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ABSTRACT

Aim of present investigation was to evaluate wawealing activity of Honey, Daruhaldi and Shatdhdutg singly
and in combination on experimentalexcision wounalihg activity in rats. Incisions wounds were usedtudy the
topical effect of Honey, Daruhaldi and Shatdhautdhsingly and in combination for 20 days (once g)dan
various biochemical parameters. Honey + Daruhaldidmnation treatment showed significant increase<Qp01)
in tensile strength, hydroxyproline content andakgirotein level as compared to vehicle controlstaDaruhaldi
showed more significant (p <0.01) comparable effeéhcreasingtensile strength, hydroxyproline @nitand total
protein level as compared to vehicle control ratsveell as Honey + Shatdhaut or Honey orShatdhauiewV
compared with vehicle control rats, topical admirasion of Honey + Shatdhaut or Honey orShatdhaubvged
significant increase (p <0.05) in tensile strendtlydroxyproline content and total protein level.donclusion, oral
administration of honey, Daruhaldi and Shata-dhagtaita as well as their combinations promotes éastround
healing by acting simultaneously favorably on vas@rocesses of wound healing such as collageteasistand
epithelization. The presence of flavonoid moitieRdney and Daruhaldi combination showed betterndoliealing
potential than Honey &Daruhaldi alone.

Keywords. Daruhaldi, Honey, Hydroxyproline, Incision woundya@dhautghrut, Tensile strength.

INTRODUCTION

Wounds are inescapableparts of life and that meg alue to any agent that induces stress & injudy[ Wound
healingis an intricate process in which involveaarays of biochemical and cellular process. Heatiiggound is
necessary for survival and it represents an atteémphaintain normal anatomical structure and fuongs].In
normalskin, the epidermis (outermost layer) andnier(inner or deeperlayer) exists in steatgte equilibrium,
forming a protectivebarrier against the externafiremment[6, 7].

The healing of wound involves the complex cascadevent starts from the moment of injury and comtis for
varying periods of time depending on the severitywounding[8, 9]. It is comprised of three phasestial
inflammatory phase consisting of the establishmefit homeostasis and inflammation)whereas secondary
proliferative phase consisting of granulation, caction and epithelialization and finally the rerebdg phase
which ultimately determines the strength and apese of the healed tissue [10]. It forms anintecagtwork of
blood cells, cytokines and growth factors whichnodttely leads to the restoration to the normal doord of the
injured skin or tissue[11].
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Management of under healing of wounds is a comglitand expensive program and research on drugs tha
increase wound healing is a developing area in mmod@&medical sciences[12-15]. The central dogmatiie
optimal wound healing includes decrease tissue dapt@moval of nonviable tissue, maximizing tispeefusion
oxygenation and proper nutrition [16]. In variousnditions such as severe burns, trauma, diabetiohitels and
venus stasis ulcers, there is a need of rapid esep healing [17]. Hence there is a need for raypdnd healing
treatment with minimal pain, discomfort and scagriim the patients within the physiologic environmémat is
favorable to tissue repair and regeneration [18].

In the wake of advances in the pharmaceutical diisgovery the availability of agents having capaadf
stimulating the process of wound repair is stithited [19]. Moreover, defining the particular woubh@atment
within the increasing number of patients with wosiid another challenging task. Existing therapias the
management of wound has high cost and also possessanted side effects [20, 21]. Hence, therenisea for the
rational prehealing agents that can promote healing with mihiside effect and thereby reduce the cost of
hospitalization and save the patient from amputatioother severe complications.

Incision wound model is well established and repoillle animal modelthat is used regularly in prachl studies
of drugs in wound healing [22-25]. The multitude cédllular events that occurs in animals includirgl c
proliferation, cell migration, contraction and eadellular matrix degradation and synthesis, eteelgate clinical
relevance in wound healing process [11].

An array of drugs ranging from simple non-expensimalgesics to complex and expensive chemotheiia@génts
administered in the management of wound affectimga&iither positively or negatively [26]. Aspirimdomethacin,
cytotoxic agents and immunosuppressant have besmgrexperimentally to affect healing negativelyZ9].The
treatment of wounds with traditional medicine isdlly available at low cost with the advantageoafal knowledge
of indigenous treatments [30].Severaldrugs obtaifrech plant sources are known to increase the hgafi
different types of wounds[31, 32].

According to Ayurveda, the various plants and ottreditional ayurvedic formulation are useful in wals
healing.Honey has been reported to be effectivgaistrointestinal disorders [33, 34], in healingwafunds and
burns [35, 36], as an anti-microbial and antifunggént [37, 38]. Daruhaldi have been used in ethadicine and
in many Ayurvedicpreparation for several medicipadperties including antibacterial, antiperiodiatidiarrhoeal,
ophthalmic and in skindiseases[39, 40].Shatdhautgkran Ayurvedic preparation which is a 100 timesshed
clarified butterfat that has beed used for managémeconditions like burns, chicken pox, scarspes, leprosy
and other skin diseases [41].

In view of the above the present study was plartoediudy the therapeutic potential of Honey (H)ribealdi (DH)
and Shatdhautghrut (SDG) as well as their comlwnafie. Honey + Daruhaldi (H + DH) and Honey +
Shatdhautghrut (H + SDG) on experimentally induiceision wounds in rats.

MATERIALSAND METHODS

2.1. Material:
Standard Agmark brand of Honey (H), water basedepat Daruhaldi (DH) and Shatdhautghrut (SDG) were
purchased from VatsalAyurvedic, Nasik.

2.2. Animals:

Healthy adult male Sprague-Dowley rats (150-20@vgje obtained from the D. Y. Patil Medical Colleg®ine
(India). The animals were housed in groups of aiid bottom polypropylene cages. They were maietiat 24C
+ 1°C, with relative humidity of 45-55% and 12:12 hidght cycle. The animals were acclimatized fqueziod of
two weeks and were kept under pathogen free conditiThe animals had free access to standard bitet
(Chakan Qil Mills, Sangli) throughout the experirtarprotocol. The animals were provided with fiidrwater.
The study protocol was approved by the Institutioki@imal Ethics Committee (IAEC) of Padmashree Dr.Y.
Patil Medical College, Pune.
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2.3. Chemicals:

Ketamine manufactured by Aqua Fine InjectaPvt Liline was purchased from local Chemist. Anestlettier,
ethanol, formalin, sodium hydroxide, chloroformhet, hydrochloric acid and conc. Sulphuric acideveurchased
from S.D. Fine Chemicals, Mumbai, India.

2.4. Incision wound model:[42]

All the animals were anaesthetized with ketaming #re back hair of the rats were shaved by usishaving
machine. Six centimeter long, two linear-paravedkimcisions were made with a sterile surgicableléhrough the
full thickness of the skin at the distance of 1B from the midline of each side of the vertebraduom. The
wounds were closed with three surgical interrupgtetires of 1 cm apart. All the sutures used inetkgeriments
were non-absorbable braided non-capillary andasilmed. The study comprised six different groupsirfanimals
in each groups as follows and the ointment wasi¢atly applied once in a day. The sutures were redon &
post(\jlr\]/ound day. The skin breaking strength, totalgin and hydroxyproline content of the woundsevereasured
on 10" day.

Group | - Control animals: did not receive any cream aigdreatment.

Group Il - Honey (H) treated animals: received treatmettt Wioney (1 ml)

Group I11- Daruhaldi (DH) treated animals: received treathweth Daruhaldi(1 ml)

Group IV-Shatdhautghrut (SDG) treated animals: receivednreat with Shatdhautghrut(1 ml)

Group V - Honey + Daruhaldi (H + DH) treated animals: teed treatment with combination of Honey +
Daruhaldi (H + DH) (1:1)(1 ml)

Group VI - Honey + Shatdhautghrut (H + SDG) treated animalseived treatment with combination of Honey +
Shatdhautghrut (H + SDG) (1:1) (1 ml)

Group VII - Povidon iodide (PI) treated animals: receivedtirent with Povidon iodide (1 ml)

2.4.1. Measurement of tensile strength:[43]

On the 18 day the animals were sacrificed and there tessitgth was measured as follows:

After sacrificing the animals after anaesthesi&ir@s were gently pulled out. Both wound areas feanh animal
were removed carefully. Wound stripes of equal $izieth) were then cut using a knife in which twiades were
fixed at a fixed distance. Both ends of each strie fixed with the help of a pair of steel cli@ne clip allowed
hanging on a stand and a polyethylene bottle was &tlowed to fill with water gradually till the wad strip was
broken at the site of wound. The amount of watquired to break the wound was noted and expresseenaile
strength of wound in gm.

2.4.2. Estimation of Collagen (Hydroxyproline Content):{48]

Wound tissues were analyzed for hydroxyproline eoftwhich is basic constituent of collagen. Thdagen
composed of amino acid (hydroxyproline) is the majmmponent of extra-cellular tissue, which giveersgth and
support. Breakdown of collagen liberates free hygpooline and its peptides. Measurement of hydroalpe
hence can be used as a biochemical marker foetisgiagen and an index for collagen turnover. gfeparation of
protein hydrolysate, 50 mg of tissue sample inril®f 6.0N HCI| was weighed and sealed in screw-edpglass
tube. The tubes were autoclaved at 151.056 kg/fenB h. The hydrolysate was neutralized to pHah@ brought
to the appropriate volume (filtered if necessafgst tubes marked as sample, standard and blarktalezn. One
milliliter of test sample was added to test tubeskad as sample, 1.0 ml of DM water to test tubasked as blank
and 1.0 ml standard solutions to test tubes maakestandard. One milliliter of 0.01M copper sulghsdlution was
added to all the test tubes followed by the additb 1.0 ml of 2.5N sodium hydroxide and 1.0 mi6&b hydrogen
peroxide. The solutions were occasionally mixedSanin and then kept for 5 min in a water bath @8 Tubes
were chilled in ice-cold water bath and 4.0 ml &f\8 sulphuric acid was added with agitation. Twdlititérs of p-
(dimethylamino) benzaldehyde was then added antedhéa water bath at temperature?@Ofor 15 min. The
absorbance was measured at 540 nm. The concentodiibe sample was calculated as:

OD of the sample

X Concentration of standard
OD of ste..e.e. .

Concentration of the sam| =

298
Scholar Research Library



Swati A. Moholkar et al Der Pharmacia Lettre, 2015, 7 (12):296-305

2.5. Data and statistical analysis:

All the results were expressed as mean + S.E.Ma Batlysis was performed using GraphPad Prismdt@are
(GraphPad, San Diego, USA). Statistical compariseee made between drug-treated groups and diseaseol
animals. Data of tensile strength and hydroxypeloontent was analyzed using one-way ANOVA; Dursett
multiple range test was applied for post hoc ansly8 value ofp <0.05 was considered to be statistically
significant.

RESULTS

3.1. Effect of treatment of Honey, Daruhaldi and Shatdhautghrut on incision wound healing:

A regular wound healing pattern was observed inelioalone (0C), shatdhautghrut alone (OE) and Honey
Shatdhautghrut combination (0G) treated rats. Tiitém@l wound healing was evidenced indaruhaldite@aats
(OD). The complete wound healing was observed engbvidone iodide(OB)andHoney + Daruhaldi comborati
(OF) treated rats.In vehicle control rats, the widbalosure was delayed (0A).

3.2. Effect of treatment of Honey, Daruhaldi and Shatdhautghrut on tensile strength:

Tensile strength in vehicle control rats was 15888.17 gm/crfon right side of the wound whereas on the left side
it was 181.50 + 12.12 gm/dnRats treated with the honeyshowed significanteiased [§ <0.05) in the tensile
strength(328.16 + 30.57gm/éam right side and337.16 + 30.19 gmfcom left side) on both side as compared to
vehicle control rats. Shatdhautghrut treated rks showed significant increasep €0.05)in the tensile strength
(281.16 + 37.08 gm/chon right sideand 273.50 + 31.42 gmfcan left side) as compared to vehicle control rats.
Tensile strength on the right side of wound indheuhaldi treated rats was 582.33 + 42.96 grfifehereas 555.16

+ 31.90 gm/crhwas the tensile strength on the left side of tlweivd which was found significantly increased (
<0.001 andp <0.01 respectively) as compared to vehicle contadé.Honey and Shatdhautghrut combination
treated rats showed a significant incregse@.05)in the tensile strength (373.33 + 25.11 gnifemright side and
386.66 + 28.97 gm/chon left side) as compared to vehicle control rethen compared with the vehicle control
rats the tensile strength in the honey and darultalehbination treated rats was significantly inae (644.50 +
28.39 gm/crfon right side and 666.66 + 16.66 gmfcm <0.001). Povidone lodide treated rats showed sicanifi
increased [{ <0.001) in the tensile strength (687.16 + 35.39 gmimn right side of wound and 726.00 + 39.12
gm/cnt on left side of wound) as compared to vehicle mdmats (Figure 2).

3.3. Effect of treatment of Honey, Daruhaldi and Shatdhautghrut on hydroxyproline content:

The hydroxyproline level in the vehicle control savas 4.09 + 0.20 X£ag/gm of tissue. Treatment with
Shatdhautghrut showed significant increased in Hizgroxyproline level 5.19 + 0.26 X#0g/gm of tissue as
compared to vehicle control rats. Hydroxyprolingelein the honey treated rats was 5.36 + 0.22 °Mgm of
tissue which was significantly highgs €0.01) than vehicle control rats. 6.82 + 0.22 Xi§/gm of tissue was the
hydroxyproline level of the Daruhalditreated rathielh was significantly increased ag €0.001) compared to
vehicle control rats. Honey and Shatdhautghrut doation treated rats also showed significant inseeap
<0.001) in the hydroxyproline level (6.42 + 0.24 X{16/gm of tissue) as compared to vehicle contral. fathen
compared with vehicle control rats,Honey and Daldibambinationtreated rats showedsignificant inseshin
thehydroxyproline level (7.99 + 0.27 X30g/gm of tissuep <0.001) (Figure 3).
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Figurel. Photographs of ratsshowing effect of treatment of Honey, Daruhaldi and Shatdhautghrut on incision wound. Representative rats photograph of vehicle control (A), Povidone
lodide (B), Honey (C), Daruhaldi (D), Shatdhautghrut (E), Honey + Dar uhaldi (F) and Honey + Shatdhautghrut (G)
\
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3.4. Effect of treatment of Honey, Daruhaldi and Shatdhautghrut on total protein level:

The total protein level in the vehicle control ratas 42.88 + 2.18mg/gm of tissue. Total proteirelén the honey
treated rats was 59.17 + 2.17mg/gm of tissue whiak significantly higherp( <0.01) than vehicle control rats.
69.80 + 0.83mg/gm of tissue was the total protewel of the Daruhalditreated rats which was sigaiitly
increased asp(<0.001) compared to vehicle control rats. Honey 8hdtdhautghrut combination treated rats also
showed significant increase@d €0.001) in the total protein level (62.40 + 2.16mm/gf tissue) as compared to
vehicle control rats. When compared with vehiclentoal rats, Honey and Daruhaldicombinationtreatets r
showedsignificant increased in thetotal proteinelef68.17 + 4.63mg/gm of tissue, <0.001). Treatment with
Shatdhautghrut failed to produce significant inseghin the hydroxyproline level (50.45 + 1.52 mg/gfttissue as
compared to vehicle control rats(Figure 4).
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Figure4. Effect of treatment of Honey, Daruhaldi and Shatdhautghrut on total protein level in rats
Data are expressed as mean + S.E.M. from six ratsanalyze by one Way ANOVA followed by Dunnet$ts tp <0.05, **p <0.01, ***p
<0.001 as compared to vehicle control group rats

DISCUSSI ON

Wound is a rupture in the normal tissue continurgsulting in a variety of cellular and moleculagselae. Healing
of wound is a complex and dynamic process thatiteeBurestoring cellular structures and tissuestayin damaged
tissue as closely as possible to its normal stéldpécreased tissue damage, debriding non-viakdeidi increasing
tissue perfusion and oxygenation with proper notitand moist wound healing environment have been

recommended for optimal wound healing[23, 24].

Granulation, collagen maturation and scar formatioa some of the many phases of wound healing whioh
concurrently, but independent of each other.Thimfatory phase played vital role in wound healamgl it is
characterized by hemostasis and inflammatiaereasproliferative phaseis characterized by elitdtion
angiogenesis and collagen deposition[2, 42]. Rimalse of wound healing is maturational phasein hguar tissue
formed. The granulation tissue of the wound is pritg composed of fibroblastollagen edema and small new
blood vessel[48].
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Tensile strength represents the force per unirasszsectional area that is required for breakimgrdthe wound.
It's a hallmark for the intra- and intermoleculaoss linking of collagen fibers within the newlymesited collage in
subdermal area [49]. Skin tensile strength is detezd by the amount and quality of synthesizedagelh, as well
as degradation of preformed collagen. Collagehasfamily of protein which provide structural suppand it is the
main component of tissue such as fibrous and agtil It has been well documented that collagem ignportant
biomarker of wound healing process which providepsut and strength [50-52]. It also plays an imaottrole in
homeostasis and in epithelialization in the latagss of wound healing. In wound healing procdss,growth of
healing tissues depends upon the collagen synthdsish can be directly determined by the conceiatnabf

hydroxyproline. Thus, higher concentration of hydnaroline reflects increased collagen turnover amdicates
faster rate of wound healing [53, 54]. Increasellagen maturation via elevated cross linking oflagén fibers
resulted in increase in breaking strength of wobnHanced healing activity has been attributed treimsed
collagen formation and angiogenesis [53, 54]. Aggimesis in granulation tissues improves blood supehtation
to the wound site, thus providing nutrients and gety essential for the healing process [55].In thesent
investigation treatment with honey in combinatioitwDaruhaldisignificantly increasedhydroxyprolitevel and
thereby increased tensile strength in incision wiloomodel. It has been reported that that honey asereollagen
synthesis during wound healing[56, 57]. Resultarefin accordance with the findings of previouskeos[56, 57].

In developing countries, the presence of poor mjgieonditions and microbial infections affect thanagement of
wound and delay wound healing [58Ftaphylococcus aureus, Streptococcus pyogenes,eficdth coli,
Pseudomonas aeruginosa, Streptococcus pneumomdeKlabsiella pneumoniaare some prominent organisms
that affect the wound healing [59]. If a wound bmes infected, the acute phase of inflammation besom
pronounced leading to further production of tissogglants which damage cellular membranes, DNAtging,
lipid and extracellular matrix[60, 61]. It the ped investigation vehicle control animals showed $iignificant
decreased in the level of total protein whereaatitnent with honey, Daruhaldi and Shata-dhauta-glast well as
their combinations significantly increased the lexfeotal protein.

Flavonoids are known to inhibit cellnecrosis andisthimproving vascularity[62-74]. Henceny drug that
containsflavonoids is believed to increase the ilitgbof collagenfibrils by increasing the strengtdi collagen
fibres increasingthe circulatignpreventing the cell damage and by promoting theDslhthesis [75, 76].
Flavonoids are also known topromote the wound hggtirocess mainly due to their astringentand aotwbial
property which seems to be responsible for woundcontractigit has been well documented that honey as well
as Daruhaldi is a rich source of flavonoids[78-8l0je presence of the flavonoids may attributes aanvd healing
potential of honey and Daruhaldi.

So we conclude that oral administration of honegrubaldi and Shata-dhauta-ghrita as well as thwirhinations
promotes faster wound healing by acting simultaeofavorably on various processes of wound headinch as
collagen synthesis, wound contraction, epithelaraihe presence of flavonoid moities in honey arrdbaldi
combination showed better wound healing potentiahtHoney &Daruhaldi alone.
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