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CHAPTER-1

INTRODUCTION

Wound healing is a vital body response and always gets high priority. Even after
tremendous advancemeni in the management of wounds, an effective wound
management is a challenge to the clinician. In an ideally suited environment, the
process of wound healing“l‘ may be hastened due to the optimal biological response
of the body. In order io create similar situations, application of different
medicaments is suggested.

The us“c of medicinal plants in animal health is probably
extremely important (Lambert et al., 1997). Seabuckthorn ’plant (Hippophae
rhamnoides famiiy Elaeagnaceae) is renowned for its versatile pharmacological
applications due to the :‘presence of many known and unknown bioactive
substances mainly in its fruits and leaves. Seabuckthorn is thorny, nitrogen-
fixing, deciduous shrub or a small tree (2-5m). This plant is predominantly found
in high altitude areas of different countries of Europe and Asia including India.
In India, it grows wildiy in high altitude areas of Himachal Pradesh, Jammu
Kashmir and Uttar Pradesh.“ In Himachal Pradesh, this plant is locally named as
‘chharma’ and grows wildly on the river sides and sun facing slopes in Lahaul
Spiti, parts of Chamba, Kinn‘gur, Kullu, Shimla and Kangra districts.

The utilization of seabuckthorn in medicine was first initiated
by Chinese people as early as in the 8™ century. The different parts of
seabuckthorn have been used for the treatment of skin wounds and various

ailments of cardiopulmonary and gastrointestinal system (Xioping et al., 1995).
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The different preparations of seabuckthorn such as decoction, powder, pill,
medicinal extract, shortbread, ash and tincture has been used for the treatment of
various disease conditions (Miagyu et al.,2001).

The therapeutic value of seabuckthorn oil has been reported in
prevention of atherosclerosis (Olziikhutag, 1969) and enhancing the wound
healing of superficial skin burns in rabbits (Vlasov, 1970). Russian scientists not
only could be able to identify a number of key bioactive substances present in
seabuckthorn but also substantiated their pharmacological actions through
systematic research on experimental animals and also through many clinical trials
on human beings as well (Mironov et al.,1989). The use of Seabuckthorn oil for
the treatment of burns, skin radiation, cervical erosions, gastric and duoc'lenal
ulcers etc.has also been reported (Alieva, 19765. Biochemical and
pharmacological studies on seabuckthorn were conducted in China mainly in last
two decades.

A number of steroids, flavonoids and vitamins (particularly Vit. E &
K.) found in seabuckthorn were thought to be responsible for its versatile
pharmacological activities such as anti-inflammatory (Zhang-Wenlu et al.,1988),
chemical or physical burn wound healing ability(Nikulin et al.,1992), anti-
gastroulcerative activity (Xiao er al., 1992), hepatoprotective (Cheng, 1990,
1992), anti-cancerous(Li and Liu,1991), anti-lipemic and anti-arrhythmic
(Fengming et al.,1989) properties.

Armed with these findings now China and Russia are forerunners in

exploiting the potential of seabuckthorn as a medicinal plant. There this plant is



being cultivated as a cash crop on lakhs of hectares of land. A number of
pharmaceutical companies in these countries are making and marketing a number
of seabuckthorn based products for treatment anc prevention of a variety of
ailments.

Taking leads from these developments. now over 40 countries of
world are actively engaged in conducting research on this plant and harvesting its
potential. In India, extensive field studies have been carried out to identify the
normal habitat of this plant. The chemical composition of one of the Indian
variety of seabuckthorn (Hippophae salicifolia) has also been studied (Ambaye
and Indap, 1970). Indian Himalayas has the 2™ or 3" richest resources of
seabuckthorn (30,000-40,000ha) of the world. Lahaul Spiti in Himachal Pradesh
and Nubra valley in Laddakh (J&K) has very rich resources of seabuckthorn. Th‘e
three species of seabuckthorn have l.f)een identified in Himachal Pradesh so far
(H. rhamnoides, H. salicifolia and' H. tibetana) in which H. rhamnoides is
predominant and therefore is widely used by amchies.

The fruits of this plant are widely used by the amchies (traditional
medical practitioners) in these areasjfor treatment of different kinds of ailments
like stomach disorders, lung disorders, skin diseases (Lal er al., 2001). Most of
the research work done in India on various medicinal aspects of seabuckthorn has
been conducted by procuring the raw material from abroad and no work on Indian
variety of seabuckthorn has been initiated so far. Efforts are being made all over

the world to identify precisely newer agents that can improve the impaired

healing process of soft tissues.



Keeping in view its ecological, pharmacological and in turn
economical potential, active research is being done on this plant for its
taxonomy, biochemistry, agroforestry and propagation in India but only very
few studies have been undertaken to verify its medicinal applicabil ities in soft
tissue repair (Gupta et al.,2001). Therefore the present study will be conducted to
evaluate the efficacy of Indian variety of seabuckthorn fruits with reference to its
most exploited actions on soft tissue repair particularly in cutaneous wound

healing with the following objectives:

1. To evaluate the efficacy of seabuckthorn ointment in full thickness cutaneous

wounds by clinical and gross examination in dogs.

2. To study the healing process of full thickness cutaneous wounds by

histopathological and histochemical methods in dogs.
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CHAPTER-2

REVIEW OF LITERATURE

Wound healing has been studied with different angles relevant to different
disciplines. The review of literature pertinent to the problem has been classified
under the following heads:
2.1. Wound repair and effects of differeht medicaments on wound healing.
2.2. Therapeuti‘c properties of seabuckthorn in wound healing and other
disease conditions. |
2.3. Therapeutic properties of various cirugs/ biological materials on wound
healing.
2.1. Wound repair and effe-cts of different medicaments on wound
healing:

Cutaneous wound re%pair is characterized by three overlapping
phases involving inflammation, proliferation and remodeling. Various cellular
reactions following trauma under normal environm.ent have been studied and
reviewed by Peacock (1962), Goldin and Joseph (1968), Ross (1969, 1971) and
Heughan and Hunt (1975). After injury, new tissue formation starts with re-
epithelializaiion and is followed by granulation tissue formation. The latter

process encompasses macrophage accumulation, fibroblast in growth, matrix

deposition and angiogenesis (Clark,;“ 1991). These steps are orchestrated in a



controlled manner by a variety of bioactive molecules like growth factors,
cytokines, their receptors and matrix molecules. Such a controlled phenomenon
can be disrupted in diseases like diabetes, immunosuppression, aging and
ischaemia etc.thus leading to the development of chronic wound. Prolonged or
incomplete wound healing is then a troublesome complication (Ingold, 1993).

Tenorio et al., (1976) described vigorous inflammatory
response with increased wound strength (not correlated to wound collagen
contents) in laparotomy wounds of rats and further observed accelerated wound
healing due to an optimal inflammatory response by certain bacteria. A severe
acute inflammatory reaction, more rapid formation of granulation tissue and
epithelialization has been reported in conventional rats as compared to germ free
rats (Donati et al., 1971). The studies showed that normovolemic anaemia,
unrelated to malnutrition, cancer or chronic infection does not appear to affect
wound healing in experimental animals. (Heughan et al., 1974 and Peacock,
1984).

Taylor et al. (1986) reported the effect of haemorrhages on wound
| healing in rats and found that the injections of 50mg/kg.of 1-ethoxysilatrane for
three weeks accelerated wound healing in both unbled and bled animals. The
impaired wound healing with mild to moderate, short or long term energy-protein
malnutrition has been indicated in human patients although it is not proven in -
horses (Haydock and Grahan, 1986). Despite the benefits in preventing infection,
topical antibiotics can retard wound healing. Generally, water soluble antibiotic

solutions have less effect on wound healing than ointments or creams. Lee et al.



(1984) found gentamicin cream to delay epithelialization and wound contraction
when used in the treatment of full thickness skin wounds in dogs, as compared to
gentamicin solution.

There are reports that the ointments containing neomycin, polymixin
and bacitracin increased the rate of epithelialization while nitrofurazone in a
soluble base retarded wound healing by 24% (Geronemus‘et al., 1979; Lee et al.,
1986). In in-vitro studies on povidone iodine solution, the dose dependent
inhibition of neutrophil migration, monocyte function and fibroblasticidal effect
has been documented (Tvedten and Till, 1985). A reduction in the major
structural macromolecules, collagen formation and glycosaminoglycans were
noted by using lidocaine and bupivacaine on tissue cultures of new born rat skin
(Morris and Tracy, 1977). It has been found that insulin applied to wounds
increases protein synthesis, cellular multiplication, wound contraction and fat
deposition. It also enhances phagocytosis and reduces tissue edema (Swaim and
Lee, 1987).

Lee et al. (1987) found occlusive or semi occlusive non adherent
dressings to be most beneficial when applied to wound during the repair phase
since latter enhances epithelialization and wound contraction. The use of
magnetic dressings in the treatment of equine soft tissue injuries has become
popular in Europe. The effects of an energy-Pak dressing delivering 400 Gauss
with a maximum penetration depth of 7mm on skin wound healing in rats have
also been evaluated (Leaper et al., 1985). It is indicated that wounds created over

the dorsal aspect of fetlock in ponies were best managed by leaving them



uncovered (Fretz er al., 1983). The effects of isobutyl-2-cyanocrylate on skin
healing in rabbits have also been described (Hampel et al., 1991).

Barber (1990) studied second intention wound healing and the effect
of bandages and topical corticosteroids on wound healing in the horse. Sanchez et
al. (1988) reported the effects of different dilutions of chlorhexidine diacetate
and povidone iodine on wound healing in dogs. He found more wound healed area
and more contraction rates on days 7 and 14 than the saline treated wounds. The

tripple antibiotic ointment containing polymixin-b sulphate, bacitracin, neomycin

sulphate ard an aloe-veraiextract gel has been used for open wound healing of
pad wounds in 15 Beagle dogs created under anaesthesia. The primary difference
between the two medications was noticed at 7 davs when the aloe treated wounds
had a smaller unhealed area than did untreated control wounds and wounds
treated with antibiotics (Swaim et al., 1992).

The effect of chitosan oligomer on wound healing has been evaluated
in dogs (Minami ef al., 1995) and he found it more effective on canine abscesses
produced by inoculation of staphylococcus aureus than was treatment with
antibiotics. Cornell and Waters (1995) studied impaired wound healing in human
cancer patients and effect of cytotoxic therapy and pharmalogical modulation by
growth factors. The rolejof epithelialization in wound healing has also been
described (Fitch and Swaim, 1995).

Scardino et al. (1999) reported the effects of omega-3 fatty acid diet

enrichment on wound healing in 12 Beagle dogs and found no outstanding long

term negative effects on wound healing.



2.2 Therapeutic properties of seabuckthorn in wound healing and
other disease conditions:

The ripe fruit of seabuckthorn is considered as a medicinal fruit. Its
taste is sour‘as organic acid comprises 2-3 %( percent) of its weight. In former
USSR it was discovered that fruits of seabuckthorn contained more than 190
kinds of bioactive substances and oil contained 106 kinds of such Substances, of
these there were 6 kinds of fat soluble vitamines,22 kinds of fatty acids, 42 kinds
of lipids and 36 kinds of flavonoids and phenols (Zhang,1990). The versatile
pharmacological activities of seabuckthorn oil were hence attributed to these
bioactive substances. The chromatographic analysis of ripe fruit of seabuckthorn
revealed the presence of mzlic acid, oxalic acid and other unidentified acids in it.
These organic acids are known for certain physiological functions in body such as
reducing the toxic effects of some medicines like barbitals and antibiotics,
preventing teratogenesis, damages from the X- rays and side effects of oxygen
therapy.

There are also significant contents of carotenoids (including Beta-
carotene, Beta- 4, 4 Biketone- beta carotene, Gamma carotene, Zeaxanthin,
Lycopene and Polyring- lycopene), progesin, flavoxanthin, crypioxanthin,
violaxanthin, neoxanthin and V¢, Vg Vg, (Vitamins) of which V¢ and Vg are the
major components of antioxidants(Qibikeva,1989). All these bioactive substances

contained in seabuckthorn fruit and seed are responsible for its versatile

therapeutic properties.



2.2 A: Role of seabuckthorn in wound healing:

Olziikhutag (1969) and Vlasov (1970) were among the first group of
scientists who reported medicinal values of seabuckthorn oil against development
of experimental atherosclerosis in rabbits and wound healing effects on
superficial burns of skin respectively. Mironov er al.(1989) described repairative
effects of seabuckthorn oil on rabbits and shown that complete healing of skin
excision wounds can be attained with in 13-14 days as against 19-21 days in
control animals. Buhatel et al. (1991) cecmbined seabuckthorn oil with a large
spectrum antibiotic and some other ingredients and showed favourable effects on
the process of cicatrization of wounds in animals.

Khirurgiia (1995) studied the effect of an extract of seabuckthorn
(H. rhamnoides L) on healing of experimental skin wounds in rats and found
excellent results. Fayman (1991) reported treatment of operative wounds of ear,
nose and throat with seabuckthorn oil. Nikulin et al. (1992) described the effects
of seabuckthorn oil on chemical and physical burn wounds in rabbits. Gupta et al.
(2001) réported very good healing potential of seabuckthorn seed oil and
flavonoids on excisional cutaneous wounds in albino rats.

2.2 B: Role of seabuckthorn in other ailments:
Ulcer healing ability:

Fushun ef al.(1989). Mingyu and Huai(1989), Guoli and Zhong(1989)

recorded ulcer healing activities of seabuckthorn oil and attributed it to the

presence of different flavonoids. terpenoids and some stress reducing compounds.
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Jiang et al. (1989) noted that healingj effects of seabuckthorn seed oil on white
rats gastric ulcer model caused by acidification and chronic reserpinization were
superior to cimetidine. Xu Hanqing er'al. (1993) treated chronic skin ulcers with
seabuckthorn oil by oral or external application and found improved curative
effects. |
Cardiovascular disorders:

Zhang Maoshun et al. (ﬁ987) treated coronary heart disease with
TFH (Tofal flavonoids of Hippophaei and showed that TFH could remit angina
and improves the mechano-cardiograpb}' and ischaemic electrocardiogram.
Wang et al. (1993) reported TFH to ‘be effective in cardiac arrhythmias in white
rats.
Immunomodulatory effect:

Seabuckthorn has got :immunomodulatory effect. Renlisa er al.
(1992) showed seabuckthorn seed oil to restore the natural killer cells under

uninhibited state of immune function in mice with bone marrow micronucleus

technique. Li, Diandong et al. (1993) concluded that multiplication index of

spleenic lymphocytes of the mice who were fed seabuckthorn juice was higher
than that of the control group at sam;: age.
Anti-tumour effect:

Zhang et al. (1989) fqiund that both intra-peritoneal injection of

seabuckthorn oil and oral administration inhibited the tumour (sarcoma and

lymphatic leukemia) in mice. Yang “er al. (1989) conducted experimental in vitro
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studies on mice and found inhibiting effect on the Elli’s ascites carcinoma with
seabuckthorn oil and its fruit residual.
Anti- senilism effect:

It is believed that senility and many lesions are closelv related to
peroxide effect in vitro. Therefore blocking the peroxidation and elimination of
free radicals produced by the peroxidation have become the focuses of attention.
JingYuehua er al. (1989) discovered superoxide dismutase in seabuckthorn juice
and its leaves and concluded that its action was similar to that df vitamin C with
antioxidation effects and clearing away the free radicals on cellular membrane.

Ju Haisong et a¢., (1989) observed that TFH (Total flavonoids of
Hippophae) could signiﬁcanltly inhibit the chemi-luminiscence of human
polymorphonuclear leucocytes and clear away the superoxide free radical
produced by the purine oxidase system thus delaying the aging process.
Anti-inflammation and Anti-radiation effects:

Xu Mingyu er al. (1993) described the role of seabuckthorn oil in
eliminating inflammation and slough, easing pain, promoting immune function
and strengthen body résistance. Lebedeva et al. (1989) evaluated experimentally
the seabuckthorn oil in artificiallv induced inflammation of mouse subcutaneous
tissue and found its anti-inflammatory effects. Wu et al. (1992) stuciied
seabuckthorn oil and oil embolus with seabuckthorn compounds for the treatment
of chronic cervicitis and showed 97 percent general curative effectiveness. Che

Xiping et al. (1992) found therapeutic effects of seabuckthorn oil embolus on

easing pain and eliminating inflammation.
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Li Mingzhong er al. (1989) reported anti-radiation effects of
seabuckthorn oil and other Chinese medicine mixture. Fan Yulin et al. (1991)
used seabuckthorn oil in clinical treaiment of traumatic perforation of tympanic
membrane and reported full layer hyvperplastic reunion of tympanic membrane.
Fayman (1991) treated postoperative wound of tonsillitis with seabuckthorn oil.
Antibacterial and antiviral properties:

Seabuckthorn oil has also been shown to possess antiviral

(Hiporamin) and antibacterial activities (Shipulina, 2001).

2.2C: Miscellaneous Properties:
Toxicity:

Rachimov et al. (1989) studied the acute and chronic toxicity of
seabuckthorn oil by per os injection to mice. rats, cats and dogs. The injected
doses exceed the therapeutic ones 20- 30 times. The studies of acute and chronic
toxicity showed that the seabuckthorn oil does not influence the central and
vegetative nervous system and practically is not a toxic substance.

Gupta et al. (2001) reported the effects of ex.perimental feeding of
Indian seabuckthorn (Hippophae-L) fruits in albino mice and observed its toxic
effects when fed beyond 40% (percent) to albino mice. characterized by decrease
in TLC and increase in bilirubin and ALT contents. 100 % (percent) feeding of
seabuckthorn proved fatal to these albino mice as all mice died in the 3rd week of

the experiment.
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2.3 Therapeutic properties of various drugs/ biological materials in
wound healing:

Varshnev et al. (1994) evaluated the efficacy of saliva on healing of
full thickness cutaneous wounds of male cow cal\‘/es at different intervals till 28
days and found complete healing of wound cavities with granulation tissue by 16-
20 days in saliva treated wounds. The medicinal value of neem oil (4dzadirachta
indica juss) as a potent wound healer :has been established histomorphologically
and histochemically on incised wounds in calves( Bhardwaj and Sharma,1997)
which revealed faster and stronger union of incised and gap wounds with neem
ointment. The faster wound healing properties of Himax and Teeburb in
crossbred male jersindhi calves on ‘incised lacerated wounds when used in
combination have been reported (Sharrﬂa and Bhardwaj, 1995).

Few indigenous oils(Cedrus oil, Deodar oil ,Castor oil ‘etc.) have
been shown to be good promoters of wound healing with appreciable results
(Bhargava et al.,1989).The detailed study on wound healing in camels with neem
oil, protamine zinc insulin and camel tissue extract as topical medicaments has
been evaluated for wound healing (Purohit et al.,1992). The role of charmil in the
management of fuii thickness burns in buffaloes have been reported (Parikh et
al., 1996) and found complete healing “of all treated wounds 2t 32 + 2.60 days.
Kumar et al. (1996) studied the clinical efficacy of charmil gel for wounds and

skin affections in equines and indicated effective wound healing, antiseptic and

fly repellent properties.
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Shah and Dave (2001) studied the clinical efficacy of Frewund in
treatment of all types of wounds in different species of animals and found good
results. The evaluation of free full thickness. split thickness and pinch skin grafts
in dogs has been carried out successfully with 41.66, 50.00 and 75% (percent)
success rates respectively (Wani and Kulkarni, 1995). Pinch grafting for the
treatment of an extensive wound of extremity in a dog has also been used
(Vishwasrao and Mantri, 1990). The full thickness mesh grafting in septic
wounds showing full thickness skin loss in a Labrador retriever dog has also been
reported with very good results (Pattnaik and Parvathamma, 1999). The
experimental studies have been conducted by Varshney et al. (1990) on the repair
of abdominal wall defects by biolog;cal grafts in buffaloes and concluded that
grafts were well accepted for repair of ventral abdominal defects. Parikh et al.
(1996) performed the normal saline preserved auto skin grafting in buffalo calves
and suggested that pinch skin grafts preserved in normal saline at 4° C up to 4
weeks can be used as auto grafts The role of occlusive dressings- Granuflex and
Kaltostat on moist wound healing in dogs with significant healing of soft tissue
has been reported (Adamiak, 2001).

Dehghani and Abrishami (1993) studied the effect of phenytoin on
deep and superficial wound healing in rabbits and concluded that phenytoin is a
safe drug and can be used effectively in the treatment of superficial and deep‘
wounds. Kumar et al. (1997) reported the use of ethno-veterinary phytomedicines
used in India and Nepal in treatment of fractures, wounds and allied disorders.

Udasi et al. (1996) evaluated the efficacy of different concentration of urea
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solution in the treatment of wounds and concluded that higher concentrations of
18 %( percent) hinders the healing process whereas 8% or 12% solutions favour
rapid wound healing. The influence of anabolic steroid on biochemical
constituents of granulation tissue in calves have also been reported (Nair er al.,
1998).

Ansari er al. (1997) described the effects of Calendula officinalis
ointment, charmil and gelatin granules on wound healing in buffaloes
histologically and concluded early and complete wound healing. Varshney and
Verma (1990) reported efficacy of Himax in wound healing in bovines clinically
and described it as a safe and dependable ointment with accelerated wound
healing prdperties in animals. Varshney er al. (1997) histomorpho'logically
studied the therapeutic value of bovine saliva in wound healing in male calves of
8-16 months of age and found very good healing rates and suggested its use for
cutaneous wound healing in bovines.

Gupta et al. (1992) evaluated therapeutic efficacy of honey in
infected wounds in buffaloes and reported faster epithelialization in honey
applied wounds than those applied with other medicaments. The comparative
studies on adhatoda vasica and pancreatic tissue extract on wound healing have
been conducted in buffaloes which revealéd high rates of healing in the former
treated wounds followed by latter (Zama er al.,1993) The efficacy of swellnil in
healing of experimental wounds in buffalo calves has been evaluated and found
it to be very useful ointment in dressing of wounds as compared to zinc oxide

ointment (Dabas er al.,1995).The clinical efficacy of multiaction skin gel
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Charmil has also been described particularly in the cases of abrasions, cuts,
gored wounds and surgical wounds (Rajaraman and Rao,1995).

Pradhan (1995) studied experimentally the effect of charmil on
wound healing in bovine calves ard found it useful in the treatment of
suppurative wounds and maggot infested wounds of cattle. Prakash (1999)
described the role of homeopathy drugs particularly Calendula preparations in
wound healing and ulcer healing in animals. Agarwal (1997) noticed the
therapeutic efficacy of an herbal gel for skin affections in dogs with significant
results. Jadon et al. (1985) studied the effect of amnion on wound healing in
buffalo calves and revealed early healing of wounds with amnion in comparison
to contré)l wounds.

Bandy et al. (1989) reported that floral honey and honey from the
sugar- fed bees has a very good healing effect on surgical wounds in animals.
Sumano-Lopez et al. (1989) established that Propolis essential oil (PEO) and aloe
vera gel (AVG) mixed in ratio of 1:10 have superior healing properties compared
to those of PEO and AVG alone. The comparative experimental studies on
healing of skin, muscle and intestine wounds following scalpal and electrosurgery
have been described in rabbits (Bakhtyari ef al., 1994).

A retrospective analysis on complications of wound healing in dogs
and cats has been conducted (Brunnberg et al., v1997). The epidemiological
analysis of postoperative wound infections in dogs and cats has been reported
(Brown et al., 1997). The clinical and histological comparison of tissue damage

and healing following incision with the carbon dioxide laser and stainless steel
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surgical blade in dogs have been carried out (Durante and Kriek, 1993).The
complete evaluation of multipeptide copper complex medications on open wound
healing in dogs have been studied (Swaim, 1989).The complete wound healing
occured in 7 days as compared to control groups. Nakade.er al. (1996) described
accelerated effects of a natural polysaccharide. beta chitin on wound healing in
dogs.

Similarly, Okamoto ef al. (1995) evaluated chitin and chitosan on
open wound healing in dogs and found good results. Arican and Ozturk (1999)
conducted a clinical study using collagenase in the treatment of open or infected
wounds with significant results. Saikia et al. (1998) described the role of
placentrix in wound healfng in dogs and cattle and found accelerated wound
healing tflan in control wounds. Iwasaki et al. (1996) reported expression of the
basement membrane macromolecules and integrin receptors by keratinocytes
during wound healing in dogs. Mooney et al. (1998) evaluated the effects of
Omega-3 fatty acids containing diets on the inflammatory stage of wound healing
in dogs.

Scardino et al. (1998) evaluated the therapeutic effects of pulsed
electromagnetic field on wound healing, clinicopathological variables and central
nervous system activity in dogs. Swaim et al. (2000) studied the effect of a
hydrolyzed collagen dressing on the healing of open wounds in dogs. The efficacy
of local wound antiseptics (Lavasept and Braunol) for the treatment of wound

healing by second intension has been described in dogs (Lierz er al., 2000).
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Successful treatment of wound on the mammae of a Labrador bitch
and maggot wound on the thigh of a Boxer with chitin combined with
conventional therapy has been reported (Sriram er al., 2000). Chen et al. (1998)
reported the influence of frequency spectrum apparatus irradiation on wound
healing and blood in dogs. Tugnaivat er al. (2000) described the efficacy of
Curcuma longa and Hellianthus annuys on tissue repair in calves.

Shrivastava et al. (2000) noted biochemical alterations in healing
tissues with herbal preparations in cow calves. The effects of chlorhexidine
diacetate, povidone iodine and polvhydroxyline on wound healing have been
studied (Lee ef al., 1988) and suggested that 0.5% chlorhexidine should not be
used as a wound antiseptic for prolonged perliod of time on the tissues. Tripathy
(1990) reported the use of Himax- D lotion in the treatment of different skin
troubles in dogs and recorded the excellent healing effects of Himax- D lotion

once daily in septic punctured wounds.
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CHAPTER-3

MATERIALS AND METHODS:

3.1 Experimental design:

The present study was conducted in nine adult healthy mongrel dogs
of either sex (6-females and 3 males) weighing between 10kg-18kg. For this
study, these dogs were divided into three groups of three animals each as per the

following schedule:

Group -1 Seabuckthorn group (SBT)
Group - II Betadine group (BET)
Group - III Liquid paraffin group (LPF) - control group

In each group, prior to the start of experiments. Butox spray @ (1 ml
in 1L of leukwarm water) and bath of the animals was carried out 2-3 times in a
period of 15 days during which the animals were kept in the college kennel so
that they may get acclimatized to the new environment. The kennels were cleaned
and fumigated regularly. The deworming of all animals in each group was carried
out with albendazole @ 10mg/kg body wt. orally. single dose). The animals were
also vaccinated prophylactically against rabies (Raksharab=1 ml s/c).

All the animals were maintained on adlib diet comprising of

Bread/Chapaties, eggs, Dalia, Milk etc. and water during the entire course of the

study.
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3.2 Creation of the excisional cutaneous wounds:

Each animal in the present study was prepared asepticallv before the
creation of excisional cutaneous wounds. The dorsal surface of the thoracolumbar
area was thoroughly washed with savlon and water, shaving was performed on the
entire dorsal surface of the thoracolumbar area, scrubbed thoroughly using savion
solution, dried and applied with 70% alchohlic solution. In all the dogs of each
group, equidimentional six full thickness excisional cutaneous wounds of
dimensions 1.5 X 1.5 cm., 3 cm. apart were created with three wounds on either
side of the vertebral column on dorsal aspect of the thoracolumbar region
aseptically under general anaesthesia(Xylazine@2mg/kg and Ketamine @10mg/kg

in a single syringe intramuscularly).

3.3 Therapeutic regimen:

The experimental animals were divided in to three groups. as
described above.
Group - I:
The animals in this group were treated by topical application of seabuckthorn
ointment.
Group- II:
The animals of group-II were treated by topical application of 5% povidone
iodine ointment and served as ppsitive control.
Group - III:
The animals constituting this group were treated by topical application of liquid

paraffin (Negative Control).
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In all the three experimental groups. comprising three animals each,
the treatment by using three different therapeutic regimens was started from day
*0° till 28" day post treatment (DPT). During tke entire period of study, daily
dressing of excisional cutaneous wounds was carried out with respective
ointments and wounds were covered with sterilized gauge which in turn again
covered by sterilized drapes. To prevent licking and biting at the wound site by

the animals, the animals were restrained by using neck collars and muzzle piece.
3.4 Preparation of seabuckthorn ointment:

Seabuckthorn ointment was prepared from the sun dried fruits which
were grinded in a cyclotone mill to form fine powder. The 50 gm of the grinded
seabuckthorn powder was then mixed with 100 ml of liquid paraffin to form 50%
seabuckthorn ointment. All these animals were then evaluated on the basis of:

clinical, haematological, histochemical and histopathological studies.
3.5 Parameters studied:

1. Clinical observations:

Clinical observations such as rectal temperature, respiration rate,
heart rate, degree of inflammation, appearance of wound exudation, extent of
cicatrization and epithelialization and percent wound contraction were recorded
at 0 and 3,7 14" 21% and 28" day post-treatment. The degree of inflammation
was categorized as no (-), mild (+), moderate (++), and severe (+++). The
appearance of wound exudation was designated as no (-), mild (+), moderate

(++), and severe (+++). The extent of epithelialization was also categorized as no
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(-). mild (+), moderate (++), and extensive (+++). The percent wound contraction
was measured by using the following formula:
Percent wound contraction= B-A+B X 100
Where B is the area (sq. cm.)of wound at day 0 and A is the area (sq. cm.) of
wound at day 3rd, 7'",14™, 21%' and 28" respectively.
2. Haematological studies:

About 2ml of venous blood was collected on days 0 and
3% 70 14™ 215 and 28" day postoperatively from cephalic vein of all the dogs in
each group in heparinized syringes and was analysed immediately for estimation
of haemoglobin (Sahli’s method), packed cell volume (microhaematocrit method),
total erythrécyte count, total leucocyte count (neubaur chamber) and differential
leucocyte count under standard methods using Wright’s staining technique
(Benjamin, 1995).

3. Histopathological and histochemical observations:

The healing tissue biopsies for histopathological and histochemical
examinations were collected on 0 and 377" 14" 21 and 28" day
postoperatively for studying granulation tissue formation, collagen and elastin
svnthesis. The biopsies were taken from the cutaneous wounds of each group
under local infiltration anaesthesia (2% lignocaine hydrochloride solution)*
without disturbing the wound site with the help of scalpal blade no. 11. These
biopsies were fixed in 10% buffered formalin. The segments of the wound tissues
submitted for histological examination were trimmed perpendicular to the wound

site axis. Paraffin embedded tissue blocks were prepared from each animal and
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sections were cut at Sp thickness. These sections were stained with
haematoxylene and eosine stain using standard techniques for healing studies
histopathologically (Bancroft and Stevens, 1996).

Special staining techniques like Vangeison’s for collagen fibres,
Verhoeff’s/ Weigert’s Resorcin Fuchsin for elastic fibres were used for
histochemical studies (Bancroft and Stevens, 1996). Culture sensitivity test
(CST) of the wounds was carried out at 7" |, 14'™ | 21°' DPT to rule out any
infection.

4. Statistical analysis:

Statistical analysis of the data was carried out using analysis of

variance method (ANOVA) and comparison between the treatments and days was

done at 5% level of significance.

- T - T S o = e = T e e P = -

e Xylocaine-Astra IDL Limited, Banglore (India)

24



RESULTS




CHAPTER-4

RESULTS:

The observations of this study are presented as follows:
4.1. Clinical observations
4.2. Haematological observations

4.3. Gross, Histopathological and Histochemical observations

4.1 Clinical observations:

Temperature (Table-1 and Fig.l)f:

The rectal temperature remained with in the normal range and almost
constant throughout the period oflobservations in all the animals of group I, II
and III.

Respiration (Table-2 and Fig.2):

In all the animals of group I, II and III, the respiration rate showed a
significant difference (P<0.05) in between the groups as well as between the
days. The animals of group- I rev‘raled a decrease in the respiration rate on 3"
DPT (day post treatment) whereas a slight increase was observed on 7" DPT and

thereafter the respiration remained\decreased up to 28 days when compared to the

base value(day0).
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Table: 1 Effects of various therapeutic regimens on rectal temperature (OF) in
cutaneous wound healing in dogs (Mean + S.E).

' GROUP 0 day* Post treatment days
(base value) 3 T 14 21 28

I (n=3) 102.10 102.06 102.03 102.03 102.16 102.06
+0.05 £0.06 +0.144 +0.144 £0.115 £0.173

II (n=3) 101.40 102.00 102.33 101.93 101.93 102.06
+0.646 +0.00 +0.173 +0.173 +0.36 £0.06

III(n=3) 101.83 102.03 101.86 101.46 101.63 101.66
(Control) +0.323 +0.479 +0.352 +0.26 +0.184 +0.23

* = Day on which the treatment was instituted.
= number of animals.

Fig.1-Variation in rectal temperature in different groups of animals

temp(°F)
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Table: 2 Effects of various therapeutic regimens on respiration rate (per min.)
in cutaneous wound healing in dogs (Mean £ S.E.)

GROUP 0 day* Post treatment days
(base value) 3 7 14 21 28
# I(n=3) 44 32.00 44.66" | 30.66" 29.33 30.66
+8.31 +3.99 | +12.64 | +1.32 +1.32 +1.32
II (n=3) 25.33 32.00 34.00* | 29.33% 34.66 29.33
+1.32 +4.61 £1.99 +1.32 +4.80 +1.32
[II(n=3) 29.33 33.33 28.00* | 30.66" 30.66 30.66
(Control) £2.66 +3.52 +0.00 +2.66 +1.32 +1.32

* = Day on which the treatment was instituted.
n = number of animals.
A indicates P<0.05 when compared with 0 day values.
# indicates P<0.05 when compared with the values
of group-1I and group-1II.

Fig.2- Variation in respiration rate in different groups of animals
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In group-II animals, there was an increase in the respiration rate up
to 28 DPT when compared with 0 day value. In the animals of control group, the
respiration rate was increased on 3rd DPT, but decreased on 7" DPT and
thereafter a uniform increase was seen up to 28 days when compared to 0 day.
Heart rate (Table-3 and Fig.3):

The heart rate remained with in the normal range throughout the
period of observations in all the animals of group-I, II and III.

Degree of inflammation (Table-4):

The signs of acute inflammatory reactions i.e. swelling, erythema,
warmness varied from nil(-) to mild(+) in seabuckthorn and betadine treated
groups a's compared to control group where the signs were of mild (+) to
moderate(++) intensity. The signs of inflammation in the animals of group-I and
11 subsided by day 3" post treatment whereas by 7" DPT in the control group.
Appearance of wound exudation (Table-5):

The wound exudation was noticed on 3" DPT in all the three groups
with mild (+) to moderate (++) intensity. The wound exudation almost subsided
on 7" DPT in the animals of group-I and group-1I as compared to control group
where it remained up to 7" DPT with mild (+) to moderate(++) intensity.

Extent of epithelialization (Table-6):

The granulation tissue formation was noticed from the base of the

wound on 3™ DPT in seabuckthorn and betadine treated animals as compared to

control group where the granulation tissue appeared on 7" DPT. The complete

epithelialization and scar formation was observed between 14" and 18" DPT in
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Table:3 Effects of various therapeutic regimens on heart rate(per minu;

in cutaneous wound healing in dogs (Mean£S.E.)

GROUP 0 day* Post treatment days
(base value) 3 7 14 21 28

I(n=3) 83.33 88.00 86.00 79.33 90.66 §4.00
+5.69 +4.61 +7.02 +4.05 +14.83 +3.99
II (n=3) 92.00 100.66 93.33 78.00 98.66 72.00
+4.61 +6.35 £6.66 +4.16 +11.62 1,13
III(n=3) 76.00 83.33 85.33 101.33 76.66 84.00
(Control) =390 £3.33 +5.32 41.32 +2.40 +3.99

* = Day on which the treatment was instituted.

n = number of animals.

Fig.3-variation in heart rate in different groups of animals.
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Table-4 Comparative effects of various therapeutic regimens on
degree of inflammation in cutaneous wound healing in dogs.

Group Animal 0* day Post treatment days
number (Base 3 7 14 21
' value)

1 - + - - -

I
2 - + - - -
3 - + - - -
1 - + - - -

II
2 - + - - -
3 - + - - -
1 - + ++ - -

I1I
Control 2 - ++ + - -
3 - + + - -

* = day on which the treatment was instituted.
- = no inflammation

+ = mild inflammation

++ = moderate inflammatien

+++= severe inflammation
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Table-5 Comparative effects of various therapeutic regimens on appearance
of wound exudation in cutaneous wound healing in dogs.

Group | Animal 0* day Post treatment days
number (Base 3 7 14 21 28
value)
1 - - - - - -
I 2 - + - - - -
3 - . - - - -
1 - + + - - -
I1 2 - + - - - -
3 - + - - - -
! 1 - ++ ++ - - -
- I
! Control 2 - ++ ++ - - -
3 - + + - - -
* = day on which the treatment was instituted.

- = no exudation
+ = mild exudation

++ moderate exudation

+++= severe exudation
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Table-6 Comparative effects of various therapeutic regimens on
extent of epithelialization in cutaneous wound healing

in dogs.
Group Animal ' 0% day Post treatment days |
number (Base | 3 7 14 21 28 |
value) )
1 - + ++ +++ +++ +++
I
2 - - ++ +++ +++ +++
3 - + ++ +++ +++ +++
1 - + +++ +++ +++ +++
I1
2 - - -+ +++ +++ +++
3 - + + +++ +++ +++
11 1 - + + ++ +++ +++
Control .
2 - - ++ ++ +++ +++
3 - - + ++ +++ +++

* = day on which the treatment was instituted.

i

no epithelialization
+ = mild epithelialization
++ = moderate epithelialization

+++ = extensive epithelialization
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the animals of group-I and II as compared to control group where the complete
scar formation was noticed between 21°* and 24™ DPT. The degree of
epithelialization was extensive (+++) in the animals of group-I and group-II as
compared to control group where extent of epithelialization was moderate (++).
Percent wound contraction (Table-7 and Fig.4):

S_eabuckthorn and betadine (Povidone iodine) treated wounds showed
uniform contraction up to 36% and 32% respectively as compared to control
groﬁp which showed only 17% wound contraction on 7" DPT. The percent wound
contraction was up to 75% and 77% respectively in the animals of group-I and II
on 14" DPT as compared to control group where the percent wound contraction
was up to 69%. By 21* DPT,' complete contraction of all the wounds was noticed
in all the ar;imals 6f group-I, II and III.

On comparative basis, a significant difference (P<0.05) was
recorded in percent wound contraction in the animals of group-I and group-II
when compared to control group. The wound contraction was more (better) in
seabuckthorn and betadine treated wounds than liquid paraffin treated wounds
(control). However no significant difference (P>0.05) was noticed in percent
wound contraction between seabuckthorn and betadine treated animals. A
significant difference (P<0.05) was observed with respect to days with maxirﬁum

contraction occurring on 28" DPT in the animals of all the three groups when

compared to base value.
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Table: 7 Effects of various therapeutic regimens on percent wound
contraction rate (%) in cutaneous wound healing in dogs (Mean=S.E.

GROUP 0 day* Post treatment days
(base value) 3 7 14 21 28
# I(n=3) 0.00 14.33* | 35.98% | 75.83** | 97.92* | 100.00"
+0.00 +11.14 | £6.03 +4.27 +0.29 +0.00
#I1 (n=3) 0.00 8.26% 32.73% | 77.73** | 96.13* | 100.00%
+0.00 £8.26 £9.52 +8.86 +2.62 £0.00
I11(n=3) 0.00 6.66" 17.01* | 69.76** | 93.72% 97.87*
(Control) +0.00 +6.63 +7.45 +1.76 +2.88 +0.17

* = Day on which the treatment was instituted

# indicates P<0.05 when compared with group-III (control) values.
A indicates P<0.05 when compared with 0 day values.
X indicates P<0.05 when compared with 3" and 7™ day
Values.
n = number of animals.

Fig.4- Variation in percent wound contraction in different groups of
animals.

wound contraction rate(%)

post treatment days

A Gr.2(BET.GP) EGr.3(LPF GP)

[1Gr.1(SBT.GP)
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4.2 Haematological parameters:

Haemoglobin (Table-8 and Fig.5):

A significant difference (P<0.05) was observed in the haemoglobin
values in between the treated groups but no significant change (P>0.05) was seen
in between the days in all the three groups when compared to day 0.

Packed cell volume (Table-9 and Fig.6):

Haematocrit (P.C.V) values were comparable to the day O(base
value) and no significant difference (P>0.05) was found in these values between
the treatments as well as between the days.

Total erythrocyte count (Table-10 and Fig.7):

A significant difference was notic;ed (P<0.05) in Total erythrocyte
count (TEC) values in between the groups at different time intervals but no
significant difference (P>0.05) was found between the days. Although the TEC
values in seabuckthorn treated animals showed increased count up to 28" DPT
but this increase was not significant(P>0.05). In betadine treated animals, there
was a gradual decrease in TEC values up to 14™ DPT and then increased TEC
values were recorded by day 21°" and 28" post treatment as. compared to the base
values but this change was not significant(P>0.05). In the animals of control
group, a non significant(P>0.05) decrease in TEC values was observed up to day
7" post treatment and then increase was noticed up to day 28" post treatment as

compared to the base value.
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Table-8 Effects of various therapeutic regimens on Haemoglobin (gm%)
in cutaneous wound healing in dogs (Mean*S.E.)

GROUP 0 day* Post treatment days
(base value) 3 | 14 21 28
#1(n=3) 13.30 13.13 13.33 13.60 12.73 12.56
+1.05 +3.27 +1.09 £0.59 +0.54 +0.82
IT (n=3) 11.13 11.93 11.50 12.20 11.80 11.80
+0.69 +0.46 +0.76 +0.57 +1.0S5 +0.69
IHI(n=3) 11.73 11.40 11.73 11.83 12.23 11.90
(Control) +1.82 +0.86 +1.74 +0.92 +0.86 +0.96

* = Day on which the treatment was instituted.

# indicates P<0.0S when compared with group-II and
group-III (control) values

n = number of animals.

Fig.5 Variation in haemoglobin values in different groups of
animals.

haemoglobin
(gm%)

0 3 7 14 21 28
post treatment days

E Gr.1(SBT.GP) [Gr.2(BET.GP) I Gr.3(LPF GP)
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Table-9 Effects of various therapeutic regimens on Packed cell volume
(%) in cutaneous wound healing in dogs (MeantS.E.)

GROUP 0 day* Post treatment days
(base value) 3 i 14 21 28

I(n=3) 43.00 43.33 44.33 45.00 40.66 41.33
+5.85 +5.69 +6.93 +5.19 +2.40 +0.66
II(n=3) 42.66 40.00 38.66 40.00 42.00 44.00
+0.66 +1.99 +3.33 +1.99 +1.15 2,530
I1I(n=3) 47.33 39.33 39.66 38.00 39,33 38.00
(Control) +6.35 +5.45 +4.33 +2.30 +4.37 +3.05

* = Day on which the treatment was instituted.
n = number of animals.

Fig.6-Variation in PCV values (%) in different groups of
animals.

PCV(%)

7 14
post treatment days

B Gr.1(SBT.GP) OGr.2(BET.GP) @ Gr.3(LPF GP)
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Table-10 Effects of various therapeutic regimens on Total erythroecyte count,
in millions/cu.mm) in cutaneous wound healing in dogs. (Mean+S.E.)

GROUP 0 day* Post treatment days
(base value) 3 7 14 21 28
#1 (n=3) 6.02 6.13 6.30 6.58 7.10 6.90
£0.42 £0.06 +0.60 0.40 +0.45 ), 57
Il (n=3) 5.39 5.30 5.05 5.30 5.63 5.56
+1.84 +1.50 +1.44 +1.62 +1.70 +1.65
III(n=3) 5.55 52 5.02 5. 19 5.78 5.69
(Control) +1.19 £0.62 +0.48 +0.30 +0.40 +0.15

* = Day on which the treatment was instituted.
n = number of animals.
# indicates P<0.05 when compared with group-II and group-1II (control) values.

Fig.7-Variation in TEC values in different groups of animals

8.00
7.004
6.00
5.00
4.00-
3.00-

TEC
(millions/cumm)

2.00

1.00+,

post treatment days

Gr.1(SBT.GP) EGr.2(BET.GP) [1Gr.3(LPF GP)
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Total leucocyte count (Table-11 and Fig.8):

Total leucocyte counts (TLC) were comparable 1o the base value and
no significant d:fference (P>0.05) was found in these values between the
treatments as well as between the days. Although a non significant (P>0.05)
increase in the TLC values were recorded by day = post treatment in all the
three groups (P>0.05).

Differential leucocyte count (Table-12 and Fig.9):

Differential leucocyte count exhibited no significant difference
(P>0.05) between the treatment groups as well as between the davs at different
time intervals although all the three groups showed a non significant (P>0.05)

neutrophilia up to day 3™ post treatment.

4.3 Gross, histopathological and histochemical observations:

Gross observations:

At 3" DPT (day post treatment):

The signs of acute inflammatory reaction (swelling, pain, erythema
and exudation) were noticed in the animals of group -III. The blood tinged
exudation noticed in this animal group was of mild (+) to moderate (++) inténsity
with greyish appearance of its contents (Plate-1). The mild haemorrhagic exudate
along with a thick dried scab partially covering the wound surface was observed
in the animals of group-II (Plate-2). However in the animals of group-I, the
boarders of the wound were somewhat raised and the wound cavity was

completely covered by thick semidried scab with no exudation (Plate-3).
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Table-11 Effects of various therapeutic regimens on Total leucocyte count,
in1000/cu.mm) in cutaneous wound healing in dogs (Mean + S.E.).

GROUP 0 day* Post treatment days

(base value) 3 b 14 21 28

I(n=3) 8.57 7.76 9.39 8.48 8.45 8.06
2.9 +2.50 %2.13 ki +2.59 253

II (n=3) 7.16 7.03 9.62 8.35 8.11 8.01
+1.65 +1.48 3,72 +2.19 +3.,59 +2.56

III(n=3) 7.00 6.74 7.16 7.84 7.04 7.43
(Control) +3.16 +2.88 +3.04 +2.48 +2.87 +3.03

* = Day on which the treatment was instituted.
n = number of animals.

Fig.8-variation in TLC values in different groups of animals.

10.00+
9.00-
8.004
7.00
6.00
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post treatment days
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Table-12 Effects of various therapeutic regimens on DLC (differential
leucocyte count, %) in cutaneous wound healing in dogs (Mean % S.E.)

0Day* Post treatment Days
GROUP (base value)
3 7 14 21 28
L 29.00 25.33 | 33.00 | 28.00 26.00 25.66
+2.07 +1.76 | +0.81 +1.52 +3.05 +2.33
N| 68.00 71.33 | 65.33 70.00 72.33 71.00
+1.99 +3.17 | £2.90 +0.00 +1.44 +3.78
B 0.00 0.00 0.00 0.00 0.00 0.00
I (0=3) +0.00 +0.00 | £0.00 | £0.00 +0.00 £0.00
E 3.00 2.33 1.66 1.66 1.66 2.00
+1.52 £1.20 | £1.66 | =1.66 +1.66 +1.19
M| 0.00 1.00 1.00 0.33 0.00 1.33
+0.00 +0.99 | £0.99 | =0.32 +0.00 +1.32
L| 29.33 29.66 | 28.66 27.66 25.66 25.00
+4.09 +0.32 | £2.33 | +1.44 = £3.47 +0.00
Nl 69.33 69.66 | 69.66 70.00  68.33 73.33
+4.09 +0.87 | £1.44 | +2.88 ' +0.87) | +1.66
'B 0.00 0.00 0.00 0.00 ~ 0.00 0.00
Il +0.00 +£0.00 | £0.00 | +0.00  +0.00) +0.00
(n=3) |E 1.33 0.66 1.33 1.33 | 2.66 0.00
+1.32 +0.66 | +£1.32 | £1.32 | +1.44) +0.00
M| 0.00 0.00 0.33 1.00 | 1.66 3.00
+0.00 +£0.00 | +0.32 | *1.00 | +0.87) +1.52
|

L| 33.33 25.00 | 28.66 28.33 | 29.00 29.33
+1.76 +2.88 | £2.33 | +0.87 £2.07 +0.66
IIT [N| 64.66 71.66 | 69.00 69.33 67.66 66.66
(n=3) +2.66 +1.66 | +0.99 | +2.33 +1.44 +4.40
control | B 0.00 0.00 0.00 0.00 0.00 0.00
+0.00 +£0.00 | £0.00 | £0.00 £0.00 +0.00
E 3.00 3.33 2.33 1.00 0.00 0.00
+0.57 +£1.66 | +1.44 | +0.99 +0.00 +0.00
M 0.00 0.00 0.00 | 0.00 0.66 0.66
+0.00 +0.00 | £0.00 | +0.00 +0.66 £0.66

L. ~ lymphocyte, N — Neutrophil, B - Basophil, E - Eosinophil,

M — Monocyte
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FIG.9-variation in DLC values in different groups of animals
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Plate- { : Photograph from LPF group on 3 DPT showing wound with

blood tinged exudate and grevish appearance of its contents.

~r1d

Plate-2: Photograph from BET group on 3" DPT showing wound with
plenty of haemorrhagic exudate along with partial covering by a thick

dried scab.

Ar1d

Plate-3 Photograph from SBT group on 3™ DPT showing wound with
somewhat raised boarders and was completely covered by thick semidried

scab.
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Plate 1

Plate 2
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At 7" DPT:

The signs of inflammation in the animals of group-I and II subsided
completely by day 31 post treatment as compared to control group animals where
the signs of inflammation(mild exudation and hyperaemia) were still present on
7" DPT along with increased granular appearance of the healing tissue(Plate-4).
The wound cavity was covered completely by a thin moist scab in the animals of
group-II (Plate-5) and by a thick dried scab in the animals of group-I (Plate-6).

At 14" DPT:

In the animals of group-IIl. the wound showed marked hyperaemia
and partial epithelialization of the wound surface along with narrowing of the
wound gap (Plate-7). In the animals of group-II at this stage beginning of scar
formation along with contraction of the wound was a distinct feature (Plate-8)
along with covering of the wound gap with a thick deep brown scab.

In the animals of group-I, the contraction of wound along with scar formation
was noticed. The central portion of the wound revealed brown scab covering the
homogeneous, healthy, pink and firm granulation tissue (Plate-9).

At 21°" and 28" DPT:

The wound gap was filled up to the extent of 90% in all the animals
of group-I, II and III. The wound in the animals of group-III showed scar
formation along with marked epithelialization of the wound surface. The central
portion of the wound was covered by a thick immature scab (Plate-10). The

shedding of this dried crust occurred between 26'-28"" DPT.
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Plate-4: Photograph from LPF group on 7" DPT showing wound with mild
exudation, hyperaemia and increased granular appearance of the healing

tissue.

Plate-5: Photograph from BET group on 7 DPT showing complete

covering of the wound by a thin moist scab.

Plate-6: Photograph from SBT group on 7" DPT showing wound cavity

completely covered by thick dried scab.
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Plate-7: Photograph from LPF group on 14" DPT showing wound with
marked hyvperaemia and partial epithelialization of the wound surface

along with narrowing of the wound gap.

Plate-8: Photograph from BET group on 14" DPT showing beginning of
scar formation along with wound contraction and the wound cavity was

filled up by a deep brown scab.

Plate-9: Photograph from SBT group on 14" DPT showing beginning of
the scar formation and a deep brown scab covering the homogeneous

healthy pink and firm granulation tissue along with contraction of wound.
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In group-II animals, there was a distinct scar formation with more or
less complete epithelialization of the wound surface (Plate-11). However in the
animals of group-I, there was complete formatior of dense scar along with
complete epithelialization filling the wound cavity. The shedding of dried crust
was almost completed by day 21°' post treatment in the animals of group-l as
compared to group-II where shedding of the crust was noticed between 237-23"
DPT (Plate-12). So grossly the control wounds healed slowly when compared
with seabuckthorn and betadine treated wounds.

Histopathological and Histochemical observations:
At 3" DPT:
Liquid paraffin group:

The microscopic changes at 3" day post treatment were characterized
by inflammatory phase with heavy infiltration of leucocytes predominantly with
neutrophils. The neutrophillic infiltration was more pronounced on the surface
area while it extended with varying severity to the deeper parts as well (Plate-
13). Occasional macrophages were also seen. There was plenty of fibrino-
purulent exudate which extended even up to deeper parts of wound. The fibrino-
cellular clot on the surface of wound also contained large number of RBC 's. The
blood vessels appeared congested. The area of the wound adjoining the normal
epidermis also revealed leucocytic infiltration.

Betadine group:
The superficial areas of the wound appeared necrosed and were

heavily infiltrated with neutrophils and RBC s while fibrinopurulent exudation
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Plate-10: Photograph from LPF group on 21°" DPT showing formation of
scar along with marked epithelialization of the wound surface. The central

portion of the wound was covered by thick dried scab.

Plate-11: Photograph from BET group on 21 DPT showing scar with more

or less complete epithelialization of the wound surface.

Plate-12: Photograph from SBT group on 21 DPT showing complete scar
formation along with complete epithelialization and filling of the wound

cavity.
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and haemorrhages were comparatively more pronounced in this group (Plate-14).
The inflammatory reaction was comparable to the LPF group on 37 day post
treatment. The majority of cells were neutrophils but few macrophages were also
observed.

In another animal, however, the inflammatory reaction was restricted
to only superficial areas of the wound. Although majority of cells were
neutrophils but macrophages were also observed in significant numbers.
Seabuckthorn group:

In this group, there was marked leucocytic infiltration in the
superficial areas of the wound. The inflammatory cells included both neutrophils
and macrophages. Occasional fibroblasts were also noticed. The exudation was
mild when compared to betadine group on 3 day post treatment (DPT).
Neutrophilic infiltration was mainly confined to the superficial necrotic areas of
the wound while the deeper tissues showed mixed infiltration with neutrophils,
macrophages and few fibroblasts. Large numbers of capillaries were also seen
packed with RBC s immediately below the superficial necrotic area.

At 7" DPT:
Liquid paraffin group:

Inflammatory reaction was more pronounced at 7™ DPT. The
superficial area of the wound showed marked angiogenesis, infiltration with the
leucocytes comprising neutrophils and macrophages (Plate-15). Fibroblasts were
evident along with the Jeucocytes. The deeper parts of the wound showed young

granulation tissue with large number of blood vessels opened in this area along
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Plate-14: Photomicrograph from BET group on 3" DPT showing

superficial necrotic area infiltrated with neutrophils (n), haemorrhages (h)
and fibrinopurulent exudation (p).

H&EX33
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Plate-15: Photomicrograph from LPF group on 7" DPT showing marked
infiltration with the leucocytes (L) predominantly the neutrophils and

macrophages.

Plate-16: Photomicrograph from LPF group

6. e <
on 7" DPT from the same

wound (plate-15) showing granulation tissue containing somewhat
disoriented fibroblasts (Fy) and vascular beds (arrows).

H&E X33
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with young fibroblasts which predominantly filled the healing tissue (Plate-16).
There were also good numbers of macrophages along with the proliferating
fibroblasts particularly in the deeper areas whereas the superficial areas were
massively infiltrated with neutrophils followed by a thin layer of proliferating
capillary loops. In another animal, neutrophilic infiltration was confined to a thin
band on the superficial layer of the wound along with necrotic debris and
degenerating cellular elements (Plate-17). The number of capillary beds was
much less in the area of collagen fibres in the deeper parts of the wound than
what seen immediately below the superficial covering of the wound infiltrated
with neutrophils.

Betadine group:

The biopsy from this wound tissue at 7" DPT indicated marked
infiltration with leucocytes predominantly with the neutrophils; however
occasional macrophages were also noticed in deeper parts of the tissue (Plate-18).
Haemorrhages were also seen at some places. Fibroblast proliferation was more
as compared to LPF group at this stage but collagen fibres were not laid yet.

The superficial part of the wound comprised of unorganized blood clot and
necrotic debris infiltrated with neutrophils while the deeper parts of the wound
were found replaced by proliferating fibroblasts and the macrophages

predominantly (Plates-19,20).

Angiogenesis was a feature particularly immediately below the

necrotic tissue and in the area of inflammation. The epidermis adjoining the

56



animal
showing superficial necrotic area(s) infiltrated with neutrophils followed
by a zone of capillary loops(arrows) along with inflammatory cells and
granulation tissue(G) chiefly comprising the fibroblasts (arrowheads).

H&E X33
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Plate-18: Photomicrograph from BET group on 7'"" DPT showing marked
infiltration with leucocytes (L) predominantly the neutrophils and
occasional macrophages.

H&EX66
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Plate-19: Photomicrograph from BET group on 7" DPT from other animal

showing superficial layer of necrotic mass(s) infiltrated with neutrophils
followed by granulation tissue comprising proliferating fibroblasts (Fy)

and a large number of capillary loops. H&E X33

Plate-20: Photomicrograph with higher magnification from the same
wound (plate-19)) on 7" DPT showing superficial necrotic layer(s)
infiltrated with neutrophils(n) followed by granulation tissue with large
number of blood vessels(v), fibroblasts(arrows) at different stages of

maturation, neutrophils and mononuclear cells(arrowheads). H & E X 66



wound showed hyperplastic changes and the epithelial tissue was found covering
the granulation tissue which was relatively less vascular and mature.
Seabuckthorn group:

In this group at 7" DPT, the inflammatory reaction was less
pronounced when compared to that in the other two groups. The superficial area
of the wound was infiltrated with neutrophils. The angiogenesis was also
comparatively more in this group as compared to other two groups.

The granulation tissue comprised mainly fibroblasts but deeper parts were found
replaced by mature collagen fibres (Plates-21, 22). There was scattered
infiltration with macrophages along with proliferating fibroblasts.

At 14" DPT:

Liquid paraffin group:

Epidermis over the healed tissue appeared flat and hyperplastic and
healed tissue was filled up by the proliferating fibroblasts and macrophages.
Blood capillaries were also prominent over the area. Occasional neutrophils were
also noticed at few places only. Normal adnexal structures of the skin were not
seen in the tissue undergoing repair.

In another animal only superficial thin band of necrotic tissue was
found infiltrated with neutrophils and a number of blood vessels and capillaries
were visible in this area While underneath tissue revealed mainly fibrous tissue
associated with infiltration of macrophages (Plates-23, 24). Occasional

neutrophils were also noticed along with the fibrous tissue.
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Plate-21: Photomicrograph from SBT group on 7% DPT showing young
granulation tissue with large number of leucocytes(Gr) predominantly the
neutrophils in between the proliferating fibroblasts while the granulation

tissue in the deeper parts appeared organized(Gp) with large number of

Plate-22: Photomicrograph with higher magnification frorn the same
wound (plate-21) on 7" DPT showing relatively mature fibrous tissue (F)
along with the fibroblasts (small arrows), neutrophils (big arrows) and
macrophages (arrowheads).

H&E X 66
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Plate-23: Photomicrograph from LPF group on 14"™ DPT showing
superficial thin band of necrotic tissue(s) infiltrated with neutrophils
(arrows) covering the granulation tissue (G) with large number of
is;ue. H&E X33
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proliferating blood vessels and fibrous t
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Plate-24: Photomicrograph from the same wound(plate-23) at higher

magnification on 14"™ DPT showing superficial necrotic mass(s) followed
by zone of neutrophilic infiltration(n) and macrophages(small arrows)
along with large number of capillaries just above the granulation tissue(G)

comprising disoriented fibrous tissue(Big arrows). H&EXG66



Betadine group:

The response was quite variable in all the animals examined. The
inflammatory reaction was more pronounced in one animal with plenty of
superficial necrotic tissue heavily infiltrated with neutrophils at 14" DPT (Plate-
25). Besides angiogenesis, there was marked infiltration with macrophages
extending to the deeper parts of the wound (Plate-25). Epithelium began to
flatten out and epidermal hyperplasia was also a distinct feature at this stage.

In the second animal, most of the wound gap was found filled by the
collagen fibres particularly in the deeper parts when the sections were stained by
vangeison’s stain (Plate-26). A thick flat layer of epithelium covered the
granulation tissue which also comprised fibroblasts with occasional macrophages
besides collagen fibres.

The granulation tissue was much less as compared to LPF group.
Inflammatory reaction was relatively more pronounced with large number of
neutrophils when compared with LPF group. In another animal, exudative
changes containing plenty of RBC’s. neutrophils and degenerated cellular

elements were noticed while deeper parts of wound also revealed young

fibroblasts (Plate-27).
Seabuckthorn group:

The response to the treatment was better in this group. The wound
gap was found completely filled by granulation tissue comprising mainly of
mature collagen fibres and occasional fibroblasts (Plates-28, 29). The granulation

tissue was found covered by a very thin layer of necrotic tissue which was
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showing

Plate-25:

epidermal hyperplasia and regenerating epithelium (R.) underneath

hotomicrograp from BET group ‘on 14" DPT

superficial layer of necrotic tissue(s). The healing tissue was largely filled

by infiltrating leucocytes (L) and proliferating blood vessels (arrows)
H&EX66

Plate-26: Photomicrograph from BET group on 14" DPT from the other

animal showing flat layer of epithelium (E) with absence of rete ridges and
replacing of the deeper parts of the wound by collagen fibres (Cg).
Vangeison X 33
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Plate-27: Photomicrogra

ol
Sy

ph from BET group on

2

14 PT from another

animal showing exudate (e), neutrophils (arrows) and fibroblast

proliferation (Fp) in relatively deeper parts of the wound.

H&E X33

Plate-28: Photomicrograph from SBT group on 14" DPT showing
superficial necrotic tissue infiltrated with neutrophils and degenerated
cellular elements(s) covering the mature fibrous tissue (F) which appeared

more densely packed and organized.

H&E X33
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wound (plate-28) showing a thin layer of necrotic tissue(s) and pink
staining collagen fibres (Cy) filling the wound gap.

Vangeison X 33

Plate-30: Photomicrograph from LPF group on 21°" DPT showing a
flattened layer of regenerating epithelium (E) covering the wound gap

containing loosely arranged and disoriented collagen fibres (Fq).

H & E X 33
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Plate-31: Photomicrograph from LPF group on 21°" DPT from the same

wound (plate-30) showing a large number of blood vessels and capillary

loops (small arrows) along with leucocytes (big arrows) in between the

H&

fibrous tissue (F).
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X 33
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Plate-32: Photomicrograph from BET group on 21°' DPT showing marked
epithelial hyperplasia indicated by thickening and flattening of the
epithelium (E). The basal cells (arrows) were seen separating out and

migrating towards the areas of cell deficit.

H&EX 66
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wound gap was completely filled by mature fibrous tissue which appeared
somewhat disoriented at 21°' DPT but was more organized at 28" DPT (Plate-34).
The superficial parts of the wound appeared necrotic and infiltrated with
leucocvtes but epithelial regeneration was active beneath this necrotic layer
which covered the granulation tissue (Plate-33). The tissues were richly
collagenous at 28" DPT when sections were stained with vangeison’s stain
(Plate-34). Elastic fibres were absent in the healed tissue (Plate-33).
Seabuckthorn group:

The fibrous connective tissue appeared somewhat more organized
and the collagen fibres were arranged parallel to skin surface both at 21°' and 28
DPT (Plate-36). The granulation tissuef was found completely replaced by the
regenerating epithelium. The epithelial hvperplasia was a prominent feature. The
healed tissue did not reveal either elastic fibres or normal adnexal structures of

the skin but dense, organized collagen fibres were observed in vangeison’s

staining (Plate-37).



Plate-33: Photomicrograph from BET group from other animal on 21°' DPT
showing unorganized fibrous tissue(F) covered by the layer of regenerating
epithelium(R.) immediately below the superficial necrotic layer(s)

infiltrated with neutrophils(arrows). H&EX33

x

Plate—34: Photomicrograph from BET group on 2h DPT showing pink
staining collagen fibres (Cg) completely filling the wound gap.

Vangeison X 33
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Plate-35: Photomicrograph from BET group on 21°' DPT showing normal
adnexal structures of the skin(A) along with black staining elastin

fibres(arrows) towards the left side while latter were found absent in the

, pitheliu( VerheffX132
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healed tissue towards right side(R) which is covere
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Plate-36: PhHotomI

up on 28" DPT showing fibr

tissue (F) appearing parallel to skin surface completely filling the wound

g € = 3
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Plate-37: Photomicrograph from SBT group on 28" DPT showing pink

staining organized bundles of collagen fibres (Cr) arranged almost parallel

to the skin.
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Chapter-§
DISCUSSION

Healing of the wounds is a dynamic and complicated process
which is accomplished by the activity of a collection of cells that persue a
unified goal. The process of healing has been divided into the phase of
inflammation, céllular multiplication and collagen synthesis (granulation
tissue), wound renewal and collagen maturation (scar tissue). These phases
overlap and in fact, in maturétion phase, new epidermis, fibroblasts and
vessels are produced (Clark, 1993).

Seabuckthorn oil has wound healing properties (Vlasov, 1970;
Mironov et al., 1989; Buhatel ef al., 1991; Khirurgiia, 1995 and Gupta et
al., 2001). In the present study. thé crude form of Indian variety of
seabuckthorn i.e. fruit and seed were used after making their ointment in
liquid paraffin(50% seabuckthorn ointment) to study the healing process of
cutaneous wounds in dogs. |

The oil contents in the fresh fruit varied from 4-8%, in fruit
pulp 2-4% and seeds 10-20%.The pharmaceutical function of seabuckthorn
oil involve the properties of antibacterial (Xu, Hanqing et al., 1993), anti-
inflammatory and regenerating tissue properties (Hou et al., 1991). The
phospholipids (0.5%) present in the ripe fruit help in cellular metabolism
and hence in the healing process. Betaine in ripe fruit (0.09-0.36%) which

is the methylating product of glycine has anti-ulcer and curative
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properties. Similarly the flavonoids contained in the seabuckthorn oil have
anti-inflammatory effects (Chen, Tigong er al., 1988).

The triterpene components present in fruit oil (Ursolic Acid)
is mainly responsible for wound healing, ulcer healing and in easing
inflammation and pain (Ge, Xiaoyan er al., 1986). The exact mechanism
responsible for augmenting wound healing by seabuckthorn flavonoids
present in its oil remain speculative. Free radicals are geherated at the site
of injury which impairs the healing process. Since seabuckthorn flavonoids
have anti-oxidative effects so it is possible that healing activity of
seabuckthorn might have been due to its potential to combat oxidative
stress (Gupta et al., 2001).-

Clinical Signs:

The rectal temperature and heart rate -remained with in the
B normal.rénge throughout the period of observation in all the three groups.
These observations in the present study simulate to the findings of Sharma
and Bhardwaj (1995), Patel et al. (1999) and Bhardwaj and Sharma (1997)
while studying the wound healing in different animal species using
different medicaments.

A variation in the respiration rate was observed in between
the groups as well as between the days during entire course of study.
However in contrast to the results of present study, Sharma and Bhardwaj
(1995). Patel er al. (1999) and Bhardwaj and Sharma (1997) reported no

significant change in respiration rate during healing of different kinds of
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wounds using different medicaments in different species. This might be
due to the different physiological mechanisms operating in different
animal species as well as variable response to different kinds of
environmental and stress factors encountered during the creation of the
wounds and subsequent therapeutic management of the wounds throughout
the period of study.

The signs of acute inflammatory reaction i.e. rubor, calor,
dolor, swelling varied from nil (-) to mild (+) in group-I and group-II
animals as compared to the control group where the signs were of mild (+)
to moderate (++) intensity. These signs remained in the control group up
to 7" day as compared to group-I and group-II animals where these signs
were subsided by day 3¢ post treatment. This might be due to the- anti
»i_nflamme__ltory properties of seabuckthorn (Lebedeva ef al., 1989; Xu
Mingyu ef al., 1993; Hovu et al., 1991).

| Héwever ‘in contrast to these results, no visual signs of
inflammation were reported in wounds treated for 7 days with seed oil and
flavonoids of seabuckthorn in albino rats (Gupta ef al., 2001). This may be
attributed to the fact that in the present study, fruit and seeds of
seabuckthorn were used as such after grinding it whereas Gupta er al.
(2001) used seabuckthorn oil which is having more anti-inflammatory
properties. Secondlyvthe size of the punched wounds was very small (8mm)

in the previous study as compared to the size of wounds in the present

study (1.5 X 1.5¢m).
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A mild (+) to moderate (++) degree of wound exudation was
noticed on 3" DPT in all the three groups. The wound exudation was
observed even on 7" DPT in control group as compared to group I and
group II. In contrast to these results, Gupta et al. (2001) reported marked
dryness and no exudation through out the period of study while using
seabuckthorn oil in healing of cutaneous wound in rats. This might be due
to the more aﬁti-inﬂammatory and healing properties of seabuckthorn oil
as compared to its fruits. The wound exudation might be due to the cell
- mediated immune response which releases various kinds of cellular
enzymes as advocated by Burk (1971).

However, the present study corresponds to the findings of
Bhardwaj and Sharma (1997), Gupta er al. (1992), Parikh et al. (1996),
Pradhan (1995) Varshney and Verma (1990), who reported the wound
exudation during the healing of wounds in the initial stages by using
different medicaments in various kinds of wounds in different species of
animals.

The response to the granulation tissue appearance was better
‘in seabuckthorn and betadine treated wounds as compared to control
group. Complete epithelialization and scar formation was observed in
cutaneous wounds between 14" and 18" DPT in the animals of group I and
group II as compared to control group animals. The epithelialization was
more intensive and occurred earlier in group I animals as compared to

group Il and Il animals. Similar results have also been reported by
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Khirurgiia (1995) while studying the effect of an extract of seabuckthorn
(H. rhamnoides L) on the healing of experimental skin wounds in rats and
he found intensive and earlier epithelialization in seabuckthorn treated
animals as compared to other groups.

The animals of group I and group II showed higher wound
contraction rate as compared to group [II. On 7" DPT the wounds
contracted up to 36% and 32% respectively in group I and group II animals
as compared to group III which showed only 17% wound contraction. The
‘wound cont;action was comparable in group I (75%) and group II (77%)
Aanimals on 14™ DPT but in group III, it remained low (69%). Complete
healing of all the wounds occurred in all the animals of group I, Il and III
by 21° DPT.

These findings simulate with the results of Gupta et al. (2001)
whd reported 17% and 37% of wound contraction rates with seabuckthorn
seed oil and flavonoids respectively while Vstudyin'g:the healing process of
cutaﬁeous wounds in albino rats which underwent treatment for seven
days.

The wound contraction rate has also been studied using saliva
in cutaneous wound healing in bovines (Varshney et al., 1994) who
reported significantly more wound contraction rate in saliva treated
wounds in comparison to control group that is 7.2%, 16.2%, 41%, 62% and
80.8% at 3, 7, 14, 21, 28 post wounding days. In another studv using

Himax in wound healing in bovines the percent wound contraction
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observed was 5.13%, 18.73%, 31.46%, 52.84% and 65.89% respectively at
3, 7, 11, 15 and 25" DPT (Varshney er al., 1990). Similarly Neenﬁ
ointment have been used as a potent wound healer (Bhardwaj and Sharma,
1997) which showed 13.60%, 40.90% and 85.45% wound contraction at
7", 14™ and 21* DPT in calves.

The above findings indicate better wound healing properties
of seabuckthorn and betadine as compared to saliva, neem and himax as far
as wound contraction rates were concerned.

No changes in the haematological parameters i.e. Hb, PCV,
TLC, TEC and DLC were noticeci in all the animals of group-I, II andvIII
when compared to 0 day value and the va;lues remained with in the normal
range. This might be due to the fact that no systemic infection has
occurred during the whole perio‘d of study.

Histopathological findings:

The early changes in cutaneous wounds on 3¢ DPT in all the
groups were characterized by an acute inflammatory phase with varying
degree of fibrinopurulent exudation, congestion, haemorrhages and
leucocytic infiltration chiefly with neutrophils. However in group-I
animals, the response to inflammation and exudation was comparatively
milder as compared to group-IFI and group-IIl animals. Besides thié,
fibroblastic proliferation was a feature noticed as early as 3’ DPT in
group-I animals. Similar findings in the initial stages of wound healing

have also been reported by Allgower (1956), Ross (1971), Varshney et al.
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(1990) and Gupta et al. (1992) while studying the healing process in
different animal species using different medicaments.

At 7" DPT, the inflammatory reaction in cutaneous wounds
was more prpnounced in the animals of group-III than in group-I and
group-1I. Besides appearance of fibroblasts, a large number of capillary
loops were opened in the healing tissue both in group-I and II. The
response to the treatment was comparatively better in the seabuckthorn
group(group-I) where major portion of the wound was found replaced by
the fibroblasts and deeper parts also exhibited mature fibrous tissue
appearing somewhat more organized along with angiogenesis.

The response tc the various treatments on wound healing was
quite variable among the animals of group-I, II and III on 14" DPT. While
in the seabuckthorn group, the majvority of wound gap was found replaced
bv mature fibrous tissue with little inflammatory reactipn? _th¢
inflammatory response was more pronounced with plenty of necrotic tissue
along with little formation of granulation tissue chiefly comprising the
young fibroblasts in betadine treated group. In contrast to these findings,
group-III (LPF) animals showed varying degree of inflammatory reaction
with granulation tissue containiﬁg a proportionately increase in the mature
fibrous tissue with a decrease in the number of fibroblasts in the healing

tissue.

A comparatively less pronounced inflammatory reaction in the

seabuckthorn treated group in the present study might have been due to its
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anti-inflammatory, anodyne and bacteriostatic properties. (Zhang-Wenlu et
al., 1988; Hou et al., 1991; Lebedeva et al., 1989).

The depression in the connective tissue formation in group-Ii
and group-III animals in the\ earlv stages of healing might be due to
systemic factors inhibiting the fibroblastic proliferation (Carrel, 1921,
1930) or collagenolytic effect of cellular enzymes (collagenase) as
reported by Dehaan et al. (1974). Seabuckthorn treated animals showed
better wound healing response as compared to that of control animals. The
better healing property of betadine as compared to control group at this
stage corresponds to the findings by Mohaménad et al. (2001). The better
kealing properties of seabuckthorn might be due to the various
biochemical constituents (flavonoids, tri-terpenes, betaine, vitamins and
mineral elements) present in its fruit andr seed which enhances healing
process( Mingyu et al.,2001).

The more inflammatory reaction in cutaneous wounds of
group-1I (Betadine) animals even up to 14" 21°' DPT might be due to the
fact that betadine destroys fibroblasts and healing tissues (Lynne, 1999). It
is reported that the use of betadine in wounds slows healing and causes
injury and death of the tissue (Ollie, 1999).

Rodeheaver (1989) noted that not only the betadine is
cytotoxic but that the wounds treated with betadine had an increased

number of infections which result in more inflammatory reaction and

delayed wound healing process.
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The mild inflammatory reaction at 14™ DPT in group-]
(seabuckthorn) animals along with the deposition of mature collagen fibres
in the healing tissue is indicative of faster healing by the seabuckthorn
ointment as compared to betadine and liquid paraffin. The faster healing
process can be explained with rich contents of vitamins(A,C,E etc.) and
microelements(S, Se, Zn, Cu etc.) in the seabuckthorn fruit along with the
triterpene components which have regenerative and epitheliotropic
properties(Xu Mingyu et al.,2001).

In the later stages( 21 and 28" DPT), the fibrous connective
tissue appeared somewhat more organized and the collagen. fibres were
arranged parallel, to skin surface in group-I as compared to group-II and
.group-II1 animals where the mature fibrous tissue appeared loosely
arranged and somewhat disoriented. The epithelial reAgeneration in
cutaneous wounds was active in group-I and group-II animals as compared
to control group. The epithelial hyperplasia was a distinct feature in all the
three groups with varying activeness but leucocytic infiltration was still
evident in the cutaneous wounds of group-iI and group-III animals when
compared with group-l (seabuckthorn) animals indicating delayed wound
healing in group-II and group-III animals.

The healed tissue did not reveal either elastc fibres or
normal adnexal structures of the skin (hair follicles, sweat glands,
sebaceous glands etc.) in all the three groups. So at this stage, more

collagenogenesis (maturation and contraction), capsularisation, granulation
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tissue reaction particularly in the deeper zone along with complete
epithelial covering was noticed in group-I(seabuckthorn) as compared to
group-I1I(Betadine) and group-IlI(liquid paraffin) animals.

These studies also correlate with the findings of Khir‘urgiia (1995)
who reported more intensive and earliar epithelialization, better and
quicker granulation tissue differentiation (mature collagen fibres, profuse
vascularity) during the healing of experimental skin wounds in rats with
seabuckthorn extract over a 10 days period study indicating better healing
properties of seabuckthorn. Similar results have also been reported by
Varshney et al. (1990) and Sharma and Bhardwaj (1995), while studying |
the healing properties of Himax and Teeburb in bovines.

Histochemical studies:

The stainability of collagen fibres surrounding the blood
vessels and fibroblasts increased at 7'" day onwards in cutaneous wounds
of group-I and group-II up to 28" day as compared to group-III where
collagen fibres were detected in the later stages (Vangeison’s stain)
meaning that mature collagen fibres appeared earliar in group-I and group-
Il animals as compared to control group.

Similar observations have also been made by Gupta et al.
(2001) who reported higher contents of hydroxyproline in the wounds :
treated with seabuckthorn seed oil and flavonoids as compared to control |
animals. Since hydroxyproline is an indicator of collagen fibre conteﬁts,

higher the hydroxyproline level, more will be the collagen contents
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indicating that the results in the present study simulate with the findings
of Gupta et al. (2001).

Similar findings were reported while studying the efficacy of
Curcuma- longa and Hellianthus-annus on tissue repair in calves in which
significant higher contents of collagen and hydroxyproline were noted in
the treated wounds as compared to their respective controls from day 7 to
28 (Tugnaiyat et al.,2000).

In the present study. after 7 days, the collagen fibres became
coarse and started arranging themselves in the bundles in an effort to
bridge up the wound gap in a direction parallel to that of stress. These
findings simulate with the findings of Gibsoa and Kenedi (1967) and
Jacques and Camerson (1969). The parallel arrangement of collagen fibres
was more evident in cutaneous wounds of group-I animals as compared té
that in group-II and group-III animals.

However the elastin fibres and normal adnexal structures of
the skin were found absent in the healing tissue of cutaneous wounds

throughout the period of study in the animals of all the groups.
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CHAPTER-6

SUMMARY AND CONCLUSION

The present study was conducted in nine adult healthy
mongrel dogs of either sex (6 females and 3 males). The dogs were divided
into three groups of three animals each. In all the animals, six full
thickness excisional cutaneous wouhds, three on either side of the
vertebral column were created under general anaesthesia. The animals in
group-1 and group-II were treated by the topical application of 50 %
seabuckthorn ointment and 5% betadine ointment respectively, whereas the
animals in group-1II (Control group) were treated by topical application of
liquid paraffin up to 28 days.

All  these animals were maintained on adlib diet
(Bread/Chapattis, Eggs, Dalia, and Milk etc.) and water during the entire
course of study. The parameters such as clinical and haematological
observations, histopathological and histochemical studies were recorded at
0 and 3", 7", 14th, 21st and 28" DPT (day post treatment).

The rectal temperature and heart rate in the animals of all the
groups remained with in the normal range and did not show any significant
change during the entire course of study; however respiration rate showed
a significant difference in between the groups as well as between the days.
Grossly the signé of acute inflammatory reactions in cutaneous wounds

were less pronounced in seabuckthorn and betadine treated groups as
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compared to control group and the signs in the later group remained up to
7" DPT whereas these subsided by day 3 post treatment in seabuckthorn
and betadine treated groups. The exudation in cutaneous wounds of the
animals of group I and II subsided by day 7" as compared to group III
animals where it remained up to 7*" DPT with mild to moderate intensity.

The granulation tissue formation was noticed in cutaneous
wounds on 3™ DPT in seabuckthorn and betadine treated animals from the
base as compared to control group where the granulation tissue appeared
on 7" DPT. The cutaneous wounds of group-I and group-II animals
showed complete and extensive epithelialization and scar formation
between 14" —18™ DPT as compared to control group where complete scar
formation was observed between 21%'-24'"" DPT.

The seabuckthorn and betadine treated wounds showed
uniform wbund vcontraction up to 36% and 32% respectively on 7" DPT as
compared to control group where only 17% wound contraction was
observed but on 14" DPT the wounds contracted up to 75% and 77%
respectively in seabuckthorn and betadine treated animals as compared 1o
control group(69%).

The complete contraction of all the wounds was noticed at 217
DPT in all the animals of group I, II and III with minor differences only.
On comparative basis, A significant difference was noticed (p<0.05) in
wound contraction rates in the animals of group-I(seabuckthorn) and

group-ll(betadine) when compared to control group(liquid paraffin) but no
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significant difference was noticed in wound contraction rates between
seabuckthorn and betadine treated animals.

No changes in the haematological parameters were observed in
all the animals of all the groups during entire course of study. On the basis
of clinical signs and gross findings, the wound healing appeared to be
better in the animals of group-I and group-II as compared to group III.

Histopathologically, the response to inflammation  and
exudation was comparatively milder in the wounds of group-I animals as
compared to group-II and group-Ill animals. Besides this fibroblastic
proliferation was a distinct feature noticed as early as 3" DPT (day post
treatment) in the wounds of group-] animals.

The majority of the wound gap was found replaced by mature
fibrous tiséue with little inflammatory reaction at 14" DPT in
seabuckthorn group as compared to betadine and liquid paraffin group. The
inflammatory reaction in the cutaneous wounds of the animals of group-II
was observed even up to 14™-21° DPT. The mild inflammatory reaction at
14" DPT.in group-I. along with deposition of mature collagen fibres in the
healing tissue was indicative of faster healing in the seabuckthorn
ointment treated wounds as compared to betadine and control group.

In the later stages, the fibrous connective tissue
appeared somewhat more organized and the collagen fibres were arranged
parallel to the skin surface in cutaneous wounds of group-I (seabuckthorn)

as cbmpared to group-IlI and group-lil animals where the mature fibrous
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tissue appeared loosely arranged and disoriented. The epithelial
hyperplasia was a distinct feature in all the wounds of animals of the three
groups with varying activeness but leucocytic infiltration was evident in
group-II and group-III animals when compared to group-I animals
indicating delayed wound healing in group-II and group-III animals.

More collagenogenesis (maturation and contraction),
Capsularisation, granulation tissue reaction particularly in the deeper zone
glong with complete epithelial covering in the later stages was a distinct
feature in the wounds of animals of group-I as compared to group-II and
group-III. Histochemically, mature collagen fibres appeared earliar in
cutanéous wounds of group-I animals as compared to group-II and group-
111 animals as inrdi'cated by Vangeison’s staining.

The parallel arrangement of collagen fibres was more evident in the
wounds of animals of»grqup-I. as compared»to group-iI and group-IIIL.
However, elastin fibres and normal adnexal structures of the skin were
found absent in the healing tissue throughout the period of study in all the

animals of group-I, II and III.
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The following conclusions can be drawn humbly on the basis of findings of

present work:

1. No changes in the haematological parameters were observed during

the healing process of cutaneous wounds of all the animals of group-

I, II and III.

2. Seabuckthorn ointment seems to have better anti-inflammatory
properties a§ indicated by mild inflammatory signs and exudation in
cutaneous wounds of the animals of group-I as compared to group-II
and group-III animals.

3. On comparative basis, the therapeutic efficacy of Seabuckthorn
ointment in cutaneous wounds was found better than 5% betadine
and liquid paraffin.

4. Being economical and having good soft ‘tissue healing properties,
seabuckthorn ointment can be used for dressing of cutaneous skin

wounds in routine clinical cases of canines.

- NN
BT SE PE AN

-
- .- —
oay VIEHY, o
A e ¢
- 6L

FALANIPUR

LiBRaRY -

P -
. -

87



.
TrTy .
WWVWVAAAANIWIASE |

[

BIBLIOGRAPHY



BIBLIOGRAPHY

Adamiak, Z. 2001. Moist wound healing with occlusive dressings-

Granuflex and kaltostat in dogs. Indian Veterinary Journal. 78: 730-
732.

Agarwal, A. K. 1997. Therapeutic efficacy an herbal gel for skin
affections in dogs. Indian Veterinary Journal. 74: 417-419.

Alieva, T.S. 1976. Use of seabuckthorn oil in the treatment of patients
with peptic ulcers of stomach and duodenum. Azerbaidzhanskii

Meditsinskii Zhurnal, 8: 45-47.

Allgower, M. 1956. The cellular basis of wound repair. Spring field, 111
Thomas. (Cited by Schilling, J.A. 1968).

Ambaye, R.Y. and Indap, M.A. 1970. Chemical examination of Hippophae
salicifolia D Don. Indian journal of pharmacy. 32(5): 130-134.

Ansari, M. A., Jadon, N. S., Singh, S. P., Kumar, A. and Singh, H. 1997.
Effect of calendula officinalis ointment, charmil and Gelatin
granules on wound healing in buffaloes - A Histological study.

Indian Veterinary Journal. 74: 594-597.

Arican, M. and Ozturk, A. 1999. A clinical study using collagenase in the

treatment of open or infected wounds. Veteriner- Bilimleri- Dergisi.

15:1:153-158, 14 ref.



Bakhtyari, J., Singh, G. R. and Paliwal, O. P. 1994. A comparative
experimental study on healing of skin, muscle and intestine
following scalpal and electro- surgery in rabbits. Indian Journal of

Veterinary Surgery. 15(1): 27-29. ‘ .
Bancaott, 0.3, and Stevens, A-1496. Theoay f\vw\ .P,L.Q(Jbu of Wi s\'oQoa\c-J
Tedhnigues Jornasded by’ David,RT. chuachite, Lisingston .

Band#, ElI-M. A., Kandil, A., Abou-Sehly, EI-Sherif-M. E., Abdel-wahed,
K. 1989. Healing effects of floral honey and honey from sugar fed
bees on surgical wounds (animal models). Proceedings of the 4"

International conference on Apiculture in Tropical climates, Cairo,

Egypt, 6-10 Nov 1989. 46-49: Bdo.

Barber, S.M. 1990. Second intention viound healing in the horse; the effect
of bandages and topical corticosteroids. Proceedings of the annual

convention of the American association of the equine practitioners.
35: 107-116, 22 ref.
Bc'\é—ﬂmi"\,ﬂ.l"\, 1325, outQine of Veimivw\? clinical Paﬂwpoa?-kalﬁavd ioubf:sj
Bhardwaj, R. L. and Sharma, D. N. 1997. Evaluation of neem (4zadirachta
indica juss) oil as a potent wound healer- Histomorphological and
Histochemical study. Indian Veterinary Medical Journal. Vol2l,
187-190.

Bhargava, A. K., Lal, J., Vanamayya, P. R. and Kumar, P. N. 1989.
Experimental evaluation of few indigenous drugs as promoters of

wound healing. Indian Journal of Animal Sciences. 59(1): 66-68.

Brown, D.C., Conzemius, M. G., Shofer, F. and Swann, H. 1997.
Epidemiological evaluation of postoperative wound infections in
dogs and cats. Journal of the American Veterinary- Medical

Association. 210: 9, 1302-1306, 23 ref.



Brunnberg, L., Richter, K., Kohn, B. and Hermanns. W. 1997.
Complications of wound healing in dogs and cats: A retrospective

analysis (1990-1994). Kleintierpraxis. 42: 7, 535-553, 34 ref.

Buhatel, T., Vesa, S and Morar, R. 1991. Data on action of szabuckthorn
oil extract in cicatrisation of wounds in animals. Buletinulin Stituhii

Agronomic Chijnapoea Seria Zootohnic Si. Medicina. Veterinaria.

45: 129-133.

Burk, J.F. 1971. The effect of inflammation on wound repair. J. Dent. Res.
50:296.

Carrel, A. 1921. Cicatrization of wounds-XII, facto.rs initiating

regeneration. J. Exp. Med. 34: 425-34.

Carrel, A. 1930. The process of wound healing. Proc. Inst. Med. Chicago.
8:62 (Cited by deHaan es al., 1974). |

Che, Xiping ef al. 1992. Experimental research on the effects of
seabuckthorn oil embolus on eliminating inflammation and easing

pain. Seabuckthorn. 5(2): 26-29.

Chen, Tigong et al. 1988. Preliminary research on the biochemical
constituents of seabuckthorn oil from Gansu. Seabuckthorn. 1(4):

35-38.

Chen, Z., Deng, W., Qin, C., Wang, R., Yang. Q., Chen, Z. M., Deng, W.,
Qin, C. L., Wang, R. and Yang, Q. F. 1998. Influence of frequency
spectrum apparatus irradiation on wound healing and blood in dogs.

Chinese Journal of Veterinary Medicine. 24: 7: 13-14.



Cheng, T.J. 1990. Acute toxicity of fresh oil of Hippophae rhamnoides L
and its protection against experimental hepatic injury. Chung Kuo

Chung Yao Tsa Chih. 15: 45-47.

Cheng, T.J. 1992. Protective action of Hippophae rhamnoides L against
experimental liver injury in mice. Chinese Journal of Preventive

Medicine. 26(4): 227-229.

Clark, R.A.F. 1991. Cutaneous wound repair. Oxford university, New York.
P: 576.

Clark, R.A.F. 1993. Biology of dermal wound repair. Dermatol Clin. 647-
666.

Cornell, K. and Waters, D.J. 1995. Management of veterinary wounds.

Veterinary Record. 136:14: 362-365, 3 ref.

Dabas, V. S., Tadkod, D. M. and Vadodaria, V. P. 1995. Efficacy‘of
swellnil in healing of experimental wounds in buffalo calves. Indian

Veterinary Journal. 72: 425-426.

Dehann, B.B., Ellis, H. and Wilks, M. 1974. The role of infection in
wound healing. Surg. Gyn. Obst. 99: 337-40.

Dehghani, S. and Abrishami, A. 1993. Effects of phenytoin on wound
healing in rabbits. Indian Journal of Veterinary Surgery. 14(1): 10-
12.



Donati, R.M., Frank, D., Stromberg, L.R. and Mclaughlin, M.M. 1971. The

effect of germ free state on wound healing. J. Surg. Res. 11(4): 163-
172.

Durante, E. J. and Kriek, N. P. J. 1993, Clinical and Histological
comparison of tissue damage and healing following incisions with
carbon-dioxide laser and stainless steel surgical blade in dogs.
Journal of the South African Veterinary Association, 64: 3, 116-120,
24 ref. o

Fan, Yulin et al. 1991. Clinical observations of facilitating the
coalescence of the traumatic perforation of the tympanic membrane

with seabuckthorn oil. Seabuckthorn. 4(2): 33-34.

Fayman, B.A. translated by Zhang Zhemin. 1991. Treatment of operative
wounds in ear, nose and throat with seabuckthorn oil.

Seabuckthorn.4 (4).

Fengming, Liu. ef al. 1989. Anti-arrhythmic effects of TFH on the extra

corporeal cors. Journal of Chinese Pharmacology. 5(1): 44-47.

Fitch, R.B. and Swaim, S.F. 1995. The role of epithelialization in-wound
healing. Compendium on continuing education for the practicing

veterinarian. 17:2: 167-177, 33 ref.

Fretz, P.B., Martin, G.S. and Jacobs, K.A. 1983. Treatment of exuberant
granulation tissue in horse: Evaluation of four methods. Veterinary

Surgery. 12: 137.



Fushun, Z., Jinming, G. and Yuxiao, G.1989. Prediction of medical
application prospectus of seabuckthorn oil on the basis of its recent
advances. In: Proceedings of International Symposium on

seabuckthorn, Beijing: 339-347.

Ge, Xiaoyan ef al. 1986. Preliminary research on chemical composition of

seabuckthorn. Journal of Chinese Herbs (17): 42-44.

Geronemus, R.G., Mertz, P.M. and Eaglstein, W.H. 1979. Wound healing:
The effects of topical antimicrobial agents. Arch Dermatol.

115:1311.

Gibson, T. and Kenedi, R.N. 1967. Biochemical properties of skin. Surg.
Clin. N. Am. 47-279.

Goldin, E.G. and Joseph, N.R.1968. Response of connective tissue ground
substance in wound healing. Arch. Surg. 97: 753-765.

- Guoli, W. and Zhong, Z.1989. Research production of seabuckthorn in
China. In: Proceedings of international Symposium on

seabuckthorn, Beijing: 325-328.

Gupta, A., Pal, K., Singh, V. and Sawhney, R.C. 2001. Healing potential
of seabuckthorn (H.rhamnoides) on cutaneous wounds in albino rats.

In: Proceedings of International workshop on seabuckthorn, w.e. f.

18th-21°" Feb, 2001, New Delhi, India.
Gupta, S. K., Singh, H., Varshney, A. C. and Prakash, P. 1992.

Therapeutic efficacy of honey in infected wounds in buffaloes.

Indian Journal of Animal Sciences 62(6): 521-523.

vi



Gupta, V.K., Sharma, R., Patyal, V.S. and Singh, V. 2001. Effects of

experimental feeding of Indian seabuckthorn. In: Proceedings of
international workshop on seabuckthorn, w.e.f. 18th-21°" Feb, 2001,
New Delhi, India.

Hampel, N.L., Johnson, R.G. and Pijanowski, G.J. 1991. Effects of
isobutyl-2-cyanocrylate on skin healing. Compendium on continuing

education for the practicing veterinarian. 13:1: 80-83, 22 ref.
Haydock, D.A. and Grahan, L.H. 1986. Impaired wound healing in surgical
patients with varying degree of malnutrition. J. Parenterol Enteral

Nutr. 10: 550.

Heughan, C., Grislis, G. and Hunt, T. 1974. The effect of anaemia on
wound healing. Ann. Surg: 163-179.

Heughan, C. and Hunt, T.K. 1975. Some aspects of wound healing
research- A review. Canine Journal of Surgery. 18(2): 118-126.

Hou, Wenming et al., 1991. Results of analysis and toxicity tests on

Seabuckthorn fruit residual oil. Seabuckthorn. 4: 35-37.

Iﬁgold, W.M. 1993. Wound therapy: Growth factors as agents to promote
healing. Trends in biotechnology. 11: 387-392.

vii



Iwasaki, T., Obafa, H., Shimizu, M., Kwochka, K. W(ed). Willemse,
T(ed).and Ischarner, C-Von. 1996. Expression of basement
membrane macromolecules and integris receptors by keratinocytes
during canine wound healing. Advances in Veterinary Dermatology:
Vol 3, proceeding of the 3" world congress of Veterinary
dermatology, Edinburgh, Scotland, 339-354; 22 ref.

Jacques, J. and Camerson, H.C.S. 1969. Changes in ground substance of

healing wounds. J. Path. 99: 337-40.

Jadon, N. S., Kumar, A. and Bedi, S. P. S. 1985. Effect of amnion on |
wound healing in buffalo calves — A Biochemical study. Indian

Veterinary Journal. 62: 514-518.

Jiang, Z., Qing, D. and Sai, Y. 1989. An experimental study of Hippophae
rhamnoides L, seed oil against gastric ulcers. In: Proceedings of

International Symposium on seabuckthorn, Xi’an, China. pp: 401-
402. "

Jing, Yuehua ef al. 1989. Superokide dismutase firm fruit and foliage of
common seabuckthorn (H.rhamnoides L). In: Proceedings of
International Symposium on seabuckthorn, Xi’an, China. pp: 350-

357.

Ju, Haisong., Li, Xiaojie., Zhao, Baolu., Han, Zhewu. and Xin, Wenjuan.
1989. Scavanging effect of total flavonoids of Hippophae on active
oxygen radicals. In: Proceedings of international Symposium on

seabuckthorn, Xi’an, China. pp: 365-367.

viii



Khirurgiia (Sofiia). 1995. The effect of an extract of seabuckthorn

(H.rhamnoides L) on healing of experimental skin wounds in rats.

48 (3): 30(Article in Bulgarian).

Kumar, A., Dutta, M., Bhatt, T. K. and Dalal, D. S. 1996. Clinical efficacy
of Charmil gel for wounds and skin affections in equines. Indian

Veterinary Journal. 73: 1162-1164.

Kumar, D., Tripathi, H. C., Tandan, S. K., Lal. J. and Malik, J. K. 1997.
Ethno veterinary phytomedicines used in India and Nepal in
treatment of fractures, wounds and allied disorders: An update.

Indian Journal of Veterinary Surgery. 18(2): 65-72.

~Lal, B., Ahuja, P.S.and Gupta, A.K.2001.Application of seabuckthorn in
Amchi system of medicine. In: Proceedings of International

workshop on seabuckthorn, w.e.f. 18th-21°" Feb., 2001, New Delhi,
India. '

Lambert, J., Srivastava, J. and Vietmgy'er-, N.1997.Medicinal plants
rescuing the global heritage, World Bank Technical Paper, No.355,
IX + 61pp, 86 ref.

Leaper, D.J., Foster; M.E. and Brennan, S.S. 1985. Do magnetic fields
influence soft tissue wound healing? A preliminary communication.

Equine. Veterinary Journal. 17: 178-180.

Lebedeva, L.D., Rachimov, I.Ph. and Khaidarov, K.Kh. 1989. Screening
investigation of the anti-inflammatory activity of the seabuckthorn

oil. In: Proceedings of International Symposium on seabuckthorn,

Xi’an, China. pp: 401-402.



Lee, A.-H et al. 1984. (Original not available, cited in equine wound
management). Effect of gentamicin solution and cream on healing of

open wounds. American Journal of Veterinary Research. 45: 1487.

Lee, A.H et al. 1986. . (Original not available, cited in equine wound
management) The effect of petrolatum, Polyethylene glycol,
Nitrofurazone and a hydroactive dressing on open wound healing.

Journal of the American Animal- Hospital Association. 22:443,

Lee, A.H. et al. 1987. (Original not available, cited in equine wound
management) Effect of non-adherent dressing materials on healing
of open wounds in dogs. Journal of American Veterinary Medical

Association. 190: 416.

Lee, A. H., Swaim, S. F., McGuire, J. A. and Hughes, K. S. 1988. Effects
of chlorhexidine diacetate, povidone lodine and polyhydroxydine on
wound healing in dogs. Journal of the Americqn-Animal-Hospital

Association. 24: 1: 77-84, 27 ref.

Li, Diandong ef al. 1993. Effects of seabuckthorn on the spleen
Lymphocyte old age mouse and its gene expression. In: The National
Symposium on Scientific research and development of seabuckthorn

medicine products, Xi’an, China.

Li, Mingzhong et al. 1989. Experimental research on treating the white
rats radiation esophagus cancer and injury with seabuckthorn oil

compound. Seabuckthorn. 2(4): 37-40.



Ti Y. and Liu, H. 1991. Prevention of tumour production in rats fed
aminopyrine nitrite by seabuckthorn juice In: Scientific publication
No. 105 of international agency for research on cancer, Lyon,

France- 568-570.

Lierz, U., Verspohi, I., Hermanns, W. and Brunnberg, L. 2000. Efficacy of
local wound antiseptics for the treatment of wound healing by
second intention in the dog: comparison of Lavasept and Braunol.

Kleintierpraxis. 45: 6: 413-424, 36 ref.

Lynne, Gill.1999. Why not to use betadine in cavity wounds? Wound
management form-Archive (1999-2000).

Minami,S.,Okamoto,Y.,Matsuhashi,A..Eguchi,H.,Tanigawa,T., Tanaka,Y.,
Sashiwa,H., Saimoto,H. and Shigemasa,Y.1995. Effect of chitosan
oligomer on wound healing. Journal of the Japan Veterinary-

Medical association. 48';6: 419-422, 18 ref.

Mingyu, X. and Huai, Q. Z. 1989. A survey of medical research of
(H.rhamnoides I) in China. In: Proceedings of International .

Symposium on seabuckthorn, Beijing: 329-332.

Mingyu, X., Xiaoxuan, S. and Jinhua, C. 2001. The medical research on
seabuckthorn In: Proceedings of International orkshop on

seabuckthorn, New Delhi.

Mironov, V.A., Guseva-Donskaya, T.N., Amirov, N.S. and Nikulin, A.A.
1989. New technology & pharmacology of seabuckthorn oil

production In: Proceedings of International ~orkshop on

seabuckthorn, Beijing, 348-349.



Mohammad, B., Naser, R., Ahmad, H. and Hossein. 2001. Effects of
betadine and ultrasound therapy on skin scars of rabbits. Arch in

med. 4(2): 72-75.

Mooney, M. A., Vaughu, D. M., Reinhart, G. A., Powers, R. D., Wright, J.
C., Hoffman, C. E., Swaim, S. F. and Baker, H. J. 1998.
Evaluation of the effects of omega-3-fatty acid containing diets on
the inflammatory stage of the wound healing in dogs. American

Journal of Veterinary Research. 59: 7: 859-863, 15 ref.

Morris, T. and Tracy, J. 1977. Lignocaine: its effect on wound healing. Br.

J. Surg. 64: 902.

Nair, N.R., Panday, S.K., Sharma, [.J. and Quadri, M.A. 1998. Influence of
anabolic steroids on biochemical constituents of granulation tissue

in calves. Indian Journal of Veterinary Surgery. 19(2): 115-116.

Nakade, T., Uchida, Y., Otomo, K., Taniyama,-H., Okarﬁoto, Y.,
Matsuhashi, A. and Minami, S. 1996. Accelerated effects of a
natural polysaccharide, beta chitin on wound healing in dogs.
Journal of the Japan-Veterinary Medical Association. 49: 4, 249-
252,13 r_ef.

Nikulin, A.A., Yukusheva, E.N. and Zakharova, N.M. 1992, Comparative
pharmacological estimation of Seabuckthorn, dog rose & plantain
oils in experimental eye burns. Eksperimental Nayal Klinicheskaya

Farmakologiya. 55(4): 64-66.

xii



Okamoto, Y., Shibazaki, K., Minami, S., Matsuhashi, A., Tanioka, S. and
Shigemasa, Y. 1995. Evaluation of chitin and chitosan on open
wound healing in dogs. Journal of Veterinary Medical Science. 57:

5: 851-854.

Ollie, 1999. Betadine use in wounds. Wound management forum-Archive

(1999-2000).

Ovlziikhutag, A. 1969. A comparative study of the effects of seabuckthorn
and sunflower oil on the patients with coronary atherosclerosis,

Kardiologiya. 4: 78-82.

Parikh, P. V., Kumar, A. and Tiwari, S. K. 1996. Normal saline preserved
auto skin grafting in buffalo calves (Bubalus bubalis). . Indian

Journal of Veterinary Surgery. 17(1): 41-42.

Patel, P.B., Tadkod, D.M. and Patel, R.M. 1999. Repair of. experimental
penetrating teat wound by full thickness skin pinch grafts in g-oats-

A gross study. Intas Polyvet. Vol.Il No. 2: 174-176.

Pattanaik, T. K. and Parvathamma, P. S. 1999. Full thickness mesh

grafting in a dog. Indian Journal of Veterinary Surgery. 20(1): 51.

Peacock, E.E. 1962. Some aspects of fibrogenesis during healing of

primary and secondary wounds. Surg. Gyn. Obst. 115: 408-414.

Peacock, E.E.Jr. 1984. Wound repair. ed.3, Philadelphia, W B. Saunders,
pp-122.

xiii



Pradhan, N. R. 1995. Experimental studies on the effect of charmil on

wound healing in Bovine calves. Indian Veterinary Journal. T2:

1177-1179.

Prakash, R. 1999. Role of Homeopathy in veterinary practice. Himachal
Veterinary Journal. 3: 47-48.

Purohit, N. R., Chouhan, D.S.. Allen. W.R. (ed). Higgins, A.J. (ed).
Mayhew, I.G. (ed). Snow. D.H. (ed). And Wade, J.F. 1992. Wound
healing in camels. In: Proceedings of the first International camel

conference, Dubai. 365-370, 11 ref.

Qibikeva, D.C., Translated by Zhang Zhemin. 1989. Study on fatty acid
components of seabuckthorn In: Proceedings of seabuckthorn

biochemistry and Breeding. pp: 180-182.

Rachimov, I.Ph., Lebegdeva, L.D. and Khaidrov, K.Kh. 1989. The
experimental toxicology of the seabuckthorn oil /n: Proceedings of

International Symposium on seabuckthorn. Beijing; 371-372.

Rajaraman, E.D. and RaoAppaji, V.N. 1995. Clinical efficacy of
multiaction skin gel ‘Charmil’. Indian Veterinary Journal. 72:

1003-1005.

Ren, Lisa et al.1992. Positive effects of seabuckthorn seed oil on induced

mutation and suppressed immunity. Seabuckthorn. Xi'an, China;

368-370.

Rodeheaver, George. 1989. Wounds: 4 compendium of clinical research

and practice, Vol. I. No. I.

xiv



Ross, R. 1969. Wound healing. Scienti.Am, 220(6): 40.

Ross, R. 1971. Wound healing. Recent progress- future direction. J. Dent.
Res., 50: 312-314.

Saikia, J., Sarma, B.. Pathak, S. C. and Lahon. D. K. 1998. Placentrex in

wound healing in animals. Indian Veterinary Journal. 75: 12: 1120-

1121, 3 ref.

Sanchez,l.R.,Swaim,S.F.,Nusbaum,K .E..Hale,A.S.,Anderson,R.A.and
Mcguire,J.A.1988. Effects of chlorhexidine diacetate and povidone
iodine on wound healing in dogs. Veterinary Surgery. 17.6: 291-295.

Scardino, M. S., Swaim, S. F., Sartin, E. A.: Steiss, J. E., Spano, I. S,

| Hoffman, C E., Coolman, S. L. and Peppin, B. L. 1998. Evaluation
of treatment with a pﬁlsed electromagnetic field on wound healing,
clinicopathelogic variables and central nervous system activity of
dogs. American Journal of Veterinary Research. 59: 9: 1177-1181,
18 ref.

Scardino,M.S.,Swaim,S.F.,Sartin,E.A.,Hoffman.C.E.,Oglivie,G.K.,Hanson,
R.A., Coolman,S.L. and Davenport,D.J. 1999. The effect of Omega-
3-fatty acid diet enrichment on wound healing. Teterinar

Dermatology, 10:4: 283-290, 34 ref.

Shah, I. M. and Dave, M. J. 2001. Clinical efficacy of "FREWUND"’ ir

treatment of wounds. /ndian Veterinary Journal. 78: 51-52.



Sharma, D. N. ahd Bhardwaj, R. L. 1995. Wound healing properties of
Himax and Teeburb. Indian. Journal of Indigenous Medicines. Vol.

17(1): 35-59.

Shipulina, L.D.2001. A study of antiviral activity and the other biological
properties of Hiporamin- A new antiviral drug. In: Proceedings of
International workshop on seabuckthorn, w.e f. 18th-21°" Feb, 2001,
New Delhi, India.

Shrivastava, P. P., Chandrapuria, V. P., Bhargava, M. K. and Kushwah, A.
2000. Biochemical alterations in healing tissues with herbal
preparations in cow calves. Indian Journal of Veterinary Surgery.

21(2): 79-81.

Sriram, P., Sivakumar, M. and Harikrishnan, T. J. 2000. Chitin in wound

healing- case report, Indian Veterinary Journal. 77: 529-230.

Sumano-Lopez, H., Camberros, L.D., Ocampo, A.A-de.and Lopez, H.S.
1989. Comparative evaluation of a mixture of Propolis and Aloe
Vera with commercial wound healing products. Vererinaria-Mexico.

20:4: 407-414, Be.

Swaim, S.F. and Lee, A.H. 1987. Topical wound medications: A review.

Journal of American Veterinary Medical Association. 190:1588.

xvi



Swaim, S. F. 1989. Effects of dressings and bandages on wound healing In:
Seminars in Veterinary Medicine and Surgery in small animal, 4: 4.

274-280, 30 ref.

Swaim, S.F., Riddell, K.P. and McGuire, J.A.1992. Effects of topical
medications on the healing of open wounds in dogs. Journal of

American Animal Hospital Association. 28:6: 499-502, 25 ref.

Swaim, S. F., Gillette, R. L., Sartin, E. A., Hinkle, S. H. and Coolman, S.
L. 2000. Effects of hydrolysed collagen dressing on the healing of

open wounds in dogs. American Journal of Veterinary Research. 61:

12: 1574-1578, 16 ref.

Taylor, D.E.M. et al.1986. Effect of haemorrhages on wound healing and
its possible modification by Il-ethoxysilatrane. J.Roy Coll. Surg.
Edin. 31:13.

Tenorio, A, Jlndrak K., Weiner, M., Ernesto, B. and Enquist, [.F. 1976.
Accelerated healing in infected wounds. Surg. Gyn. Obst. 142: 537-
543.

Tripathy, S. B. 1990. Use of Himax-D lotion in treatment of different skin
troubles in dogs. Indian Journal of Indigenous Medicines. 7: 1: 55-
60, 1 ref.

Tugnaiyat, A. K., Bhargava, M. K., Chandrapuria, V. P., Pandey, S. K. and
Quadri, M. A. 2000. Efficacy of curcuma longa and Hellianthus
annus on tissue repair in calves- Clinical and biochemical studies.

Indian Journal of Veterinary Surgery.21 (2):76-78.



Tvedten, H.W. and Till, G.O. 1985. Effect of povidone iodine and iodide
on locomotion (in vitro) of neutrophils from people, rats, dogs and

rabbits. American Journal of Veterinary Research. 46: 1797.

Udasi, S. D., Sadekar, R. D., Bhandarkar, A. G. and Kulkarni, P. E. 1996.
Efficacy of different concentrations of ‘urea solution’ in the

treatment of wounds. Indian Veterinary Journal. (73): 861-862.

Varshney, A. C., Jadon, N. S. and Kumar, A. 1990. Repair of abdominal
wall defects by biological grafts in buffaloes: An experimental

study. Indian Journal of Animal Sciences 60(8): 929-932.

Varshney, A. C. and Verma, M. C. 1990. Efficacy of Himax in wound
healing: A clinical studies in bovines. Indian Journal of Indigenous

Medicine. 7: 31-34.

Varshney, A. C., Singh, M., Sharma, S.K. and Nigam, J.M. 1994,
Therapeutic efficacy of saliva in cutaneous wound healing in

bovines. Indian Veterinary Journal. 71: 1016-1018.

Varshney, A. C., Sharma, D. N., Singh, M., Sharma, S. K. and Nigam, J.
M. 1997. Therapeutic value of bovine saliva in wound healing: A
histomorphological study. Indian Journal of Experime-ntal Biology.
Vol 35, pp: 535-537.

Vishwasrao, S.V. and Mantri, M.B. 1990. Pinch grafting for the treatment
of an extensive wound of extremity in a dog. Indian Journal of

Veterinary Surgery. 11(2): 68-69.

Xviii



Vlasov, V.V. 1970. Hippophae oil in the treatment of superficial burns of
the skin. Vestnik Dermatologii I Tenerologii. 44(6): 69-72.

Wang, B., Feng. Y., Yu, Y., Zhang, H., Liu, S. and Zhao, C. 1993. Effects
of TFH. on Cardiac performances and Haemodynamics of rats. In:

Proceedings of International Svmposium on seabuckthorn. Xi'an.

China. pp: 387-392.

Wani, M.R. and Kulkarni, P.E. 1995. Evaluation of autogenous free full
thickness split thickness and pinch skin grafts in dogs. Indian

Journal of Veterinary Surgery. 16(2): 107-110.

Wu, A.,, Su, Y., Li, J., Liu, Q.. Lu, J.. Wei, X., Cian. C., Lai, Y. and
Wang, G. 1992. The treatment of chronic cervicitis with. Hippophae
oil and its suppository (129 cases analvsis). In: Proceedings of

international Symposium on seabuckthorn. Xi’an, China. pp: 404-

406.

Xiao, M., Yaang, Z., Jiu, M. and Xiao, R. 1992. The antigastroulcerative
activity of beta- sitosterol, beta-D- glucoside and its aglvcone in
rats. Journal of west China University of Medical Sciences 23(1):
98-101.

Xioping, T., Quiohong, S., Xiolan, C., Jun, C. and Yulan, L. 1995. Study
of biochemical pharmacology of seabuckthorn fruit oil and its
compound health products In: Proceedings of international

" workshop on seabuckthorn, Beijing, 161-164.

xix



Xu, Hanging er al.1993. Application of seabuckthorn oil preparation to the
skin diseases In: The National Symposium on Scientific research and

development of seabuckthorn medicine products, Xi’an, China.

Xu, Mingyu et al. 1993. A brief report on an antibacterial experiment

using seabuckthorn oil. Seabuckthorn, Xi'an, China pp: 401-402.

Yang, J., Wang, X., Liu, Y., Li, G., Ren, L., Jing, J and Zhang, H.1989.
Preliminary studies on the effect of oil from fruit residues of
seabuckthorn upon anti-tumors. In: Proceedings of International

Symposium on seabuckthorn, Xi’an, China. pp: 382-386.

Zama, M. M. S., Singh, H. P. and Kumar, A. 1993. Comparative study on
Adhatoda vasica and pancreatic tissue extract on wound healing in

buffaloes. Indian Veterinary Jéurnal. 68: 864-866.

Zhang, Maoshun et a/.1987. Random control tests of treating the ischaemic
cardiopathy with TFH. J. China Cardiovascular Diseases. 15(2): 97-
99, |

Zhang, P., Ding, X., Mao, L., Li, D. and Li, L. 1989. Anticancer activities

of seabuckthorn seed oil and its effect on the weight of immune

organs. Seabuckthorn. 2(3): 31-34.

XX



Zhang-Wenlu et al. 1988. Preliminary results of the experimental
observation and clinical application of treating the acute radio-
~ dermatitis with seabuckthorn (acetylsalicylic seabuckthorn juice).

Seabuckthorn. 1:1, 27-30.

Zhang, Z.1990. Advances and counter measures on research and use of

seabuckthorn in Russia. Seabuckthorn.3.3; 42-46.

\q*-\\ Vl-S\dv?\

——— l{.""‘-:\

oy
N

PALAMPUp

12987

.\ . L'GRARV ‘:;(

PN

o

xxi





