررم ويمكررن اسررتخدامم فرري الجررروح المزمنررة  ررو بررروتين حيرروي لا ي

  سجة الذاتيةفي الجروح الواسعة عندما يكون  ناك نقا في ا ن ،عممية الشءاء الطبيعيةللتحءيز اتتطمب 

 الجرذان  ،الجروحالتئام  الجروح،تقما  العسل، :المفتاحيةالكممات 
(Hamad & Taha, 2008) 

 

(Bhatia & Ashw ath, 2002) 

(Consultation, 1999)  
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