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ABSTRACT

The aim of present investigation was to study kieeapeutic potential of Honey, Daruhaldi and Shatgthghrut
and honey singly and in combination on experimeexaision wound healing activity in rats. Excisiaounds of
about 500 mmand 2 mm depth were used for the study. Paramstatied were period of epithelization, rate of
wound contraction and time required for 50% wourddsare (CT-50). Rats treated with Honey + Daruhald
combination showed better wound healing activitycasipared to other test drugs. Effect of this coration on
wound area was less as compared to povidone iodioaever effect of Honey + Daruhaldi & Povidone iioel
were comparable in % wound contracture or % woutabwre. In this Excision wound model shatdhaut Ghru
alone or in combination with Honey showed less wiohealing activity as compared to povidone iodifbe
improved wound healing potential and synergistifeaf of Honey & Daruhaldi can be attributed to atilch
antioxidant potential of Honey and flavonoid maditiem Daruhaldi combination showed better wound tmggl
potential than Honey & Daruhaldi alone.
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INTRODUCTION

Wounds are indispensible part of human life ancheggkke pathogens, damaged cells or irritants ¢ediuwounds
[1]. The loss or breaking of cellular and anatomicfunctional integrity of living tissues is genklyatermed as
wound [2]. In the developing country due to poogieyic conditions the wound is a serious debiliigitproblem
[3]. There are different types of wounds which rarfiggm mild to potentially fatal. Throughout the rebabout 6
million people are encumbered with chronic woundscording to Mazumdar & Mukhopadhay prevalencaafte
and chronic wound is 10.5 per 1000 population &peB1000 population respectively [4].

Healing is generation and maintenance of normaloamaal cellular structure and function for the pose of the
survival. Generation is preliminary step whereasnts with formation of scar [5]. Haemostasis,amnfimation,
proliferation and finally remodeling are the fotages of wound healing process [6]. According tedeimann and
Evans, healing of acute wound does not require natiteimtion but still wounds are more prone to ititecwhich

cause discomfort hence, assistance of rapid woealiny agents is required [7, 8].

Excision wound model is well established, reproblecanimal model which is used regularly in preckh study of
drugs in wound healing [9-11].
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Research on wound healing drugs is a developing @renodern biomedical science. Ayurveda is a tiaual
system of medicine. Synthetic chemical moietiespaesent in the treatment regimens for the manageafeinder
healing of wound, however about 80% of the popaiattill depends upon Ayurveda for their treatnefrdiseases
[12]. In the allopathic medicine the treatmentsilatde for wounds are supportive. Modern drugskacpreventing
infection but they do not promote healing procassere are certain products available in the mafiteeexample
Platelet derived growth factor (PDGF) which stimetathe process of wound healing but these prodarets
expensive and their cost limits their use [13-T4]erefore there is need to find products which sigoed wound
healing activity and are cost effective for betteund care.

Daruhaldi, Honey, Shatdhaut ghrut, Triphala, Jemtimetc. are described in Ayurveda for array ofapeutic
potential. Triphala & Jestimadh were studied in [@noratory & showed excellent wound healing préipsr{15].
Moreover, various authors have reported honey asffastive agent in the healing of wounds and bytgs 17].
Honey possesses antimicrobial, antiulcer as well aatidiabetic property [18-20]Berberis aristata DC
(Berberidaceae) is commonly called as ‘DaruhakeiXperimental pharmacological studies have showntkteaplant
possesses diaphoretic, antibacterial, antidiarthi@a 22], anti-inflammatory and immunostimulatimgoperties
[23]. Shata-dhauta-ghrita (SDG) is an Ayurvedicparation and it is commonly used in treatment olumds,
burns, chicken pox, scars, herpes, leprosy and elire diseases [24].

In view of the above the present study was plarioedudy the therapeutic potential of Honey (H)rieldi (DH)
and Shatdhaut ghrut (SDG) as well as their comininate. Honey + Daruhaldi (H + DH) and Honey + fiteaut
ghrut (H + SDG) on experimentally induced excisiaounds in rats.

MATERIALSAND METHODS

2. Material:
Standard Agmark brand of Honey (H), water basedepat Daruhaldi (DH) and Shatdhaut ghrut (SDG) were
purchased from Vatsal Ayurvedic, Nasik.

2.1. Animals:

Healthy adult male Sprague-Dowley rats (150-20Qvg)e obtained from the D. Y. Patil Medical ColledgRine
(India). The animals were housed in 7 groups iftdmbttom polypropylene cages. They were maintaie2C +
1°C, with relative humidity of 45-55% and 12:12 h kdtight cycle. The animals were acclimatized fopexiod of
two weeks and were kept under pathogen free conditiThe animals had free access to standard bitet
(Chakan Oil Mills, Sangli) throughout the study.eTanimals were provided filtered water. The studbtqrol was
approved by the Institutional Animal Ethics Committ(IAEC) of Padmashree Dr. D. Y. Patil Medical IEgé,
Pune.

2.2. Chemicals:
Ketamine manufactured by Aqua Fine Injecta Pvt,lRdine was purchased from local Chemist.

2.3. Excision wound model:

Excision wounds were used for the study. Animalsensnaesthetized with 80 mg/kg dose of ketamime) @nd
hairs on the back of the animals were depilatecyplying hair removal cream. An impression was maehe
dorsal thoracic region 1 cm away from vertebraliooh and 5 cm away from ear of the anaesthetizedExaision
wounds sized 500 mand 2 mm depth were made by cutting out layekiof sf the marked area. Haemostasis was
achieved by blotting the wound with cotton swabksohin normal saline [6, 10]. The study comprisédeven
different groups of six animals in each group oreofrstudy drugs was applied topically in all stuaigimals of
excision wound:

Group | - Control animals: did not receive any treatment.
Group Il - Povidon iodine (PI)

Group 11 - Honey (H)

Group 1V- Daruhaldi (DH)

Group V- Shatdhaut ghrut (SDG)

Group VI - Honey + Daruhaldi (H + DH)

Group VII - Honey + Shatdhaut ghrut (H + SDG)
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2.3.1. Measurement of wound area:

The progressive changes in wound area were moditoyea camera (Fuji, S20 Pro, Japan) on predetednitays
i.e.,, 0,4,8,12, 16 and 21. The wound areas wared on transparency sheets and measured hygride wound
on a millimeter scale graph paper.

2.3.2. Determination of percent wound contraction:
Wound contraction was calculated as percentagbeofaduction in original wound area size [6]. Itswaalculated
by using following formula:

Initial area of Wound — Nth day area of wound

Percentage wound contraction = x 100
Initial area of Wound

2.3.3. Determination of CT-50 (50% wound closure):

The graph of (% wound closure) versus (time in diags wound creation) was plotted in software (Gwagd
Prism v 5) and linear regression analysis was padd. The value of X at Y=50% was taken as CT-Hlf{h
closure time, Time taken to close the wound by 5(Bfigelmayer et al., 2008).

2.4. Data and statistical analysis:

All the results were expressed as mean + S.E.Ma Batwound area on day 21 was analyzed using orye-wa
ANOVA; Dunnett's multiple range test was applied post hoc analysis. Whereas data of wound aregaragnt
wound contraction was analyzed using two-way regge&ANOVA, Bonferroni's multiple range test was agglfor
post hoc analysis. Data analysis was performedjuiGnaphPad Prism 5.0 software (GraphPad, San Di¢ga). A
value of p < 0.05 was considered to be statisticadnificant.

RESULTS
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Figure 1 Effect of treatment of honey, Daruhaldi and Shatdhaut ghrut on wound areain rats.
Data are expressed as mean +S.E.M. from six ratsanalyze by two Way ANOVA followed by Bonfersomist. *P < 0.05, **P < 0.01, ***P
< 0.001 as compared to vehicle control group rats
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3.1. Effect of treatment of honey, Daruhaldi and Shatdhaut ghrut on wound area:

Onday 0, 4, 8, 12, 16 and 21 the wound area’jmms measured in the all study of animals. Thendcarea in the
control group was 420.50 + 41.09, 405.83 + 36.45.86 + 32.70, 334.83 + 28.36, 271.50 + 25.19 6833 +
9.76 mm2 on respective days. Rats treated withyhshewed significant reduction in the wound aredten16 and
21 days (164.5 + 14.85 and 113.0 + 16.52r#n< 0.05) as compared to control group. Whereasrirestt with
daruhaldi showed significant reduction in woundaaoe day 12, 16 and 21 (147.33 =+ 10.74, 80.5 + &i8641.5 +
5.03 mm, P < 0.001) as compared to control group. Treatmett whatdhaut ghrut failed to produce significant
reduction in the wound area as compared to cognamlp. When compared with control group, rats &eawith
honey and daruhaldi combination showed significadtction in the wound area (170.33 + 8.07, 11$8%.81,
65.33 + 7.07 and 11.33 + 2.66 mr® < 0.001) on day 8, 12, 16 and 21. The wound ardmitey and shatdhaut
ghrut combination treated rats on day 12, 16 awia®1179.66 + 8.24, 141.33 + 8.42 and 73.33 + 6.4#,which
showed significant reductio?(< 0.01) as compared to control group on respedays. Treatment with povidone
iodine also showed significant reduction in the ndwarea (132.33 + 9.54, 48.50 + 4.93, 13.16 + h9® 1.83 +
0.30 mnf, P < 0.001) on day 8, 12, 16 and 21 as compared tataroup. (Figure 1 and 2, Table 1) as well as al
study treatements.

Table 1 Effect of treatment of honey, Daruhaldi and Shatdhaut ghrut on wound areain rats.

Days Control H DH SDG H + DH H + SDG Pl
22050 42350 % 41350 ¢ 415.00 =
0 e P oo PoRE 42150+16.95| 447.50+7.21  429.16 +41.79
40583 * 389.16 + 32533+ 34650 +
4 ot ot g oo 319.16 +38.33| 278.16+7.80  321.83+25.19
365.16 * 319.50 231.66 336.83 ¢ 17033 13233+
8 32.70 35.54 18.79 32.29 8,07 210.33 £5.43 9,54+
o | 33483% 29433 14733 32083 ¢ 119.83 + 179.66 + 2850
28.36 29.94 10.74%% 28.36 16,814+ 8.24%* 4,93
6 | 27150% 1645 + 805+ 245.83 ¢ 6533 ¢ 14133 + 13.16
25.19 14.85* 5,86 34.00 7,07+ 8.42%* 1,99+
168.33 ¢ 1130+ 415+ 1133+
7 oo Y o e 15433+976| ) ro 73.33+6.44% | 1.83+0.30%

Data are expressed as mean +S.E.M. from six ratsanalyze by two Way ANOVA followed by Bonfersomist. *P < 0.05, **P < 0.01, ***P
< 0.001 as compared to vehicle control group rats

Table 2 Effect of treatment of Honey, Daruhaldi and Shatdhaut ghrut on percent wound contraction in rats.

Days Control H DH SDG H + DH H + SDG Pl
0 | 0.00£0.00 | 0.00%0.00 0.00£000]  0.00%0.40 0G®.00 | 0.00%0.00 | _ 0.000.00
4 | 14.16+164 | 1600+ 129  4200%307 _ 16.16361] 4350%3.25] 34.66%547] _ 40.16 £3.77
8 | 15504281 | 2500£229| 5516+2.15* 216658 g%%ff 40.00 + 3.87* ;%ﬁf
12 | 2133+202| 4083%330| 5650%343 3100468 | J%00F | 5L66+549 | Sooo*
16 | 2333+401| 4633+337% 6166214% 38335 | oo | 5250%431| JOB3*
21 | 27.00£230 | 50.66+210° 8433:218% 42384 | Jro0F | 7050160 | JEO0F

Data are expressed as mean +S.E.M. and analyzdavoywWay ANOVA followed by Bonferroni's test. *P.GH **P<0.01, ***P <0.001 as
compared to control group animals

3.3. Effect of treatment of Honey, Daruhaldi and Shatdhaut ghrut on time required for 50% wound closure (CT-
50):

As depicted in Table 3, the CT-50 time in the colntats was 38.89 days. Honey and Daruhaldi contibimareated
rats showed significant decrease in the CT-50 titheh was 7.998 days where as Honey and shatdihaut glso
showed significant decreased in the CT-50 timeli311. In Povidone lodide treated rats CT-50 timas 7.135
days.
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Groups Day 0 Day 4 Day 12 Day 21

Control

PI

Honey

Daruhaldi |

Shatdhaut
ghrut

Honey +
Daruhaldi

Honey +
Shatdhaut |
ghrut
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3.2. Effect of treatment of Honey, Daruhaldi and Shatdhaut ghrut on percent wound contraction:

The percent wound contraction in control rats oy @a4, 8, 12, 16 and 21 was 0.00 + 0.00, 14.1664,115.50 +
2.81, 21.33 + 2.02, 23.33 £ 4.01 and 27.00 + 2I36atment with honey showed significant increasthapercent
wound contraction (46.33 + 3.37 and 50.66 + 2RG; 0.05) on day 16 and 21 as compared to contraimro
Whereas rats treated with daruhaldi showed sigmifiéncrease in the percent wound contraction @%2.15,
56.50 + 3.43, 61.66 + 2.14 and 84.33 + 2R&; 0.01,P < 0.01,P < 0.01 and® < 0.001 respectively) on day 8, 12,
16 and 21 as compared to control group. Howevetdsiaut ghrut treated rats did not show any sicguifi increase

in percent wound contraction as compared to comfrolp. When compared with control group, ratstegavith
honey and daruhaldi combination showed significacitease in the percent wound contraction (55.8838, 79.16
+3.30, 83.83 +4.11 and 91.16 + 2.52< 0.01 andP < 0.001 respectively) on day 8, 12, 16 and 21 aspewed to
control group. Honey and shatdhaut ghrut combinasibowed significant increase in percent wound restibn
(40.00 = 3.87, 52.50 + 4.31 and 70.50 £ 1B&; 0.05 andP < 0.01 respectively) on day 8, 16 and 21 as condpare
to control group. Treatment with povidone iodidscashowed significant increase in the percent waamdraction
(70.16 + 3.47, 83.33 £ 2.12, 90.83 + 1.37 and 94.3097) on days 8, 12, 16 and 21 as comparedrtragroup
and H, DH, SDG & H + SDG. However % wound contraetor % wound closure was comparable in PI & H + DH
group on study days 4, 12, 16 & 21. (Figure 3 aadld 2)
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Figure 3 Effect of treatment of Honey, Daruhaldi and Shatdhaut ghrut on percent wound contraction in rats.
Data are expressed as mean +S.E.M. from six ratsanalyze by two Way ANOVA followed by Bonfersomist. *P < 0.05, **P < 0.01, ***P
< 0.001 as compared to vehicle control group rats
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Table 3 Effect of treatment of Honey, Daruhaldi and Shatdhaut ghrut on time required for 50% wound
closure (CT-50)

Treatment Control Povidone SDG H DH H + DH H + SDG
lodine
CT-50(in Days) 38.89 7.135 22.90 18.36 10.18 7.998 13.11

The graph of % wound closure versus time in days patted in software (Graphpad Prism v 5) anddine
regression analysis was performed. The value of ¥X=50% was taken as CT50 (half-closure time, Thalen to
close the wound by 50%) (n = 6)

DISCUSSION

The present study was planned to evaluate theriagsatential of effect of Honey, Daruhaldi & Shatitaut ghrut
alone and in combination on experimental excisiauld healing activity in rats. 3 parameters weredug/ound
area, percent wound contraction and CT 50.

Wound healing is a natural process which comprisieshe various phases including collagenation, vebun
contraction and epithelization which are interlidkeith each other. Interference with any one okthphases by
the drug leads to delay in wound healing or mayruie wound healing [6].

Control group did not receive any treatment, siwoeind healing is a natural process. Pl commonlyl u$ieically

for wound dressing, was used as standard contrghdved good wound healing activity on all parametin this
study H + DH combination showed better wound hgabotivity as compared to other test drugs. Eftdcthis

combination on wound area was less as comparel tdoever effects of H + DH & Pl were comparabteseen
in % wound contraction. This can be explained tgyftt on day '0' wound area may differ but thisuBified in %

wound contraction. Although wound area on day Ithall study treatments did not show significaiffedence. In
this excision wound model SDG alone or in comborativith honey did not show good wound healing distias
compared to PIl. This study was not planned toigfte the mechanism of action of the test drugseffect of
honey on wound healing and its probable mechanisaction has been reported in literature by Galibérel.

[25].

It has been well documented that elevated leveteaxdtive oxygen species and lipid peroxidatiory pla important

role in the skin lesions and in modulation of fiblast proliferation [26-28]. Infliction of wound salts in decreased
antioxidant efficiency of the tissue which makesibre vulnerable to free radical attack [29, 30jeTdrugs with

antioxidant profile play a vital role in the wouhéaling process through the down regulation ofaky levels of

free radicals [31, 32].

Honey has long been used for treating wounds amer gkin conditions [16, 33]. It has been docuneii@t honey
is active against antibiotic-resistant pathogerd atts as an antimicrobial agent [19, 34, 35]. Gdfedt al. as well

as Gheldof and Engeseth have shown that manyeafdimpounds in honey have antioxidants property 33§ In

this study antibacterial action of honey may not dignificant since the wounds were clean & not ctéd.

Treatment with honey also increases the thicknEseaqyranulation tissue and the area of re-epiagbn [38].

Berberis aristata (Dauhaldi) is a potential antlaxit agent [39]. It's an antibacterial agent ang #zrough DNA
damage during cellular proliferation of bacteri@][4This antioxidant and antibacterial propertyDzruhaldi might
play important role in the wound healing processhds been communicated that flavonoid derived frdemt
source has anti-lipidperoxidation potential whiakigs in improving vascularity and decreasing thik mecrosis
[41-45]. The intense yellow color of coptis chinsnoot is most likely due to the high content eflierine which
is bitter in taste. Berberine present in Bexberis aristatamight promote the wound healing process [46]. Tioeee
wound healing activity as observed with H & DH miag because of antioxidant property of honey as agll
Daruhaldi. The synergistic acitivity of these twnugs may be explained by action of Honey on thektiess of
granulation tissue & area of reepithelisation ascdbed by Postme=t al. [47]

In clinical trial CT-50 is utilized for Phase liafs in determination of chronic ulcers to testaf€y [48]. Treatment
with Honey and Daruhaldi as well as Honey.
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The improved wound healing potential and synemistfect of Honey & Daruhaldi can be attributedaniditive,
antioxidant potential of Honey and flavonoid maitien Daruhaldi combination showed better wound ihgal
potential than Honey & Daruhaldi alone.
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