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ABSTRACT

The indigenous herbal drug preparations contrilsutiféicient increasing
interest in wound healing alternative to converdioantiseptic, antibiotic and
anti-inflammatory agents. As per the Unani systeimmedicine the leaves of
willows give "cold dry" effect while the flowers gplay "cold wet" effectSalix
plants contain a wide variety of compounds calldd/tpchemicals, mainly
described as those compounds having medicinal grepe Scientists have
identified thousands of phytochemicals, althougly aasmall fraction has been
studied closely. From the review of literatureisiclear that experimental wound
healing potential for th&alix acmophylla leaves selected seems to be fewer and
needs further investigation. This necessitatesettoration of this herb for its
efficacy in wound healing. In present study, foull thickness excisional skin
wounds (1.5x1.5 cf), 2.5 cm apart from each other were created (tispae of
thoraco-lumbar region) on each of 18 rabbits (tlyeips having six animals) of
either sex and weighing 1.8 to 2.5 kg under stahdaresthetic protocol to
evaluate the wound healing potentialsafix acmophylla leaves ointment and
their response on clinico-physiological, haematmebemical, kidney function



test, bacterial viable count, gross and histomdggical parameters. The total
number of wounds evaluated in the study were 72tlamsl each treatment groups
was evaluated on 24 rabbits. The experimental study conducted in three
groups (I, Il and Ill). Groupl animals were treated with sterile normal saline
solution (negative control). Groups Il and Il ratisbwere dressed topically with
thin layer of 5% povidone iodine and 5%alix acmophylla leaves ointment,
respectively. Povidone iodine treated wounds weseduas positive control.
Rabbits were evaluated for change in rectal tengpere (RT), heart rate (HR),
respiration rate (RR), total erythrocyte Count ()Edifferential leukocytic count
(DLC), hemoglobin, packed cell volume (PCV), glae, albumin, total protein
(TP), creatinine level, blood urea nitrogen (BUNhund size, percentage healig,
total bacterial count level, photographic evaluatigross and histomorpholigical
examination.

No physiological side effects and other complmadi were observed in
any group. The salient observations of the phofadgcaobservation suggest that
all the excisional wounds aseptically created vadngost equidimensional on day
‘0’ (immediately after surgery). It was interestibg note on day 7 after post-
wounding that there was appreciable reductionza sf wound treated witkalix
and povidone iodine as compared to control grobpghermore, complete filling
of the wound with granulation tissue without scald alemonstrable wound
contraction was noticed igsalix on day 14 post-wounding than povidone iodine
and normal saline solution groups. Complete epaheation and closure adalix
and povidone iodine treated wouds could be distsiggd on day 21 and
percentage healing 100.00% and 95.66% respectivelg observed, whereas in
normal saline solution complete healing was ndticeonly 61.00% of wounds.
Grossly, wounds treated with 5%alix acmophylla leaves ointment significantly
accelerated the rate of wound healing compareddonds treated with sterile
normal saline solution or dressed with povidoneinedointment. Histological
analysis of healed wounds confirmed the gross ehsens. Wounds dressed
with 5%, salix acmophylla leaves ointment showed markedly less scar width at
the wound enclosure with large amounts of fibraislaproliferation, more
mature and densely packed collagen and angiogemesigpared to wounds
dressed with sterile normal saline solution. Oversults indicated that wounds
dressed withsalix acmophylla leaves ointment (group IllI) showed considerable
signs of full thickness skin wound healing and #igantly (p<0.05) healed
earlier in 17.83 days followed by povidone iodimedated wounds (group Il)
in 19.00 days than wounds dressed with sterilenabsaline solution (group )
in 20.83 days. These results strongly documentbireeficial and significant



effects of salix acmophylla leaves ointment for the acceleration of wound
healing inrabbits.

Key words : Rabbit, full-thickness wounds, 5%alix acmophylla leaves
ointment 5% povidone iodine ointmenwound healing.
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Chapter-1

INTRODUCTION

A wound may be defined as disruption of the cetluta anatomical
continuity of the normal organ structure (Benne839 It is a common and
frequent reason for seeking veterinary attentiame DBasic principle of optimal
wound healing is to minimize tissue damage and igeovadequate tissue
perfusion and oxygenation, proper nutrition andsnenvironment to restore the
anatomical continuity and function of the affectedt (Pierce and Mustoe, 1995;
Begum and Nath, 2000). Cutaneous wound repair wegoinigration, infiltration,
proliferation, and differentiation of several celypes like keratinocytes,
fibroblasts, endothelial cells, macrophages andelgs which culminates in an
inflammatory response, the formation of new tissne wound closure (Phillipet
al., 1991; Barrientost al., 2008).

Veterinary practitioners often encountered animath traumatic wounds
that are infected, too large to close immediatelyboth. The way in which
wounds are managed can affect the rate of healwegtime to return to normal
function, the final cosmetic appreance, and heheesttisfaction of customers
(Liptak, 1997). Despite some recent advances inerstanding its basic
principles, problem in wound healing continuesdase significant morbidity and
mortality (Peacock and Cohen, 1990).

The management of wounds depends on the stage wfdvoealing and
can include irrigation, mechanical and chemicalrdigment, use of antiseptic
and antimicrobials, adherent and non-adherent idgsss and miscellaneous
topical applications. In many cases, the best wayréat such wounds is to
manage them as an open wound (Yamanda, 1983;et_ak, 1984). Second
intention wound healing occurs by wound contractiog-epithelization, and

finally production of granulation tissue (Swagnal., 2001). Within 5 to 7 days



after injury, granulation tissue develops from uhdeg connective tissue to
cover a woundl(ee et al., 1987; Layton, 1993).

Medical management of wound includes administravbrdrugs either
locally (topical) or systemically (oral and paremig in an attempt to aid wound
repair (Savanth and Shah, 1998le topical agents used include antibiotics and
antiseptics (Chulani, 1996), de-sloughing agentserfical debridement e.g.
hydrogen peroxide, eusol and collagenase ointm{&atyanth and Mehta, 1996),
wound healing promoters (e.g. TretinoiAloe vera extract, honey, comfrey,
benzoyl peroxideChamomilia extract, dexpanthenol, tetrachlordecaxide solution,
clostebol acetate and experimental cytokines).oargrowth factors like platelet
derived growth factors, macrophage derived grovetttdrs, monocyte derived
growth factors (Matheet al., 1989) etc. are necessary for the initiation and
promotion of wound healing. Many substances liksue extracts (Udupa al.,
1991), vitamins and minerals and a number of ptmatucts (Dahanukaat al.,
2000) have been reported by various workers, tegssspro-healing effects.

A commonly used antimicrobial agent is povidoneiied(Betadine), a
complex of iodine, the bactericidal component, wilolyvinylpyrrolidone
(povidone), a synthetic polymer. The most commommercial form is a 10%
solution in water yielding 1% available iodine. 8yetic or conventional drugs
are synthesized chemically in the laboratory. Défe conventional antiseptics
used in a concentration, sufficient to control septic process, adversely affect
the immature cellular repair process (Heinz, 197@&ntibiotics are commonly
used topically for preventing bacterial colonizatioThese antibiotics agents
although check the infection and thus promote eadynd healing, have certain
limitations that may cause tissue destruction hytation or allergy, non-
availability and high cost (Nageghal., 1999). Indiscriminate use of antibiotics
has a threat of super-infection and also the emeggef resistant microorganisms
(Myerset al., 1980). Consequently there exists a need for agents which may
be useful in proper wound management. In this tloeca number of herbal

products are being reported on the use of varindgeénous medicinal plants to



posses wound healing, anti-inflammatory, antibaatieantifungal and analgesic
properties and have been used for therapeutic pesp(Bhatnagaet al., 1961;
Shukla, 1967; Kumaet al., 1996). The indigenous herbal drug preparations
contribute sufficient increasing interest in wourtkaling alternative to
conventional antiseptic, antibiotic and anti-inflaatory agents (Ahmeset al.,
1995). It is therefore, important that the dregsirsed should not promote the
growth of harmful bacteria and at the same timshibuld not have deleterious
effect on the tissue. Extensive research has teered out in this field and many
topically applied agents have been used to treah epunds, but most products
investigated in domestic animals either do notaffgound healing or inhibit
rather that enhance it (Lekal., 1987; Swainet al., 1993; Swaim, 1997; Sardari
et al., 2006). Therefore, products selected to createabngeenvironment must be
chosen thoughtfully and scientific rationale mugt®ort their use.

The over usage of synthetic drug resulting in higheidences of adverse
drug reactions have provoked mankind to go backatmire for safer remedies.
Nature provides a wide variety of plants that contaedicinal properties. The
powerful ingredients found in the stems, leavestsoflowers, and seeds of
certain plants have natural healing propertieslthge been found to cure various
diseases. Herbal medicinal plants (also called guhgtlicinals) can be
administered as the whole plant or plant parts yrektracting one or more
ingredients with solvents to yield tinctures, teather extracts. Herbal medicines
are the outcome of therapeutic experiences of gdnas of practicing physicians
of indigenous systems of medicine for over hundidgears. Herbal drugs being
much less expensive than their synthetic counteypaiso have better cultural
acceptability, better compatibility with the humbady and minimal side effects
(Pal and Shukla, 2003, Venkategtal., 2003). The herbal drugs have been used
throughout the world and have received greatentite in recent times, because
of their diverse nature of curing diseases, safaty tolerance compared to
conventional drugs. The utilization of herbal drigyen the flow (Kamboj, 2000).
Herbal drugs have been used for wound healingtieeicrude form or in the



form of different extracts. According to the Woiltkalth Organization (WHO),
the use of herbal drugs throughout the world haseased tremendously (Pal and
Shukla, 2003). In India, medicines based on heohgin have been the basis of
treatment and cure for various diseases (Bissva., 2003). The knowledge of
uses of plants transmitted from one generatiorh®rext (Dexit and Pandey,
1984). Plants are exploited in many ways sucload,ffodder, fuel wood, timber
wood, medicinal, etc (Hussain and Khalig, 1996).e Ttherapeutic use of
medicinal plants has gained a considerable energye past few decades. It
shows that there is a huge contact of human lith Weical flora as well as local
flora influence human beings. Medicinal plants aso important for the
livelihoods of deprived communities all over therigo

Continual exposure to stressful conditions gensréie radicals, which
may over power the inbuilt protective mechanismd aause tissue damage.
There are reports that plants possessing freealasbavenging activity are known
to have anti inflammatory, anti tumour, wound hegland many other activities.
Of these,Salix spps. is distributed throughout tropical and supital parts of
India, Sumathra and Java (Kirtikar and Basu, 198pecies ofSalix found in
almost all regions of Kashmir &alix acmophylla. Willow and "bains/ Wir/ Veer
Kani" respectively, are common Engish and verraacubmes for a number of
sister trees of the geneflix representative of family Salicaceae. These are fas
growing and yet medium-sized deciduous trees. divgrprimarily in the cool,
fertile, irrigated lands as it requires larger qiteas of water, though it can
withstand cold winter frost (Rathetral., 2010). They are of enormous ecological
and economic importance (Argus, 1997). As per timan system of medicine
the leaves of willows give “cold dry” effect whilihe flowers display “cold wet”
effect. Salix plants contain a wide variety of compounds callegt@pchemicals,
mainly described as those compounds having medligioperties. Scientists have
identified thousands of phytochemicals, althougly @aasmall fraction has been
studied closely (Zargeat al., 2014).Salix spps. (Willows) are the source of the
natural precursor to asprin, salicylic acid, foundleaves and bark (Pojar and



Mackinnon, 1994). The bark and leaves can be paladd applied to wounds as
healing agents (Moerman, 1998). The active ingrdof thesalix bark is called
salicin. Salicin hydrolyzes in aqueous media tocghe and salicylic alcohol
(saligenin). Salix spps. have abundant watery bark sap, which isilgezharged
with salicylic acid. Besides, salicin, it contaiffevonoids and proanthocyanidins,
which are potent wound healing agents (Zagyet., 2014).

Experimental surgery offers the freedom of biopgywounds, doing
histopathological and histochemical studies, whiadilitates objective evaluation
of progress of wound healing. The Indian traditiosystem of medicine is based
on pragmatic facts of the observations and the rexpee over millennia. More
than 1200 diseases are mentioned in differenticigexts. Traditional medicine,
being a significant element in the cultural patmmgstill remains the main choice
for a large majority of people for treating varialiseases and ailments. From the
review of literature, it is clear that experimentadund healing potential for the
Salix acmophylla leaves selected seems to be fewer and needs rfurthe
investigation. This necessitates the exploratiorthig herb for its efficacy in
wound healing. Keeping all these in mind the workswdesigned with the
following objectives:

Objectives of the Investigation:
1. To investigate the efficacy dalix acmophylla leaves ointment as full
thickness skin wound healing agents.
2. To study the effect ofSalix acmophylla leaves ointment on kidney

function in rabbits.

*kkkkkkkkkkk



Figure 1. Salix acmophylla plant Figure 2.Salix acmophylla leaves



Chapter — 2
REVIEW OF LITERATURE

2.1. ANATOMY OF SKIN

Skin is the outermost tissue of the body and thgekt organ in terms of
both weight and surface area. It consists of maogponents and adnexa,
including hair follicles, sebaceous glands, andagvgéands. The main function of
skin is to act as a barrier against environmerggitessions. The skin is formed by
three anatomically, functionally, and developmdntdistinct layers: epidermis,
dermis, and hypodermis. The epidermis is in fadagered epithelium extending
from the basement membrane that separates it fnendérmis to the air. Except
for the basement membrane, it is virtually devdigxtracellular matrix (ECM).
Progenitor cells are located on the basement memalaad undergo continuous
self-renewal and differentiation to keratinocytéEhe keratinocytes migrate
towards the surface of the skin where they evelytgait sloughed off. While this
process occurs, keratinocytes undergo terminakrdifftiation and maturation
(Blitterswijk and Thomsen, 2008). As they appro#uh skin surface, they form a
keratinized layer of dead cells which confers th&mbarrier properties of the
skin (Harvey, 2005).

Below the epidermis is the dermis, the thickesthef three layers of skin
which accounts for most of the skin’s mechanicalperties and resilience. The
dermis is a connective tissue comprised of ECMpbhlasts, vascular endothelial
cells, and skin appendages (hair follicles, swéandg, etc.) Fibroblasts secrete
collagen and elastin, providing mechanical strergtid elasticity to the skin,
respectively. The hypodermis underneath the deimisomposed of adipose
tissue, which functions as insulation and cushigrbetween the skin and other

skeletal structures, like bone and muscle (Har2695).



2.2.  Wound and their classification

A wound is an injury characterized by the disroptof normal continuity
of body structure (Waldron and Trevor, 1993). Adog to Silver (1982) wound
IS a situation in which cells are at the limitstloéir power of survival and a very
slight modification of the microenvironment can denthe tissue either hostile to
cell or can enhance cellular activity. In everydaathology, wounds remain a
challenging clinical problem, with early and latenglications presenting a
frequent cause of morbidity and mortality (Alongtoal., 1996, Natarajart al.,
2000). Wound composed of a wall and its contertstents may be damaged
tissue debris and blood clots. Wound wall is saithé composed of three zones
actively involved in wound repair, viz: central sofcomposed of dead tissue),
ischemic zone (surrounding the central zone) amndn@ of reaction (surrounding
the ischemic zone characterized by acute inflamrgpato

There are many different ways in which wounds learclassified (Swaim,
1980; Frank, 1981, Bright and Probst, 1993; Singd &ingh, 1993, Ansari,
2015): 1. First classification: i. Simple: if no efeer tissues are involved. ii.
Compound: when muscles, nerves, tendons and bonaretinvolved. 2. Second
classification based on morphology of the woundOfen or external wound: in
which there is discontinuity in the skin and otleewvering tissues to a varying
depth. B. Closed wound/internal wound: in whichréhés no break in the
continuity of tissue surface (skin) but in whicheger tissues (subcutaneous
tissues, muscles, and nerves) are damaged to ngaiggree. For example:
contusion (subcutaneous), bruise, haematoma. 3d Thassification: based on
contamination: i. Clean/ sterile or aseptic wouadvound made under aseptic
condition e.g., surgical wound. ii. Clean-contantskwounds: in which there is
minimal contamination comes from the environmentggal team, or patient’s
skin surrounding the wound. iii. Contaminated wau@dntaminated wounds, a

wound in which there is the presence of foreignridelmicroorganisms. iv.



Infected wound or septic wound: wound with bactegeowth showing local
changes like suppuration, cellulitis. In clean, adeontaminated and
contaminated wounds bacterial load may be less 10&norganisms per gram of
tissue. In Infected wounds contains more than I@arosms per gram of tissue.
Golden period is the first 6-8 hours between woaoadtamination at injury and
bacterial multiplication greater than 105 organigmes gram of tissue. 4. Fourth
classification based on duration: Class I: Cleamn-imfected surgical/incised
wound- 0 to 6 hours duration, no signs of inflamorat Class Il: Significant
contamination, contaminated wound - less than @2dours duration old, no
evidence of infection, Class Ill: Gross contamioafi infected wound-12 or
longer hour’s duration, non purulent inflammatidnFifth classification based on
thickness of the wound: I. Superficial wounds, iwimg only the epidermis and
the dermis up to the dermal papillae, Il. Pattatkness wounds, involving skin
loss up to the lower dermis. Ill. Full-thicknesswnds, involving the skin and the
subcutaneous tissue. IV. Deep wounds, includingptieated wounds (viz., with
laceration of blood vessels and nerves), woundetpeing into natural cavities,
and wounds penetrating into an organ or tissue:

A. Open or external wound: in which there is dignuity in the skin and
other covering tissues to a varying depth. 1. bttiwound: are caused by sharp
cutting instruments such as knives, scalpels, feagm of glass etc. with
minimum loss to tissue, edges are regular, bleeekslyf and painful. In this
wound, edges are smooth and causing minimal damoate surrounding tissues.
2. Lacerated wounds: these are caused by teafitigsues e.g., barbed wire
injury. In this wound, edges are irregular and t&n Penetrating wound: these
types are deep wounds caused by long pointed sbjé@ daggers, pointed
knives and may communicates with abdomen, thoramynk, joints, etc. for
example: stab wounds.4. Punctured wound: thgmestgf wounds are created by
sharp pointed objects like nails cause puncturednas. e.g., Punctured wound
on foot due to gathered. 5. Perforating wound:hiaracterized by two opening,
one of entrance and other of exit. 6. Avulsio/Eion wound: these wounds are



characterized by tearing of tissues from theirchit@ents like avulsion of horn,
hoof etc.7. Abrasion: damage of superficial layefskin produced by friction
and pressure results. 8. Gunshot wounds: thess tyf wounds are produced by
different types of firearms. 9. Ulcerative wound: one in which there is no
tendency to heal. 10. Granulating wound: is onw/liich there is a tendency to
heal within expected time. 11. Bite wound: whicle aaused by snake, dog or
wild animals bite with significant degree of tissdamage. 12. Virulent wound:
which are caused by bacteria or virus leading to&tion of pustules or vesicles
for example foot and mouth disease, anthrax.

B. Closed wound (internal subcutaneous or inte&t in which there is
no break in the continuity of tissue surface (ska} in which deeper tissues
(subcutaneous tissues, muscles, and nerves) am@gddno a varying degree. For
example: contusion, abrasions, wheal.

a. Contusion (subcutaneous): are caused by blyettsband results in damage to
subcutaneous tissues without breaking the conginpfitthe skin surface. It is
classified into first, second and third degree adicg to the extent or severity of
the injury. 1. First degree contusions (bruiseshyenosis, as a result of ruptured
capillaries in the skin and subcutaneous tissuaeb dissemination of blood
through the intercellular spaces without formatafngross collection of blood,
leading to reddish blue or purplish coloration &ms(non-pigmented skin). 2.
Second degree contusions (hematoma): collectiohladd in abnormal cavity
usually caused by superficial vein injuries andyfrently seen subctaneously,
submucously, or subcapsular in large parenchymaimens. 3. Third degree: is
the major damage of tissue leading to gangrenedtom b. Abrasions: when
there is injury to the superficial layer of therskir mucous membrane is damaged
but has not extended through all the layers. c. Ah& a bleb in skin internal in
nature with no extravasation of blood.
2. 3. Wound Healing

Normal wound healing is a dynamic and complex @sscinvolving

coordinated interactions between diverse immuno&dgand biological systems.



Healing is a process whereby the body destroysranmves the irritants and
returned the part as near a normal functional ststepossible. It is closely
associated with inflammation and works in the diets simultaneously e.g., the
removal of the devitalized tissue and the activgeneration of the tissue to
restore the functional activity of the damaged ugssby fibrocollagenous
proliferation and a surface covering. Wound healgg complicated interaction
of cellular (platelets, endothelial cells, macrogés, fibroblasts), and sub cellular
(growth factors and cytokines) components. Wouealihg involves a cascade of
carefully and precisely regulated steps and eveh& correlate with the
appearance of various cell types in the wound bexighout the distinct phases of
the healing process (Huset al., 2000; Broughton and Attinger, 2006). Wound
healing involves continuous cell-cell and cell-matinteractions that allow the
process to proceed in four phases namely:

1. Stage of hemorrhageinitial hemorrhaged results in the formation ddtc
which occupies the defect in the tissue. The ctstists of a fibrin framework
containing trapped blood elements. The cut vesselalso sealed by contraction.
The adjacent cut margins of the wound become glogether by a thin layer of
coagulum. Although blood flow within the wound idtem impaired due to
destruction of the blood vessels, it is elevatethenareas immediately adjacent to
the wound, and local inflammatory agents (activaiechplement, histamine, etc.)
increase vascular permeability leading to plasnieaeasation and the generation
of a fibrin matrix, also causing swelling and resln¢Harvey, 2005). This matrix
is rapidly invaded by neutrophils, followed by magtes and other immune-
competent cells to remove dead tissue and contifection (Blitterswijk and
Thomsen, 2008).

2. Stage of hyperemia (Phase of traumatic inflamation): This inflammatory
phase typically lasts for the first 4 days (Rhetttal., 2008). This phase is
characterized by an acute inflammatory reactiore $averity of this phase is
related to the degree of trauma to the tissue &wdvs vascular and cellular
responses. When a wound is made some of the cedlstraumatized and



destroyed, resulting in release of potassium i@eptides e.g., leukotraxine,
histamine and histamine like substances which appased to be responsible to
cause vasodilatation, lack of oxygen to the tiszftier injury and metabolic end
products in such conditions, increase the localdigci which sustains
vasodilatation. There is an increase in blood gmdphatic flow. This further
show exudation and increased migration of leuka;yte the area through
permeable capillary membrane. Phagocytosis andneaizy digestion of the
devitalized tissue begin and the phagocytosed hactereign bodies and dead
tissues are gradually removed as pus, throughythpHatic channel, which is the
chief route. This phase is known as phase of tréianmlammation.

The inflammatory phase prepares the zone for hggalml immobilizes the
wound by causing it to swell and become painful ttst movement becomes
restricted. At the tissue level, increased vasgodameability and the sequential
migration of leukocytes into the extravascular gpabaracterize inflammation
(Cohenet al., 1999). Within hour of injury, the release of Etidgial Growth
Factor (EGF), transforming growth factor (T@);- Fibroblast Growth Factor
(FGF) act to stimulate epithelial cell migratiomdaproliferation through the acts
of reproduction and mitosis, resulting in the stdrte-epithelialization. Platelet-
Derived Growth Factor (PDGF), attracts neutrophitsthe wound site to remove
contaminating bacteria, foreign particles, and dgedatissue (Hantasht al.,
2008) and their main function is to prevent infent (Broughton and Attinger,
2006). With the help of transforming growth factorGF{}), monocytes are
attracted to the wound site and converted into opwages. These cells have a
longer life than neutrophils and play an importante in augmenting the
inflammatory response and tissue debridement. Npdxages provide an abundant
reservoir of potent tissue growth factors (Endo#thé€browth Factor (EGF), TGF-
B, Fibroblast Growth Factor (FGF), and Vascular Ehediial Growth Factor
(VEGF), and PDGF) and pro-inflammatory cytokines-Il and IL-6) which
activate keratinocytes, fibroblasts, and endothet@ls (Hunt et al., 2000;

Broughton and Attinger, 2006). Therefore, inflantima is an essential phase in



the healing process because it plays an importéatm fighting against infection.
Once the inflammation decreases due to the actioeutrophils and macrophage,
their number is reduced and, as a result, theferation phase is initiated.

3. Stage of granulation (proliferation phase):it is characterized by fibroblast
migration, deposition of new ECM and granulatiosstie formation. The WBC
that has acculumulated in the wound area givetasaonocellular non-granular
amoeboid cells known as polyblast, which appeartht® capable of being
transformed into fibroblasts the connective tissa#s. Fibroblasts migrate into
the wound in response to T@Fand PDGF; there, they proliferate abundantly
and produce matrix proteins as hyaluronan, fibotin, elastin, proteoglycans,
and type | and type lll procollagen (Ramasastr)20Vitte and Barbul, 1997;
Robsonet al., 2001). Fibroblasts begin to secrete collagen,gliylireplacing the
fibrin matrix. As more collagen is deposited anddemyoes cross-linking, the
mechanical strength of the wound increases. Colagéay a key role in wound
healing since act as a base for the intracellulairimformation within classical
model of wound healing is divided into three sedaéphases which overlap in
the time and space: inflammation, proliferationg anaturation and remodeling.
Migratory cells use this matrix as a bridge to drawross and platelets adhere to it
and secrete factors such as PDGF), EGF, BGFsF, and Vascular Endothelial
Growth Factor (VEGF) (Heldein and Ostman, 1996; Wwbdd et al., 2004).
Unwounded dermis contains 80% type | and 20% tyquddgen, whereas wound
granulation tissue expresses 40% type lll collag&nthe end of the first week, an
abundant accumulation of ECM supports cell migratiwhich is essential for the
repair process (Broughton and Attinger, 2006; Rsasiy, 2005; Witte and
Barbul, 1997; Robsost al., 2001; Velnaret al., 2009). Moreover, macrophages
provide a continuing source of growth factors neagsto stimulate angiogenesis
and fibroplasia. Fibroblasts produce the new EGMessary to support cell in
growth and blood vessels carry oxygen and nutrieetsessary to sustain cell
etabolism (Singer and Clark, 1999). The structoralecules of the newly formed

ECM contribute to the formation of granulation tissby providing a scaffold or



conduit for cell migration. The process of angicgga occurs concurrently with
fibroblast proliferation when endothelial cells mate to the area of the wound. ese
endothelial cells are stimulated by FGF to prodifer and release angiogenic
growth factors, such as VEGF, which are responditethe initiation of this
process. Under hypoxic conditions, endothelialscitbm uninjured blood vessels
are chemo-tactically attracted to the found cragvlinrough the ECM in order to
form a network of new capillaries (Witte and Barbl®97; Robsort al., 2001,
Velnaret al., 2009; Phillips, 2000). Capillary buds of endothktells grow from
the existing blood vessels. Initially these sprowgsnain solid and undergo
canalization and by anastomosis with their neigibdarm a series of vascular
loops. These newly formed vessels leak protein tardtissues fluid formard a
very suitable media for fibroblastic growth. Presef protruding capillary buds
gives the tissue a granular appearance so thisynwed tissue is called
granulation tissue. The granulation tissue is fatimem the base of the round and
appears deep red. It is very fragile and slightegtma causes bleeding. It does
not contain nerves so is without sensation. Thrariglation tissue” is observed
between 5-20 days (Harvey, 2005).

Once the necessary amount of oxygen and nutriendshieved at the
wound site, angiogenesis ceases and blood vesgedsenno longer needed die by
apoptosis (llaret al., 1998). Re-epithelialization of founds begins withiours
after injury. The release of growth factors stinegaepithelial cell proliferation
and migration through the new tissue. During righeialization, basement
membrane proteins appear in an ordered sequenti@gt@aom the edges of the
wound. Fibroblasts may also differentiate into niyafblasts that express-
smooth muscle actin, which causes the wound toracmtthus reducing the
wound area that needs to be closed by cell pratifan. Vascular endothelial cells
and capillaries invade through a process of angiegie extending from nearby
healthy tissue, as well as from the recruitmenemdothelial progenitors, which
are present in low levels in the circulation. Keratytes also start to migrate from
the wound edges and proliferate on the surfacheoftanulation tissue, below the



blood clot (Rhetet al., 2008). The base of hair follicles, which is lazaffairly
deep into the dermis, is also an important soufckeetatinocytes for large area
wounds. If these structures are destroyed (asisdble in deep second degree and
third degree burns), reepithelialization is vergvsland medical interventions,
such as skin grafting become necessary.

4.Stage of contraction (maturation and remodeling pase): The duration of the
maturation and remodeling phase depends on a nuwibeariables including the
patient's genetic makeup, age, location of theuwdy type of injury, and
duration of inflammation. The remodeling phase isayes replacement of
granulation tissue with a frame work of collagendaalastic fibres with
revascularization. While the process of granulatias been going in the wound,
the epithelium in the periphery has been undergbypertrophy and hyperplasia.
The epithelium grows to cover the newly formed gtahon tissue but does not
cover the wound completely until all the exudatesehbeen removed. With the
contraction, vessels are obliterated and devaszatam results giving the repair
of damaged tissues by formation of scar a whitgale appearance (Guo and
DiPietro, 2010). A successful contraction result@ismaller wound that needs to
be repaired by scar formation. During the mataragphase, type 1l collagen
(which is prevalent during proliferation) becomeadyally degraded and replaced
by type | collagen. Collagen remodeling is necgsdar the transition from
granulation tissue to scar and it relies on thdinoad synthesis and degradation of
collagen. When the balance between collagen syisthdslegradation is achieved,
wound maturation begins (Stadelmashial., 1998)

The degradation of collagen in the wound is cdigtio by several
proteolytic enzymes called matrix metalloproinageghich are secreted by
macrophages), epidermal cells, endothelial cel&l fbroblasts (Mignatti and
Rifkin, 1996). During tissue remodeling, PDGF helpreak down old collagen
by up-regulating matrix metalloproinases. Oth@&wgh factors hich play a role in
the remodeling process is T@FRand FGF (Clark, 1993). With time, the growth of
capillaries stops, blood flow to the area declia@sl metabolic activity at the



wound site decreases (Clark, 1993; Falanga, 19@&inmBand Arpey, 2005),
resulting in a fully matured scar with a decreasachber of cells and blood vessels
and a high tensile strength (Falanga, 1998; O’K&0€2). In this last phase, the
wound has reepithelialized and the dermis has megainost of its tensile strength,
although it is no longer as elastic as normal s&imd may be susceptible to re-
opening. The scar will continue to undergo furtteenodeling over a time scale of
months to years (Harvey, 2005).

Figure 3. The process of wound healing:
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Clinically, wound healing may be described in tbkoiwing headings:

I. Healing by first intension or primary intension or primary union or
healing of a clean wound (closed wound healingyvhen the wound is surgically
incised and edges are smooth and in proper apmosthen this type of healing
occurs. It is a simplest type of wound healing amalind heals with minimum
scar formation and without any complication in arshime. It is the desired type
of healing in all the cases. Within 24-48 hours fitbeocytes, which lie at the
margins of clean incision, begin to multiply andhim 3-4 days from the time of
the injury the fibroblasts migrate into the clotteraal along the fibrin threads.

These fibroblasts are accompanied by macrophageselsas capillary buds



which unite to form capillary arches. The macrogsaglissolve the clot and
remove it. Within 4-5 days the clot will have beeaplaced by vascular
connective tissue growing in an organized mannbris process of organization
joins the edges of the wound and replaces the qusvfibrinous union by a
fibrous union and the wound rapidly gains a tenstlength as the fibroblasts
assume the characteristics of the fibrocytes. A heyel of the tensile strength is
attained within 10 days. Factors essential forihgadf wound by first intention:
recent wound, arrest of hemorrhage, absence oftiafe the lips of the wound
must be regular, absence of gaping in the deptthefwound, suturing of the
wound edges.

il. Healing by second intensionit is the most common way of healing in
veterinary practice. This type of wound healingégn in wounds having gap and
contamination (septic wound). This is characterizgd exudation, sloughing,
inflammation, formation of granulation tissue aruitleelialization. In both the
cases, the pathological changes are very simil&eré/there is extensive loss or
gap, the defect is filled with large quantities grinulation tissue. With minor
degree of infection this layer of granulation tesgradually advances till the
defect is filled at the same level of the adjadmsues. At this stage the growth of
this granulation tissue should be arrested andheatization at the edges of the
wound should be initiated to cover this granulaticsue. Irritation persists, the
granulation tissue continues to be produced andatdd mass of redundant
connective tissue grows at the site of the wouner(@rowth or proud flesh).
Sometimes a scar continues to grow even after rikee lsas been covered by the
epithelium. This mass of proliferating connectiigste is known as “Keloid”. In
such wound the healing has to progress from the bpward as well as from the
edges inwards. This type of healing is slow andiltesin a large scar. To
minimize scar formation and to accelerate healimg t different wound dressings
and different techniques of skin substitution hdezn introduced in the last
decades. Autologous skin grafting in the form dlitsr full-thickness skin is

stills a criterion standard. However, in many pase this technigue may not be



practicable for a variety of reasons, and the woomu$t be allowed to heal by
second intention. Moreover, in cases in which gkafts are used, a new wound
is created on the donor side. Thus, eliminatingg& wound to close the old one
and to close as many tissue defects as possibleouwtithe risk of large area
infection, necrosis, tissue hypertrophy, and canima, as well as deformation of
wound borders, is a necessity. The next importaoblpm is to reduce or
eliminate scar formation, particularly in the fiaéllarge-surface wounds.

ii. Healing by third intension or secondary suture It is the late
approximation of a granulating wound surface. b isseful surgical procedure for
many accidental grossly contaminated wounds. On ddiate closure, such
wounds become infected, so it is left open for 3a0s and then closed by suture
if there is minimal exudation and healthy lookingmulation tissue.

2 Healing by mixed Intension: In this type of healing, some parts of the
wound heal by first intension while other parts Iheya second intension. This
happens when a sutures wound has partially distupte

V. Healing under scab:This type of healing is seen in superficial wounds
which are not subjected to repeated injury. Thuisuos mostly in small wounds
and abrasions. The blood and lymph which appeahersurface coagulate and
become dry, producing dark brown crust. Appearaogranulation tissue takes
place under this crust in an identical manner \whh healing by second intension
and at the same time the marginal epithelium paies to cover this granular
surface. The exudates present in the wound driesmnxddorm a scab. Underneath
this scab the healing process takes place and when complete the scab
automatically separates and is cast off.

2.4. Factors which influencing wound healing:

Local factors that impair host resistance to itikec include foreign
bodies, necrotic or ischemic tissue, closure of mdbunder tension, irradiation,
hematoma formation, wound dead space, excessivénappropriate suture
material (Tobin, 1984). Systemic disease impairimgst resistance include

diabetes mellitus, Cushing’s disease, hypoproteimerieline leukemia virus,



feline infectious peritonitis, T-lymphotrophic leéntirus in cats (Waldron and
Trevor, 1993), hypovolemic shock, increasing age malnutrition (Tobin, 1984),
hepatic, renal and cardiac diseases (Swaim, 1980).

Wounds in the young patients with good health améin adequate plane
of nutrition heal rapidly whereas those in oldetigrats heal slowly because of the
decreased ability to form granulation tissue andraased susceptibility to
infection. Protein deficiencies delay wound healingreducing the number and
activity of fibroblasts in the granulation tissuee@cock and Van Winkle, 1976;
Swaim, 1980). When serum protein level falls be®@ g/dl, wound healing is
slowed and at less that 2g/dl levels, wound healsigmarkedly inhibited
(Waldren and Zimmerman-Pope, 2003). Hypovolemiaraaealters the vascular
dynamic leading to local hypoperfusion and hypof&avaim, 1980). Anaemic
patients may suffer from other deficiencies inahgdimalnutrition, which can
impair wound healing (Harvest al., 1990). Within limits the reduced blood cells
does not appear to be a factor in the reducedofat®und healing (Peacock and
Van Winkle, 1976; Swaim, 1980).

Successful wound healing depends on the timelyogmidnal functioning
of many diverse processes, cell types, moleculadiat@s, and structural
elements (Velnaet al., 2009). The outcome of uncomplicated healing isne f
scar with little fibrosis. If a wound does not heahn orderly or timely sequence,
or if the healing process does not result in stmattintegrity, then the wound is
considered chronic (Stadelmaehal., 1998). Although, it is easy to define a
chronic wound, finding a solution is complicatecbrivhealing wounds are stuck
in a constant inflammatory state because theytdairogress through the normal
stages of wound healing (Cherubietoal., 2011). Chronic wounds take a longer
time to heal or sometimes even recur due to thenyidg pathology. Hence, the
underlying problem should first be identified amgated accordingly. When
treating chronic wounds, it is important to notatthiofiims play an important
role in the prevention of wound healing. These ibd harbour various

microorganisms which delay the wound healing precd3ue to the rise in



antibiotic resistance, alternative/traditional no@uies are increasingly becoming
popular to overcome these multi- resistant orgasisPatients with chronic
wounds require prolonged periods of dressings aisldan cause a significant
financial burden to the health-care system. With #uvent of alternative and
traditional wound care products, the financial lmur@an be significantly reduced.
The concept of moist wound healing has been gdperall accepted and many
practitioners are adopting this method (Lusdyal., 2005). Several traditional
wound-care products are currently commercially labé incorporating the
concept of moist wound healing.

The main purpose of the healing of wound is tdoresthe injured part
fully to its previous condition in a short periotitone. Early healing of a wound
has been the field of attraction for researchessple tremendous advancement,
an effective wound management continues to be Beadlga to the clinician. In
addition to conventional therapies including amtizis, analgesics, anti-
inflammatory drugs many medicinal plants preparatmd biological dressing
agents have been used to enhance the rate of wmatihg. Mostly the wounds
are managed by topical medicament, but action ohymauch common
preparations of often discouraging because of agsdestruction of leucocytes
and other cellular elements of the wound (Tyagi aBthgh, 1993).

Classical management of wounds follows variousrajheutic steps,
starting with an aseptic dressing and ending withrehabilitation of the normal
structure and function (Sushruta, 1989). Theseapfertic measures were aimed
not only to accelerate the healing process but tsmaintain the quality and
aesthetics of the healing. The demand for plantdasedicines, health products,
pharmaceuticals, food supplement, cosmetics etc iapeeasing in both
developing and developed countries, due to the iggwecognition that the
natural products are relatively non-toxic, have dewide effects and are easily
available at affordable price. As described irfeddnt literature, 70% of the
wound healing drugs are of plant origin, 20% of enat origin, and the remaining
10% consisting of animal products. (Biswetsal., 2003; Bhattacharjee, 2004).



These drugs are stated to be effective in diffemmtditions such as wounds,
ulcers, sinuses, abscess, syphilitic ulcers, anggota in wounds, septic wounds,
and inflammatory changes of wounds, cellulitis, ybative ulcer, diabetic
carbuncle, and fistula-in-ano. The plants are wasefirst aids, washing of wounds,
extraction of pus, as coagulants and for infectemlimds. Clearly strategic
planning for research in herbal medicine is neediéd.lack of a pharmacological
basis for the efficacy and toxicity and clinicaltalaon the majority of herbal
medicines is the major constraint to the integratad herbal medicine into
conventional medicinal practices (Singtal., 2005).
2.5. Salix treatment of wounds:

Salix spps. is distributed throughout tropical and sub tropiparts of
India, Sumathra and Java (Kirtikar and Basu, 198pecies ofSalix found in
almost all regions of Kashmir &lix acmophylla. Willow and "bains/ Wir/ Veer
Kani" respectively, are common English and verracualames for a number of
sister trees of the genera Salix representativfarofly Salicaceae. These are fast
growing and yet medium-sized deciduous trees. divgrprimarily in the cool,
fertile, irrigated lands as it requires larger qiteas of water, though it can
withstand cold winter frost. (Rathest al., 2010). They are of enormous
ecological and economic importance Argus (1997).pAs the Unani system of
medicine the leaves of willows give "cold dry" effevhile the flowers display
"cold wet" effect. It is an ornamental plant, Heesen reported to possess strong
anti-inflammatory property and is used as astrihgantiseptic, eye tonic,
antipyretic, analgesic and cardiotonic in Indiarsteyn of Medicine (Kallman,
1994; Choprat al., 1996; Bhattcharhjee, 1998).

The active constituents Balix species are: Glycosides (1.5-11%) (Bissett,
1994; Mc Guffinet al., 1997), salicylates (salicin, salicortin, populimagilin,
tremulacin) (Meieret al., 1985; Zaugget al., 1997); Tannins (8-20%) (Thieme,
1968); Aromatic aldehydes and acids: salidrosidmilin, syringin, salicylic
acid, caffeic and ferulic acids; Salicyl alcohsaligenin);flavonoids, etc (Bissett,
1994; Mc Guffinet al., 1997).



Plants play a vital role in maintaining ham health and
contribute towards the improvement of human. liihey are important
components of medicines, cosmetics, dyes, and dgasretc. (Khare, 2004).
Although hundreds of plant species were testedafdimicrobial properties
(Nair and Burke, 1990). There are many cases irdkection by drug
resistant bacteria whereas few drugs areadlaikffective for the treatment
of such patients. Thus, it is urgently necessarydiscover or develop new
drugs that are effective on such drug resistantebiac We have been trying
to discover novel compounds, such as antimicrolaimpounds and
inhibitors of drug resistance systems in bactdrdgriuchiet al., 2007) that
are effectiveAGAINST MULTIDRUG-RESISTANT bacteria. Thoughsalix is known as
one of the herbs that has antimicrobial activittyere are few papers that have
shown their antibacterial activity, and have shoami-fungal, antiviral prop -
erties that make it a useful weapon in combatimany illnesses (Ali and
Aboud, 2010).

Gross and Greenberg (1948) stated the histogspirin and the present
day salicylates has its origins in the use of waigalicylate- containing plant
extracts. About 2400 years ago, Hippocrates recamdet juices of the poplar
tree and willow bark for the treatment of eye dssmaand pain in childbirth,
respectively In the monumental Papyrus Ebemcg 1550 BC), it is stated that
a remedy to expel rheumatic pains (phlegma) invtbhenb is the application of
dried leaves of myrtle, which contain apprecialakcylates. Thus, the analgesic
and anti-inflammatory properties of plant extracstaining salicylates have been
recognized from these early times. He stated thabiked vinegar extract of
willow leaves could be employed for the relief @i owing to prolapse of the
uterus and other conditions, a paste made fromaste of willow bark for
removing corns and callosities and a boiled aqueotisct of willow leaves or
ash of willow bark could be used for treating corekin diseases, gout and
earache. In the second century AD, Galen emplolyedantiseptic properties of



willow leaves (which are now known to contain sghtes) for the treatment of
various skin conditions such as wounds, ulcers eydipelas. Thus by Roman
times there were numerous different therapeuticliegippns for salicylate-

containing plants, many of which are appropriatetdjay’s standards. Salicyl
alcohol (or saligenin) and its glycoside (salicogcur in the willow and poplar
trees. Many of these naturally occurring sali@ga(including salicylic acid

itself) are therapeutically effective as weak amtiammatory, analgesic and/or
antipyretic agents; although in some instances fhatiency is less than that of
aspirin.

Moore (1979) reported thaalix extract is strong and being antiseptic can
be used as a poultice or a wash. He also repdrtgdvhen used as an analgesic,
willow treats urethra, bladder irritation, infecte@unds and eczema.

Hart and Jafferey (1981) reported that a poultitesabix is applied to
bleeding cuts for hemostasis and healing.

Malterud et al. (1985) reported that flavonoids presentsatix to have
antifungal properties.

Ho et al. (1985) reported that in China, preparations ef blark of the
poplar tree Populus alba L.) and decoctions of young shoots froSalix
babylonica L. have been used for centuries for treatmentrhetimatic fever,
colds, haemorrhages and goitre, and as a genetigeptic for wounds and
abscesses.

Ahmedet al. (1995) examined effects dflatrucaria chamomilla lotion
and ointmentSalix fragalis lotion, M. Chamomilla lotion andPolygonum bistorta
ointment,S. fragalis lotion andP. bistorta ointment,Nigella sativa lotion. They
observed on the basis of clinical, pathologicaktdehemical and microbial
studies that the healing was best with Chamomilla lotion followed by M.
Chamomilla lotion and Polygonum bistorta ointment, Nigella sativa lotion, S.
fragalislotion andP. bistorta ointment and witls. fragalis lotion the least.

Pojar and Mackinnon (1994) recordgalix spps. (willows) are the source
of the natural precursor to asprin, salicylic adoaind in leaves and bark.



Moerman (1998) stated that the active ingredierthesalix bark is called
salicin. Salicin hydrolyzes in aqueous media tocgde and salicylic alcohol
(saligenin). The bark and leaves can be poundedagplied to wounds as
healing agents.

Elias (1998) reported thaalix bark and leaves are pounded and applied to
wounds as healing agent.

Mantani et al. (2001) reported that catechin presentsatix and other
plants to have antifungal and antimicrobial projesrt

Barneset al. (2002) reported that, pharmacologically, satix exhibits
anti-inflammatory, anti-rheumatic, antipyretic, igotic, antigesic, and antiseptic
properties.

Raskin (1992) mentioned the reason why salicylatesproduced in such
relatively high abundance by plants is probablyalise of their roles as growth
regulators and in host defence. Principal systemslved in mediating SA-
related host defence systems: ¢  Signalling inntplalefence against
pathogens/injury by local and Systemic Acquirediftaace (SAR), * SAR is
mediated by SA-dependent and SA-independent paswayinduction of
pathogenesis-related resistance systems (PRS).ethanisms are: « Gene
expression of PRS range by SA from early, earlyintermediate, or late
responses, ¢ Early responses involve transcrigéotor activation, i.e. signalling
via MAP-type and other kinases phosphorylation/dephosphorylation cycles
and (NF B/l  B)-type responses, * Increases m floxes (Ca, H /K );
modulation by salicyl radical, nitric oxide (NO),282 or lipid peroxides, ¢
Localised cell death» containment of infection, « Late-response gerstisvated
to produce PRs,» Activation of heat shock protgidSPs),» Induction of 13-
lipoxygenases, « Salicylate metabolised to mesiajicylate, salicyl alcohol and
glucoside derivatives -serves to regulate amourgatitylate available for cell
actions.

Rainsford (2004) described the importance of thiechiondrial actions of

the salicylates in the development of induced talldeath (apoptosis) brings



together the observations of the 1950s and 196Qardmg the effects of
salicylates on the uncoupling of oxidative phosptation and their effects on
intermediary metabolism, with more recent datalendctivation of caspases and
cytochrome- c¢ release from mitochondria. This mayirbportant, along with the
newer information on the actions of these drugsoxyradical and cytotokine-
mediated signal transduction events, in understgnthe protective effects of
aspirin and related drugs in colon and other canaswell as the mode of action
of these drugs in the development of gastrointaktitteration and bleeding. As a
further example, the long- debated and importaetagpeutic question regarding
the efficacy of high-dose aspirin compared witht thiasalicylic acid, its dimer,
salsalate, or the sodium salt in the long-termtineat of pain and inflammation
in rheumatic diseases has been revisited agaih evidence that the major
anti- inflammatory and analgesic actions of aspieside in the salicylate that is
produced there from. Current interest in the COXefective NSAIDs highlights
important competitive issues for the salicylateagst the oldest of the
analgesics. Aspirin and the salicylates have fateth competition in the past,
including from ibuprofen and paracetamol. Howewemge single outstanding
therapeutic action in the prevention of coronargcudar disease and stroke,
which resulted from the discovery of the antiplatalffects of the drug over three
decades ago, has given aspirin a new lease ofnifense interest in the mode of
action of aspirin (which stems from recent undemitag of the molecular biology
of the cyclo-oxygenases, apoptosis and other coemisrof the regulation of cell
cycle and growth) coupled with clinico-epidemiolcgji evidence that it might
prevent colon and maybe other cancers now givéisguscope for the therapeutic
use of aspirin and others of its class.

Saarikoshet al. (2004) stated thahlix is used as wash for wounds, minor
skin inflammations and ulcers.

Ali and Aboud (2010) observed that the highestvitgtiat 100 and 12C
was demonst rated by the methanol extracts $flix acmophylla against
Saphylococcus aureus andKlebsiella spp. While in methanol extracts &dlvia



officinalis the 45C was the effective temp erature. In this studyslaextracts
against gram negative bacteria showed activitgdidic p' only in contrast of
gram positive bacteria which were constant in@#nts extractSalvia officinalis
contained essential elements at higher levels $ahr acmoplylla. Ten elements,
Ca, Co, Cu, Mn, Fe, K, Na, P, Zn and Pb, werergeted inSalvia officnalis
and Salix acmophylla. Salvia offidnalis contained essential elements (M n, Fe,
K, Na, P and Pb) at higher levels th&alix acmophylla. Ca and Zn were
present at high levels ifsalix acmophylla than other. Therefore, it may not
produce any health risks for human consumptionther sources of t oxic metal
contaminated food are not taken at the same tilmerdsults of this study suggest
the possibility of using the methanolic extractshedse plants in treating diseases
caused by the test organisms, especially when mé@d acidic pH.

Zargeret al. (2014) stated thadalix spps. have abundant watery bark sap,
which is heavily charged with salicylic acid. Be=sg salicin, it contains
flavonoids and proanthocyanidins, which are potemind healing agents.

2.6. Herbal treatment of wounds:

China, India, and Egypt appear to have been ldeep which cradled the
use of herbs, but herbalism was common in Indiab&lenedicines include herbs,
herbal materials, herbal preparations and finidiertbal products that contain an
active ingredient, parts of plants, or other plaatterials, or combinations. Before
the advent of modern medicine, people of all canrtia have used medicines from
plant origins since pre-historic times. Ancient Bggn medicines of 1000 BC are
known to have used garlic, opium, castor oil, quter, mint, indigo and other
herbs for medicine and the Old Testament also mestiherbal use and
cultivation, including mandrake, vetch, carawayeaft) barley and rye. In India,
Ayurvedic medicine has used many herbs such aseticrpossibly as early as
1900 BC (Aggarwatt al., 2007).

A great variety of plants are used for medicinehtments. Either the dried
plant, or a specific part of it (root, leaves, frdlowers, seeds), these recipes are
prepared using different ingredients of non-plaigio such as water, salt, honey,



etc. in modern way it is formulated into suitablegarations viz. tablets, pills,

extracts, tinctures, lotions, ointments, creants, Bhe first generally accepted use
of plants as healing agents was depicted in the paintings discovered in the
Lascaux caves in France, which have been radiogatbted 13,000 to 25,000

BC (Sushruta, 1989, Bhattacharjee, 2004).

Misra and Agrawal (2006) reported the efficatypermanol® cream (a
herbal udder health formulation) on different udded teat affections in cows
and buffaloes studied by various doctors in différstates of India and Nepal.
They concluded that Dermanol cream had excellenti-irffammatory,
antimicrobial, analgesic and vulnerary actions.tl@nmore, Dermanol cream
when used as preventive application after eachimgilkot only protected the
milch animals against subclinical mastitis and pih&ctive conditions but also
kept the teats soft for easy and efficient milking.

Singh and Sahni (2009) found the anti inflammatang wound-healing
properties oAdhatoda vasica in 44 cases of wounds in dogs. The wound-healing
activity of indigenous plant preparation was comggdawith a standard herbal
drug. The application of 10% ointment Af vasica exhibited significant wound-
healing activity. The alcoholic extract exhibitedet greatest wound-healing
activity (72.33%), followed by the standard ointrhésd.38%).

Rizwan et al. (2009) reported the traditional use of some ingort
indigenous medicinal plants by the local women anit8ern Himalaya Mountains
of Pakistan and reportd®ergenia celiata shrub being used as anti-cancerous drug
and curing internal wounds.

Sanyuktaet al. (2010) reported the quantitative assessment afeur
status and biomass &ergenia celiata and Bergenia stracheyi from Kamaum
Himalaya and found that due to difference in climatondition coupled with
wide altitude range provides a wide diversity aedeals the best habitat for
obtaining maximum biomass.

Muangmaret al. (2011) found that the combination of herbal exsand
a silicone derivative in a gel preparation (Cybel®®gel) have proved effecient



on the treatment of deep second degree burns. gplieation of Cybele® Scagel
might have some beneficial effects for preventibmypertrophic scar formation
after partial thickness burn injuries.

Tanget al. (2007) recorded the emodin is known to possessid/ibealing
effect, as emodin obtained from rheum species bas lfound to accelerate the
wound healing activity in excisional wound moderats.

Moslemi et al. (2012) treated the wounds with Urtica dioica, aadine
solution twice daily and after histological exantioa concluded that the
application of Urtica dioica increased the coetarsewound healing in cattle.

2.7.  Povidone-iodine treatment of wounds:

Kumar et al. (2006) irrigated oral surgical wounds with povidoiodine
(PVP-1) vs saline and observed cessation of blgedas achieved in 19 patients
treated with PVP-1(76%) and 5 in the saline gr@@?). These authors have
used a cream and not a wash for treatment of wougdats.

Vogt et al. (2001) used a novel liposome PVP-1 hydrogel cormpte
chlorhexidine gauze on meshed skin grafts and tepdhat treatment with the
PVP-1 hydrogel resulted in significantly fasterthplialisation, better antiseptic
efficacy, improved wound healing quality and a loweidence of graft loss in
comparison with chlorhexidine gauze.

Miyachi and Imamura (1997) used sugar (70%) anddome-iodine (3%)
paste for a three-year period treating clinicalesasf refractory cutaneous ulcers
and reported increased granulation tissue formadiwh a reduction in the size,
depth and bacterial contamination of wounds of ihiaetiology.

Konig et al. (1997) used PVP-1 and the effect on exotoxinsearaymes
in in vitro study and reported that endotoxins amdtoxins released by bacteria
have been implicated in delayed wound healing; ¢gmwe iodine was found to
inactivate bacterial exotoxins such as phosphadigasnd lipase and inhibit their
further generation. Furthermore, destructive cytekiand enzymes released by

neutrophils in response to bacterial colonizati@meralso found to be inactivated.



Pierard-Franchimontet al. (1997) used PVP-1 in combination with
hydrocolloid dressings vs hydrocolloid dressingsnal for four weeks in chronic
leg ulcers and reported that PVP-1 acceleratedatieeof venous leg ulcer healing
when evaluated against hydrocolloid dressings aldkiger four weeks the
wounds treated with PVP-1 had only a smaller amof@imiicroorganisms present
than the hydrocolloid group.

Lammerset al. (1990) used 1% povidone-iodine solution to soak th
wound before cleaning and debridement vs normahesand no treatment, on
contaminated traumatic wounds (seen within 12hiisjafy) and they took tissue
samples before and after soaking and bacterial tsowere conducted. While
bacterial colonization was reduced with PVP-1 sofytthere was no significant
difference when compared with the controls.

Knutsonet al. (1981) used povidone-iodine and granulated sugsiune
to treat patients with wounds, burns and ulcers 68emonth period and reported
that this combination rapidly increased the ratevouind healing, reduced the
requirement for skin grafting and antibiotics.

Steel (1993) compared efficacy of the most fredjyaused medications,
that is, the Silver sulphadiazine cream, antiseptitition Povidone-iodine, and
0.9% sodium chloride serum physiologic on the psecef healing of the burn
injuries and compared them with control group inckino treatment was given.
They concluded that there was no significant diffeie between the treatment
groups and control groups.

Mc Lure and Gordan (1992) carried in-vitro study pvidone-iodine
(PVP-1) and Chlorhexidine(CHX) against 33 clinidablates of methicilin
resistant Staphylococcus aureus and found that Pe€hieved full efficacy with
all 33 strains and CHX with only 3 of 33 strains.

Schreieret al. (1997) reported good efficacy of Povidone- iodiag
antimicrobial agent and also increased tolerabilthhen used along with

liposomes.



Lamme et al. (1998) carried experiment on full thickness nofeated
wounds in pig. They compared topical iodine treattmehich consists of a
combination of iodine and Cadexomer (modified gtarevith Cadexomer
ointment, the vehicle without iodine, and with treant with saline. They found
that all 36 wounds healed without wound infectidhey also found that wounds
treated with Cadexomer-iodine ointment had sigaiitty more epidermal cell

layers than other treatments.
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Chapter — 3
MATERIALS AND METHODS

3.1. Place of work:

The experiment was conducted in the Division ofévietary surgery and
Radiology, Faculty of Veterinary Sciences and Adimasbandry (FVSc & AH),
Shuhama, SKUAST-Kashmir- 190006 (J&K).

3.2. Experimental animals:

The experimental study was conductectighteen adult rabbits of either
sex and weighing 1.8 to 2.5 kg. The animals werehased from the rabbit
section of Mountain Research Centre for Sheep awdt,GFVSc & AH,
Shuhama/Wusan rabbitary farm, Pattan. The animal® wagged and housed
individually in cages. The animals were providedhwiommercial diet and water
ad libitum, maintained under uniform conditions and acclimatite approaching
and handling for a period of 5-10 days prior to shedly.

3.3. DESIGN OF EXPERIMENT
3.3. 1. Grouping of animals

The rabbits were randomly divided into 3 groups; @himals each.
3.3. 2. Preparation of the animals

The animals were weighed and subjected to thorphgkical and clinical
examination before wounding. The wound was prepdmdproper aseptic
surgical procedures.

3.3.3. Induction of anesthesia

Animals were kept off fed for 8 hours and water wethheld before
surgery. Each animal was given xylazine dosed ah@(g I/M and left in calm
environment for five minutes and then administekedamine hydrocholoride
dosed at 50mg/kg I/M (Handoet al., 2014). Each animal was positioned in
sternal recumbency and the dorsal area from theatraspect of the thorax to the

lumbosacral region was prepared for aseptic surgery



3.3. 4. Creation of wounds

The location of wound edges was outlined by a lgdalbricated metal

marker and millimeter ruler (Fig. 4). Four fullitkness excisional wounds (1.5

cm x1.5 cm), 2.5 cm apart from each other weretedeasing a no. 15 BP blade

on either side of dorsal spine in the thoraco-lunregion (Fig. 5). The wounds

were named as R1 and R2 on right side and L1 anahl2ft side. Haemorrahge,

if any, was controlled by digital pressure. Eachuna was cleaned with sterile

normal saline solution and dressed with as pestheduled therapy.

3.3. 5. Preparation ofSalix leaves ointment

The leaves of the plaisalix collected were dried and crushed into coarse

powder. For topical application 5% w/w ointment vpagpared in Vaseline base.

3.3. 6. Therapy of wounds

All the wounds were washed with sterile normalrsalsolution followed

by therapy as indicated below:
Table 1: Therapeutic modalities used in differenugs

Group

No. of animals

(No. of wounds)

Therapy

I 6 (24) No treatment was given (Control)

I 6 (24) Application of wound with 5% Povidomnedine
(betadin) ointment till healing

1 6 (24) Application of wound with 5%&alix leaves

ointment till healing

Each treatment group consisted of 6 animals. Tlach éreatment was

evaluated on a total of 24 wounds.



Figure 5: Nomenclature of the wounds induced on right (R1R&yand left (L1
and L2) side



3.4. Evaluation of wound healing:
Parameters to be recorded:

The wound healing efficacy of therapy was evaluatedthe basis of
clinical observations, wound morphometry, haematatiemical, viable bacterial

count and histo-morphological studies.

: . N
3.4. 1. Physiological parameters were recorded before wounding and then
3.4.1) Temperature. °C) daily up to day ¥ and thereafter at
3.42) Respiration Rate.  (Breaths/mifi) Weekly interval till day 23
3.4.3) Heart Rate. (Beats/min)

J

.3.4.2. Gross Examination of wound

3.4.2.1) Appearance of wound )
3.4.2.2) Colour of skin surrounding the wound

£ Inl . Will be evaluated subjectively
3.42.3) Degree of Inflammation on day O, g 70 14" and 28
3.42.4) Appearance of granulation tissue > post wounding
3.42.5) Extent of cicatrisation
3.42.6) Presence and type of exudates

Above parameters were evaluated by using VAS (Viguelog Score) Card
(Handoo, 2013)
3.4.3. Appearance of wound

Wound Edges

0 = indistinct, diffuse, outline not visible

1 = distinct, outline clearly visible, attached kvwitound base

2 = well, not attached to wound base

3 = well defined, not attached to wound base\ralieder, thickened

4 = well defined, fibrotic, scarred



3.4.4. Colour of skin surrounding the wound
0 = pink or normal
1 = bright red
2 = white or grey pallor
3 =dark red or purple
4 = black or hyper pigmented
3.4.5. Degree of inflammation
0 = clean wound
1 = redness, no swelling, no discharge
2 = redness, swelling, no discharge
3 =redness, swelling, discharge
3.4.6. Appearance of granulation tissue
0 = skin intact, partial skin thickness
1 = bright, beefy red, 75-100% of wound filled
2 = bright, beefy red, 25-75% wound filled
3 = pink or dull red, less or equal to 25% of wounecled
4 = no granulation tissue
3.4.7. Extent of cicatrisation
0 = normal skin colour
1 = fade, thin-out or small white line
2 = light pink, smaller and softened scar
3 =red, larger and thicker areas
4 = scab formation
5 = no scar formation
3.4.8. Presence and type of exudates
1 =none
2 = scant-wound base moist, no measurable exudates
3 = small-wound tissue moist, moisture evenly ihsted
4 = moderate-wound base saturated
5 = large-wound tissue bathed in fluid



These exudates will then be classified as
1 =none
2 = bloody thin, bright red
3 = serosangineous-thin, watery, pale red to pink
4 = serous-thin, watery, clear
5 = purulent-thick or thin, opaque tan to yellow
3.5. Wound Morphometry (Handoo, 2013):

3.5.1) Wound Size:

The wound boundaries were marked withdndnk permanent market and
tracing was taken on sterile cellophane paper be$tarting the treatment and
subsequently on day®37", 14" and 2% (Fig. 6). These tracings were placed on
graph paper and wound area was calculated.

3.5.2) Percentage Healing:
The evaluated surface area was used to calculatpdrcentage healing

using the below formula:

A-B
H=_ X100
A
Where,
H = Percentage healing.
A = Area of wound at the beginning of the experitnen
B = Area of wound at the end of particular period.

Percentage healing was calculated on the day ddtiore and
subsequently on day’37", 14" and 21"

3.6. Hematological parameters

The heparinized blood was collected from ear veirday 0, 8, 7", 14"
and 2f' day post wounding. The collected blood was usedhfmatological,
while plasma was used for estimation of biochempeaameters.

3.6.1) Total Erthrocytic Count (TEC) (x 1¢F/cu.mm): TEC was
calculated manually using the Neubaur’s countingnuber using R.B.C. diluting



Fig. 6: Marking the wound edges on celbhane paper



fluid as per the standard technique (Schelmal., 1975). The result was
expressed as million cells per cu mm.

3.62) Total Leukocyte count (TLC) (x 1C/cu.mm): TLC was
calculated manually using the Neubaur’s countingndber using W.B.C. diluting
fluid as per the standard technique (Schetliad., 1975). The result was expressed
as million cells per cu mm.

3.63) Differential Leukocyte Count (DLC) (%): DLC was estimated
using the standard technique (Schadral., 1975). The freshly prepared slides
stained with Wright-Giemsa stain. The smear weieddand fixed in methanol for
one minute and well stained for 30 minutes withr®a stain (1:10 dilution).
Neutrophils, Lymphocytes, Eosinophils and Monocytesnts were expressed in
per cent (%).

3.64) Haemoglobin (Hb) (gm%): was estimated by using 0.1 N Hcl
with the help of Sahli’'s haemoglobinometer meth8dh@lmet al., 1975). The
values were expressed in g %.

3.65) Packed cell volume(PCV) (%): PCV was estimated by using
microhaematocrit standard technique (Schetlal., 1975).

3.7. Biochemical parameters:

3.71) Total Protein and Albumin (g/dl)

3.72) Glucose (mg/dl)

3.73) Blood Urea Nitrogen (mmol/L)

3.7.4) Creatinineymol/L)

All these parameters were estimated using starkiesdSemi-automated

analyser).

3.8. Bacterial Colony Count

For total bacterial viable count, each wound on afagreation and then at
day 39, 7", 14" and 2f' were washed with 3ml of sterile normal saline toh
and washing was collected in sterile test tube® @hof each washing was used

for serial dilution in NSS for estimating total bacal count.



Fig: 7: Collection technique of washing solution fobacterial viable count



One ml of each dilution was spread on nutrient gdates in duplicate.
Agar plates were then incubated for 24 hrs &iC3Macterial colonies from
required plates were counted and the total viablencwill be calculated (Cowen
and Steeel, 1970) as:

TVC=Average no. of colonies in the desired dilutiorx Dilution Factor

The total viable count will be expressed as cfusfrdample.
3.9. Photographic evaluation

Wounds were photographed on day 0, 3, 7, 14 anub&t wounding and
evaluated by independent observers to assess #igyqef wound healing and
cosmetic outcomgArora, 2002).
3.10. Histomorphological examination

The biopsy samples were collected from each gmupay 7, 14" and
21%' of wounding and preserved in 10% formalin solutfolowed by routine
procedure for histomorphological examination. Harambedding technique was
used and 546 thick sections were cut and stained using H &dinsfLuna, 1968)
and Mason’s Trichrome stain (Masson, 1929).
3.11. Time required for wound healing

It was recorded on the day on which wound heal@edpdetely.
3.12. Statistical Analysis

All results were expressed as Mean + st@hdeor. The data was
analyzed using the suitable statistical prograntSicial analysis 16 for Windows
software (SPSS Inc, Chicago, IL) (Snecador and f2m;h1989). One way
Analysis of Variance (ANOVA) and multiple Duncannge tests were used to
compare the means at different time intervals anaifigrent group. A value of

P<0.05 was considered significant.
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Chapter -4
EXPERIMENTAL FINDINGS

In present study, four full thickness excisionaihskounds (1.5 cm x1.5
cm), 2.5 cm apart from each other were createds@i@pine of thoraco-lumbar
region) on each of 18 rabbits of either sex andghieg 1.8 to 2.5 kg under
standard anesthetic protocol to evaluate the wduemling potential ofsalix
acmophylla leaves ointment. The total number of wounds evatlian the study
was 72 and thus each treatment groups was evaloaté&d wounds. Different
parameters were recorded and analyzed to compareetiling potential ofalix
acmophylla leaves ointment with Povidone iodine (Bedatin) aterile normal
saline (control).

The results obtained in the present work are desdriunder various
headings and sub-headings as follows:

4.1. Effect of treatments on animals:

4.1.1.Physiological analysis

4.1.1.1. TemperaturdQ)

4.1.1.2. Heart rate (beats/minute)

4.1.1.3. Respiration rate (breaths/minute)
4.1.2. Haematological analysis

4.1.2.1. Total erythrocytic count (&/@u.mm)

4.1.2.2. Total Leukocytic count (x1@u.mm)

4.1.2.3. Neutrophils%)

4.1.2.4. Lymphocyte<A)

4.1.2.5. Mococytes®)

4.1.2.6. BasophilsX%)

4.1.2.7. Eosinophils%)

4.1.2.8. Haemoglobin (gm%)

4.1.2.9. Packed cell volume



4.1.3.Biochemical analysis
4.1.3.1. Glucose (mg/dl)
4.1.3.2. Total Protein (g/dl)
4.1.3.3. Albumin (g/dl)
4.1.3.4. Blood Urea Nitrogen (mmol/L)
4.1.3.5. Creatinineufnol/L)
4.2.Evaluation of wound
4.2.1. Clinical evaluation of wound
4.2.1.1 Percent Score of wound edgd§apearance of wound)
4.2.1.2 Percent Score of Colour of skin
4.2.1.3. Per cent score of Degree of Inflammation
4.2.1.4. Percent Score of Extent of GranulatiorsUes
4.2.1.5. Percent Score of Extent of Cicatrization
4.2.1.6.Per cent score of Presence of Exudate
4.2.2.Morphometry of wound
4.2.2.1. Wound size
4.2.2.2. Percentage healing
4.3. Total Bacterial count (cfu/ml)
4.4. Photographic evaluation
4.5. Histo-morphological evaluation
4.6. Time required for wound healing
4.1. Effects of treatments on animals
4.1.1 Physiological analysis
4.1.1.1Temperature:
The Mean+SE values of temperatut€)(before and after therapy
in animals of different groups have besownin table - 2 and figure 7.
The value of temperaturéQ@) in the all the groups were within the

normal range without showing any significant diiece among them.



However the highest values were recorded in thealsi of group | as
compared to groups Il and Il post wounding.

The temperature®C) showeda non-significant increaseom day 1 post
wounding in all animals of all the groups exceghificant increase on day 3 and
5 in group Il and significant decreasede; 3 and 5n grouplll as compared to base
value.

4.1.1.2. Heart rate(beats/minute)

The meanzSE values of heart rate HR (beats/minmrbéeéind after
therapy in animals of different groups has bsgieownin table 3 and fig. 8.

The value of heart rate HR (/min) in the all theugys were within the
normal range without showing any significant difiece among them.
However the highest values were recorded in thexalsi of group Il and IlI.

The HR (/min)showeda significant (R0.05) increasenday2, 7 and 14
post wounding in group | as compared to base vale.HR (/min.)showeda
significant(P<0.05)increasdrom dg 1ingroup Il as comparei basevalue.The
HR (/min.) showeda significant (P<0.05) increasdrom dg 2 in group Il as
comparedo basevalue.

4.1.1.3. Respiration Rate (breaths/min)

The meanzSE values of respiration rate, RR (bréaih} before and
after therapy in animals of different groups haeershownin table 4 and
Fig. 9.

The value of respiration rate, RR (breaths/minjhe all the groups
were within the normal range without showing asagniFicanT (P>0.05),
difference in all groups as compared to base vahetat different intervals.
However the highest values were recorded in theaalsi of group Il and IlI.



TABLE 2 : MEANZ S.E. VALUE OF DIFFERENT THERAPY ON TEMPERATURE (OC) IN RABBITS OF DIFFERENT GROUPS AT DIFFERENT OBSERVATION

INTERVALS

Gp Observation Intervals (Days)

0 1 2 3 4 5 6 7 14 21
|

38.95+0.6" 39.71+0.4%" | 39.76+0.8%" | 39.76+0.44" | 39.73+0.4% | 39.46+0.4%" | 39.21+0.57" [ 39.13+0.58* | 39.01+0.49" | 38.93+0.3%"
I

38.93+0.64 39.56+0.5% | 39.40+0.67" | 39.40+0.56"* | 39.53+0.48" | 38.98+0.58* | 38.95+0.5%" | 38.93+0.4% | 38.78+0.38" | 38.86+0.68"
I

38.93+0.78" 39.11+0.77" | 38.78+0.74" | 38.78+0.7%" | 39.08+0.7%* | 38.82+0.78" | 38.83+0.6%" | 38.65+0.4%4" | 38.65+0.38" | 38.60+0.58"

Figures with different superscript (small lettedgfer significantly (P<0.05) between groups
Figures with different superscript (capital lefjegtfer significantly (P<0.05) between days withire groups

n = 6 animals in each group
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FIG 7: EFFECT OF DIFFERENT THERAPY ON TEMPERATURE (OC) IN RABBITS OF DIFFERENT GROUPS AT DIFFERENT OBSERVATION INTERVALS



Table 3: Meant S.E. value of different therapy on Heart rate(beats/minute) in

rabbits of different groups at different observatian intervals

Gp

Observation Intervals (Days)

0 1 2 3 4 5 6 7 14 21
186.00 | 191.66 261.66 236.6667 196.33 236.66 207.66 250.00 240.00 236.00
aA aA aC aA aA aA aA aBC aBC aA
| +536 | 6.37 +27.14 15.16 +3.66 +5.46 +15.20 +23.66 +40.49 +4.73
188.00 261.66 250.00 210.66 236.66 226.00 256.66 253.33 249.33
aA aC aC aAB aBC aBC aC acC acC
[ +7.89 | 212.66 +27.14 +23.66 +34.21 5.46 +38.34 +25.81 +41.79 +20.02
AAB
+27.03
191.66 | 216.00 261.66 258.33 220.66 240.00 226.00 261.66 256.66 250.33
aA aA abD aCD aAB aBCD aBC aAD aCb aCb
Il +14.10 | +34.29 +27.14 +20.41 +38.91 +11.09 +38.34 +18.34 +39.32 +24.35

Figures with different superscript (capital letjet#fer significantly (P < 0.05) between days witlthe groups

Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group
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Fig. 8: Effect of different therapy on Heart rate (beats/minutein rabbits of
different groups at different observation intervals



Table 4: MeantSE values of respiration rate (breate/min) on different

therapy in the rabbits of different groups at different observation intervals

GpP OBSERVATION INTERVALS (DAYS)
0 1 2 3 4 5 6 7 14 21

1

52.66 62.33 55.66 47.00 50.33 52.00 55.33 52.00 55.33 48.66

+8.54" +12.80" | +11.48™ +13.60" | +9.99™ +10.73" +10.48" | +12.13" +10.48" | +12.24™
2

52.66 55.66 49.00 48.66 50.33 53.66 52.00 52.00 52.00 40.33

+8.54"° +13.41"° | £12.04™° | $12.24*° | +9.99"® +9,15"® +7.69™°% | +12.13"® | +11.79"° | +7.73"®
3

45.33 50.66 44.00 47.00 47.00 47.00 52.00 48.66 48.66 39.66

+8.64" +14.06" | +5.21** +13.60" | +9.44™ +9.44" +7.69" | +12.24" +11.91" | +4.27**

Figures with different superscript (capital letjetifer significantly (P <0.05) between dayshiit the groups
Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups

n = 6 animals in each group

4.1.2.1. Total erythrocytic count (x18/cu.mm)

The mean+SE values of Total Erythrocyte Count fxb@fore and after therapy

have been shown in tabe and fig. 10.

The decrease in Total Erythrocyte Count was sigarifi (P<0.05) on day 3
and 7 ingroup I, onday 3, 7 and 14 in grouand on day 7, 14 and 21 in group

as compared to base value. The increase iralTBtythrocyte Count was

significant (P<0.05) on day 21 in groups Il and d8 compared to base value.

Total Erythrocyte Count did not show asmnIFicANT (P>0.05), change in all

groups at different intervals.

THE MEANZSE VALUES OF TOTAL LEUCOCYTES COUNT (X103) BEFORE AND AFTER THERAPY

4.1.2.2. Total Leucocytes count (xf@cu.mm)

HAVE BEEN SHOWN IN TABLE 6 AND FIG. 11.
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FIG: 9: EFFECT OF DIFFERENT THERAPY ONRESPIRATION RATE
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OBSERVATION INTERVALS
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groups at different observation intervals




A significant (P<0.05) increase in Total Leucocytmsunt (TLC) was

noticed from day 3 to 14 in group | as compareddse value. A significant

(P<0.05) increase in TLC was noticed on day 3 tand significant (P<0.05)

decrease on day 14 and 21 in group Il as comparéaddge value. A significant
(P<0.05) increase in TLC was noticed from day 34cand significant (P<0.05)

decrease on day 21 in group lll as compared to kakes. In comparison to

group |, higher values of TLC were recorded in goul and Ill, which were

significant from day 3 to 21 higher in group IlI.

Table-5: Mean+S.E. of Total Erythrocyte Count (x16) in the rabbits of
different groups at different observation intervals

Gp Observation Intervals (Days)
0 3 7 14 21
' 6.41+0.2%% | 5.83+0.33" 5.64+0.36" 6.41+0.3%8 6.43+0.18°
I
6.34+0.27% | 5.71+0.18" 5.64+0.36" 6.32+0.288 6.68+0.26°
1
6.57+0.058% | 5.86+0.18° 5.61+0.33" 6.41+0.31¢ 6.71+0.1%

Figures with different superscript (capital letjetifer significantly (P < 0.05) between dayshiit the groups

Figures with different superscript (small lettedgjer significantly (P < 0.05) between groups

n = 6 animals in each group
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the rabbits of different groups at different obsenation
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Table-6: Mean+SE of Total Leucocytes count (xI)
different groups at different observation intervals

in the rabbits of

GP Observation Intervals (Days)
0 3 7 14 21
7.23+0.59"* | 8.03+0.86"%¢ | 8.21+0.47° 7.51+0.29*"8 7.26+0.29"*
Il
7.98+0.27"*® | 8.75+0.50"%¢ | 8.46+0.90"%¢ 7.51+0.29"* 7.58+0.19"*
M
8.56+0.52"® | 9.41+0.40°¢ 9.85+0.12°° 8.60+0.16°° 8.15+0.40°*

4.1.2.3. Neutrophils $6)

Figures with different superscript (capital letjetifer significantly (P <0.05) between dayshiit the groups
Figures with different superscript (small lettedgjer significantly (P < 0.05) between groups
n = 6 animals in each group

The meanzSE values of neutrophil count before dter dherapy have been

shown in table 7 and fig. 12.

At different intervals, neutrophil count showed iaoreasing trend in all

the groups throughout the period of study exceptdap 21. The neutrophils

increased significantly (P<0.05) from day 3 to M groups I, Il and lll as

compared to base value.

On day 3, the neutropiuhtc was significantly

(P<0.05) decrease in group Il followed by groupasl compared to group | and

day 21, the neutrophil count was non-significaiify»0.05) decrease in group Ili

followed by group Il as compared to group .




Table-7:MeanzSE of neutrophils @o) in the rabbits of different groups at
different observation intervals

Gp Observation Intervals (Days)
0 3 7 14 21
AA AC BC AB AA
35.73+1.76 69.76+6.30 66.88+5.34 47.68+4.41 34.98+0.81
1 AA AD ABC AB AA
34.90+1.13 67.43+4.07 63.21+4.55 49.68+4.58 33.65+0.72
I AA AD AC AB AA
36.06+1.48 70.43+3.47 60.05+5.31 48.18+2.73 32.31+0.59

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days

within the groups

Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.2.4. Lymphocytes%bo)

The meanzSE values of lymphocytes before and #fegapy have been shown in
table 8 and fig. 13.

At different intervals, lymphocytes showed a desneg trend in all the

groups throughout the period of study except on @ay The decrease in

lymphocytes was significant (P<0.05) from day 31# in all groups except

significant (P<0.05) increase in group lll, on d&lyin groups Il as compared to

base value. On day 7 and 21, the value was signific (P<0.05) higher in group

[l as compared to groups | and Il.
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Fig. 13: Effect of different therapy on Lymphocytes(%) in the rabbits of
different groups at different observation intervals



Table 8: The mean+SE values of lymphocytes (%) irhe rabbits of different
groups at different observation intervals

Gp Observation Intervals (Days)
0 3 7 14 21
|
63.31+0.68° | 41.76+6.68" | 41.55+5.60" | 56.35+1.64° | 63.31+0.84°
I 1 63.0641.37 | 42.1046.4% | 41.7145.12 | 57.3523.8%® | 63.48+1.5%
W1 62.40+2.69%¢ | 48.2623.8% | 48.38+4.28" | 58.85+3.78% | 65.65+1.84°

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days
within the groups
Figures with different superscript (small lettedgjer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.25. Mococytes (%)

The meanzSE values of monocytes (%) before and #ferapy have

been shown in table 9 and fig. 14.

The increase in monocytes was significant (P<0.05) on day 3 and then there

was significant (P<0.05), decreasing trend in all the groups as compared to

base value. Monocytes did not show any significant (P>0.05), change IN ALL

GROUPS AT DIFFERENT INTERVALS
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Fig. 14 : Effect of different therapy on Monocytes(%) in the rabbits of
different groups at different observation intervals



Table 9: The meantSE values of monocytes (%) in ¢hrabbits of different
groups at different observation intervals

Gp Observation Intervals (Days)

0 3 7 14 21
|

1.13+0.38¢ 2.60+0.26° 0.85+0.26"® | 0.68+0.23* 0.96+0.085C
1l

1.20+0.25" 2.60+0.3%¢ 1.01+0.38"® | 0.71+0.24° 0.78+0.28"
|

1.13+0.2%¢ 2.06+0.4%° 1.06+0.325¢| 0.70+0.27/8 0.45+0.28"

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days

within the groups

Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.2.6. Basophils%)

The meanzSE values of Basophils (%) before and #fexapy have been shown
in table 10 and fig. 15.

The value of Basophils (%) in the all the groupsrevwithin the normal

range without showing angIGNIFICANT (P>0.05), CHANGE in all groups as

compared to base value and at different intervals.
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Table 10: The mean+SE values of Basophils (%) irhé rabbits of different

groups at different observation intervals

Observation Intervals (Days)

Gp
0 3 7 14 21
! 0.41+0.3 0.08+0.26" 0.25+0.38" 0.25+0.41* 0.16+0.25"
: 0.16+0.2%" 0.08+0.26" 0.00+0.068" 0.08+0.26" 0.08+0.26"
. 0.00+0.06" 0.16+0.28" 0.00+0.068" 0.16+0.28" 0.00+0.068"

4.1.2.7. Eosinophils%b)

The meantSE values of eosinophils (%) before aner dherapy have been

shown in table 11 and fig. 16.

The value of eosinophils (%) in the all the growge within the normal

range without showing anyieniFicanT (P>0.05),cHANGE in all groups as compared

to base value and at different intervals.
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. Effect of different therapy on Eosinophils(%) in the rabbits of
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Table 11: The meanzSE values of eosinophils (%) ihe rabbits of different

groups at different observation intervals

Gp Observation Intervals (Days)
0 3 7 14 21

[

0.08+0.26" 0.16+0.25" 0.08+0.26" 0.16+0.2%" 0.00+0.06"
Il

0.00+0.06* 0.16+0.28" 0.00+0.06" 0.16+0.28" 0.00+0.06"
m

0.00+0.06* 0.16+0.28" 0.00+0.06" 0.16+0.288 0.00+0.06"

4.1.2.8. Haemoglobin (Hb)
The meantSE values of haemoglobin (Hb) before dtet therapy have been
shown in table 12 and fig. 17.

In all the groups, the Hb decreased significanByx(.05) on day 3 as
compared to base value. In comparison to groumgh levels of Hb was recorded
in groups Il followed by Il and the values wergrsficantly (P<0.05) higher in
group group Il followed by group Il on day 21. roups | and Ill, non-
significant (P>0.05) decrease on day 7 and day 44 necorded respectively as
compared to base value. In group Il, significartQP®5) increase value from day
3 to 21 day as compared to base value. Howevewahe of Hb in the all the
groups were within normal physiological limits watlit showing anysieniFIcANT

(P>0.05), CHANGE in all groups at different intervals.
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Fig 17: Effect of different therapy on Haemoglobin(g%) in the rabbits of
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Table 12: The meantSE values of Haemoglobin

groups at different observation intervals

in thebbits of different

Group

Observation Intervals (Days)

7

14

21

10.56+0.72"®

9.93+0.35"

10.21+0.37®

10.68+0.485C

11.31+0.74°

10.56+07248¢

9.93+0.35"

10.21+0.37®

10.68+0.485C

11.06+0.46°

10.70+0.665¢

10.11+0.34"

10.36+0.34"8

10.78+0.325C

11.10+0.38€

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days
within the groups
Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.2.9. Packed Cell Volume

The meanzSE values of Packed Cell Volume (PCV)reedmd after therapy have

been shown in table 13 and fig. 18.

In all the groups, the Packed Cell Volume (PC\Or@ased significantly

(P<0.05) on day 3 and 7 as compared to base \bweever, the value of PCV in

the all the groups were within normal physiologitalits without showing any

SIGNIFICANT (P>0.05) cHANGE in all groups at different intervals.
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Table 13: The mean+SE values of Packed Cell Volunme the rabbits of
different groups at different observation intervals

Observation Intervals (Days)

0 3 7 14 21
34.23+0.93" 38.40+2.7%° 39.46+1.8%° 35.13+2.66" 34.53+1.48"
33.06+1.7 39.26+0.68° 37.38+2.78° 33.85+2.48" 34.01+0.48"
33.23+1.7% 39.13+1.08° 39.05+0.9% 33.68+1.88" 33.18+0.77"

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days
within the groups

Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.3.1. Glucose (mg/dl)

The meanzSE values of glucose before and afteaplyenave been shown

in table 14 and fig. 19.

The glucose showed a non-significant increase .05¥0from day 3 to 21
in group | and on day 14 and 21 in group Il excapday 3 in group Il, where
the value was significantly lower (P<0.05) and @y d4 and 21 the value was

significantly higher (P<0.05) from the base valdewever, the value of glucose
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Fig. 19. : Effect of different therapy on Glucose(mg/dl) in the rabbits of
different groups at different observation intervals



in the all the groups were within normal physiabtag limits without showing

any significant (P>0.05), change in all groupsitiecent intervals.

Table 14: The mean+SE values of glucose in the raitd of different groups at

different observation intervals

Gp

Observation Intervals (Days)

14

21

AA
121.73%4.48

A
123.08+5.23

A

AA
122.16+4.91

A
123.76+4.84

A

A
124.251+4.64

A

AAB

122.6613.44

A
119.50+2.16

A

AAB
123.83+4.91

A
126.1614.44

AA

125.8314.44

AA
124.23+3.59

A
122.83+2.78

A

AA
123.00%3.79

A
124.63+2.31

A

A
124.83+1.94

A

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days
within the groups
Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.3.2. Total Protein (g/dl)
The meantSE values of Total Protein (TP) before aftelr therapy have been

shown in table 15 and fig. 20.

The TP showed a significant decrease (P<0.05u¢hout the study

period in group | and in group lll, where the valas non-significantly lower

(P>0.05) and on day 7 and 21 the value was sigmitig higher (P<0.05) in group

Il as compared to the base value. However, theeval TP in the all the groups

were within normal
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Fig. 20. : Effect of different therapy on Total Prdein (g/dl) in the rabbits of
different groups at different observation intervals



physiological limits without showing any signifiaa(P>0.05), change in all

groups at different intervals.

Table 15: The meantSE values of Total Protein in # rabbits of
different groups at different observation intervals

Group Observation Intervals (Days)
0 3 7 14 21
AC ABC AA AAB AB
6.40+£1.03 5.76+0.25 4.88+0.54 5.51+0.29 5.65+0.40
Il AAB AAB AA AAB AB
5.90+0.43 5.76+0.47 5.38+0.83 6.08+0.50 6.15+0.53
1]
AA AA AA AA AA
6.13+0.64 5.73+0.49 5.46+0.51 5.41+0.78 5.90+0.47

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days
within the groups
Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.3.3. Albumin (g/dl)

The mean+SE values of Albumin before and afterajgrhave been shown in

table 16 and fig. 21.

The Albumin showed a significant decrease (P<0.006in day 3 to 14 in

all the groups except on day 21 in group Il, wheevalue was non-significantly

higher (P>0.05) and on day 21 the value was smanmtly higher (P<0.05) in

groups | and Il as compared to the base value.d¥ew the value of Albumin in

the all the
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Fig 21: Effect of different therapy on Albumin (g/dl) in the rabbits of
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groups were within normal physiological limits wetlt showing any significant

(P>0.05), change in all groups at different intésva

TABLE 16: THE MEANESE VALUES OF ALBUMIN IN THE RABBITS OF DIFFERENT GROUPS AT

DIFFERENT OBSERVATION INTERVALS

OBSERVATION INTERVALS (DAYS)
GRouP
0 3 7 14 21

| AAB AA AA AA AB

3.66+0.51 3.25+0.41 3.38+0.49 3.30+0.46 3.98+0.26
I A AA AAB AAB AB

3.551#0.33 3.08%0.20 3.30+0.40 3.3010.46 3.70£0.30
"

ABC AAB AAB AA AC
4.08+0.37 3.46+0.40 3.5610.62 3.3810.63 4.31+0.47

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days

within the groups

Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.3.4. Blood Urea Nitrogen (mmol/L)

The mean£SE values of Blood Urea Nitrogen (BUN)obefand after therapy

have been shown in table 17 and fig. 22.

The BUN showed a non-significant decrease (P>0t@&ughout the

study period in group | except non-significantlglmer (P>0.05) value on day 21

in group | and on day 3 and 7 in group |l as coragdo the base value. However,

the

value

of
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Fig. 22. Effect of different therapy on Blood UreaNitrogen in the rabbits of
different groups at different observation intervals



BUN in the all the groups were within normal physgcal limits showing

significant (P<0.05) value in Il and Ill groups@smpared to group | on day 7.

TABLE 17: THE MEANZSE VALUES OF BLOOD UREA NITROGEN IN THE RABBITS OF DIFFERENT
GROUPS AT DIFFERENT OBSERVATION INTERVALS

Observation Intervals (Days)

Group
0 3 7 14 21
5.06+0.48" | 5.01+0.5%" 4.55+0.48" 5.01+0.48" 5.15+0.56"
Il |5.15+0.7? | 5.46+0.53" 5.30+0.37° 4.93+0.5" 4.88+0.66"
I |5.23+0.48" | 5.18+0.47 5.13+0.38" 5.03+0.56" 5.04+0.53"

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days
within the groups
Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.1.3.5 Creatinine (umol/L)

The mean£SE values of Creatinine before and ditapy have been shown in
table 18 and fig. 23.

The Creatinine showed a significant increase (@)drom day 3 to 14

except non-significantly higher (P>0.05) value @y @1 in group | and in group

II, where the value was significantly higher (P<).0on day 3 and 7 and

significant (P>0.05) lower value on day 14 and 8d the value was significantly
higher (P<0.05) on day 3 and 7 and significantlydo (P<0.05) in group Il as
compared to the base value. However, the valugedt@ine in the all the groups

were within
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Fig.

23: Effect of different therapy on Creatininein the rabbits of different
groups at different observation intervals




normal physiological limits showing significant (@85) lower value change in |l

and Il groups as compared to group | at differatdrvals except on day 21.

TABLE 18: THE MEANZSE VALUES OF CREATININE IN THE RABBITS OF DIFFERENT GROUPS AT

DIFFERENT OBSERVATION INTERVALS

Observation Intervals (Days)

Group
0 3 7 14 21

aA bC bC bB aA

l 80.56+0.72 89.76+0.99 90.71+1.04 82.85+2.37 81.15+0.49
aA aB aAB aA aA

Il 79.93+1.38 83.35+3.39 81.05+1.83 79.18+2.07 79.91+2.07
aAB aC aBC aA aA

I 80.13+1.36 83.00+2.19 81.91+2.28 79.10+1.93 79.50+1.08

Figures with different superscript (capital letjeddffer significantly (P < 0.05) between days

within the groups

Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group




4.2.1.1.Percent Score of wound edges Appearance of wound)in different rabbits of
different groups at different observation intervalks

Group Score _Observation Intervals (Days)
No. No. 0 3 7 14 21
0 33.33 33.33
1 100 100 66.66 66.66
| 2 100
3
4
T o 100 100
1 50 100
Il 2 100 50
3
4
T o " "s0 100 100
1 100 50
M 2 100
3
4

Wound Edges
Indistinct, diffuse, outline not visible.
Distinct, outline clearly visible, attached wivound base.
Well-defined, not-attached to wound base.
Well-defined, not-attached to wound base/rollader, thickened.
Well-defined, fibrotic, scarred.
6 animals in each group

Table. 19 : Percent Score of wound edges ( Appearah wound) in
different rabbits of different groups at differeabservation intervals

0
1
2
3
4
n=



4.2.1.2. Percent Score of Colour of skin surroundgnthe wound in different
rabbits of different groups at different observaton intervals

Group No. Observation Intervals (Days)

ScoreNO. @ T T T T T T T TS s s T S s s e e e e e e e e m e m m mmm - —mm— -

0 3 7 14 21

| 0 33.33

1 33.33 66.66

2 33.33 66.66

3 100 66.66
__________ R L
Il 0 100

1 33.33 33.33 100

2 66.66 66.66

3
__________ S L
i 0 66.66 100

1 33.33 33.33 33.33

2 66.66 66.66

3

4 100

0 = pink or normal

1 = bright red

2 = white or grey pallor

3 = dark red or purple

4 = black or hyper pigmented

Tab le: 20. Percent Score of Colour of skin surdiog the wound in different
rabbits of different groups at different obserwatintervals



4.2.1.3.: Per cent score of Degree of Inflammatiom different rabbits of
different groups at different observation intervals

Group  Score Observation Intervals (Days)

No. No. 0 3 7 14 21
0 100 33.33
1 100 66.66

! 2 100 100

________ 8
0 100 33.33 100 100
1 66.66

. 2 100

________ 8
0 100 100 100
1 66.66

. 2 100 33.33
3

Degree of Inflammation

0 = Clean wound

1 = Redness, no swelling, no discharge

2 = Redness, swelling, no discharge.

3 = Redness, swelling, discharge present.
n = 6 animals in each group

Tab le: 21. Per cent score of Degree of Inflammation in diffeén@bbits of different
groups at different observation intervals



4.2.1.4.: Percent Score of Extent of Granulation ifsue in different rabbits
of different groups at different observation intervals

GROUP OBSERVATION INTERVALS (DAYS)
No. SCORE No. I 37T ;7T Vi
0 16.66.
1 33.33 83.34
| 2 16.66 66.66
3 100 83.34
4 100
""""" T
1 16.66 33.33 100
I 2 83.34 66.66
3
4 100
""""" o 777777 "'s33a 10
1 16.66 33.33 16.66
1] 2 83.34 66.66
3
4 100

Appearance of granulation tissue

Skin intact, partial skin thickness

Bright, beefy red, 75% -100% of wound filled
Bright, beefy red, < 75% &> 25% wound filled.
Pink or dull red less or equal to 25% of wolnedled.
No granulation tissue.

6 animals in each group

0
1
2
3
4
n=

Tab le: 22. Percent Score of Extent of Granulafimsue in different rabbits of
different groups at different observation intervals



4.2.1.5: Percent Score of Extent of Cicatrizatio in different rabbits of
different groups at different observation intervals

GROUP ScoORE OBSERVATION INTERVALS (DAYS)

No. No. 0 3 7 14 21
0 16.66
1 83.34
| 2 100
3 100
4 100
________ 5 100
0 100 100
1 66.66
I 2 33.33
3 50
4 50
________ 5 300 o
0 100 100
1 100
2
Il 3 50
4 50
5 100

Normal skin color.

Fade, thin —out or small white line.
Light pink, smaller and softened scar
ed, larger and thicker areas.

cab formation

= no scar formation

= 6 animals in each group

w0

0
1
2
3
4
5
n

Table: 23. Percent Score of Extent of Cicatraatin different rabbits of
different groups at different observation intervals



4.2.1.6: Per cent score of Presence of Exudaten different rabbits of
different groups at different observation intervals

Observation Intervals (Days)
Group No.  Score No. QTR

3 7 14 21
1
2 100 100 100
I 3 100
4 100
5
T T T T 100 100
2 100 100
I 3 100
5
T T T T, 100 100
2 100 100
1] 3 100
4
5

PRESENCE OF EXUDATES

= NONE

SCANT-WOUND BASE MOIST, NO MEASURABLE EXUDATE

SMALL -WOUND TISSUE MOIST MOISTURE EVENLY DISTRIBUTED
MODERATE-WOUND BASE SATURATED

= LARGE-WOUND TISSUE BATHED IN FLUID

ab~ wWN P
1]

N = 6 ANIMALS IN EACH GROUP

Table 24: Per cent score of Presence of Exudatdifferent rabbits of different

groups at different observation intervals



Gross Observations:

Creation of excisional wounds resulted in variadstéent of bleeding and
formation of clot. The clot was dried and formedoaer over the wounds, which
rendered the evaluation of colour of granulati@sue difficult. The scab, which
covered the underlying granulation tissue, wasaetd in majority of the wounds
after 14" post-wounding days. The scar became paler witsgugsof time, which
indicated stage of maturation.

Gradual decrease in the size of the wounds andaserin percent wound
contraction (healing) was recorded in all the gsoup to day 21 post-wounding.
It was interesting to note on day 7 after post-whbng that there was appreciable
reduction in size of wound treated with salix ardallin as compared to control
group/wounds. Furthermore, complete filling of theund with granulation tissue
without scab and demonstrable wound contractionvadéised in salix on day 14
post-wounding that betadin and normal group. Cotapépithelialization and
closure of salix and poviodone iodine treated waraldd be distinguished on day
21 and percentage healing 100.00% and 95.66% tesggcwas observed,
whereas in NS complete healing was noticed in 6&l90% of wounds.

4.2.2. Morphometry of wound

4.2.2.1. Wound size

The Mean+SE values of wound size @im animals of different groups at
different observation intervals are depicted in @26 and Fig. 24. Post
wounding a significant (p<0.05) decreasing trendhi& area of wound size was
noted in all the groups on all observation intesvalhe complete closure of

cutaneous excisional wounds was noted by day Zhdnmanimals of group III.
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Plate 1: Gross appearance of wounds of different kbits of different groups on day 0
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Plate 2: Gross appearance of wounds of different kbits of different groups on day 3
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Plate 3: Gross appearance of wounds of different tbits of
different groups on day 7
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Plate 3: Gross appearance of wounds of different tbits of
different groups on day 7
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Plate 4: Gross appearance of wounds of different kbits of different groups
on day 14
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Plate 5: Gross appearance of wounds of differémabbits of different groups
on day 21



Comparison among the groups revealed significan0.(db) decrease in
the wound size in the animals of treated groupan@ 3) from those of control
group (1) on all corresponding observation intesv&urthermore the wound size
value was significantly (p<0.05) lower in the anisnaf groups Il and IIl from
those of group | on all corresponding observatitervals from day 3 to 21 post

wounding.



Table 25: The mean+SE values of wound size (cm2) the rabbits of
different groups at different observation intervals

Observation Intervals (Days)
Group
0 3 7 14 21
2.50+0.04aH 1.76+0.08bD 1.33+0.05cC 1.05£0.08cB  0.62+0.04cA
Il 2.47+0.04aH 1.45+0.05aD 0.83+0.01bC 0.69+0.01aBB  0.09+0.04bA
1] 2.51+0.02aE| 1.50+0.06aD 0.73+0.01aC 0.38+£0.04aB  0.00+0.0paA

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days
within the groups

Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.2.2.2. Percentage healing

The MeanzS.E values of percentage healing (%) imais of different
groups at different observation intervals are degién Table-26 and Fig-25. Post
wounding the percentage healing increased sigmifig (p<0.05) in all groups, at
all observation interval with the result cent patckealing was achieved in the
animals of group Il by the end of the observatpariod. The healing was still
incomplete in the animals of group | and Il by #red of the observation period.
Comparison among the group showed significant (@)0increase in percentage

healing of all treated wounds (groups Il and li$) @mpared to control wounds
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Fig: 24: Effect of different therapy on wound size(cm?) in the rabbits of
different groups at different observation intervals



(group 1). Among treated groups percent wound hgalvas significantly

(p<0.05) faster in the animals of group Ill as canmga to the animals of group |

and II.

TABLE 26: THE MEAN+SE VALUES OF PERCENTAGE HEALING (%) IN THE RABBITS OF

DIFFERENT GROUPS AT DIFFERENT OBSERVATION INTERVALS

Observation Intervals (Days)
Group
0 3 7 14 21
aA aB aC aD aE
0.00+0.00 | 12.50+0.54 | 25.50+1.04 | 51.83+0.75 61.00+1.67
aA bB bC bD bE
I 0.00+0.00 | 15.00+0.89 | 45.50+1.04 | 71.83+0.75 95.66+1.63
aA bB cC cD cE
Il 0.00£0.00 | 16.00+2.09 | 55.50+1.04 | 81.83+0.75 | 100.00+0.00

Figures with different superscript (capital lefjediffer significantly (P < 0.05) between days
within the groups
Figures with different superscript (small lettedgfer significantly (P < 0.05) between groups
n = 6 animals in each group

4.3.1 Total Bacterial count (cfu/ml)

The mean+SE values of Total Bacterial count beéme after therapy have been

shown in table 27 and fig. 26.

A continuous progressive decrease in Total Badterount level was

noticed in all the groups till day 21. The decrefsen the base values was
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Fig. 25: Effect of different therapy on percentagehealing (%) in the rabbits
of different groups at different observation intervals



significant (P<0.05) in all groups from day 3 asngared to the base value. In

comparison to group I, low levels of Total Bacteoaunt was recorded in groups

Il and Il and the values were significantly (P<®).0ower in group Il followed

by group Il at different intervals.

TABLE 27: THE MEANZSE VALUES OF TOTAL BACTERIAL COUNT IN THE RABBITS OF DIFFERENT

GROUPS AT DIFFERENT OBSERVATION INTERVALS

Observation Intervals (Days)

Group
0 3 7 14 21
1.76+0.13% | 1.25+0.26° 0.75+0.26° 0.46+0.08% | 0.07+0.06"
I 1.55+0.28° | 1.10+0.18° 0.53+0.23"8 0.20+0.08" | 0.01+0.06"
1 1.58+0.16° | 0.78+0.2%¢ 0.40+0.08® 0.13+0.05" | 0.01+0.06"

Figures with different superscript (capital letjeddffer significantly (P < 0.05) between days
within the groups
Figures with different superscript (small lettedgjer significantly (P < 0.05) between groups
n = 6 animals in each group

4.3.2. Photographic evaluation

Photographic evaluation of excisional wounds of bitsb was

performed on 0, 3," 14" and 2% day after surgery. The salient

observations of the photographic observation suggjest all the

excisional wounds aseptically created were almgsidemensional on

day ‘0

(immediately

after

surgery)

(Plate

1-5).
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Fig. 26: Effect of different therapy on Total Bacteial count (cfu/ml) in the
rabbits of different groups at different observatian intervals



4.3.4 Histo-morphological evaluation

By day 7" post-wounding, granulation tissue associated udimixture of
mononuclear and polymorphonuclear cells was seesalix treated wounds
which was thicker than adjacent skin (Plate 10-Thge poviodone iodine treated
wounds showed mild to moderate inflammatory reactwith predominant
heterophilic infiltration (Plate 8-9), underneattetscab, whereas wounds treated
by NSS group showed necrosed tissue having pus watlerneath the scab (Plate
6-7).

By day 14 post-wounding salix treated wounds slibwearked
granulation tissue associated with vascularisadod heterophilic infiltration
(Plate 10-11) The poviodone iodine treated wourtusnved granulation tissue
with fibroblasts proliferation varying moderate fredominant (Plate 8-9),
whereas wounds treated by NS group showed seveezohhilic infiltration

(Plate 6-7).

By day 21 post-wounding, wounds treated with salkkhowed no
inflammatory reaction had denser and thicker celtafijbers in granulation tissue
and are partial to complete epithelialization ter@yeto form hair follicle similar
to normal skin (Plate 10-11). The poviodone iodneated wounds dense collagen
deposition with partial epithelialization was obsat (Plate 8-9), whereas wounds
treated with NS showed predominant amount of celiageposition associated

with partial to complete but immature epitheliativa (Plate 6-7).



21 day

Normal skin Necrosed tissue Severe Praleldommsnt st of
having pus cells heterophilic collagen deposition.
ol Tt associated with partial

to complete but
immature epithelization

Plate 6: Histomorphological observations of wounds of different rabbits of
Normal Saline Solutioin (NS8) treated on different intervals (H&FE10 x)



0 day 7 day 14 day 21 day

Normal skin Necrosed tissue Severe heterophilic Predominant amount of
having pus cells infiltration collagen deposition
associated with partial

to complete but
immature epithelization

Plate 7: Histomorphological observations of wounds of different rabbits of
Normal Saline Solutioin (NSS) treated on different intervals (Masson’s
Trichome, 10 x)



7 day

Normal skin Inflammatory reaction  Granulation tissue Dense collagen
with predominant with fibroblastic deposition with
heterophilic proliferation varying partial
infiltrations moderate to epithelisation

predominant

Plate 8: Histomorphological observations of wounds of different rabbits of Povidone
Todine (Betadin) treated on different intervals (H&E, 10 x)



7 day

Normal skin Inflammatory reaction  Granulation tissue Dense collagen
with predominant with fibroblastic deposition with
heterophilic proliferation varying partial
infiltrations moderate to epithelisation

predominant

Plate 8: Histomorphological observations of wounds of different rabbits of Povidone
Todine (Betadin) treated on different intervals (H&E, 10 x)



0 day 7 day 14 day

Normal skin Inflammatory reaction  Granulation tissue Dense collagen
with predominant with fibroblastic deposition with
heterophilic proliferation varying  partial
infiltrations moderate to epithelisation

predominant

Plate 9: Histomorphological observations of wounds of different rabbits of Povidone
Todine (Betadin) treated on different intervals (Masson’s Trichome, 10 x)



7 day 14 day 21 day

Normal skin Granulation tissue Marked granulation Partial to complete
associated with tissue associated with  epithelisation
admixture of mono-  vascularisation and tendency to form
nuclear and poly heterophilic hair follicle

morpho-nuclear cells infiltration

Plate 10: Histomorphological observations of wounds of different rabbits of
Salix treated on different intervals (H&E, 10 x)



0 day 7 day 14 day 21 day

: Granulation tissue Marked granulation .
Normal skin : : ) ghat : Partial to complete
associated with tissue associated with e
. o epithelisation
admixture of mono- vascularisation and
" tendency to form

nuclear and poly heterophilic hair follicle
morpho-nuclear cells infiltration

Plate 11: Histomorphological observations of wounds of different rabbits of
Salix treated on different intervals (Masson’s Trichome, 10 x)



4.6. Time required for wound healing

Wounds dressed wittsalix acmophylla leaves ointment(group IIl)
showed considerable signs of  full thicknessnskiound healing and
significantly (<0.05) healed earlier in 17.83 days followed by povioglon
iodine treated wounds (group Il) in 19.00 days ntheounds dressed with

sterile normal saline solution (group 1) in 20.8%d (Table 28).

Table 28: Mean + S.E. of time required for wound kaling

Group Healing time (days)

| 20.83 £ 0.4@

I 19. 00+ 0.89
Il 17.83+0.75

Means with different superscripts within a columnwere statistically
significantly different P<0.05)



Chapter -5
DISCUSSION

In present study, four full thickness excisionahskounds (1.5 cm x 1.5
cm), 2.5 cm apart from each other were createds@i@pine of thoraco-lumbar
region) on each of 18 rabbits of either sex andghieg 1.8 to 2.5 kg under
standard anesthetic protocol to evaluate the wduealing potential ofsalix
acmophylla leaves ointment with povidone iodine (negativetoah and sterile
normal saline solution (positive control). The tatamber of wounds evaluated in
the study was 72 and thus each treatment groupswedhisated on 24 wounds.

Wound is defined as the disruption of cellular @métomic continuity of
tissue (Bennet, 1988). The process of wound heabingists of integrated cellular
and biochemical events leading to re-establishneérgtructural and functional
integrity with regain of strength of injured tissud@he events include coagulation,
inflammation, formation of granulation tissue amsstie re-modelling (Lynclet
al., 1987; Savant and Shah, 1998). Wound healing, lta®@nuing challenge in
rehabilitation/regenerative medicine. Rapid andoamglicated wound healing,
always a primary goal of surgery, is practicallysidgble for large wounds or
wound over vital structures because failure of wbuepair is potentially
catastrophic (Bohlinget al., 2006). Despite some recent advances in
understanding its basic principle, problem in woulrghling continues to cause
significant morbidity and mortality.

In India, medicines based on herbal origin havenltbe basis of treatment
and care for various diseases (Biswaisal., 2003). Moreover, Indian folk
medicine comprises numerous prescriptions for fyerac purposes such as
healing of wounds, inflammation and infection éMukherjee, 2000). More than
80% of the world’s population will depends upordit@nal medicine for various
skin diseases (Babet al., 2002). Herbal medicines in wound management

involve disinfection, debridement and providing aoish environment to



encourage the establishment of the suitable envieo for natural healing
process (Purna and Babu, 2000).

Majority of the people in Kashmir valley on mediai plants to
find treatment for their minor, even in some casesjor diseases. In most
instances, certain plant species are consideredfispler a particular iliness but
occasionally they have mixed usage. Though medigients from wild are
important source of income for local communitiest b not properly managed,
this may lead to the destruction of habitat andaturn extinction of species
(Shinwari, 2010). Starting the pre- historic eradtde, people healed themselves
with local plants remedies. In the recent days, cere observe an international
drift of significance in the long established sture of medicines. Evaluation of
therapeutic herbs has turned into a latent basibiadynamic substances of
curative value (Mahmood et al., 2011). Rapid urbatmon and unplanned
exploitation have resulted in loss of medicinalnplapecies. It is therefore,
imperative to find ways to encourage practicespf@moting conservation. There
is need of coordination and cooperation among@rious agencies such as
forest department and the pharmaceutical fiinterested in the utilization of
these medicinal plants and to initiate regeneratiamk in degraded or areas
devoid of vegetation. By doing so, we can charge eéconomic and social
conditions of the local inhabitants positively {@shi et al., 2011).

A surgeon routinely encounters different typesvolunds with or
without loss of tissue. The main aim of early hegliof wounds. Medical
treatment of wound includes administration of dregher locally (topical) or
systemically (oral and parenteral) in an attempaitbwound repair (Savant and
Shah, 1998; Rains and Mann, 1988). Antibioticscamramonly used topically for
preventing bacterial colonization. These antibaateragents have certain
limitations that may cause tissue destruction ktairon or allergy (Nagesh et al.,
1999). It is, therefore, important that the dregsirsed should not promote the
growth of harmful bacteria and at the same timshuld not have deleterious
effect on the



tissue. Consequently there exists a need for namtagvhich may be useful in
proper wound management. In this direction a nundfeherbal products are
being investigated. Salix babylonica leaves ex¢racted in drinking water on
performance and heat tolerance of broiler chicldengg heat stress (Al-Fataftah
and Abdelgader, 2013). In the current study satien@ophylla leaves ointments
were used for treating the wounds (1.5 cm x 1.5iontfie thoroco-lumbar region
in adult’s rabbits. Sterile normal saline solutemmd povidone iodine were used in
control groups. The effects of these treatmentsevexaluated on the basis of
clinical, hemato-biochemical, histo-pathologicatldracteriological observations.
The results obtained are discussed accordinglyruhddollowing headings:
5.1. Animal detall

Many animals have been used during previous studievaluate wound healing such as
buffalo calves (Kumar and Tyagi, 1972), cow calydakhoon, 2001), dogs (Hamamotbal.,
2009), mice (Robertsoet al., 1974; Euridest al., 1998), rats (Chitra&t al., 1998), guinea pigs
(Shuklaet al., 1999), rabbits (Madhu, 201#andooet al., 2014,Sandeep et al., 2015). Rabbits
provide useful models for studies designed to dgvekew bandage materials (Cangiil., 2006)
or to investigate novel therapies, such as cellathe (Lee and Moon, 2003; Sandulacheal.,
2003; Sumiyoshet al., 2004), Platelet concentrates (Leteal., 2008) and laser therapy (Brosh
al., 2004; Simhonet al., 2004). These comparative analyses are based arvalisn of re-
epithelialization and wound contraction (Bugral., 2006). In the present study rabbits were used
for evaluation of wound healing efficacy &lix acmophylla. The rabbits used were of either sex,
aged between 1.8-2.5 kg. Animals were found eadyatulle and wounds were created without
any problem. These findings match with those of Baehal. (2008) findings. Larger wounds of
1.5 cm x 1.5 cm dimensions could be created duavé&dlability of larger body surface area of
animals owing to their more body size.

5.2. Wound model

Different wound models have been used for evalnadiowound efficacy
in the previous studies which include incisionabkidli- Sahaet al., 1997; Asifet
al., 2007), excisional (Kakali- Satat al., 1997; Asifet al., 2007; Guptaet al.,
2010, Madhu, 2012; Handaa al., 2015), dead space wound (Asifal., 2007;
Nayaket al., 2009), suppurative wounds (Pradhan, 1995), fudktress wounds
(Chitra et al., 1998, Lemoet al., 2010; Nisbetet al., 2010), partial thickness



wounds (Lynchet al., 1987; Lynchet al., 1989; Haupt and Chvapil, 1990;
Stephenet al., 2001). Full-thickness wounds proved to be betted aasier to
create. Harvested wounds can be examined histalbgior both the epithelial
gap and granulation bed characteristics (Wetrg., 2011). Different researchers
have used different techniques and instrumentsriation of wounds e.g., metal
marker (Aakoon, 2001, Handos al., 2015), laser technique (Manolet al.,
2007), tracing paper (Madhu, 2012). Also differehépes of wounds have been
created in previous studies which include trianguacular, rectangular, square
shapes by different workers. Circular wounds, havevcontracted at a
perceptibly slower rate; because it is arguedttiey present a greatest resistance
to the contractile forces. In order to have a &lgtanodel for evaluation of Salix
acmophylla on wound healing in present study fuitkness 1.5 x 1.5 cm square
excisional of wounds e.g., epidermis and derrh&m et al., 2010). 2.5 cm
apart and two wounds on each on each side e.d.ftotawounds per animal.
Similar methods were used by Akhoon (2001) in Haoffaalves creating
excisional wounds could be estimated in nature s&h@bservations match with
those of Billinghama and Russell (1956) who alssepbed that the contracture of
cutaneous wounds in rabbits proceeded very neargompletion. The walking
ability was not hindered by wound induction on bauktion. All the animals
were comfortable during the test period. The armsmakre kept in sterna
recumbency easily reproducible position, the oatloi the intended wound was
first marked accurately on the prepared skin usimgnstrument made according
to the required measurements by placing it on posi&nd marking the outline
using BP blade. This was then incised down thratlnghepidermis and dermis.
The full thickness of the skin within the incisiaas then carefully stripped away
by sharp dissection from its underlying muscle dmstarded (Billinghama and
Russell (1956). In the rabbit, the healing processlves maximum wound
contraction, prior to the initiation of the cell gnation and matrix remodelling
(Abramovet al., 2007; Abramo\t al., 2006).



5.3. Anaesthetic protocol

Few safe and effective anesthesia regimens haue described for use in
rabbits, partially because of the susceptibilitytlws species to sometimes fatal
respiratory depression. Although inhalant anestbetire generally safer than
injectable anesthetics, their use may be limiteddlolk of equipment or facilities.
Different anesthetic regimes have been evaluatedalobits under laboratory
conditions. Many drugs are used intramuscularlyaiobits in combinations such
as Ketamine-Xylazine, Xylazine-ethyl-(1-methyl-pypmalonyl-thio-urea salt,
ketamine-EMTU, Xylazine-acepromazine-ketamine aethiine-chloral hydrate
are used in combination with one another (Hodilzs., 1991).

Xylazine have proven to be safe anaesthetic ageménwused in
combination with ketamine to induce short perioflarmesthesia (Thurmaat at.,
1996). Ketamine produce good analgesia and lessnomr activity seen during
recovery (Whiteet al., 1980). Although ketamine initially produces degres of
heart rate and respiratory rate, but values rehack to normal after 15-20
minutes. Combination of xylazine and ketamine ioves and prolongs muscle
relaxation and analgesia. The emergence is alsotbn(lon, 1996)..

In present study Ketamine- Xylazine combination wasd. Ketamine at
the dose rate of 50mg/kg body weight intramusculardd Xylazine at the dose
rate of 10 mg/kg body weight intramuscularly. Th@mbination used gave the
wanted results. The dose used created the suitddeh and duration of
anesthesia as required for the surgical manipulatibhe animal remained
anesthetised up to the completion of the surgicatgdure (30 minutes) and no
maintenance dose was required. The combinationupesdadequate analgesia
and muscle relaxation. There was no complicatioraésthesia and surgery
observed, as the standard protocol was followadbbit excisional skin wounds,
which is in accordance with previous studies cotetliby Hando@t al. (2014).

5.4. Evaluation of medicaments on animals
5.4.1. Physiological analysis
5.4.1.1. Rectal temperature:



In the present study physiological parameier rectal temperature was
within normal range 38.60-39.7% as also reported by Kumar and Chauhan
(2003); Meier (2007). In rabbits temperature isorded per rectal. Rabbits are
sensitive to environmental temperature changesir@mmental temperature of
15-22°C will allow the conscious animal to maintain notrbady temperature of
38.5-39.44°C (Batchelor, 1999; Brewer and Cruise, 1994). Tisapuld be
protected from environmental temperature of belo 4and show signs of heat
stress above 28. In the present study values were normal indigatie animals
were healthy. However, the base values were atrlewed of range which could
be due to decreased environmental temperatureeagrésent study was carried
out during winter months (October-April). All theayips showed increasing trend
in the value of temperature from 48-72 hours afteunding. Increase in
temperature is a feature in every instance of mmffeation following tissue
damage. The inflammatory response usually readheaaximum at 48-72 hours
post-operatively (Vegad, 2004). The occurrence eofigerature within normal
range during study period can be attributed to ube ofsalix as it has an
inhibitory effect on prostaglandins. In rabbit'sna¢ medulla,salix inhibited the
metabolism of arachdonic acid to prostaglandinai® F2 and thromboxane in a
dose dependent fashion (Getaal., 1989). Also in wounds treated with povidone
iodine the animals did not show significant inceeafter the inflammatory period,
this could be because of the absence of infectidgheawound site, attributed to
the fact that povidone iodine has anti-bacterisivdg (Berkelmanet al., 1982).
5.4.1.2. Heart rate

In the present study physiological parametier heart rate was
normal range from 186-265 beats/minute reportel{uoypar and Chauhan (2003),
(Meier, 2007). Heart rate is a complex physiolobicaiable that can be varied
fear, stress, degree of anaesthesia and vasculameo(Lin et al., 1993). In
current study the base values were normal indigatie animals were healthy.
Then the values in all the groups followed différeend. All the groups showed
an increased heart rate value than the base vdRadxits being timid animals,



even subtle handling of animal for recording thieichl parameters can increase
the heart rate. The heart rate of rabbit is rapid at times may exceed normal
range (Praag, 2003). In wounds treated vedhx leaves ointment showed an
increase heart rate may be attributed Salix, whitiwed an excitatory effect.
5.4.1.3. Respiration rate

The normal range of respiration rate of rabbitbesnveen 30-60 breaths
per minute depending upon the size and age of dhbits (Lesa, 2008). The
respiratory rate is influenced by environmental dibons, temperature, pain,
fever and stress (Sjaatatl al., 2005). In the current study normal base value
indicated the animals were healthy. The values #iwed an increase on day 1
post-wounding. This could be attributed to the éased temperature, pain and
stress in the animals. Also it has been stated dbeanhg the period of stress,
rabbits increase their respiratory rate from normaaige to 200 -250 beat per
minute (Thurmoret al., 1996). Similar respiratory rates were observethbbits
of the all the groups indicating the action of geaic in controlling pain as well
as uniformity in the husbandry practices.

5.4.2. Haematological analysis

The physiological and pathological conditions oingals can be assessed
by the evaluation of hematological and biochemaalyses of the blood (Bush
1991). Haematogical parameters are considered akermafor presence of
inflammation, infection and stress especially Tu@ ®LC.

5.4.2. 1. Haemoglobin (Hb)

Haemoglobin content is an important parameter antlo@ haematological
analysis. It gives a good indication of oxygen $i@ortation capacity of the animal
and hence the health status of the animal (Babak, 2012). In present study the
base values were within the normal range whiclmdscative of good health due
to proper management of animals. The groups treatdd saline solution and
betadin ointment showed significanlty lower valuas compared to the
corresponding base values on day 3 and 7 and liees were significantly higher
values on day 14 and 21. The values in woundseeaith salix group remained



well within normal range, at all the correspondiigservation intervals which
could be attributed to the use salix, as Willow bark Galix alba) also indicated

that catechin was the major constituent respondiniethe radical scavenging
activity in willow bark preparations to cause amase in serum content of lipid
peroxidise and increase in the content of supenuliase activity in erythrocytes
which leads to the improvement in the haemoglobontent of the animals
(Agnoletet al., 2012).

5.4.2. 2. Packed cell volume (PCV)

The hematocrit (PCV) percentage is an importamarpater, which
besides giving an indication of oxygen transpaotatcapacity also gives an
indication of hydration level of the animal (Babekal., 2012). Normal base
value of PCV, recorded in the animals of this stpdints towards within normal
range in all the groups. An increase in the vahfeBCV up to 7 post-wounding
in the animals of all the groups was recorded & ¢brrent study and could be
attributed to dehydration caused by insufficiertblke of water due to pain in
animals. From day 3 post-wounding onwards the waliectuated around the
base values in all treated groups. This could tréating to the proper intake of
water owing to decline of stress and pain and meatefl by faster healing. This
finding corroborated that of Qasim (2011) who reeatr an increase in the PCV
values of rabbits during increased temperatureitiond.

5.4.2. 3. Total Erythrocytic count (TEC)

The interpretation of erythrocytic count give clabout is presence or
absence of anemia. The TEC was normal in all thenae before wounding
signifying good health status of all the animals 1 @ay 3 post wounding there
was decrease in TEC values in all groups whichccbel attributed to little loss
blood during wounding. In groups wounds treatedhwsterile normal saline
solution and povidone iodine ointment however tlesrease was significant and
continued till day 7 and thereafter started retugrio base values. This return was
earlier in treated groups on day 14 post woundifigere have been conflicting
reports on the number of erythrocytes by the uskeobal drugs. Herbal drugs



may contain certain chemical which may lead to hepgytic destruction
(Benjamin, 1978). In present studglix showed significant effect on TEC values
in rabbits which started returning to base valusm$iex. This is on contrary with
the findings of Mudhir (2008) who reported no sfgrant effect of Salix on TEC
values. Also it has been reported that heat stlesseases the level of ACTH,
which, in turn, decreases the values of RBC cofaldy, 1960).

5.4.2. 4. Total Lecucocytic count (TLC)

The leucocytic count may vary in rabbits with dialr fluctuation,
nutritional variations and difference in age, gended breed (Bollingeet al.,
2010). In present stud there was increase in Tu@tcahich was within normal
range in all the groups, this increase was up ttay post wounding and then
started decreasing, however remained well withinmab range. The increase in
the TLC values may also be attributed to the preseh inflammation and stress.
These changes in leucograms could be related $aetirauma as a result of
surgery (Kirovet al., 1979), heat and humidity (Kennedy and Mackay, ) 286l
pain and anxiety (Milhoraket al. 1987). Leukocytosis tends to result from
bacterial infections, trauma, stress and intengsecese. However, in conditions of
complete physical and mental relaxation, a basatllées maintained. Present
result is in accordance with findings of Mudhir (&), who found significant
increase in TLC values of animals after treatirgahimals with salix.
5.4.2.5. Differential leucocytic count (DLC)

Differential leucocytic count in a healthy rabfiiictuated considerably
when evaluated over a single month (Mitruka and hdy, 1981).

5.4.2. 5.1. Neutrophils

Neutrophils are the first line of defense (Vegad04). In present study,
the neutrophils showed an increase post-woundiaghieg maximum on 24-48
hours. An inflammation subsides the neutrophil lestarted decreasing and
returned to normal by the end of study period. @beumulation of neutrophils
and its products play an important role in iningti vascular permeability
(Campbell, 2004). As a result of which the neutitgpimcrease and reach a peak



around 24-48 day of the inflammatory reaction. In case of waumgtated with
salix there was a decrease in the values of neutrogdiler in on day 3 and 21 as
compared to control group. This may be attributedtite anti-inflammatory
potential ofsalix (Barneset al., 2002). In clean surgical wounds, neutrophils are
undesirable because they delay wound closure aadecadditional tissue damage
(Dovi et al., 2003).
5.4.2. 5.2. Lymphocytes

Lymphocytes are important indicators of infectidhey play an important
role in humoral antibody formation and cell-mediatenmunity. In current study
there was a decrease in values of lymphocytes waoshding which started
returning to normal values towards the end of tluelys period. A low normal
lymphocyte concentration is associated with inadagtes of infection after
surgery and trauma. These facts explain the basishe maximum values for
neutrophils and minimum values for lymphocytes datecurrent study from day
3 till day 14 in all groups.
5.4.2. 5.3. Monocytes, Basophils and Eosinophils

Monocytes, Basophils and Eosinophils constitutesigy small portion in
the total count of leucocytes. Any significant cgann such small values may not
be considered. However, in present study the mdeecghowed an increase on
day 1 post-wounding in all groups, but showed arekse below the
corresponding base values on day 2 and 3 viz.d@mp#ak hours of inflammation.
This could be transitory decrease in monocytic acidiis observation is in
consonance with that of Weiss and D’souza (2010p wdported that acute
inflammation leads to transient decrease in theaogiic count. The basophils
increase at the time of allergic reaction (VegadD4). In current study neither
basophils didn’t show any significant change. Saixeported to have an anti-

allergic effect (Mastudat al., 2004), hence no increase in basophils was reported



5.4.3. Biochemical analysis
5.4.3.1. Total protein and albumin

Proteins are very important molecules in our cellsey are involved in
virtually all cell functions. Each protein withilhé¢ body has a specific role.
Some proteins are involved in structural suppodkéesall, 2008), while others
are involved in bodily movement, or in defense agiagerms. Albumin is the
most prominent serum protein. It is an acute phast¢ein. Albumin is the
major labile storage reservoir of proteins and el as being a transporter of its
constituent amino acids (Kaneko, 1981). Albumimbea negative acute phase
protein, its concentration falls gradually duringfeictions and inflammatory
conditions (Anrakuet al., 2001). The advent of the inflammatory process
including infection, trauma, surgery, burns andeottvounds elicits the acute
phase response. During this acute phase resptwese, proteins decline and as
such are called a negative acute phase reactaosthé@er, 2011). The
metabolic response to trauma and sepsis involveth@eased loss of body
proteins (Biolo, 1997). The inflammatory processaoasated with surgical
intervention could be held responsible for contuipost operative decrease in
protein and albumin concentrations, because flaidd proteins move into
tissue fluids, inducing edema and contributing ttearease in total protein and
albumin (Eckersall, 2008). Also food intake is amportant criteria for better
healing of wounds. It was reported that the pasemcent food intake is more
important in determining the wound healing ratenthitbe patients overall
nutritional status (Windsoet al., 1988). During wound healing, the cells,
particularly fibroblasts, synthesize and secretggins to form scar tissue, while
macrophages secrete the growth factors which dihecactivity of surrounding
cells and, thus, the sequence of wound healingofAthese activities place extra
nutritional demands on the patient, and woundgylfie and burns also cause an
increased loss of protein from the body throughdexes. The main protein
synthesized in the healing wound is collagen. Bsta the diet and structural
body proteins, if necessary, are broken down ihtodmino acids, which are



then used for cell division and to manufacture pineteins required for scar
tissue formation (Casey, 1998). Plasma total pmotebncentration is
significantly affected by the season (Ayyett al., 1996). In rats,salicylate
diffusesrapidly into and out of implanted sponges more rapidly thdsumin
or naproxen (Dohertst al., 1977), a non- steroidal anti-inflammatory drugt tha
is more strongly bound to plasma proteins thancyalie. The different
behaviour ofsalicylateand naproxen indicates that, in this systeaiicylate
diffusesinto the sponges primarily in the unbound form (Graham, 198§
contrast, Higgst a. (1987) foundthat salicylate and aspirin diffuse slowly
between plasma and exudates in polyester spongdsdan carrageenan.
Varying rates of diffusion into and out of inflammagt sites should be
considered in experiments on the anti-inflammasdfgctsof the salicylatesand
related drugs.

In current study the base values of proteins inmais of different gruops,
were within normal range and difference among wakr noted was not
significant. This could be attributed to the fawtt proteins of an individual or of
a species are synthesized under genetic controtehthe variations in proteins
between individuals, are as on the expected lireer&ase in the values of total
protein and albumin from day 1 till day 14 post-wding was observed in current
study. This could be attributed to the inflammatprgcesses and to decresed food
intake due to pain. This decrease in total proteid albumin after wounding
could also be due to surgical stress and high testyre at the study region.
These findings are in consonance with those of 8ake(2008) who observed
that high temperature and stress especially bawtuires, extensive surgery and
crushing injuries is associated with nitrogen ldssding to decrease in total
protein and albumin. Furthermore, there was ine@agsotal protein and albumin
towards the end of the study period, this coulditebuted to increased synthesis
of amino acids and proteins in the remodelling phas wound healing.

Henceforth, better healing is foundsalix treated wounds were the total protein



and albumin levels returned to normal values earligfection was least and
inflammation subsided earlier.
5.4.3.2. Glucose

In current study on day®and 7' post-wounding the glucose level of
wounds treated witkalix group decreased, which could be attributed toedesad
feed intake due to pain in animals of all groupeAday 3 post-wounding the
control group showed minor fluctuations in the esuof glucose from the
corresponding base value, but remained highertti@abase values. This could be
due to the transitory hyper-glycaemic effect atttédal to cortisol release (Rosin
1981). Cortisol which is release in response torinjaccelerate gluconeogenesis
and ketogenesis leading to increased blood gluleysts (Rosin, 1981). Isalix
treated wounds showed decreased values of plasroasgl, this may be attributed
to the presence of glycoside E, which have a hypoagmic effect (Liet al.,
1997).
5.4.3.3. Blood urea nitrogen (BUN) and Creatinine

Serum blood urea nitrogen and creatinine have hsed as important
indices for the evaluation of the effects of cheatscon the kidney (Davis and
Berndt, 1994). As urea and creatinine represent téh@® main nitrogenous
components that are eventually excreted by theekidtiherefore changes in their
levels in the blood stream would reflect the chanigekidney functions (Miller,
1966; Solimanet al., 2000). The presence of increasing urea and cneatin
concentration in the blood suggest the inabilitytlod kidney to excrete these
products, which further suggest a decrease in giglarefiltration rate (Ovuriet
al., 2004). Increase in creatinine levels is more fabigt urea levels at the start of
disease, and also decrease more quickly when aroweipent takes place, thus
being a more specific indicator of kidney injuryath BUN (Kerr, 2002).
Creatinine, the anhydride of creatine, is formea do fragility in muscle by
irreversible non-enzymatic anhydration of creatpigosphate, which is now
known to be concerned with the energy mechanisrithede tissues and serves
primarily as a temporary store of energy. The iaseein creatinine may indicate



changes in kidney function. Blood urea nitrogen a@méatinine evaluation is
important to analyze the effect sdlix acmophylla on kidney function.

Salix has been studied for the management of renal ibmafisorders
(Rainsford, 2004) and has been reported to be dropmtective drug.
Nephorprotective effect adalix has been attributed to tannins present in salix
which significantly improve BUN abd creatinine, glerular filtration rate,
renal plasma flow and renal blood flow (Thieme, 8P6Salicylate is
metabolised to reactive metabolites in rat kidnetpamondria and, to a lesser
extent, in liver mitochondria (Kyle and Kocsis, 838. With increasing age,
there is increased covalent binding of salicylateéhite mitochondria of renal
cortex. Pretreatment of rats with piperonyl but@xidn inhibitor of the
cytochrome P458ystem,decreases both the reraxicity and covalent binding
of salicylate equivalents to renal mitochondria rets (Kyle and Kocsis,
1986Db).

In the current study the concentration of BUN anehtinine was found
within normal range. However the BUN values of wdsirireated with salix
group showed a decreasing trend concentrationdgnid of the study period as
compared to base value. In wounds treated withdomé iodine group BUN
value showed an increasing trend on day 3 and T-vpmsnding which
decreased to near base values concentration bgnitheof the study period as
compared to base value. In wounds treated withlesteormal saline solution
BUN value showed a decreasing trend to near bdsess/aoncentration by the
end of the study period. The creatinine valuedligraups showed a significant
increasing trend upto day 14 in wounds treated \gii#rile normal saline
solution and up to day 7 wounds treated vedhix and poviodone iodine, but
wounds in all groups values remained non-signiticam day 21. This is in
accordance with findings of Ovuset al. (2004), who found increase in values
of creatinine during stress. Increase in controugrmay be due to absence of
any nephroprotectant and also due to stress inamipost-wounding which

caused the increase in values.



5.5. Evaluation of wound
5.5. 1. Clinical evaluation of wound
5.5.1.1. Appearance of wound

The wound edges and the skin surrounding the wauea give important
clue about the gross appearance of the wound.elrcdirent study, on day 0 the
wound edges were well-defined and not-attached dand base in any group.
Skin surrounding the wound area showed normal cat@n in the entire groups
throughout the study period. Post-wounding the sad@nged from well defined
to diffuse and barely visible. These changes waséef in treated groups than in
control group. In case of positive control woundated group povidone iodine
solution was used. povidone-iodine also allowed ribemal healing of wound
edges when applied to the surgical wound and isrteg to be safe from the
standpoint of wound healing, and also decreasesiuh#er of wound infection
(Viljanto, 1980).Salix treated wound showed faster improvement in woudgee
status as compared to control group. There is arifyiof nature inherent in
healing. Factors critical to survival such as platmsis, blood flow and surface
covering occur early in wound healing. The wounusvhich the edges are not
together because of extensive tissue loss or kugface areas those wounds heal
by secondary intention. These wounds heal slowlputh the process of

granulation and epithelialisation (Shipperley andrtih, 2002).
5.5.1.2. Degree of inflammation

Inflammation is an immune response to cellulanigssjury or infection
by pathogens. It is clinically characterized bgttges such as redness, warmth,
swelling, and pain. The process itself is not atered a disease, but failure to
contain it and successfully resolute it in a timighion results in exacerbation of
tissue damage and modulation of cell signaling ways (Serhan and Sauvill,
2005). Inflammation involves a portfolio of cebmland molecular components
collectively referred to as inflammation mediators.

If there is no inflammation, healing does not beglh too little

inflammation occurs, healing is slow. If too mudflammation occurs, excessive



scar is produced (Hardy, 1989). In current studiythed groups showed signs of
inflammation on day 3 post-wounding; eventuallgubsided in all the groups by
the end of the study period. This was fastersahx treated wounds than the
povidone iodine treated wounds followed by contgbup. This could be
attributed to anti-inflammatory effect edlix (Barneset al., 2002).
5.5.1.3. Extent of granulation tissue

It is the primary means of repair for all vertelesa Special cells in our
body respond to injury by forming a collagenousu&jl This body glue is called
granulation tissue (Hardy, 1989). In full-thicknea®unds the epidermis can
resurface from the margins only after adequate ujasion tissue has formed
(Slatter, 2003). In current study the extent ohgitation tissue increased in all the
treated groups form day O post-wounding till 7 gtantrol group (on day 14) .
On day 21 post-wounding on$alix treated wounds showed areas with intact skin
or partial to complete thickness. As healing prdsgethe newly formed
granulation tissue which is red due to blood vesfales with healing because the
vessels disintegrate due to apoptosis (Slattel3)2dMerefore, healing is better in
salix treated wounds as the granulation tissue was @impk early as day 14 and
then started fading and normal skin started appgafihis could be due to early
completion of inflammatory phase isalix treated wounds and change to
proliferative phase which constitute formation efanblood vessels and increased
fibroblastic proliferation which together constgugranulation tissue (Slatter,
2003).
5.5.1.4. Extent of Cicatrization

Cicatrisation is the process of formation of schfatrix formation
requires the removal of granulation tissue withasoularization. A framework of
collagen and elastin fibers replaces the granulatgsue. This framework is then
saturated with proteoglycans and glycoproteins.sTisi followed by tissue
remodelling involving the synthesis of new collagmediated by TGEB- The
final product of this process is scar tissue (Koadd Ishida, 2010). In the current
study, the salix treated wounds showed light psrkaller and softened scar on



day 7 post-wounding whereas the control group shotheker and red wound
areas. Towards the end of study period on 21, alingls treated witlsalix
showed fade thin to white line appearance of wositel, whereas in povidone
iodine treated wounds showed softened scar formati@ there is no clear cut
scar formation in control group.
5.5.1.5. Extent of granulation tissue

The production of wound exudates is a normal pathe inflammatory
process (Thomas, 1997). Fluid from acute woundyspkn essential part in
healing process and the exudates from these waredsch in growth factors that
promote tissue repair (Chenal., 1992). Histamine and serotonin released from
the damaged cells increase capillary permeabaitgwing plasma leakage from
the blood vessels, which in turn leads to the acdation of fluid in adjacent
tissues (Cutting and White, 2002). In present stoboyneasurable exudates was
found in wounds treated witkalix and povidone iodine except control group.
Wounds have been shown to re-epithelialize morgiapnder moist conditions
rather than dry conditions (Dysoa al., 1992). Also autolysis, a natural
degradation of devitalized tissue is most effectiva moist environment (Tong,
1999). Increased production of exudates may beceded with high bacterial
growth in the wound. Wounds treated with povidoodine as well as salix are
reported to possess antibacterial activity (Lad®y,9; Ali and Aboud, 2010). So,
no infection was produced either in povidone iodireated wounds or salix
treated wounds. However, the wound bed remainedstmaliowing proper
nutrition and healing process although healing betser insalix treated wounds
due to its wound healing potential.

5.5.2. Morphometry of wound
5.5.2.1. Wound Size and Percentage Healing
In the present study though the original wound veeeated by measuring

1.5 x 1.5 cm area, almost all the wounds expandedme extent possibly due to
lose nature of skin on the dorsal thoracolumbarioregof rabbits (i.e.,

flaccidity/pliability). Thus immediately after theurgery, all the wounds had an



area greater that 2.25 émTherefore, the percentage of wound size (cotdrc
was calculated by measuring the actual size of woan day ‘0O’ (not the
predetermined area). Further, on day ‘0’, diffeeeircthe mean wound area of all
the treatment groups was statistically significamts described by Kumar and
Tyagi (1972), Bigbiaet al. (1991) and Handoet al. (2014), the tracing of the
wounds on transparency sheet/cellophane paper apth gpaper gave accurate
data regarding the size of the wounds and it fwasl cheap, reliable and eat9
calculate the wound sizerfgth and width measuremeh@nd percentage healing from

the tracingsit involved no hi-tech methods and also it was sarip calculate wound area by

adopting this technique. These observations suotista with the findings of Thomas and
Wysocki (1990), Griffinet al. (1993); Brown-Etrist al. (1994), Xakellis and Frantz (1997), and
Bohling et al. (2004).

An accurate and thorough wound assessment is antedsomponent of optimal wound
care (Bergstronet al., 1994; Copper, 1992; Marquez, 1995 and Thorman7/199key parameter
that should be included in a wound assessmeng¢imttasurement of wound extent (LazaetLe .,
1994). Although each method of estimating woune $ias inherent strengths and weaknesses,
those used to determine wound surface area, rdtaewound depth or volume, are believed to be
more accurate and reliable (Mayovitz et al., 19B&8ngemo et al., 1998; Plassmann, 1995;
Thomas and Wysocki, 1990 and Xakellis and Frar@2,).

Gradual decrease in the size of the wounds anckaserin percent as
wound contraction was recorded in both the tregedips up to day 21 post-
wounding. Reduction in the wound size was minimajioup NS. The wounds of
salix treated groups evinced complete healing (100% aotidmn) which was
followed closely by povidone iodine and distantly BISS on day 21 post-
wounding, where mean wound contraction/size of 100%66% and 61.00%
respectively was recorded as observed by (MadHhlR)20

Salix spp. have been reported to be used for antisggtiore, 1979)hemostasis, and
healing (Hart and Jafferey,1981, Moerman, 1998jfuargal agents (Malteruet
al.,1985), treatment of rheumatic fever, colds, hehages and goitre, and as a
general antiseptic for wounds and abscessesefHa., 1985), wound healing

agent (Elias , 1998). During this study woundstedavith salix showed better



wound healing followed by povidone iodine and thbka sterile normal saline
solution. This could be attributed to asififlammatory, anti-rheumatic, antipyretic,
antidotic, analgesic, and antiseptic propertiesriiBaiet al., 2002) of salix.
Wound healing mechanisms may be contributed toussite the production of
antioxidants in wound site and provides a favoradterironment for tissue
healing (Shuklat al., 1999) and wound healing effects may be tweup-
regulation of human collagen | expression (Battal., 1993) and an increase
in tensile strength of the wounds (Suguetaal., 1996). Enhanced healing
activity was attributed to increased collagermation and angiogenesis
(Shuklaet al., 1999; Trabucchet al., 1986). Angiogenesis in granulation tissues
improves circulation to the wound site thus provgdioxygen and essential
nutrients for the healing process with enhancgithelial cell proliferation
(Szaboet al., 1995).Salix has been reported to posses antioxidant and aoéica
potential Enayat, 2013)which could have further helped in healing prodgdms,
1998).

Wound contraction is the centripetal movement otimb edges resulting
in diminution of the wound size (Hanks and SpodnR®05) and it depends upon
the reparative abilities of the tissue, type anm®ixof the damaged general health
state of the individual (Singhkt al., 2005). Contraction occurs simultaneously
with granulation and epithelialization, but indedent of epithelialization
(Fossunet al., 2007).

The percentage healing denoted the amount of woanttaction. Unlike
epitheliazation, which closes the wound surfaceytreation is a process that
actually pulls the entire wound together, in effglatinking the defect. Successful
contraction results in a smaller wound to be regohiny scar formation (Hardy,
1989). Percentage healing varies as accordingfereit observation intervals in
each group significantly, depicting an increas@eaaling from start to the end of
observation period. The extract sdlix contain glycosides (1.5-11%) (Bissett,
1994; Mc Guffinet al., 1997); salicylates (salicin, salicortin, populinagilin,
tremulacin) (Meieret al., 1985; Zaugget al., 1997); tannins (8-20%) (Thieme,



1968); aromatic aldehydes and acids: salidrosideillin, syringin, salicylic acid,
caffeic and ferulic acids; salicyl alcohol (saligen flavonoids (Bissett, 1994; Mc
Guffin et al., 1997). Tannins are capable of precipitating prsteresulting in
shrinkage of cells. This precipitating protein farm coagulum. Underneath the
coagulum quicker regeneration of tissue takes p(@eenaet al., 1991). The
percentage healing is more in wounds treated wathx followed by povidone

iodine and then the sterile normal saline solution.

5.5.3. Bacterial colony count

Bacterial infection reduces wound contraction anasequently delays the
wound healing process (Smith and Enquist, 1967Baraknall, 1980). In order to
have optimum wound healing process, microbial loasl to be kept on minimum
possible level. The bacterial colony count decrgageall groups. In positive
control group wounds treated with povidone iodihas a good antibacterial
action. These observations are in consonance \aitley (1979) who reported use
of povidone iodine in stimulated ulcer experimemtl @oncluded povidone iodine
as a potent and persistent bacterial activity @edmmended its use in treatments
of wound infection. Its bactericidal action has meesported againsi.
pneumonia, P. cepacia andS. aureus (Berkelmanet al., 1982). Zargeket al.(2014
) stated thasalix spps. have abundant watery bark sap, which isilgezvarged
with salicylic acid. Besides, salicin, it contaiffevonoids and proanthocyanidins,
which are potent wound healing agents. Flavendidsides having astringent and
anti-microbial improves vascularity thereby enhagcwound contraction and
increased rate of epithelialization. These findingstch with those of Moerman
(1998) who reported that the active ingredienthefdalix bark is called salicin.
Salicin hydrolyzes in aqueous media to glucose salidylic alcohol (saligenin).
The bark and leaves can be pounded and appliedbtmdg as healing agents.
Phytochemical screening fdalix acmophylla reveals a moderate concentration
of alkaloids, coumarines, cardiacglycosides, rasngphenols, flavonoids,

saponins, tannins,essensial oil and terpenes soofie which chemical



compounds. have been associated to antibactatadities and thus have
curative properties against pathogens (Nwekzeal., 2004). Phytochemical
constituents such as tannins, flavonoids, alkal@ads several other aromatic
compounds are secondary metabolites of plants tbeitve as  defense
mechanisms against predation by many micromgai (Doughari, 2006).
These findings corroborate with that of Ali and Alolo(2010) who reported

mature antimicrobial activity dfalix acmophylla.

5.5.4. Photographic evaluation

Wound size can also be estimated by photographaluation, by
determining the maximum wound length and width gdime ruler that had been
placed next to the wound at the time of photograpl taken (Houghtost al.,
2000). But to achieve accurate clinical photograpihshronic wounds, exercising
as much control as possible over variables thatente photographic results such
as equipment, materials, film processing subjelagbiting and background is
necessary. Also it requires trained healthcare eggibnals to achieve best
photographs. Other determinants of wound healiat) should be calculated in a
wound assessment are the evaluation of wound ldebuand wound severity.
This requires examining wound exudates and nectis8ae type, the amount and
characteristics of necrotic tissue, granulatiosugs and re-epitheliazation and
assessing the viability of the wound edge and pleer skin (Bates-Jensen,
1995).
5.5.5. Histo-pathological observations

Histological analysis of healed wounds confirmede thgross
observations. Healing of full thickness skin/exmisl wound occurs by
epithelialization and wound contraction. Epithesation  begins almost
immediately (24 to 48 hours) in sutured wounds wibod edge to edge
apposition because there is no defect for grammuidtssue to fill whereas in open



wounds, epithelialization begins when an adequaa@uation bed has formed
(usually in 4 to 5 days) (Fosswnal., 2007).

Healing of full-thickness skin wounds rely on grkation tissue formation,
wound contraction and epitheliliaztion from the dening skin (Gourley, 1978;
Pope, 1998; Waldron and Zimmerman-Pope, 2003). \Woaontraction is
mediated by myofibroblasts (Fossu@ral., 2007) which have the features of both
fibroblasts and of smooth muscle cells and conagdpha-actin, which play major
role in wound contraction (Singer and Clark, 199@maguchi and Yoshikano,
2001).

During normal healing process following surgery iojury, there is
swelling as one of cardinal signs of inflammati@iegle-mann and Evans, 1981).
Inflammatory mediators like histamine cause blo@$sels to become porous,
allowing the tissue to become edematous, becawseims from the blood stream
leak in to the extravascular space which incre@sesesmoloar load and draws
water into the area (Stadelmaenal., 1998). Increased porosity of the blood
vessels also facilitates the entry of inflammatoells like leukocytes into the
wound site from blood stream (Theoret, 2004). la thflammatory stage the
monocytes also enter the wound site. These momoate differentiated to
macrophages, and recruited at the injured sitexrdypages play an important
role in augmenting the inflammatory response assug debridement (Konodo
and Ishida, 2010). In present study the macrophsigesed a decreasing trend in
all the groups towards the end of observation perdowever in control group
the macrophage number remained higher on day 14 2hdalthough
comparatively lower insalix treated wounds group. Similar findings were
observed by Handoo (2013) who reported tRiatibarb treated groups showed
decreasing trend of macrophage score as comparédatoof control group.
Present study showed that tbedix treated wounds showed better healing than
control. This difference may be attributed duehe anti-inflammatory property
of slaix (Barnest al., 2002). Once the inflammatory phase is over, grgperal

swelling disappears and reparative process instigdg®urley and Vasseur, 1985).



The granulation tissue of the wound is primarilynposed of fibroblasts,
collagen fibers and small new blood vessels. Thiagen is the major component
of extracellular tissue, which gives support anckrgith (Singhet al., 2005).
Granulation tissue is important for the healingopfen wounds because it is
extremely resistant to infection and serves asragbagainst systemic infection,
provides a surface over which epithelium is ablentgrate, plays a role in wound
contraction and contains the fibroblasts that pecedthe collagen for wound
healing (Swaim and Henderson, 1990).

Abramo et al. (2004) suggested that histo-pathological assedsmien
mode and rate of healing in open wounds allows rpoeeision that clinical and
high resolution ultrasound, though it does notvalkerial examination of wound
sites. In the present study, however serial exatmmavere possible as the
biopsies were collected at different stage of wotedling. The biopsies were
taken for each treatment off, 24" and 21 post-wounding days which helped in
providing evaluation of wound healing as reportgdQuptaet al. (1993). After
routine histological processing biopsy samples vgtaed by H&E (Luna, 1986)
to detect morphological changes and Mason’s Triderstain (MTS) (Masson,
1929), to assess the collagen content of the lpalounds as collagen is a good
marker for wound healing.

In the initial stage of repair (immature scar)ritallagen fibers are seen,
whereas thick collagen fibers are predominantly ntbuin mature scar
(Chandraratnat al., 1997) and the orientation of the fibers is iniyidlaphazard
but lesser tension of wounds cause fibroblast®rditand capillaries to orient
parallel to the incision or wound margin (Fossetral., 2007).

There was decrease in formation of exudates ithaltreatment groups as
the days passed. Howeveslix treated group resulted in faster reduction in
wound exudates (serous type) and drying of the woother than treatment
groups by day 7, which was suggestive of accelérateund healing (Tyagi and
Singh, 1993; Ansari, 2014). This might be due ® phesence of active agents in
the respective treatment which has helped in thily emhancement of wound



healing. The differences between the groups wegeifiant and from day 14
onwards treatment groups showed similar resulté &pparent drying of the
wounds.

Irrespective of the given, there was nil to motieraflammation at the
periphery of the wound of some of the animals ondand day 2 while only in a
few wounds by day 3 post-wounding, which subsidechit on 7" day post-
wounding. The slight swelling recorded in few cases/ be considered as normal
body response to trauma.

The granulation tissue as seen grossly appearesigmficantly lesser
duration in wound treated witkalix than other treatment and control group. The
findings were also supported by the histopatholdiadings of early maturation
of granulation tissue isalix treated group. Regardless of the treatments used,
granulation tissue was below the level of skin lestav7 and 14 and proliferated
to the level of skin edges and completely filleé thlood bed by day 21 post-
wounding in povidone iodine treated group wheresatix treated group
granulation tissue was proliferated to the levelskih edges by 4 day post-
wounding.

In the treatment groupsalix and povidone iodine treated the scab fell off
the wound by 21 post-wounding day except NSS tdegteup. At this stage, the
classical shinny, rose pink/pale red granulatiseue was seen indicating healthy
healing progress as described by Kumar and Chah@63), Hanks and
Spondnick (2005), Fossueth al. (2007). The scar colour changed from rosy pink
to paler in the later stage, which reflected thagpession of blood vessels during
maturation and remodeling as suggested by Waldmoh Ammerman-Pope
(2003), Hanks and Spondnick (2005), Fossual. (2007).

By day 7" post-wounding, granulation tissue associated wudimixture of
mononuclear and polymorphonuclear cells was seesalix treated wounds
which was thicker than adjacent skin. The povidooéine treated wounds

showed mild to moderate inflammatory reaction wptiedominant heterophilic



infiltration, underneath the scab, whereas woumnelsted by NSS group showed
necrosed tissue having pus cells underneath the sca

By day 14 post-woundingsalix treated wounds showed marked
granulation tissue associated with vascularisatimh heterophilic infiltration. The
betadin treated wounds showed granulation tissule flroblasts proliferation
varying moderate to predominant, whereas woundgedeby NS group showed
severe heterophilic infiltration

By day 21 post-wounding, wounds treated wahlix, showed no
inflammatory reaction had denser and thicker celtafibers in granulation tissue
and are partial to complete epithelialization terayeto form hair follicle similar
to normal skin. The povidone iodine treated wouddsase collagen deposition
with partial epithelialization was observed, whereaounds treated with NS
showed predominant amount of collagen depositiso@ated with partial to
complete but immature epithelialization. Angiogesgsfibroplasias and
epithelialization mark the proliferative and matioa phase of wound healing
(Clark, 1996). The change from inflammatory to pgeshtive phase is marked by
increased fibroblasts, increased accumulation b&gen in wound and increased
angiogenesis. This change occurs at 3 to 5 days woanding. Activated
fibroblasts also migrate to the wound bed and aleitg macrophages from the
granulation tissue (Slatter, 2003). In the prestundy the amount of fibroplasias
and angiogenesis remained higher in wounds tresithdsalix group followed by
povidone iodine and then control group on day 7 Bhgost-wounding. This is in
accordance to the observation of Aakoon (2001) wieported marked
proliferation of fibroblasts and neo-vascularisatan day 10 post-wounding. A
massive angiogenesis allowing the supply of oxya®hnutrients is necessary for
the healing process within the tissue (Singer alak€, 1999). The last stage of
wound healing involves the gradual involution arebeneration of dermis.
Collagen content is one of the necessary paramieterdetermining the
pharmacological effects of potential wound healaggnts (Jimenez and Rampy,
1990). In present study the collagen content of vdsutreated witlsalix group



remained highest throughout the observation peietidwed by wounds treated
with povidone iodine than by control group. Epithktation showed an
increasing trend towards the end of observatioo@ethis trend being highest in
salix treated wounds than in povidone iodine treatednalsuwith control group
showing least amount of epithelialization. Theselifigs corroborate with that of
Aakhoon et al. (2001) who reported mature collagen contentsahx treated
wounds on day 15 post-wounding. Histopatholigcallgpitheliazation,
angiogenesis and fibroplasias level were highesaiix treated wounds on day 7,
which indicates thasalix accelerate the inflammatory reaction and initiedely
phase of wound healing. Since the time of colleaop$y sample was fixed to
maximum of 21 days in the experimental design,aswot possible to follow the
wound healing beyond 21 days to record the dayoaipare healing in sterile
normal saline (control group) treated wounds. Haveyproportions of wounds
with complete healing were calculated at eachwalefior each treatment.

There was significant difference in neovascukion of wounds treated
by salix group followed by povidone iodine treated wounds campared to
control group. In conclusion, in the sterile normaline treated wounds (control
group), the epithelialization of the wound did moimpare well with the normal
skin, while in salix treated wounds it compared well with the normain sk
followed by povidone iodine treated wound&he current study indicates that the
dressing with salix acmophylla leaves ointmert, tapical application of
wounds, enhanced wound healing process signily in experimental
rabbits.



Chapter — 6
SUMMARY AND CONCLUSIONS

In present study, four full thickness excisionahskounds (1.5 cm x 1.5
cm), 2.5 cm apart from each other were createds@i@pine of thoraco-lumbar
region) on each of 18 rabbits (three groups hasirganimals) of either sex and
weighing 1.8 to 2.5 kg under standard anesthetitopol to evaluate the wound
healing potential ofsalix acmophylla leaves ointment and their response on
clinico-physiological, haemato-biochemical, kidrfemction test, bacterial viable
count, gross and histomorphological parameters. toked number of wounds
evaluated in the study was 72 and thus each treatgneups was evaluated on 24
wounds. The experimental study was conducted ieetlyroups (I, Il and lil).
Group | animals were treated with sterile normal salir@uton (negative
control). Groups Il and Il rats were dressed tapyc with thin layer of 5%
povidone iodine ointment and 5%salix acmophylla leaves ointment,
respectively. Poviodone iodine treated wounds wesed as a positive control
group. Rabbits were evaluated for change in rdetapereature (RT), heart rate
(HR), respiration rate (RR), total erythrocyte Co(IriEC), differential leukocytic
count (DLC), hemoglobin, packed cell volume (PC\Wlucose, albumin, total
protein (TP), creatinine level, blood urea nitrogBN), wound size, percentage
healig, total bacterial count level, photographigaleation, gross and
histomorpholigical examination.

The temperatur€C) showed a non-significant (P>0.05) increase fday
1 post wounding in all animals of all the groupsept significant increase on day
3 and 5 in group Il and significant decrease on 8agnd 5 in group Il as
compared to base value. The value of BJ) (n the all the groups were within the
normal range without showing any significant diiece among them. However
the highest values were recorded in the animatgaip | as compared to groups
[l and 11l post wounding.

The HR (/min)showeda significant (R0.05) increasenday2, 7 and 14ost



wounding in group | as compared to base value. HRe(beats/min.showeda
significant(P<0.05)increasdrom da 1 ingroup |l as comparei basevalue.The HR
showeda significant (P<0.05) increasérom da 2 in group Il as comparetb base
value.The value of heart rate HR in the all the groupsewsithin the normal
range without showing any significant difference caxm them. However the
highest values were recorded in the animals of grbuand 1ll. The value of
respiration rate, RR (breaths/min) in the all theugps were within the normal
range without showing angiGNIFICANT (P>0.05),difference in all groups as
compared to base value and at different intervdtsvever the highest values
were recorded in the animals of group Il and IIl.

The decrease in TEC was significant (P<0.05) an3iand 7 in group I,
onday 3, 7 and 14 in group Il and on day 7,dd 21 in group Il as compared
to base value. The increase in Total ErythrocytenCavas significant (P<0.05)
on day 21 in groups Il and Il as compared to badee. Total Erythrocyte Count
did not show any significant (P>0.05), change Ingabups at different intervals.

A significant (P<0.05) increase in Total Leucosyteount (TLC) was
noticed from day 3 to 14 in group | as compareddse value. A significant
(P<0.05) increase in TLC was noticed on day 3 tand significant (P<0.05)
decrease on day 14 and 21 in group Il as comparéadde value. A significant
(P<0.05) increase in TLC was noticed from day 34cand significant (P<0.05)
decrease on day 21 in group lll as compared to kakee. In comparison to
group |, higher values of TLC were recorded in goul and Ill, which were
significant from day 3 to 21 higher in group llit different intervals, neutrophil
count showed an increasing trend in all the grabpsughout the period of study
except on day 21. The neutrophils increased saamtly (P<0.05) from day 3 to
14 in groups |, Il and Ill as compared to base @alOn day 3, the neutrophil
count was significantly (P<0.05) decrease in grtufpllowed by group Il as
compared to group | and day 21, the neutrophilntovas non-significantly
(P>0.05) decrease in group Il followed by groupa$l compared to group I. At
different intervals, lymphocytes showed a decreadiend in all the groups



throughout the period of study except on day 21e @kcrease in lymphocytes
was significant (P<0.05) from day 3 to 14 in allogps except significant
(P<0.05) increase in group lll, on day 21 in grolpas compared to base value.
On day 7 and 21, the value was significantly (PSP.Bigher in group Ill as
compared to groups | and Il. The increase in motescwas significant (P<0.05)
on day 3 and then there was significant (P<0.08grehsing trend in all the
groups as compared to base value. Monocytes didshotv any significant
(P>0.05), change in all groups at any differenenwls. The value of basophils
(%) in the all the groups were within the normahga without showing any
significant (P>0.05), change in all groups as camgbato base value and at
different intervals. The value of eosinophils (%)the all the groups were within
the normal range without showing any significar@®5), change in all groups
as compared to base value and at different interval

In all the groups, the Hb decreased significanByx(.05) on day 3 as
compared to base value. In comparison to grouh levels of Hb was recorded
in groups Il followed by Il and the values wergrsficantly (P<0.05) higher in
group group Il followed by group Il on day 21. roups | and Ill, non-
significant (P>0.05) decrease on day 7 and day 44 necorded respectively as
compared to base value. In group I, significatq@5) increase value from day
3 to 21 day as compared to base value. Howevewahe of Hb in the all the
groups were within normal physiological limits watlt showing any
SIGNIFICANT (P>0.05), cHANGE in all groups at different intervals. In all the
groups, the PCV increased significantly (P<0.05dag 3 and 7 as compared to
base value. However, the value of PCV in the @l dghoups were within normal
physiological limits without showing arsiGNIFICANT (P>0.05), CHANGE in all
groups at different intervals. The glucose showedoa-significant increase
(P>0.05), from day 3 to 21 in group | and on ddyahd 21 in group Il except
on day 3 in group II, where the value was sigaifitty lower (P<0.05) and on day
14 and 21 the value was significantly higher (PS§DP.@om the base value.
However, the value of glucose in the all the growpsre within normal



physiological limits without showing any signifidaiiP>0.05), change in all
groups at different intervals.

The Albumin showed a significant decrease (P<0.006in day 3 to 14 in
all the groups except on day 21 in group Il, whbeevalue was non-significantly
higher (P>0.05) and on day 21 the value was smanmtly higher (P<0.05) in
groups | and Il as compared to the base value.d¥ew the value of Albumin in
the all the groups were within normal physiologitialits without showing any
significant (P>0.05), change in all groups at ddfd intervals. The Albumin
showed a significant decrease (P<0.05), from d&y 3 in all the groups except
on day 21 in group ll, where the value was nomificantly higher (P>0.05) and
on day 21 the value was significantly higher (P8D.th groups | and Ill as
compared to the base value. However, the valudbaian in the all the groups
were within normal physiological limits without skhimg any significant
(P>0.05), change in all groups at different intésva

The creatinine showed a significant increase ()0from day 3 to 14
except non-significantly higher (P>0.05) value @y @1 in group | and in group
I, where the value was significantly higher (P<€).0 on day 3 and 7 and
significant (P>0.05) lower value on day 14 and @d the value was significantly
higher (P<0.05) on day 3 and 7 and significantlydo (P<0.05) in group lll as
compared to the base value. However, the valueeatiaine in the all the groups
were within normal physiological limits showing sificant (P<0.05) lower value
change in Il and IIl groups as compared to groapdifferent intervals except on
day 21. The BUN showed a non-significant decre&sed.05) throughout the
study period in group | except non-significantlgimer (P>0.05) value on day 21
in group | and on day 3 and 7 in group |l as coragdo the base value. However,
the value of BUN in the all the groups were witimormal physiological limits
showing significant (P<0.05) value in Il and lllogips as compared to group | on
day 7.

A continuous progressive decrease in Total Badterount level was

noticed in all the groups till day 21. The decrefsen the base values was



significant (P<0.05) in all groups from day 3 asnpared to the base value. In
comparison to group I, low levels of Total Bacteoaunt was recorded in groups
Il and Il and the values were significantly (P<®).0ower in group Il followed
by group Il at different intervals.

Post wounding a significant (p<0.05) decreasirendr in the area of
wound size was noted in all the groups on all alse@mn intervals. The complete
closure of cutaneous excisional wounds was noteddyy21 in the animals of
group lll. Comparison among the groups revealedifsognt (p<0.05) decrease in
the wound size in the animals of treated groupan@ 3) from those of control
group (1) on all corresponding observation intesv&urthermore the wound size
value was significantly (p<0.05) lower in the anisnaf groups Il and IIl from
those of group | on all corresponding observatitervals from day 3 to 21 post
wounding. Post wounding the percentage healimgeased significantly
(p<0.05) in all groups, at all observation interwath the result cent percent
healing was achieved in the animals of grouylithe end of the observation
period. The healing was still incomplete in thenaalis of group | and Il by the
end of the observation period. Comparison amonggtbap showed significant
(p<0.05) increase in percentage healing of alt&éeavounds (groups Il and IIl) as
compared to control wounds (group I). Among treatedups percent wound
healing was significantly (p<0.05) faster in thenaals of group Ill as compared
to the animals of group | and II.

Photographic evaluation of excisional wounds bbres was performed on
0, 3, 7 14" and 2% day after surgery. The salient observations of the
photographic observation suggest that all the et wounds aseptically
created were almost equi-dimensional on day ‘Ongediately after surgery).

Creation of excisional wounds resulted in variadstéent of bleeding and
formation of clot. The clot was dried and formedoaer over the wounds, which
rendered the evaluation of colour of granulati@sue difficult. The scab, which
covered the underlying granulation tissue, wasaetd in majority of the wounds

after 14" post-wounding days. The scar became paler witsgugsof time, which
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indicated stage of maturation. Gradual decreasthansize of the wounds and
increase in percent wound contraction (healing) veasrded in all the groups up
to day 21 post-wounding. It was interesting to nmeday 7 after post-wounding
that there was appreciable reduction in size of ndotreated withsalix and
povidone iodine as compared to control group/wourkdsthermore, complete
filling of the wound with granulation tissue withioscab and demonstrable wound
contraction was noticed isalix on day 14 post-wounding that povidone iodine
and normal saline group. Complete epithelializataord closure ofsalix and
povidone iodine treated wounds could be distingedsbn day 21 and percentage
healing 100.00% and 95.66% respectively were olserwhereas in NS
complete healing was noticed in only 61.00% of wasin

Grossly, woundstreated with 5%,salix acmophylla leaves ointment
significantly accelerated the rate of wound healbognpared to wounds treated
with sterile normal saline solution or dressed wpbvidone iodine ointment.
Histological analysis of healed wounds confirmec thross observations.
Wounds dressed with 5%alix acmophylla leaves ointment showed markedly
less scar width at the wound enclosure with largeounts of fibroblasts
proliferation, more mature and densely packed gelta and angiogenesis
compared to wounds dressed with sterile normahsalolution.

Overall results indicated that there was woundsssie with salix
acmophylla leaves ointment (group Ill) showed considerablensigf full
thickness skin wound healing and significantB<(0.05) healed earlier in 17.83
days followed by povidone iodine treated woundso(gr I1) in 19.00 days
than wounds dressed with sterile normal salinetswiygroup 1) in 20.83 days.

No physiological side effects and other complicagiavere observed in
any group. These results strongly document thefimaleand significant effects
of salix acmophylla leaves ointment for the acceleration of wound Imggali

enclosure in rabbits.
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Conclusions

On the basis of results following conclusions cardawn:

Full thickness excisional wounds provide a bettet aasy way

to observe different aspects of wound healing eajpggross
evaluation of wound.

Locally fabricated metal marker (1.5 cm x 1.5 cr)5cm
distance apart provided an easy way to demarcatméngins of
wounds to be created.

Tracing of wound margins on cellophane paper pexidasier
method to calculate wound healing percent.

Topically applied salix leaves ointment did not have any
untoward effect on clinical and heamato-biochemical
parameters.

Present study suggested that topically applsatix leaves
ointment showed no ill/adverse effect on kidneyction test
and could be effective for early wound healing.

Topically appliedsalix leaves ointment induced faster and better
wound healing as evidenced by early wound contacti
formation of granulation tissues, neovascularizgtisynthesis
of collagen and histological maturation in excisibrnvounds
indicating its activity as compared to NSS and gowe iodine
treatments at the end of the study period. Thes@tsestrongly
document theéoeneficial and significant effects sélix leaves
ointment for the acceleration of wound healing esate in
rabbits.

Salix acmophylla ointment can be used for the wound healing

agents in field condition.
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