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CHAPTER-1

INTRODUCTION

Dermatological ailment accounts for sizeable pesmgpn of the small animal sufferer
(Khoshnegahet al., 2013). Canine demodicosis is a common but exigemiceontagious
parasitic dermatosis caused by overpopulation etitst-specific follicular mites of various
Demodex species (Singh and Dimri, 2014). Recently it hasrbvalidated, thdademodex mite
are the normal cutaneous microfauna in most othdedthy dogs (Raveret al., 2013) and
pups acquire the parasite from the bitch durindfitsedays of life (Greve and Gaffar, 1966).
In canine demodicosis, cutaneous inflammation i®ca®d with excessive numbers of
proliferating mites, including immature form (egtm,vae and nymphs), and the clinical cure
is clearly associated with parasiticidal treatmantl reduction in the number &femodex
mites (Forton, 2012; Milleet al., 2013). ThereforeDemodex mites are better considered as
parasites that normally do not cause adverse sffent their host but that can act as
opportunistic pathogens in certain circumstancesréfet al., 2014). Canine demodicosis is
differentiated into a localized versus a generdlim@m. Localized demodicosis has a good
prognosis, with the overwhelming majority of casggontaneously resolving without
miticidal treatment (Scotet al., 2001). Generalized demodicosis may be a sevede a
potentially life-threatening dermatological conditiin dogs (Muelleget al., 2012). It is may
complicated with secondary bacterial and/or fundalliculitis and/or furunculosis
(Kuznetsoveet al., 2012). The dogs with generalized demodicosisvaig spontaneous cure
is unknown presently. A breech in the immune statfishe young dogs results into the
occurrence of generalized demodicosis and the ehainaccurrence in pure breed dog can be
minimised by checking the breeding between healtid/diseased one (Beugeetl., 2016).
Castration of those dogs which are going to faeeataricidal therapy could be one of the
strategies to curb the disease occurrence in dpglamon (Guaguere and Beugnet, 2008;
Muelleret al., 2012).

The management of canine demodicosis remains ongmeofmain challenges in
veterinary dermatology. The disease is highly pextan certain dog breeds and can be very
severe, even leading to euthanasia of affected (@gsloset al., 1994; Plantkt al., 2010).
Moreover, many aspects of the disease remain unknmaking prevention and management
of some cases difficult. Receptivity of dogs to @elinosis is influenced by numerous factors
including; hereditary predisposition, alteration ekin's structure and biochemistry,
immunological disorders, hormonal status, breed, amitritional status, oxidative stress,

length of hair coat, stage of oestrus cycle, pdaita; endoparasitism and debilitating diseases

1
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(Ghubash, 2006; Dimst al., 2008; Camkertest al., 2009; Mederlet al., 2010; Plantt al.,
2011; Singh and Dimri, 2014). The exact pathogenekigeneralized canine demodicosis is
unknown but an aberration in immune status is thoug be the most significant (De
Bosschereet al., 2007). Appearance of canine generalised demsidid® greatly influenced
by breech in T-cell immunity (Caswe#t al., 1997), rather than any breech in hummoral
immunity (Tizard, 2002). However, immunological abbmalities have not been noted in
dogs with localized demodicosis (Scettial., 2001). Literatures repeatedly make a statement
that a genetically preprogrammed immunological defe responsible for the exaggerated
replication of mites in demodicosis (Scettal., 2001). Alternatively, the decreased immune
response could also be due to Bwmodex mites themselves (Barrigé al., 1992; Pauliket

al., 1996; Singtet al., 2010; Singlet al., 2011).

Cytokines, a large group of soluble extracellulest@ins or glycoproteins, are key
intercellular regulators and mobilizers. Cytokirsesretion, by virtually every nucleated cell
type, is usually an inducible response to injuristisiuli (Oppenheim, 2001). The mechanism
of cytokine secretion from T lymphocytes has plaiyedortant roles in the immune response
of the dogs against mites induced skin dermatoddgionditions including the demodicosis
(Felix et al., 2013; Singh and Dimri, 2014). Increased TGRMRNA expression might be a
key factor for revealing differences in the meckaniof onset between localized and
generalized demodicosis (Tasi al., 2002). Recently, Felixt al. (2013) revealed that
elevated serum levels of IL-10 are strongly asgediavith recurrent demodicosis in dogs.
They also demonstrated elevated levels of IL-1@ags encountered with demodicosis for
the first time. IL-10 cytokine is an essential nmile in the mechanism underlying
suppression mediated by T regulatory cells (Mogrel., 1990). IL-10 is also called the
cytokine synthesis inhibitor factor, since it h&® tability to inhibit the synthesis of Thl
cytokines (IL-1, IFNy, and TNFe) as well as inhibiting the function of NK cells ¢iward
and O’garra, 1992). Its anti-inflammatory and s@ggive effects on most hematopoietic
cells, and it indirectly suppresses cytokine producand proliferation of antigen-specific
CD4+ T effector cells, by inhibiting the antigerepenting capacity of different types of
professional antigen-presenting cells (Roncastlal., 2006). IL-10 mainly targets on Thl

cells, B cells, macrophages, NK cells, mast caltsl thymocytes (Tizard, 2002).

The clinical cure is clearly associated with pdreisial treatment and reduction in the
number ofDemodex mites (Forton, 2012; Milleet al., 2013). Generalized demodicosis may
be a severe and potentially life threatening disesrsd is commonly complicated with a
secondary bacterial folliculitis and/or furuncubsi(Kuznetsovaet al., 2012). The
management of canine demodicosis remains one ofrthm challenges in veterinary

dermatology. Owing to wide prevalence of skin déssaincreasing incidence of drug
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resistance and detrimental side effects with thetraballopathic drugs there is quest for the
safe alternative medicines. Traditional medicineklta great promise as source of easily
available effective therapy for skin diseases o ibople particularly in tropical developing
countries including India. An array of herbal maédés have been reported which are having
immunomodulatory effects. It can be achieved by mtatibn of cytokine secretion, histamine
release, immunoglobulin secretion, class switchirggllular co-receptor expression
lymphocyte expression and phagocytosis (Mahietaal., 2012). The need of an
immunorestorative therapy has been urged in gemedal demodicosis for that
immunorestorative drugs namely Immuplus a herbagdand T11TS a sheep erythrocyte
surface glycoprotein has been used in a study ahgagitive results (Sarkat al., 2004).
Amitraz plus inactivatedParapoxvirus ovis in the treatment of canine generalised
demodicosis has recently been reported (Peknetzai., 2014). Generalised demodicosis
requires a very long period for complete clinicadgparasitological cure. Thus, frequent
repeated administrations of miticides are needegheRted administrations of miticides are
predisposing the parasites to develop the resistagainst the allopathic drugs. Additionally,
repeated administrations of allopathic medicine as® hazardous for the treated animals.
Albeit, isoxazoline compounds with promising mitial potential has recently been
introduced for therapeutic management of canineodigosis and opened novel hope for
treatment of canine generalised demodicosis (Bdughel. 2016; Six et al., 2016).
However, the immumo-pathology of generalised deousis evidently suggests the need of
exploration of immunomodulatory therapeutics adjacthe miticides for holistic and faster
therapeutic management of generalised demodicosigs. Owing to wide prevalence of
canine demodicosis, increasing incidence of drgist@nce and detrimental side effects with
the most of allopathic drugs, there is quest ferdafe alternative adjunctive medicines. Cost-
effective and affordable medicines to an Indianrehiowner are call for the commendable
researchers. Traditional medicines hold a greanhfm® as source of easily available effective
therapy for skin diseases to the people, partiyulartropical developing counties, including

India. Therefore, the present study was project#l following objective:

e To evaluate the effects of a polyherbal formulation on clinical recovery of dogs

with generalised demodicosis.

e Toevaluate the effects of a polyherbal formulation on Immuno-competence of dogs

with generalised demodicosis.



CHAPTER-2

REVIEW OF LITERATURES

Canine Demodicosis and Pathobiology

The demodectic mites infest the hair follicledya=eous glands, melbomian glands,
ceruminous glands, and internal organs of 11 ordereammals, including dog, sheep, cat,
and pig. For a long time, classification @&modex mites has been based mainly on their
hosts and phenotypic characteristics. Since GuStawn first identifiedDemodex in 1842,
140 species or subspecies have been identiietiodex cannot be maintained or culturad
vitro so as to parasitize and infect other healthy animsts (Zhacet al., 2009; 2011). Sako
(1964) describes the thermotactic zoneDofcanis to be between £& and 41C and the

movement of the mites ceased belowClLbf the environmental temperature.

Demodicosis is a disease caused by an excessileation of theDemodex mites.
Canine generalised demodicosis (GD) is frequemtingn practice (Plamt al., 2011). Until
the introduction of amitraz it was not unusual thags with severe GD were euthanized.
Since the introduction of amitraz and later the megclic lactones to the small animal
practitioners, the prognosis for dogs with thisedise has dramatically improved (Mueller,
2004). The disruption of the cutaneous barriertduthe physical and chemical effects of the
proliferating mites is likely to be present in &rms. The rupture of the hair follicles is
facilitated by the inflammatory reaction, which istblogically characterized in the dog by a
mural folliculitis accompanied by injury to follitar keratinocytes (Caswett al., 1995;
Caswellet al., 1997; Day, 1997). In human rosacea, the T-hdlpaphocytes (CD4+, T-
helper-17) have been identified as the main inflararpatells present in the perifollicular
and dermal inflammatory infiltrates (Rufli and Buchri€&¥84). In the dog, the cells have been
reported to be CD3+ and CD8 + T lymphocytes, amy @wre considered to be cytotoxic T
cells, which may mediate the injury in the folliaukpithelium (Caswedt al., 1997). Once in
the dermis, the released mites, together with Hegments and keratin, induce a
granulomatous reaction, with a variable degreeyoiphocytic infiltrates (Caswekt al.,
1995; Caswelkt al., 1997; Day, 1997; Forton, 2012). The granulommagehbeen associated
with the resolution phase of the disease, whenclimical lesions regress (Caswel al.,
1997). The presence of a strong hypersensitivigctien against the mites has been
documented in papulopustular rosacea (Georgal., 2001). A similar hypersensitivity
reaction to the mites has not been documented éndtty, but the presence of CD8+

lymphocytes in the inflammatory infiltrate could be aberrant or exaggerated immune
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response to the mites or against keratinocytes Lamgdjerhans cells presentiigemodex

antigens (Caswedt al., 1997).

It has been demonstrated ti@modex mites can contain, transport and interact with
bacteria of the cutaneous microbiome (Forton, 204Zmudaet al., 2012). In consequence,
some of the lesions observed in demodicosis hagea b#ributed to the interaction between
Demodex and bacteria. In human rosacea, it has been deératatsthaDemodex overgrowth
induces a proliferation dtaphylococcus epidermidis, which can lead to a skin infection, and
a hypersensitivity reaction against bacterial amgyBacillus oleronius) (Laceyet al., 2007;
Forton, 2012; O'Reillyet al., 2012). According to these authors, bacterialtgdns and
antigens would be responsible for the inflammatorgt gascular changes characteristic of
rosacea. In the dog, the associatiobefmodicosis with pyoderma is well established and is
probably the most severe consequence of demodi@ddier et al., 2013). Treatment with
antibiotics is prescribed if the clinical signs oytological examination of exudates are
suggestive of pyoderma. However, it is not knowrethibr, as in humanf&emodex mites
induce a proliferation oftaphylococcus pseudintermedius, or rather if this bacteria simply
takes advantage of the epidermal barrier ruptuaedbcurs in canine demodicosis. Although
some recent papers have questioned the importaintlke obacterial infection in canine
demodicosis (Kuznetsovet al., 2012), it would probably be helpful to investigahe

changes in the skin microbiome associated withneageneralized demodicosis.

In some dogs the pyoderma can progress to causensgssigns such as fever,
lethargy, anorexia and the potential of sepsis death. It is known, that the prognosis is
better in young dogs compared to dogs with adusiebrdemodicosis (Duclcg al., 1994).
Juvenile GD is considered a disease with genetikgraund (Plangt al., 2011). There are
many breeds, which have been reported to be p@shsp(Plangt al., 2011; Scotet al.,
2001). However, the genetic base of the dog padpulatan vary significantly between
countries and studies so far have focussed on dpglgtions in the United States, Australia
and selected European countries. Woldemesked!., (2017) recently demonstrated the
spreading of demodectic mites to the visceral lymptles via vascular channels which may
considered as a part of pathogenesis of chronmyred, adult- onset of generalised canine

demodicosis.

Cytokines and Demodicosis

TH1 cells release interleukin (IL)-1, interferomdatumor necrosis factor (TNF) after
antigen stimulation. This cascade of effects ldadsell-mediated immune responses, which

are responsible for macrophage activation, deldypée- hypersensitivity reactions, and
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defense against intracellular organisms. TH2 respoiead to release of IL-4, IL-5, IL-10,
and IL-13, which stimulate B-cell proliferation aadtibody secretion. Pathology associated
with autoimmune, infectious and allergic diseasey ime due to primary TH1- or TH2-like
responses, and much recent research has focusetiaoacterizing and modulating their
responses (Duartet al., 1999; Singhet al., 1999). The evaluation of cytokine messenger
RNA expression in mononuclear cells from the pesiphblood of dogs with demodicosis
was performed using RT-PCR and semi-quantitativ® PTaniet al., 2002). Results of PCR
analysis suggest that increased TGF-mRNA expressight be a key factor for revealing the
difference in the mechanism of onset between Ipedland generalized demodicosis (Teini
al., 2002). TGHR; is the prototypical member of a superfamily ofigi®pic cytokines, which
regulate a multitude of biological processes initlgdtissue homoeostasis, angiogenesis,
migration and differentiation. TGB-acts as a potent immunosuppressor by regulatieg th
proliferation and survival of many cells of the imne system. In the same study authors
demonstrated down regulation of TNFn dog with demodicosis (Taset al., 2002). TNFe

is a pleiotropic pro-inflammatory cytokine that esemultiple biological effects. At low level
expression of TNFe participates in beneficial tissue remodeling andthdefense response.
The expression of TNE-is tightly controlled, because systemic over pabidun of TNF«a
activates inflammatory response to infection andrin and mediates hypotension, diffused
coagulation and widespread tissue damage. Additjorizani et al. (2002) suggest that IL-5
may be a key factor in monitoring the disease. RiygeFelix et al. (2013) revealed that
elevated serum levels of IL-10 are strongly asgediavith recurrent demodicosis in dogs.
They also demonstrated elevated levels of IL-1@ags encountered with demodicosis for
the first time. IL-10 cytokine is an essential nmile in the mechanism underlying
suppression mediated by T regulatory cells (Mogral., 1990). Recently, Kumaset al.
(2017) also evidently demonstrated the potentiato@ation of immunosuppressive
circulatory cytokines with the localised as well a@eneralised demodicosis. They
hypothesized the potential association of vagal umosuppressive along with marked
elevation in circulatory IL-10 level with the cloal pathology and progression of

demodicosis in dogs.

IL-10 is also called the cytokine synthesis intabitactor, since it has the ability to
inhibit the synthesis of Thl cytokines (IL-1, IFN-and TNFe) as well as inhibiting the
function of NK cells (Howard and O’garra, 1992)s lnti-inflammatory and suppressive
effects on most hematopoietic cells, and it indlyesuppresses cytokine production and
proliferation of antigen-specific CD4+ T effectoells, by inhibiting the antigen-presenting
capacity of different types of professional antiggasenting cells (Roncarokt al., 2006).

IL-10 mainly targets on Thl cells, B cells, macragbs, NK cells, mast cells, and thymocytes
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(Tizard, 2002). Recently, Singd al. (2014) demonstrated remarkably higher level oNAR
expression for interleukin-4, interleukin-5 andnsforming growth factor beta (TGH-
MRNA expression in dogs with sarcoptic mange in gamson with the healthy dogs.
Moreover, the same study revealed remarkably |deeel of tumor necrosis factor alpha
(TNF-0) dogs with scabies. Therefore, the possibilitypemodex induced overproduction of
IL-10 and TGFB as well as down regulation of TNFin conferring immune escape of
proliferating mites is reasonable. The observatiohsthe various researchers evidently
suggest that dogs with generalized demodicosis show innate and adaptative
immunodeficiency (Singh and Dimri, 2014). Barbaatal. (2000) reported recuperation of
the lymphocytic response by the effect of Thymostimcan solve the clinical appearance of

generalized demodicosis.
Demodicosis and miticide

Amitraz has been approved for the treatment ofneagieneralized demodicosis in
many countries for decades and has been shown @o leéfective treatment option in many
studies (Mueller, 2004). It is the member of fornidime family. The mechanisms of action
of the amitraz include the inhibition of prostaglansynthesis, interaction with
the octopamine receptors of the central nervoutesysnd inhibition monoamine oxidases.
The treatment protocol of the dog suffering withngelised demodicosis along with
secondary deep pyoderma must not contain systettilli@ics as a necessary component of
treatment because intensive miticidal and topicdibacterial therapy may be sufficient to
resolve the clinical situations (Kuznetsog@al., 2012). Josephust al. (2013) recently
proved that Certife€ta combination of (fipronil 6.26% wl/v, amitraz 7%8w/v, and (S)-
methoprene 5.63% w/v) produces effective resulttieating dogs with generalized
demodicosis when used both in monthly and bi-weekBnner over a 3-month period.
Fipronil shows acaricidal action and there actorignificantly potentiated when it is used in
combination with Amitraz (Pfister, 2011; Prullage al., 2011). Keeping the view of
providing safer and appropriate approach to cuie disease, findings of recent studies
stablished topical products as a registered treasnprotocol for curing demodicosis
because these help in improving owner compliamntgch results into increase in success
rate. These topical products contain either amitaambined with the insecticide
metaflumizone) as agile component or moxidectin miomed with the insecticide
imidacloprid) which may applied as a spot-on at thiynor bi-weekly intervals (Fouriet al.,
2006; Fourieet al., 2007; Heineet al., 2005). Anecdotally, Amitraz caused headaches and
asthma in owners, thus it is commonly recommentiatldogs should be washed in a well-
ventilated area (Mueller, 2004; Sco#t al., 2001). Yohimbine (Yobine, Ben Venue

Laboratories) is the antidote for amitraz, and tenused if side effects are excessive.
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Atipamesole (50g/kg intramuscularly) can reverse the signs ofdosis within 10 minutes
.The recommended concentration of Amitraz variemf0.025% to 0.06%, with a frequency
of once weekly to every 2 weeks (Mueller, 2004)rtéia studies revealed that therapeutic
management of those cases of canine generalisedditnsis which was not responding to
normal conventional therapies can be achieved lyguamitraz intensively with daily
rinsing of alternating body halves at a concerdratdf 0.125% (Medleau and Willemse,
1995) or weekly treatment with an amitraz conceimmnaof 1.25% (Hugnett al., 2001). For
the treatment of juvenile and adult onset demodicas dogs recently efficacy of
metaflumizone plus amitraz was also studied (Rasenk, 2009). Amitraz causing sudden
death in Chihuahuas, so it should be avoided s heed. Use of Amitraz should also be
avoided in pregnant and nursing bitches and in jegpprhose age is less than 12 weeks
(Craig, 2003). Dog must be clipped properly befdigping, beside this dog should also not
be bathed between applications of the miticidalgdse that efficacy of the medication
increases (Scott al., 2001). Newer parasiticides such as membersosbmline class of
compounds have recently opened novel window inafieuntic management of canine
demodicosis (Beugnet al., 2016; Sixet al, 2016). Afoxolaner is an isoxazoline compound
having insecticidal property along with good safetgge and extended effectiveness against
fleas and ticks on dogs following a single oral adstration (Shoopet al.,2014). The novel
insecticidal and acaricidal activities contaningxiszolinen compounds shows there mode of
action via acting on specific GABA/glutamaterecepitibiting the chloride ion channels of
arthropods (Ozoet al., 2010; Garcia-Reynaghal., 2013; Gassed al., 2014).

Demodicosis and alternative therapy

In recent scenario due to increasing incidencerad desistance and detrimental side
effects with the most of allopathic drugs theregigest for the safe alternative medicines.
Natural remedies such as nutritious foods, herldsatiner supplements can be used to treat
the skin problem topically. The use of alternativedical therapy including herbs is
increasing dramatically in the United States. Mahyhese herbal therapies have been used
for centuries and show good anecdotal result (Bedi Shenefelt,2002). Recent work has
uncovered potential biochemical mechanisms involuettie immunomodulatory pathway of
many supplemental vitamins (A, D, and E) that appeaaffect the differentiation of
CD4 cell TH-1 and TH-2 subsets (Mainaret al., 2009). Plant sterols and sterolins
(phytosterols) are sterol molecules synthesizedlégts and ingested by humans and animals
in the form of fruits and vegetables. These compsumave been shown in animals to have
antiinflammatory, antineoplastic, antipyretic, aimmunomodulating activity. Phytosterols

improve T-lymphocyte and natural killer cell actigs. Overactive antibody responses are
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also dampened to help control immune-mediated atmiramune disease processes, and the
dihydroepiandrsterone (DHEA): cortisol ratio is malized (Dodds, 2000).

An antibacterial drug which is a constituent of tactive components i.e. silver
nanoparticles (AgNPs) having concentration 10-50m pmnd benzyldimethyl{3-
[miristoylamino]-propyllammonium chloride having w©oentration 100 ppm, has been
approved as an antiseptic during demodicosis iroeermoncentrated dosage form (up to 50
ppm of nanosilver) for the human patients. Sigatficreduction in the treatment period along
with prevention of complications by the use of thigibacterial drug has been reported by
Krutyakov et al. (2016). Successful management of refractory casesrone demodicosis
with homeopathy medicine Graphitis is also reporezkently ( Ranjamt al., 2013). Fish oil
provides omega-3 fatty acids and can be very @fedh easing an itch. Other sources of
omega-3 fatty acids include flaxseed oil and pumgeed.Jatropha curcas oil along with
Withania somnifera root extract revealed higher efficacy against demodauotnge (Singh
and Dimri, 2010). The findings of study on demodisoand alternative therapy show that
Gliricidia (Gliricidia sepium) can be used as an alternative therapy for gémedatanine
demodicosis (Davidt al., 2000). Neem oil, together with lavender oil, caake an effective
skin rinse against mange. Other herbs that aretaféeagainst mange include yellow dock,
Echinacea, Calendula, and Aloe vera. Homeopatkiatritent is also effective in treating
canine mange. Commonly used homeopathic remediesSalphur, Psorinum, Silicea,
Graphit. A treatment protocol for mange consiststiid combined usage of neem oill

(externally) and homeopathic (orally).

The uses of herbal plants as health promotersainéng increasing attention in both
consumer and scientific circle (Upadhawl., 2011; Hashemi and Davoodi, 2012). Hrebal
drugs/Indeginous drugs exhibited multiple immunonlatbry actions including modulation
of cytokine secretion, histamine release, immunogjio production, immunoglobulin class
switching, cellular co-receptor expression, lympliec proliferation and phagocytosis
promotion (Spelmast al., 2006). Clove $yzygium aromaticum) shows its anti-inflammatory
action by eugenol, eugenol in noncytotoxic conedins exert immunomodulatory/anti-
inflammatory action on cytokine production by m@rimacrophages (Bachiegaal., 2012).

In recent time, compliance and switching over tdbhktherapies from conventional medicine
is advocated globally as herbal therapies can oftgmove or even reverse a condition by
identifying and treating the root cause. Herbal iwieds are also effective in chronic
conditions, such as asthma, allergies, recurririg sainditions and cancers (Mahiregal.,
2012). The various herbal drugs lik&scophyllum nodosum, Cucumis melo, Carica
papaya, Aloe vera, Haematococcus pluvialis, Curcuma longa, Camellia sinensis, Punica

granatum, Piper nigrum, Polygonum cuspidatum, Echinacea purpurea, Grifola frondosa,
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andGlycine max in the diet correlated with a significant decreas@&H-1 response, in terms
of INF-y production. Such evidence highlighted the immunduatatory potentials of these
specific botanicals (Guidettt al., 2016).Withania somnifera (WSE) can be used to augment
the activities of antioxidant enzymes and levelrefuced glutathione and decrease lipid
peroxidation and oxidative stress in dogs with déicwsis (Singtet al., 2010). Singhet al.
(2011) also demonstrated the ameliorative poteofisithania somnifera extract against the
altered CDZ/CDS8" balance of dogs with demodicosis. The cyanobagteSpirulinais an
aquatic microorganism that contains a huge amouessential nutrients and bioavailable to
the body, widely used in the world because of itdritional richness and character
immunostimulant. According to recent studies ite@e thatSpirulina aids in the early
recovery of dogs with demodicosis and does not teathdesirable effects resulting from its
chemical composition, revealing its benefits asiealjt therapy for the treatment of canine
demodicosis (Bezerrat al., 2013). The recent trends of immuno-pathologycahine
generalised demodicosis (Kumatial., 2017) evidently suggest the need of supplementat
of safe alternative immunomodulators along with tmaventional miticidal therapies for

holistic management of canine demodicosis.
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CHAPTER-3

MATERIALSAND METHODS

3.1. Selection criteria of animals and design of the study

Client-owned dogs presented with dermatologicaheaiits at Teaching Veterinary
Clinical Complex (Kothari Hospital) of the Univelgifor clinical and dermatological
examination were examined and diagnosis of demenicsas made by detection of mature
and immaturédemodex canis mites in scrapings and/or hair pluck samples flesional skin.
The dogs were diagnosed with generalized demodiagisen they have either minimum of
five affected areas (>10 éreach) or have a single-affected body region (>&i8) or have
at least one affected paw (pododemodicosis) (Ratetsal. 2009). The dogs must be older

than 7 weeks of age and weighing >4kg.
3.2. Animal inclusion criteria

The dogs generalised demodicosis that have nottbested with ectoparasiticides or
steroidal anti-inflammatory drugs in the last 30 dgyior to clinical examination were
included in this study. Diseased dogs have histbrggular routine deworming and were free
of any other concurrent diseases. The participdézdodicosed dogs were also free of other
ecto-parasites infestations, except [r canis mites. Dogs were also found negative for
haemoprotozoa on thin blood smears examinationhave physiological parameters like
body temperature, respiratory-rate and heart-rateirwthe normal reference range. When
skin cytology of impression smears revealed pres@&fiaeutrophils and intracellular Cocci

(Fig.1.3), a diagnosis of concurrent secondary pyoa was made.
3.3. Treatment plan

The dogs diagnosed with generalised demodicosig &bocated into two groups
(Group 1 and 2). Demodicosed dogs of Group 1 (ny & Group 2 (n=10). The
demodicosed dogs of Group 1 were treated with G@33%olution v/v of amitraz rinse at
weekly intervals for 8 weeks. Whereas, demodicadegs of Group 2 were treated with
0.0375% solution v/v of amitraz rinse at weeklyemtls and oral with one capsule (250 mg)
twice in a day of a polyherbal formulation (Pyodamare-G capsules) for 8 weeks.
Pyodermacare-G is a polyherbal preparation devdlopeler ICAR outreach programme on
Ethnoveterinary Medicine Grant No.1-72/(EVM-Outreach Programme)/2009/Med dated
05.02.2010) by Department of Pharmacology and Toxicology, €l of Veterinary Science
and Animal Husbandry, DUVASU, Mathura. A patent Hseen filed for the polyherbal

(Pyodermacare-G) preparation and the product Ik wider the process of patent. The
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Fig. 1.1: Micrograph of skin scrapping showing various stages of
Demodex canis mites

Fig.1.2: Micrograph of an adult Demodex mite

Fig.1.3: Micrograph of impression smear showing engulfed
bacterial Cocci by WBCs
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preparation Demodicosed dogs of both of the groupee bathed thoroughly with 2.5%
benzoyl peroxide shampoo and towel dried beforeh eagplication of amitraz rinse.
Demodicosed dogs diagnosed with concurrent pyodemai@ also treated with injection
lincomycin at a dose rate of 20 mg per kg of bodyght once a day, intramuscularly for a
period of minimum five days and first amitraz ringas applied on day fifth in these dogs.
The diseased dogs were clinically examined atritexvals of 30 + 03 days post-therapy for

clinical and parasitological recovery assay.
3.4. Faecal sample examination

By using sterilized swabs anal swab samples wetair@adl from each of the
participated dogs before start of any treatmentalSwbtained were subjected for routine

examination methods for detection of endo-parasitestations.
3.5. Thin blood smears examination

For preparation of blood smear, a drop of blood @amvas obtained by aseptic
pricking of ear tips of diseased dogs and spre&d aclean slide to prepare the blood smear.
Blood smear examination was conducted by routinghoas for detection of any

haemoprotozoa infection and differential leukoaytents.
3.6. Dermatological investigation
3.6.1. Mite counts

Mite counts were performed in skin scraping materidbtained from two different
skin-scraping sites of one squire centimetre. Emessites were sampled on each subsequent
examination (at 4 wks intervals). For taking skimap the selected 1 érarea was squeezed
by holding the area of skin between thumb and fimger. Further, with the help of blunted
knife a deep skin scrap was taken until the bloodeoout. The scraped sample was
transferred into a glass test tube. Further, 2-8fM0% KOH solution was added into the
scraped samples and subjected for mild heating awgarit lamp until Lor 2 bumps arises in
the KOH solution. The tube was allowed to standfiéar min at room temperature to make it
cool down and further subjected for centrifugatadan2500 rpm for 5 min. The supernatant
was discarded and the aliquot was used for countiegmites. Skin scrape samples were
systematically read using the 10X objective lenss@lute counts for each life stage (adult,
larvae and egg) Figs. (1.2 and 1.3) were recordgeta method suggested by Paterstosl.
(2009)

3.6.1. Skin impression smears cytology

Pressure impression smear was prepared from timeleions by using the clean

grease free glass slides. The air dried impressioear should be fixed in methanol for 1
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minute and dry it in air. Further, the fixed smeas stained with Field Stain B (Red Stain)
{approximately 1ml} for 30 seconds. After washingder tap water and the slide was flooded
over with Field Stain A (Blue Stainjapproximately 1ml} for 10 to 20 seconds. Further
subjected for washing under running tap water aretidn air. Microscopic examination was

performed under 100 x oil immersion objective.
3.6.2. Clinical recovery score analysis

The presence and severity BeEmodex-induced skin lesions were recorded. Four
clinical symptoms e.g., the extent of Erythema,|&farusts, Comedon®apulesPustules
and Alopecia were assessed and rated on a scalffabsent) to 6 (extremely severe) with
a maximum total score of 24 at one sits. All tharfscores were summed up for each affected
area of the body and expressedDsnodex-induced skin lesions score (DSLS) for each
affected site. The mean of DSLS at different si@kaffected areas was calculated and used
for assessment of clinical recovery for each of dieeased dog. Per cent clinical recovery
was calculated by using formula e.g., % clinicalorery = [(Day 0 DSLS — DSLS at day
post-therapy) / Day 0 DSLS] X 100.

3.7. Blood sample collection

With the informed verbal consent of the pet ownapgproximately 3 mL of blood
samples were obtained from each dog in clot adigatcontaining tubes on every
examination during the period of the therapy anddufor harvesting serum. The tubes
containing blood samples were kept in a slantedtiposfor 15-20 min at normal room
temperature, followed by subjected to centrifugd®20 rpm for 5 min. Supernatant serum
was aspirated using micropipette and transferréal @gnyovials and stored at -2 °until
estimation various panelédditionally, 2 mL blood samples were also obtained into vials
containing EDTA from each of the diseased dog cgryeexamination during the period of
the therapy and were subjected for routine haewgyoBlood samples were collected before
on day O (start of the therapy); Day 30 post-thgrapd day 60 post-therapy. In similar
manner blood samples were also obtained from th#hyedogs and were used as reference

value (Group 3).
3.7.1. Haematology

Haematology of all blood samples were carried owutusing fully automated
haematology analyzer (BS-2800 Vet Haematology aeaJyMindray Electronic Co. Ltd) on
each sampling time. Total erythrocyte counts, hagaton, haematocrit (HCT), MCH,
MCHC, differential leukocyte counts, granulocyt@spnocytes, lymphocytes, eosinophils

counts were measured.
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3.7.2. Serum biochemistry

Serum biochemical panels were estimated by romie#hods on each sampling time
with the help of automated biochemistry analyzes{B0 Chemistry Analyzer; 2007- 2010
Shenzhen Mindray Biochemical Electronics Co. Lty using the kits from Span
Diagnostics Ltd. Sero-biochemical panels, namelycgte, total cholesterol, triglycerides,
albumin, total protein, urea and creatinine leaid activities of aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and alkalpteosphatase (ALKP) were estimated.
Globulins level was estimated by deducting the milnucontent from total proteins and the
content of albumin was divided with globulin corttéo derive the albumin/globulin (A/G)

ratio.
3.7.3. Quantification of circulatory cytokines by ELSA

Circulatory levels of interleukin-10 (IL-10), tumounecrosis factor-alpha (TNé&)
and interferon-gamma (IFN- were estimated at day O and day 60 post-thergpysing
canine specific ELISA kits (RAB0524-1L-10; RABO5Z6NF-o; RAB0523-IFNy, Sigma-
Aldrich, USA) following the procedure as descritigdthe manufacturer. Levels of IL-10 and
IFN-y were expressed as ng/mL, where TiNFevel was expressed as pg/mL. The intra-assay
and inter-assay reproducibility coefficients of istion of the all assayed cytokines were

<10% and <12%, respectively.
3.7.3.1. Quantification of interleukin-10
Reagents Required:

Assay/ Sample Diluent Buffer dilution

Assay/Sample dilution buffers B and D (Providedkit) were diluted 5 fold with
deionized or distilled water before use. 1x sandiligents buffer was further used for serum

sample dilution.
Preparation of standard

Iltem C (provided in kit) was briefly spinned andn80ml standard solution was
prepared by adding 500ul of 1x diluents buffer pegte up 400 pl of 1x diluents buffer D in
to 7 tubes. Then 200 pl of prepared standard solwias used to produce a dilution series.

Each tube was properly mixed before the next teandiX diluent buffer is used as blank.
Preparation of concentrate Biotinylated Antibody

Detection antibody vial (provided in kit) was bhefspinned and 100ul of 1X
diluents buffer B is added to prepare a detectitibady concentrate. Prepared mixture is

gently mixed and stored at 4°C for further use.
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Preparation of working Biotinylated Antibody

Prepared concentrate biotinylated antibody waséurdiluted 80 fold with 1x diluent

buffer B to get a working solution.
Dilution of HRP- streptavidin Concentrate

HRP- streptavidin concentrate vial (provided in kias mixed properly and diluted
350 fold with 1x diluent buffer B.

Washing solution-already provided in the kit.
TMB reagent- provided in the Kkit.
Procedures

Before starting the protocol all reagents and samplere allowed to reach at room
temperature. 100 pl of each standard and samplesageed into appropriate wells of coated
ELISA plate (provided in kit). Wells were covereddaincubated for 2.5 hours at room
temperaturawith gentle shaking. After incubation, the solutias discarded and 300 pul of
wash solution was added in to each well for washidgshing solution was completely
removed from wells by gentle tapping. This step wagormed for four consecutive times.
After washing, 100 ul 1X prepared biotinylated batly was added into each well and
incubated for 1 hour at room temp temperature giéthtle shaking followed by discarding of
the solution and repeated the washing was givemthé&my 100 ul of prepared HRP-
Streptavidin solution was added into each well imodbated for 45 min at room temperature
with gentle shaking. Washing step was repeatedtlamdvashing solution was completely
removed from each well. 100 pl of ELISA ColorimetiiMB Reagent was added to each
well and incubated for 30 min at room temperatar¢hie dark with gentle shaking. At the
completion of the incubation period, 50 pl of steution was added to each well and

reading was taken immediate at 450nm with help opiete ELISA reader.
Calculation

Absorbance for each set of standard, control amdpks were calculated and
subtracted the average zero optical density. Stendarve was plotted using sigma plot
software with standard concentration on the X-axid absorbance on the Y-axis. Circulatory

levels of IL-10 were expressed as ng/mL.
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Quantification of TNF-a
Reagents Required:
Assay/ Sample Diluents Buffer dilution

Assay/Sample dilution buffers B (Provided in kitasvdiluted 5 fold with deionized

or distilled water before use.
Sample diluents buffer

1x sample diluents buffer (provided in kit) wasdigar serum sample dilution.
Preparation of standard

Item C (provided in kit) was briefly spinned and01@g/ml standard solution was
prepared by adding 400ul of 1x diluents buffer Awider was thoroughly dissolved by gentle
mixing. 7 pl of TNFe standard was added into a tube havinguf®8 assay diluents B to
prepare a 700 pg/ml standard solution. 80ff diluents buffer A was pipette in to 8 tubes.
Then 200 pl of prepared standard solution (700 Pgias used to produce a dilution series.
Each tube was properly mixed before the next teansfX diluent buffer B was used as
blank.

Preparation of concentrate Biotinylated Antibody

Detection antibody vial (provided in kit) was bhe$pinned and 100ul of 1X diluent
buffer B was added to prepare a detection antiloothgentrate. Prepared mixture was gently

mixed and stored at 4°C for further use.
Preparation of working Biotinylated Antibody

Prepared concentrate biotinylated antibody waséurdiluted 80 fold with 1x diluent

buffer B to get a working solution.
Dilution of HRP- streptavidin Concentrate

HRP- streptavidin concentrate vial (provided in) kias mixed properly and diluted
350 fold with 1x diluent buffer B.

Washing solution already provided in the Kkit.
TMB reagent- provided in the kit.
Procedure

Before starting the protocol all reagents and samplere allowed to reach at room
temperature. 100 pl of each standard and samplesageed into appropriate wells of coated

ELISA plate (provided in kit). Wells were covereddaincubated for 2.5 hours at room
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temperature with gentle shaking. After completidnirecubation period, the solution was
discarded and 300 ul of wash solution was addedl éaich well for washing. Washing
solution was completely removed from wells by gendpping. This step was performed for
four times. After washing, 100 ul 1X prepared bigtated antibody was added into each well
and incubated for 1 hour at room temperature wihtlg shaking. Further, the solution was
discarded and washing procedure was repeated.|Xfiprepared HRP-Streptavidin solution
was added into each well and incubated for 45 mno@m temperature with gentle shaking.
Further, washing step was repeated and the wasbingon was completely removed from
each well. 100 pl of ELISA colorimetric TMB reagemés added to each well and incubated
for 30 min at room temperature in the dark with teshaking. After completion of the
incubation period, 150 pl of stop solution was adtie each well and reading was taken

immediately at 450 nm by microplate ELISA reader.
Calculation

Absorbance for each set of standard, control amdpkes were calculated and
subtracted the average zero optical density. Stdrlave has been plotted using sigma plot
software with standard concentration on the X-zamel absorbance on the Y-axis and

circulatory TNFe level was expressed as pg/mL.
Quantification of IFN-y

Reagents Required:

Assay Diluents Buffer dilution

Assay/Sample dilution buffers B (Provided in kitasvdiluted 5 fold with deionized

or distilled water before use.
Sample Diluent Buffer

Sample diluent buffer A (provided in kit) was ugedserum dilution.
Preparation of standard

Item C (provided in kit) was briefly spinned and01@g/ml standard solution was
prepared by adding 400 pl of 1x diluents buffer Al7of standard solution from vial C was
added into another tube having 993 pl of assayeditibuffer A to prepare a 700 ng/ml
standard solution. Pipette up 300 pl of 1x diludmiffer A in to 8 tubes. Then 200 pl of
prepared standard solution is used to produceutiafil series. Each tube was properly mixed

before the next transfer. 1X diluent buffer A wasd as blank.
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Preparation of concentrate Biotinylated Antibody

Detection antibody vial (provided in kit) is brigfspinned and 100ul of 1X diluents
buffer B was added to prepare a detection antilootgentrate. Prepared mixture was gently

mixed and stored at 4°C for further use.
Preparation of working Biotinylated Antibody

Prepared concentrate biotinylated antibody waséurtliluted 80 fold with 1x diluent

buffer B to get a working solution.
Dilution of HRP- streptavidin Concentrate

HRP- streptavidin concentrate vial (provided in) kias mixed properly and diluted
350 fold with 1x diluent buffer B.

Washing solution-already provided in the kit.
TMB reagent- provided in the Kkit.
Procedure

Before starting the protocol all reagents and seample allowed to reach at room
temperature (18-25 °C). 100 ul of each standardsamaples were added into appropriate
wells of coated ELISA plate (provided in kit). Weellvere covered and incubated for 2.5
hours at room temperatuvéth gentle shaking. At the completion of incubatithe solution
was discarded and 300 ul of wash solution was addedeach well for washing. Washing
solution was completely removed from each well bytle tapping. This step was performed
for four times. Further, 100 ul 1X prepared biotatgd antibody was added into each well
and incubated for 1 hour at room temperature withtlg shaking. Again, the solution was
discarded and washing procedure was repeated.|iqprepared HRP-Streptavidin solution
was added into each well and incubated for 45mimam temperature with gentle shaking.
Further, washing step was repeated and the wasbingon was completely removed from
each well. Further, 100 pl of ELISA colorimetric B\ieagent was added into each well and
incubated for 30 min at room temperature in thé& dath gentle shaking. At the completion
of incubation period, 50 pl of stop solution wasled to each well and the absorbance was

read immediately at 450nm by using micropalte ELISader.
Calculation

Absorbance for each set of standard, control amdpks were calculated and
subtracted the average zero optical density. Stendarve was plotted using sigma plot
software with standard concentration on the X- aaisd absorbance on the Y-axis.

Circulatory levels of IFN¢ were expressed as ng/mL.
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Statistical analysis

All data were expressed as mean = S.E.M. Statistigalysis were conducted to
determine the difference between the groups bygusire-way ANOVA, post-hoc Tukey's
test with general linear models in SPSS 16. Wiiile,comparison among the values within
the same group at different time intervals werdyaea by the Repeated Measures approach
using ANOVA with mixed linear models in SPSS 16eThavel of statistical significance for

all the comparisons made was established at P<0.05.
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CHAPTER-4

RESULTS

Effects on Haematology

The haematology of diseased dogs a the studied sampling days is depicted in
Table 1. The ameliorative potential of Pyodermacare-G on haematology of dogs with
generalised demodicosis was evaluated in terms of alterations in the both leukograms and
haemograms. Remarkable alterations in the both leukograms and haemograms were not
recorded on day O (before start of the therapy). Whereas, remarkable alterations in the both
leukograms were recorded in both of the groups on day 30 and day 60 post-therapy when
compared with their own day 0 values (Table 1). Moreover, remarkable aterations in the both
leukograms and haemograms were also recorded in both of the groups on day 60 when

compared with their own day 30 values (Table 1).

The demodicosed dogs of control group (Group 1), that were not supplemented with
Pyodermacare-G, found have no significant reduction in tota leukocyte counts (TLC) at day
30 and day 60 post-therapy as compared with their own day 0 values. Moreover, significant
amedlioration in other pands of the leukograms for instance lymphocytes, granulocytes and
monocytes counts as well as lymphocytes, neutrophils, monocytes and eosinophils percentage
was also not recorded in this groups at day 30 and day 60 post-therapy as compared with
their own day O values. Likewise, significant amelioration in all the panels of leukograms
were not revealed by the dogs of control group at day 60 post-therapy as compared with their
own day 30 values. Whereas, the demodicosed dogs supplemented with Pyodermacare-G
(Group 2) found have significant (P<0.001) reduction in TLC at day 30 and day 60 post-
therapy as compared with their own day O vaues (Fig.10.11). Moreover, significant
(P<0.001) reduction in granulocytes counts was recorded in this groups at day 30 and day 60
post-therapy as compared with their own day O values (Fig.10.5). At day 30 post-therapy,
significant (P<0.001) reduction lymphocytes counts was revealed by Pyodermacare-G
supplemented dogs as compared with their own day O values. Moreover at day 60 post-
therapy these dogs also reveaed significant (P<0.001) reduction in the both lymphocytes and
monocytes counts as compared with their own day O values. The dogs of this group aso
found to have significantly (P<0.05) lower percentage of neutrophils at day 60 post-therapy as
compared with their own day 0 and day 30 values (Fig.10.10). Whereas, significantly higher
percentage of lymphocytes (P<0.01) (Fig.10.9) and monocytes (P<0.05) at was recorded in
this group at day 60 post-therapy as compared with own day 0 values. Remarkable reduction
in eosinophis percentage was not recorded in dogs of both of the groups at day 30 and day 60
post-therapy as compared with their own day 0 values.
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Table 1: Effects of Pyodermacare-G supplementation on leukogm of dogs with generalised demodicosis.

Controls
(Group 1; n=09)

Pyodermacare-G supplemented
(Group 2; n=10)

Panels

Day 60
Day 0 Day 30 Day 60 Day 0 Day 30 y
TLC B T B,t
27.26+2.64 24.10+2°9 20.21+1.85 24.40+1.9 11.57+0.62 7.67+0.37%
(10%uL)
Lymphocytes
ymphocy 5.2640.41 4.4520.32 4.54+0.40° 5.0140.53 2.48+0.2%" 2.03£0.10%"
(10%uL)
Monocytes
% 0.97+0.14 0.68+0.07 0.63+0.08° 1.06+0.16 0.68+0.14 0.45+0.08%*
(10°/uL)
Granulocytes
y 20.77+2.40 18.33+3.01 14.66+1.52° 18.34+1.78 7.96+0.47" 5.04+0.26°5"
(10%uL)
Lymphocyt
(ozr)np ocytes 20.07+2.02 20.36+1.60 22.83+1.45° 20.71+1.71 23.08+1.4% 26.64+0.68%
0
M
((yo)”ocytes 3.71%0.45 2.08+0.%6 3.362021"° 4.37+0.61 5.09+0.32" 5.79+0.185
0
Neutrophil
(;)“ rophtis 72.60+2.08 73.68+1.82 70.81+1.5%5 71.77+2.5% 68.86+1.1%" 65.73+0.51°"
0
Eosinophil
(;)S'”Op s 3.3620.57 3.18+0.52 3.87+0.71"° 3.0520.68 2.0520.46 1.89+0.2481
0

ANon-significant difference, when compared with dayalues of the same groufiNon-significant difference, when compared with & values of the same group;
3Significant (P<0.01) difference, when compared wd#ly 0 values of the same grodignificant (P<0.05) difference, when compared witly O values of the same group;
“Significant (P<0.05) difference, when compared wifly 30 values of the same groiignificant (P<0.01) difference, when compared witime day post-treatment values
of Group 1;*Significant (P<0.05) difference, when compared siime day post-treatment values of GroupNign-significant difference, when compared with @ayalues

between the groups.



_ Control
== Pyodermacare-G supplemented

Granulocytes
(103/uL)

Days

Fig.10.5: Effect of Pyodermacare-G capsule supplementation on absolute numbers of
Granulocytes (M ean+SE)

40-
T Control
30 _ == Pyodermacare-G supplemented

101 _
0 % T =
Q
KY ©
>
9 &
Days

Fig. 10.6: Effect of Pyodermacare-G capsule supplementation on circulatory IL-10 level
(Mean+SE)



30+
Control

== Pyodermacare-G supplemented

N
o
1

Lymphocytes
(%)
S

Days

Fig.10.9: Effect of Pyoder macare-G capsule supplementation on Lymphocytes per centage
(Mean+SE)

Control
== Pyodermacare-G supplemented

Neutrophils
(%)

Days
Fig. 10.10: Effect of Pyoder macare-G capsule supplementation on Neutr ophils per centage
(Mean+SE)



404 Control

== Pyodermacare-G supplemented

o &
0”’4‘ 0”’*
Days

Fig. 10.11: Effect of Pyoder macare-G capsule supplementation on TLC (Mean+SE)

101
Control

m 8- == Pyodermacare-G supplemented
c
5 _
53 °
=3,
8
2

2-

0

Fig. 10.12: Effect of Pyodermacare-G capsule supplementation on Total Protein leve
(Mean+SE)
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At day 30 post-therapy, the dogs supplemented Rytbdemacare-G found to have
significantly (P<0.01) lower values of TLC, grancytes and lymphocytes as compared with
day 30 post-therapy values of non-supplemented @®Bgsup 1). Additionally at day 30 post-
therapy, percentage of neutrophils was signifigafif0.05) lower in the dogs supplemented
with Pyodemacare-G as compared with the same ddyesaof Group 1. Whereas,
Pyodemacare-G supplemented dogs found to have fisgmly (P<0.001) elevated
percentage of monocytes at day 30 post-therapgrapared with same day’s values of non-
supplemented group. Moreover at day 60 post-therdpg dogs supplemented with
Pyodemacare-G found to have significantly lowerueal of TLC (P<0.001), granulocytes
(P<0.001), lymphocytes (P<0.001) and monocytes (0as compared with day 60 post-
therapy values of non-supplemented dogs (GroupAdilitionally at day 60 post-therapy,
significantly lower percentage of neutrophils (PB@hk) and eosinophils (P<0.01) was
recorded in the dogs supplemented with Pyodemda8aas- compared with the same day
values of Group 1. Whereas, Pyodemacare-G supptethelogs found to have significantly
elevated percentage of lymphocytes (P<0.02) andooytes (P<0.001) at day 60 post-

therapy as compared with same days values of noplemented group.

Remarkable alterations in haemograms were recande both within and between
the studied groups (Table 2).The demodicosed dbgsnirol group (Group 1), that were not
supplemented with Pyodermacare-G, found have noifisignt amelioration haemograms
panels for instance TEC, Hb, HCT, MCV, MCH and MCHCday 30 and day 60 post-
therapy as compared with their own day O valueseM¥s, significant improvement in
haemograms panels for instance TEC (P<0.001), Kb.(®1) (Fig.10.13), HCT (P<0.001),
MCH (P<0.01) and MCHC (P<0.04) at day 30 post-thgrawas revealed by the dogs of
Pyodermacare-G supplemented group as comparedhgithown day 0 values. Additionally,
the dogs of this group also found to have significanprovements in TEC (P<0.001), Hb
(P<0.001), HCT (P<0.001), MCH (P<0.04) and MCHC @®94) at day 60 post-therapy as
compared with their own day O values. Likewiseat 60 post-therapy the dogs of this group
found to have further significant improvements i (P<0.03) and Hb (P<0.01) as

compared with their own day 30 values.

At day 30 post-therapy, the dogs supplemented Rythdemacare-G found to have
significantly higher Hb (P<0.01), HCT (P<0.004) av€CH (P<0.01) as compared with day
30 post-therapy values of non-supplemented dogsufgd). In tandem, at day 60 post-
therapy the dogs supplemented with Pyodemacaras@dfto have significantly higher TEC
(P<0.003), Hb (P<0.001), and MCH (P<0.004) as coagavith day 30 post-therapy values

of non-supplemented dogs (Group 1).
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Table 2: Effects of Pyodermacare-G supplementatioan haemogram of dogs with generalised demodicosis.

Controls Pyodermacare-G supplemented

Panels (Group 1; n=09) (Group 2; n=10)

Day 60

Day O Day 30 Day 60 Day 0 Day 30 y

RBC ] -
(10L) 5.12+0.5 5.65+0.38 6.20+0.29 4.8820.37 6.37+0.13 7.33+0.16°
:; /dL) 9.25+0.96 9.94+0.82 11.02+0.48° 8.7+0.60 12.14+40.18" 13.79+0.23%7
HCT . T
%) 38.58+3.4 39.30+2.39 42.90+2.20 35.99+2.% 47.34+0.8% 52.78+1.93
MCV ] i
L) 71.93+1.5 70.26+1/3 69.15+1.4 75.58+1.92 75.51+2.34 71.99+1.32
MCH B t t
(00) 19.6+1.18 16.74+0.75 17.43+0.34 17.37+0.% 19.08+0.41 18.79+0.28
MCHC ;
(g/dL) 24.85+0.86 24.35+170 25.76+0.46 24.01+0.2% 25.62+0.2% 26.26+0.66
Platelets
(10%uL) 442+91 276422 316+27° 317+4¢ 269+17 288+21E

ANon-significant difference, when compared with d@ayalues of the same groufion-significant difference, when compared with &fyvalues of the same group;
3Significant (P<0.01) difference, when compared wigly 0 values of the same grotigignificant (P<0.05) difference, when compared wvd#ty 0 values of the same
group;Significant (P<0.05) difference, when compared vd#ty 30 values of the same grofignificant (P<0.01) difference, when compared ity 30 values of
the same groupSignificant (P<0.01) difference, when compared wsiime day post-treatment values of GroufiNbin-significant difference, when compared with day
0 values between the groups.
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Effects on serum biochemistry

The ameliorative potentials of Pyodermacare-G capsules on serum biochemica
panels of dogs with generalised demodicosis are depicted in Table 3. Demodicosed dogs of
the control group (Group 1) have not revealed remarkable ateration in most of the atered
serum biochemical panels including cholesterol, triglycerides, and albumin contents at day 30
and day 60 post-therapy as compared with their own day O values. However, significant
(P<0.05) amelioration in ALKP activity was recorded in this group at day 60 post-therapy as
compared with their own day 0 values. But remarkable reduction in serum ALKP activity was

not estimated in this group at day 30 post-therapy as compared with their own day 0 values.

Whereas, the demodicosed dogs supplemented with Pyodermacare-G (Group 2)
found have significant reduction in total cholesterol level (P<0.05) at day 60 post-therapy as
compared with their own day O values (Fig.10.3). But at day 30 post-therapy, significant
amelioration in serum total cholesterol level was not revealed by the dogs of this group as
compared with their own day O values. Moreover, significant increment in total protein
(P<0.001) (Fig.10.12), albumin (P<0.001) (Fig.10.2) and globulins (P<0.05) was revealed by
the dogs of this group at day 60 pot-therapy as compared with their own day O values.
Significant increment in total protein (P<0.05) and albumin (P<0.01) was also recorded at day
30 post-therapy as compared with their own day O values. Additionally at day 60 post-
therapy, significant (P<0.05) increment in albumin content was also revealed by the dogs of

this group as compared with their own day 30 post-therapy values.

At day 30 post-therapy, the dogs supplemented with Pyodermacare-G found to have
significantly (P<0.02) lower levels of total cholesterol and triglycerides as compared with day
30 post-therapy values of the non-supplemented dogs (Group 1). Moreover at day 60 post-
therapy, the dogs supplemented with Pyodemacare-G found to have significantly lower levels
of total cholesterol (P<0.02) and triglycerides (P<0.001) (Fig.10.14) as compared with the
same day post-therapy values of non supplemented group (Group 1). Contrarily, the dogs
supplemented with Pyodemacare-G found to have significantly (P<0.03) higher albumin level
as compared with the day 60 post-therapy values of non-supplemented dogs (Group 1).

Effectson Circulatory Cytokines

The effects of supplementation with Pyodermacare-G on circulatory cytokines levels
of dogs with generalised demodicosis are depicted in Table 4. The demodicosed dogs of
control group, that were not supplemented with Pyodermacare-G, found have significant
(P<0.02) reduction in IL-10 level at day 60 post-therapy as compared with their own day 0

values. Whereas remarkable amelioration in circulatory levels of TNF-a and IFN-y was not
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Table 3: Effects of Pyoder macar e-G supplementation on serum biochemistry of dogswith generalised demodicosis.

Controls Pyoder macar e-G supplemented
Pands (Group 1; n=09) (Group 2; n=10)
Day 0 Day 30 Day 60 Day 0 Day 30 Day €0

%‘;733 88.67+12.54 76.88+6.7%6  72.22+6.63° 65.90+3.42 62.80+2.97 73.10+3.58°8
?r:g/'ﬁ)er o 188.4+21.3  179.77+16%  172.77+20%%  151.447.3 136.248. 94 119.6+9.5C8
(Tr;;%'é’f;* \des 170.5¢190.4  157.33+18'8  148.0¢15.6°  120.4+19.1 1024124 77.90+9.6"°
é%aﬂ)m’tei ns 6.82+0.32 7.25+0.33 7.85+0.37° 6.93+0.34 7.76+0.22°¢ 8.56+0.14"®°
(Ag' /%‘I‘_r)“i” 2.11%0.07 2204070  2.43+0.11® 2.04+0.08 2.44+0.16° 2.80+0.1%0C
g/%ﬁ’_‘;””s 4.7+0.31 5.02+0.32 5.42+037 4.9+0.28 5.31+0.16" 5.76+0.24C8
?r;g‘?éi[‘)i”e 0.52+0.08 0.54+0.05 0.59+0.06° 0.55+0.04 0.49+0.08" 0.55+0.04"®
g;g‘? dL) 12.47+0.80 13.02+£0.62  12.93+1.02° 11.98+0.4 13.10+0.86" 13.91+1.38%®
ﬁ;ﬁ;"”""te’*mino"ang erase (AST) 31.3+4.7 28.02+4% 29.41+3.9'° 26.34+3.18 28.82+3.2" 24.83+2.9"8
(Au' ﬁ_r;‘”eAmi”O”a”Sf erase (ALT) 31.245.1 24.41+3%  2350:2.43% 251133 20.19+1.8" 18.75+1.87®
(Au' /‘f_‘;‘“”e Phosphatase (ALKP) 64.7+4.6 57.33+4.35  48.0+4.5° 58.9+8.5 4714478 44.8+4 278

ANon-significant difference, when compared with dayalues of the same groufiYon-significant difference, when compared with & values of the same group;
CSignificant (P<0.05) difference, when compared vdtty 0 values of the same grodiSignificant (P<0.01) difference, when compared vdtty O values of the same
group; ®Non-significant difference, when compared with eslwf same days of treatment of GroupSignificant (P<0.05) difference, when compared wighues of same
days of treatment of Group Bignificant (P<0.01) difference, when compared wittues of same days of treatment of Group 1.



Table 4: Effects of Pyodermacare-G supplementation circulatory cytokines of dogs with
generalised demodicosis.

Controls Pyodermacare-G supplemented
Estimated Cytokines (Group 1; n=09) (Group 2; n=10)
Day 0 Day 60 Day 0 Day 60
Interleukin-10
28.87+8.7 7.33+0.75 25.97+4.3 3.13x0.02"

(ng/mL)

Tumour necrosis factor-a
153.05+27.5 107.55+9°8 154.48+27.% 145.15+11.3*

(pg/mL)

Interferon-y
3.83+0.08 3.84+0.09 3.81+0.09 6.43+0.65"
(ng/mL)

ASignificant (P<0.05) difference, when compared widy O values of the same groliNon-significant
difference, when compared with day O values of shee group® Significant (P<0.01) difference, when
compared with day 0 values of the same grét\mn-significant difference, when compared with @ayalues
between the group&Significant (P<0.01) difference, when compared wily 60 values between the groups;
*Significant (P<0.05) difference, when compared wily 60 values between the groups.
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Results ......LQ &

revealed by the dogs of this group at day 60 gustapy as compared with their own day 0

values.

The demodicosed dogs supplemented with Pyodermé&cd@roup 2) found have
significant (P<0.001) reduction in circulatory 110-1(Fig.10.6) and significant (P<0.001)
increment in IFNy levels (Fig.10.7) at day 60 post-therapy as cosgbavrith their own day 0
values. In tandem, remarkable reduction in ciraujatevel of TNFe. was not revealed by

this group at day 60 post-therapy (Fig.10.8) aspamed with their own day O values.

Noticeably at day 60 post-therapy, the demodicodeds supplemented with
Pyodermacare-G found to have significantly (P<O)ORiver circulatory IL-10 level as
compared with day 60 post-therapy values of congobup (Group 1). Agreeably,
Pyodermacare-G supplemented dogs also revealedficagh higher circulatory TNFe
(P<0.02) and IFN- (P<0.001) levels as compared with the same dayesabf control dogs
(Group 1).

Effects on parasitological recovery

The parasitological recovery e.g. reduction in nemtof total mites counts
(developing and adult stages@®modex mites) and percentage reduction in total mite toun
of both the studied groups of demodicosed is degiot Table 5. At day 30 post-therapy, the
per cent reduction in total mites counts in Pyodwrame-G supplemented dogs was
significantly (P<0.0001) higher as compared with same days values of non-supplemented
group (Group 1). Similarly at day 60 post-therajg per cent reduction in total mites counts
in Pyodermacare-G supplemented dogs was also isiymify (P<0.0001) higher as compared
with that of the same day values of non-supplentegteup. A total of 52.42+3.83 % and
92.87+2.3 % reduction in mite counts was revealethb dogs of control group at day 30 and
day 60 post-therapy, respectively. Whereas, pert geduction in mite counts of
Pyodermacare-G supplemented dogs was 82.27+1.2D&6d0.28 at day 30 and 60 post-
therapy, respectively (Fig.10.1). None of the dofsontrol group were found negative for
the presence of mites and their developmental stagday 60 post-therapy. Whereas, out of
10 demodicosed dogs supplemented with Pyoderm&tanaie dogs were found negative for

the presence of mites and their developmental staipgay 60 post-therapy.
Effects on clinical recovery

The clinical recovery in skin lesions at varioug/sl@f therapy of control group has been
shown in Figs (2.1, 2.2, 2.3 and 3.1, 3.2, 3.3)e Thinical recovery in skin lesions of

Pyodermacare-G supplemented demodicosed dogsiativaays of therapy has been shown
in Figs (4.1, 4.2,4.3,5.1,5.2,5.3,6.1, 6.3,6.1, 7.2, 7.3, 8.1, 8.2, 8.3, and 9.1, 9.2,.9.3)

The clinical recovery e.g. improvement in Demodedticed skin lesions score (DSLS) of
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Table5: Effects of Pyoder macar e-G supplementation on parasitological recovery of dogs
with generalised demodicosis.

Days Controls Pyoder macare-G supplemented P values
post-therapy (Group 1; n=09) (Group 2; n=10)
(% reduction in mites (% reduction in mites count)
count)
Day 30 52.42+3.83 92.87+2.3 0.0001
Day 60 82.27+£1.27 99.5+0.28 0.0001

¥Significant £<0.0001) difference, when compared with same day postrireat values of Group 1.

Table 6: Effects of Pyodermacare-G supplementation on clinical recovery of dogs with
generalised demodicosis.

Days Controls Pyoder macare-G P values
post-therapy (Group 1; n=09) supplemented
(% improvement in DSLB (Group 2; n=10)
(% improvement in DSLB
Day 30 44.31+3.23 86.29+2.88 0.0001
Day 60 73.191£3.44 98.01+0.85 0.0001

¥Significant £<0.0001) difference, when compared with same day postrireat values of Group 1.
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Fig. 2.1: A 18-month-old male demodicosed German Shepherd dog of
control group before therapy

Fig. 2.3: Same dog of control group at day 60 post-therapy



Fig. 3.1: A 12-month-old female demodicosed Mongrel dog of
control group before therapy

P =

Fig. 3.2: Same dog of control group at day 30 post-therapy

s - .

Fig. 3.3: Same dog of control group at day 60 post-therapy
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diseased of both the studied groups of demodicizsdédpicted in Table 6At day 30 post-
therapy, the per cent improvement DSLS in Pyodeam@aG supplemented dogs was
significantly (P<0.0001) higher as compared with same days values of non-supplemented
group (Group 1). Similarly at day 60 post-theraflye per cent improvement DSLS in
Pyodermacare-G supplemented dogs was also sigrilficé?<0.0001) higher as compared
with the same days values of non-supplemented g{@Gupup 1) Albeit, 44.31+3.23 % and
86.29+2.88 % improvements in DSLS were revealethkydogs of control group at day 30
and day 60 post-therapy, respectively. However, pemt improvements in DSLS of
Pyodermacare-G supplemented dogs were 73.19+3d9&01+0.85 at day 30 and 60 post-
therapy, respectively (Fig.10.4). Moreover, an apgable improvement in food intake and
body coat lustre was revealed by the dogs of Pyoaerare-G supplemented group as
compared with the control ones. None of the distdsgs of Pyodermacare-G supplemented
group revealed recurrence of the clinical diseasemg the 3-6 months of follow-up period.
Whereas out of nine enrolled dogs control groupesedogs revealed recurrence of the
clinical diseases within 3 months of the withdrawélmiticidal therapy. Additionally, the
demodicosed dogs of control group required 120-1&9@s to become negative for the
presence of the mites on skin scraping examinadioting the recommended regimen of
miticidal application. The demodicosed dogs of oangroup with concurrent pyoderma
require antibiotic therapy for prolong period (10-2lays), whereas Pyodermacare-G
supplemented demodicosed dogs with concurrent pyadesquired antibiotic therapy on for
five days. Marker improvement in appetite and bambat lustre was also noticed in

demodicosed dogs supplemented with Pyodermacare-G.
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Fig. 4.1. A 24-month-old female demodicosed German
Shepherd dog of Pyodermacare-G supplemented group before

therapy

Fig. 4.2: Same dog of Pyodermacare-G supplemented group at
day 30 post-therapy

b

Fig. 4.3: Same dog of Pyodermacare-G supplemented group at
day 60 post-therapy



Fig. 5.1: Same 24-month-old female demodicosed
German Shepherd dog of Pyodermacare-G supplemented
group before therapy in another view

Fig. 5.2: Same dog of Pyodermacare-G supplemented
group at day 30 post-therapy

Fig. 5.3: Same dog of Pyodermacare-G supplemented
group at day 60 post-therapy



Fig. 6.1: A 30-month-old female demodicosed
Labrador Retriever dog of Pyodermacare-G
supplemented group before therapy

Fig. 6.2: Same dog of Pyodermacare-G supplemented
group at day 30 post-therapy

Fig. 6.3: Same dog of Pyodermacare-
G supplemented group at day 60 post-
therapy



Fig.7.1: Same 30-month-old male demodicosed
Labrador Retriever dog of Pyodermacare-G
supplemented group before therapy in another
view

A

Fig.7.2: Same og of Pyodermacare-G
supplemented group at day 30 post-therapy

N/

Fig. 7.3: Same dog of Pyodermacare-G
supplemented group at day 60 post-therapy



Fig. 8.1: A 15-month-old female demodicosed German

Shepherd dog of Pyodermacare-G supplemented group
before therapy

Fig. 8.2. Same dog of Pyodermacare-G supplemented
group at day 30 post-therapy

Fig. 8.3: Same dog of Pyodermacare-G supplemented
group at day 60 post-therapy



Fig. 9.1: A 8-month-old female demodicosed
German Shepherd dog of Pyodermacare-G
supplemented group before therapy

Fig. 9.2 Same dog of Pyodermacare-G
supplemented group at day 30 post-therapy

x

Fig. 9.3: Same dog of Pyodermacare-G
supplemented group at day 60 post-therapy



CHAPTER-5

DISCUSSION

Effects on Haematology

The results of the present study evidently indictie marked alterations in
haematological panels of dogs with generalised démneis and need of amelioration for
holistic management of diseased animal health.deémodicosed dogs of control group that
were only treated with the miticide have not reedaremarkable amelioration in the
leukograms at days 30 and 60 post-therapy. Whetbasdemodicosed dogs adjunctly
supplemented with Pyodermacare-G found to have nieably ameliorated leukograms,
mainly TLC and granulocytes at days 30 and 60 pustapy. Moreover at days 30 and 60
post-therapy, the dogs of this group also foundhdee remarkably lower values of TLC,
granulocytes and lymphocytes as compared with @ineesdays post-therapy values of non-
supplemented dogs (Group 1). Therefore, the resfiltair study evidently suggest that the
bungling inflammatory process is still operationdaly 60 post-therapy in the demodicosed

dogs underwent for miticidal therapy only.

Forton (2012) reported that cutaneous inflammat®ragsociated with excessive
proliferation of mites and clinical recovery of théseased dogs often entails parasiticidal
treatment and reduction in the mite’s populatioeutdophils play a critical role in the innate
immune system by phagocytosing, killing and digegtimicrobial cells (Bellocchio et al.,
2004) and have been implicated in the pathogerasimsacea of human patient where
Demodex has the key role in pathogenesis (O’'Retdtyal., 2012). Recently, a bacterium
(Bacillus oleronius) isolated from aD. folliculorum mite from a patient with rosacea
produced proteins that induced an inflammatory imenvesponse in 72% of patients with
papulopustular rosacea (O'Reillgt al., 2012). At day 60 post-therapy, most of the
demodicosed dogs of control group were found toehpresence of mites and complete
parasitological cure was not revealed by them. dfioee, remarkably elevated TLC and
granulocytes at day 60 post-therapy in control groauld be the resulted from the dog’s
immune response to ameliorate the mite’s prolifenatin agreement to our observation,
Reddyet al. (2015) demonstrated an elevated total TLC andlatessnumber of granulocytes
in dogs with demodicosis. The diseased dogs sumpltad with Pyodermacare-G revealed
remarkable amelioration in the leukograms e.gucedn in absolute granulocytes counts and
increment in lymphocytes percentage at days 30 @Mdpost-therapy. As remarkable
reduction in mite counts was revealed by the dddg¥dodermacare-G supplementation group
and most of the dogs were found negative for matieday 60 in this group, the mitcidal

effects amitraz might be augmented its supplementatia mitigation of immunological
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dents of demodicosed dogs. The absence of mitderaetharkably reduced mites at days 30
and 60 post-therapy in the dogs of this group migkgponsible for amelioration of
leukograms. These finding validates the potentiamuno-restorative activities of the

polyherabal formulation.

Moreover at days 30 and 60 post-therapy, remarkiaigpfeovements in haemograms
including TEC, Hb and HCT were not revealed by dieenodicosed dogs of control group.
Whereas, at the same days of therapy; the demedicakgs supplemented with
Pyodermacare-G revealed remarkable amelioratiothén haemograms. These dogs also
revealed remarkably higher levels of TEC, Hb andTHG compared with the same day’s
values of control group. Reddst al. (2015) demonstrated an elevated remarkably lower
haemograms including TEC, Hb and HCT in dogs wéhegalised demodicosis. Remarkably
shoddier haemograms of dogs with generalised derosidi is attributed to the loss of skin
protein (Debet al., 2000). Moreover, the current literature does rtyesupport the general
concept that oxidative stress causes extensivel@eiamage throughout the body and can
result in compromised immune and inflammatory rieast (Victoret al., 2004; Nicollset al.,
2007). An overproduction of free radicals, shiftithg antioxidative status toward oxidative
side has been demonstrated in dogs with demodi¢Dgisri et al., 2008). It is known that
inflammatory cells are increased as a result ddimfation in animals with mange; recruited
neutrophils and macrophages produce reactive addarch as hydrogen peroxide (H202),
hypochlorite and oxygen radicals. These reactivgger substances produced by cells of
immune system shows potent cytotoxic effects oagias and as well as on other pathogenic
organisms (Gurgozet al., 2003). Free radicals can also induce or contribdigerse effects
on the host (Bickers and Athar, 2006). Thereforeg fradical mediated damage and/or
production of erythrocytes may be attributed terafions in the haemograms of dogs with
generalised demodicosis. This hypothesis is algppated by the findings of the present
study that the dogs of control group revealed r&aide clinical recovery at days 30 and 60
post-therapy but still they found to have markeligh levels of inflammatory cell mainly
granulocytes. Whereas, the dogs supplemented Wwahpblyherbal formulation revealed
marked reduction in inflammatory cell as well asprovement in haemograms. Herbal
drugs/Indigenous drugs exhibited multiple immunonlatbry actions including modulation
of cytokine secretion, histamine release, immunogjio production, immunoglobulin class
switching, cellular co-receptor expression, lympliec proliferation and phagocytosis
promotion (Spelmast al., 2006). The antioxidant potentials of variougbiaé medicines
have been well validated in the both clinical adl &g in laboratory animal studies. Singh
al. (2010) demonstrated the antioxidant augmentingmii@ Withania somnifera extract
(WSE) in dogs with demodicosis (Singhal., 2010). Singhet al. (2011) also demonstrated
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the ameliorative potential oiVithania somnifera extract against the altered Cix@D8"
balance of dogs with demodicosis. Nutritional statimmunological aberrations and
misbalance of oxidant/antioxidant status of the aléicosed dogs may be associated in the
progression of clinical disease condition (Dinatial., 2008; Singhet al., 2010, 2011).
Therefore, it is quite possible that Pyodermacarsu@plementation might has lucratively
ameliorated the altered leukograms and oxidanteiaant balance of dogs with generalised

demodicosis to augment the haemograms at daysd36Capost-therapy.
Effects on serum biochemistry

Demodicosed dogs of the control group (Group 1) wmld revealed remarkable
alteration in most of the altered serum biochenpeaiels including cholesterol, triglycerides,
and albumin contents at day 30 and day 60 posaplyeas compared with their own day O
values. Whereas, the demodicosed dogs supplemertteByodermacare-G (Group 2) found
have remarkably lower level of total cholesterodl dmgher levels total protein, albumin and
globulins at day 60 post-therapy as compared Vighr town day O values. Additionally the
dogs of this group found to have remarkably lovesels of total cholesterol and triglycerides
and higher level of albumin compared with the dagne days post-therapy values of non-
supplemented dogs. Recently, hypo-albunemia andrHiggdemia has been reported in dogs
with generalised demodicosis (Pradhainal., 2012; Reddyet al., 2015). Lower albumin
levels in dogs with generalised demodicosis cogldtributed to continuous loss of plasma
protein through oozing from thBemodex induced severe skin lesions in adjunct to the
reduced appetite. Hyper-lipidemia could be resufteth the stress of infection and body fat
mobilisation due reduced appetite of the severdigcted dogs. Remarkable amelioration in
lowered albumin levels in Pyodermacare-G suppleetedbgs could be attributed to faster
clinical recovery in skin lesions as well restavatiof the appetite of affected dogs. Liver is
the primary organ for synthesis of most of the miasproteins except immunoglobulins.
Especially albumin levels indicate the synthetiedtion of liver (Sunandet al., 2012). Most
of the herbs have augmenting properties to thetteefuenctions. Our polyherbal formulation
(Pyodermacare-G) may have hepatio-stimulatory igtivelping to restore the appetite of
demodicosed dogs and augmenting the protein syathesulting into faster amelioration of
albumin level. Moreover, a faster reduction in glatory lipids in Pyodermacare-G
supplemented dogs could be attributed to shiftihgatabolic status of demodicosed dogs
towards the anabolic side via restoration of appetfaster healing of skin lesions,

amelioration of elevated leukograms mediated s@adshepato-stimulatory activities.

Alkaline phosphatase (ALKP) is a group of enzyntest remove phosphate groups
from many types of molecules in the bodykaline phosphatases are present in many tissues,

including bone, intestine, kidney, liver, placeatad white blood cellsMarshall, 1972) The
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dogs of control group found to have remarkably afeg leukocytes counts at days 30 and 60
post-therapy as compared with the Pyodermacarep@lamented groups. An elevated level
of ALKP in control group dogs with generalised delicosis at days 30 and 60 post-therapy
could be of leukocytes origin. As the demodicosegsdsupplemented Pyodermacare-G have
successfully ameliorated the leukograms at daysr8D 60 post-therapy, amelioration of

leukograms could be the possible rationale fomtiteyation of elevated ALKP in this group.
Effects on Circulatory Cytokines

Albeit, demodicosed dogs of control group, that everot supplemented with
Pyodermacare-G, found have significant (P<0.02uctdn in IL-10 level at day 60 post-
therapy as compared with their own day O valuescuGitory IL-10 level in this group was
still significantly (P<0.001) higher than the Pyomkacare-G supplemented group at day 60
post-therapy. Contrarily, the dogs of Pyodermacaresupplemented group revealed
significantly higher circulatory TNke-(P<0.02) and IFN-(P<0.001) levels as compared with
the dogs of control group at day 60 post-therapyddionally, Pyodermacare-G
supplemented dogs found have significant (P<0.d@tuction in circulatory IL-10 and
significant (P<0.001) increment in IFNlevels at day 60 post-therapy as compared witin the
own day O values. Whereas, remarkable amelioratiarirculatory TNFe. and IFNy levels
was not revealed by the dogs of control group &t & post-therapy as compared to their

own day 0 values.

The T helper cells (Th) play an important rolelie tmmuno-regulation and immuno-
stimulation and can be classified in Thl, Th2 ahd7cells, which produce different patterns
of cytokines (Saitat al., 2010). Thl and Th2 produce cytokines with opgeosffects, pro-
inflammatory and anti-inflammatory respectively,t tiheir production is suppressed by
immunoregulatory cytokines, such as transformingwgin factor (TGF)B and IL10 or by
cell-to-cell interaction (Saitoet al., 2010). A balance between Th-1 and Th-2 cell
subpopulation and production of cytokines coordisdainmune response to ensure pathogen
elimination without causing the disease (Carter lmtbn, 1996). The exact pathogenesis of
generalized canine demodicosis is obscure, howeareraberration in immune status is
thought to be most significant (De Bosschetr@l. 2007; Singhet al., 2010; Ferrert al.,
2014). Host’'s immune system appears to detect@radhte the presence of these mites, and
also has an inhibitory effect on mites proliferatiand keeps the mgenumber low without
inducing an inflammatory response (Akileval., 2004; Forton, 2012). Obstinately, it is quite
possible that D. canis mites regulate the host immune response and induce
immunosuppressive pathways to evade the host'sndefeystem and perpetuate in the
microenvironment (Akilowet al., 2005; Singhet al., 2011; Singh and Dimri, 2014). Scientific

studies have demonstrated the potential associatbn anti-inflammatory and/or
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immunosuppressive cytokines including transfornigmngwth factor beta (TGB) and IL-10
with immunosuppressive pathogenesis of canine dmosid (Taniet al. 2002, Felixet al.
2013; Yarimet al. 2013). Felixet al. (2013) reported that the elevated serum level&-a0
are strongly associated with recurrent demodidosdogs. They also demonstrated elevated
levels of IL-10 in dogs encountered with demodisdsr the first time. IL-10 cytokine is an
essential molecule in the mechanism underlying meggion mediated by T regulatory cells
(Mooreet al., 1990). IL-10 is also called the cytokine syntleashibitor factor, since it has
the ability to inhibit the synthesis of Thl cyto&s (IL-1, IFNy, and TNFe) as well as
inhibiting the function of NK cells (Howard and @iga, 1992). It has anti-inflammatory
suppressive effects on the most of hematopoietils.ck indirectly suppresses cytokine
production and proliferation of antigen-specific £DT effecter cells, by inhibiting the
antigen-presenting capacity of various types offgesional antigen-presenting cells
(Roncaroloet al., 2006). IL-10 mainly targets on Th1l cells, B selinacrophages, NK cells,
mast cells, and thymocytes (Tizard, 2002). Tenial. (2002) also demonstrated down
regulation of TNFe in dog with demodicosis. TNFe is a pleiotropic pro-inflammatory
cytokine that exerts multiple biological effectd. 18w level expression of TNE-participates
in beneficial tissue remodelling and host defees@onse. The expression of TNks tightly
controlled, because systemic over production of -biN&ctivates inflammatory response to
infection and injury, and mediates hypotensionfudéd coagulation and widespread tissue
damage. Recently, Kumagi al. (2017) demonstrated the potential associatiorirofilatory
cytokines with progression of the clinical demodisoin dogs. They reported remarkably
elevated circulatory levels of IL-10 and lowereddeof TNFw in dogs with generalised

demodicosis in comparison to dogs with localisetia#icosis and healthy ones.

Recent studies on the function of T lymphocytesthed involvement in the immune
response of dogs with clinical disease provide x@iamation to the cellular reactions which
occur in demodicosis (Fukatt al., 2005). Previously, we have demonstrated theifspec
downregulating activity oD. canis mites on CD4+ T cells and hypothesized the pddyibif
an increased rate of apoptosis or immunologicahegtion of CD4+ T cells in demodicosed
dogs (Singhet al., 2010). Detrimental effects caused by apoptoais be triggered by
parasitic infection, depending upon the specifisthparasite situations (Bienverst al.,
2010). Moreover, we have also endorsed an inadeageptosis of peripheral leukocytes of
dogs with demodicosis conferring the progressiothefclinical manifestations (Sing al.,
2011). Therefore, Demodex mites could also indug@nuno-incompetence in the
demodicosed dogs and thus can lead to the flarefughinical disease (Singh and Dimri,
2014). At day 60 post-therapy remarkably lowerwatory TNFe and higher IL-10 levels in

the dogs of control group clearly indicates thaimimosuppressive pathways are still
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operational at day 60 pot-therapy in control groligis also signifies the paramount requisite
of supplementations having immunomodulatory poatstialong with the conventional
miticidal therapies to manage generalised demoididosdogs. The results of the present
study evidently demonstrated the promising amdiiaza potential of our polyherbal
formulation (Pyodermacare-G) over circulatory cymaels contents in dogs with generalised
demodicosis. Marked elevations in circulatory IfFNind TNFe levels in Pyodermacare-G
post-therapy; signifies the potential Th-1 cellsregulatory activities of this polyhedral
formulation. Additionally, marked mitigation of culatory IL-10 level was revealed by the
demodicosed dogs supplemented with Pyodermacarggnijfies the holistic immuno-
restorative potential of this novel polyherbal fatation in dogs with generalised
demodicosis. Thus, it can be evidently said tha¢ thovel polyherbal formulation
(Pydermacare-G) could holistically regulate Thl/Thgtokines balance in dogs with
generalised demodicosis and can shift the balaowartds the Th-1 side to enhance the

clinical and parasitological recovery form demodiso
Effects on parasitological and clinical recovery

Remarkable reduction in total mites counts was rommb dogs supplemented with
Pyodermacare-G at days 30 and 60 post-therapyrapazed with the same days values of
non-supplemented control group. Additionally, nafiehe dogs of control group were found
negative for the presence of mites and their deweémtal stages at day 60 post-therapy.
Whereas, out of 10 demodicosed dogs supplementddRybdermacare-G, nine dogs were
found negative for the presence of mites and tHeirelopmental stages at day 60 post-
therapy. Moreover at days 30 and 60 post-therapgravement in Demodex-induced skin
lesions score (DSLS) was also remarkably highdéhjiodermacare-G supplemented dogs as
compared with the same days values of non-supplemieontrol dogs. None of the diseased
dogs of Pyodermacare-G supplemented group reveatadrence of the clinical diseases
during follow-up period. Whereas, most of the dofgontrol group revealed recurrence of
the clinical diseases within 3 months of the withwdal of miticidal therapy. The body coat
lustre and increment in appetite of the PyodernsmGarsupplemented dogs was also

appreciable.

The Demodex mite, moving with four pairs of legs, each of theaaring two claws,
is responsible for the erosion of the epitheliuror{én, 2012). While eating cells the mite
can penetrate into the dermis (Hgual., 2009) as the cutaneous barrier becomes disrupted
the TLR are, as a rule, stimulated (Schautieal., 2007) and thddemodex antigens are
exposed to the host immune system. Stimulated TdoRE&l be attributed to the migration and
infiltration of leukocytes at the site of infestatiand further induction of the skin lesions of

demodicosis. It is striking that the majority ofetltytokines, which disrupt the barrier
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function of the epidermis in model systems, are diregulated in skin diseases (Haatell .,
2013). Thus, it is quite obvious that the managdnoértytokine expression and activity is
important to control and ameliorate disease devedop in the skin (Hanedt al., 2013).
Faster clinical recovery in Pyoderma-G supplemegredips could also be attributed to the
healing effects of the novel formulation by repairithe breach in skin barrier functions as
well as immunological regulation. Therefore, thdesaof clinical and parasitological
recoveries as well as non-recurrence of the cliioadition after the withdrawal of miticidal
therapy in Pyoderma-G supplemented groups desggtia¢eholistic mitigating potentials of
this novel polyherbal formulation over thiZemodex-induced immuno-clinico-pathology in
dogs. In tandem, the immuno-clinico-pathologicakss of the demodicosed dogs of control
group at day 60 post-therapy evidently suggesiwtitenost need of adjunctive supplements

along with the miticidal therapy to defeat the ind@ble canine generalised demodicosis.
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CHAPTER-6

SUMMARY AND CONCLUSIONS

Canine demodicosis is a common but exigent ndagious parasitic dermatosis
caused by overpopulation of the host-specific dallir mites of variouPemodex species. In
canine demodicosis, cutaneous inflammation is as®uLiwith excessive numbers of
proliferating mites, including immature form (egtg,vae and nymphs), and the clinical cure
is clearly associated with parasiticidal treatmentl reduction in the number &femodex
mites. Generalized demodicosis may be a severe pontially life-threatening
dermatological condition in dogs. The dogs with eralized demodicosis showing
spontaneous cure is unknown preserftlye management of canine demodicosis remains one
of the main challenges in veterinary dermatologypp@arance of canine generalised
demodicosis is greatly influenced by breech in T-temunity, rather than any breech in
hummoral immunity. Literatures repeatedly make ateshent that a genetically
preprogrammed immunological defect is responsibiettie exaggerated replication of mites
in demodicosis. Alternatively, the decreased imenuesponse could also be due to the
Demodex mites themselves. A breach in the immune statubenffoung dogs results into the
occurrence of generalized demodicosifie mechanism of cytokine secretion from T
lymphocytes has played important roles in the imenuasponse of the dogs against
Demodex-induced dermatological conditions. IncrdaB8Ff mRNA expression might be a
key factor for revealing differences in the meckaniof onset between localized and
generalized demodicosiRecently studies revealed that elevated serumdesfelL-10 are
strongly associated with recurrent as well as megjon of demodicosis in dogs. IL-10
cytokine is an essential molecule in the mechanisiaterlying suppression mediated by T
regulatory cells. Owing to wide prevalence of candemodicosis, increasing incidence of
drug resistance and detrimental side effects vhighmost of allopathic drugs, there is quest
for the safe alternative adjunctive medicines. @dfective and affordable medicines to an
Indian animal owner are call for the commendabgeaechers. Traditional medicines hold a
great promise as source of easily available effedtierapy for skin diseases to the people,
particularly in tropical developing counties, inding India. Therefore, the present study
aimed to evaluate the effects of a polyherbal fdathmn on clinical recovery and immuno-

competence of dogs with generalised demodicosis.

Client-owned dogs presented with dermatologidiahemts at Teaching Veterinary
Clinical Complex (Kothari Hospital) of the Univefgifor clinical and dermatological

examination were examined and diagnosis of demenicsas made by detection of mature
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and immaturddemodex canis mites in scrapings and/or hair pluck samples flesional skin.
Dogs with generalised demodicosis of juvenile osate only been included in the present
study. The dogs diagnosed with generalised demsidiowere allocated into two groups
(Group 1 and 2). Demodicosed dogs of Group 1 (n¥ &@d Group 2 (n=10). The
demodicosed dogs of Group 1 were treated with @@38olution v/v of amitraz rinse at
weekly intervals for 8 weeks. Whereas, demodicadegs of Group 2 were treated with
0.0375% solution v/v of amitraz rinse at weeklyemtls and oral with one capsule (250 mg)
twice in a day of a polyherbal formulation (Pyodamare-G capsules) for 8 weeks.
Demodicosed dogs of both of the groups were bath@@ughly with 2.5%benzoyl peroxide
shampoo and towel dried before each applicatioramftraz rinse. Demodicosed dogs
diagnosed with concurrent pyoderma were also teai¢h injection lincomycin at a dose
rate of 20 mg per kg of body weight once a dayamuscularly for a period of minimum five
days and first amitraz rinse was applied on da fifi these dogs. The diseased dogs were
clinically examined at the intervals of 30 * 03 dayost-therapy for clinical and
parasitological recovery assay. The effects of ipafigal formulation on parasitological and
clinical recovery were evaluated. Amelioration ikamto-biochemical panels was also
evaluated. To evaluates the immunomodulatory piateaf the polyherbal formulation
competence, circulatory levels of interleukin-1D-{0), tumour necrosis factor-alpha (TNF-
a) and interferon-gamma (IF)- were estimated at day 0 and day 60 post-thergpysing
canine specific ELISA kits following the proceduess described by the manufacturer.
Statistical analysis were conducted to determieedifference between the groups by using
one-way ANOVA, post-hoc Tukey’s test with geneiiaelr models in SPSS 16. While, the
comparison among the values within the same grodjffarent time intervals were analyzed
by the Repeated Measures approach using ANOVAmixied linear models in SPSS 16.

The ameliorative potential of Pydermacare-G orenmatology of dogs with
generalised demodicosis was evaluated in termdtefagons in the both leukograms and
haemograms. Remarkable alterations in the bothotpalkns and haemograms were not
recorded on day O (before start of the therapy)eis, remarkable alterations in the both
leukograms was recorded in both of the groups ogn3faand day 60 post-therapy when
compared with their own day O values. Moreover, agable alterations in the both
leukograms were also recorded in both of the grapsiay 60 when compared with their
own day 30 values. Demodicosed dogs of the cogimmlp (Group 1) have not revealed
remarkable alteration in most of the altered senimehemical panels including cholesterol,
triglycerides, and albumin contents at day 30 aend @D post-therapy as compared with their
own day 0 values. However, significant amelioratiorALKP activity was recorded in this

group at day 60 post-therapy as compared with thein day O values. Whereas, the
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demodicosed dogs supplemented with Pyodermacam@®dfhave significant reduction in
total cholesterol level at day 60 post-therapy asygared with their own day 0 values.
Moreover, significant increment in total proteithumin and globulins was revealed by the
dogs of this group at day 60 pot-therapy as congpaith their own day 0 values. At day 30
post-therapy, the dogs supplemented with Pyodemadgdound to have significantly lower
levels of total cholesterol and triglycerides asnpared with day 30 post-therapy values of
the non-supplemented dogs. Moreover at day 60 thesapy, the dogs supplemented with
Pyodemacare-G found to have significantly loweels\of total cholesterol and triglycerides
as compared with the same day post-therapy valuasrosupplemented group. Contrarily,
the dogs supplemented with Pyodemacare-G foundwe kignificantly higher albumin level
as compared with the day 60 post-therapy valuesnaf-supplemented dogs. The
demodicosed dogs of control group, that were npplemented with Pyodermacare-G, found
have significant reduction in IL-10 level at day pOst-therapy as compared with their own
day 0 values. Whereas remarkable ameliorationrguleitory levels of TNFe and IFNy was
not revealed by the dogs of this group at day &0-gerapy as compared with their own day
0 values. The demodicosed dogs supplemented witddPsnacare-G (Group 2) found have
significant reduction in circulatory IL-10 and sifjoant increment in IFNy levels at day 60
post-therapy as compared with their own day 0 \&lle tandem, remarkable reduction in
circulatory level of TNFa was not revealed by this group at day 60 postheas compared
with their own day O values. Noticeably at day 60stgherapy, the diseased dogs
supplemented with Pyodermacare-G found to havefiigntly lower circulatory IL-10 level
as compared with day 60 post-therapy values ofrobgtoup. Agreeably, Pyodermacare-G
supplemented dogs also revealed significant higireulatory TNFe and IFNy levels as

compared with the same day values of control dogs.

At day 30 post-therapy, the per cent reductiotoial mites counts in Pyodermacare-
G supplemented dogs was significantly higher aspawed with the same days values of non-
supplemented group. Similarly at day 60 post-thgrépe per cent reduction in total mites
counts in Pyodermacare-G supplemented dogs wasiglsficantly higher as compared with
that of the same day values of non-supplementeapgrét day 30 post-therapy, the per cent
improvement DSLS in Pyodermacare-G supplementeds deas significantly higher as
compared with the same days values of non-suppleaegroup. Similarly at day 60 post-
therapy, the per cent improvement DSLS in Pyodeam®aG supplemented dogs was also
significantly higher as compared with the same dayses of non-supplemented grotimne
of the diseased dogs of Pyodermacare-G supplemenmtag revealed recurrence of the
clinical diseases during the 3-6 months of follogvoeriod. Whereas out of nine enrolled

dogs control group, seven dogs revealed recurrehite clinical diseases within 3 months of
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the withdrawal of miticidal therapy. Additionallyhe demodicosed dogs of control group
required 120-150 days to become negative for tlesgmce of the mites on skin scraping
examination during the recommended regimen of idailcapplication. The demodicosed
dogs of control group with concurrent pyoderma nexantibiotic therapy for prolong period

(10-20 days), whereas Pyodermacare-G supplememgetbdicosed dogs with concurrent
pyoderma required antibiotic therapy on for fiveyglaMarker improvement in appetite and

body coat lustre was also noticed in demodicoses dapplemented with Pyodermacare-G.

The results of the present study evidently indicte marked alterations in
haematological panels of dogs with generalised déneis and need of amelioration for
holistic management of diseased animal health.rébglts of the present study also evidently
suggest that bungling inflammatory process is sfération at day 60 post-therapy in the
demodicosed dogs underwent for miticidal theraply.omhe diseased dogs supplemented
with Pyodermacare-G revealed remarkable amelioratiadhe leukograms e.g., reduction in
absolute granulocytes counts and increment in |yopies percentage at days 30 and 60
post-therapy. The polyherbal formulation revealeatkad reduction in inflammatory cell as
well as improvement in haemograms. Therefore, ifuge possible that Pyodermacare-G
supplementation might had lucratively amelioratetle t altered leukograms and
oxidant/antioxidant balance of dogs with generdlisdemodicosis to augment the
haemograms at days 30 and 60 post-therapy. Renharkatelioration in lowered albumin
levels in Pyodermacare-G supplemented dogs couddthibuted to faster clinical recovery in
skin lesions as well restoration of the appetitaféécted dogs. Moreover, a faster reduction
in circulatory lipids in Pyodermacare-G supplemdndegs could be attributed to shifting of
catabolic status of demodicosed dogs towards thbdic side via restoration of appetite;
faster healing of skin lesions, amelioration ofvated leukograms mediated stress and

hepato-stimulatory activities.

The T helper cells (Th) play an important rolehie tmmuno-regulation and immuno-
stimulation and can be classified in Thl, Th2 ahd7cells, which produce different patterns
of cytokines. Thl and Th2 produce cytokines witlpagte effects, pro-inflammatory and
anti-inflammatory respectively, but their productiass suppressed by immunoregulatory
cytokines, such as transforming growth factor (T-BE)nd IL10 or by cell-to-cell interaction.
A balance between Th-1 and Th-2 cell subpopuladimh production of cytokines coordinates
immune response to ensure pathogen eliminatiorowitbausing the diseaskt day 60 post-
therapy remarkably lower circulatory TNFand higher IL-10 levels in the dogs of control
group clearly indicates that immunosuppressivewpayis are still operational at day 60 pot-
therapy in control group. The results of the présstudy evidently demonstrated the

promising ameliorative potential of our polyherbf@rmulation (Pyodermacare-G) over
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circulatory cytokines contents in dogs with gerisel demodicosis. Marked elevations in
circulatory IFNy and TNFe levels in Pyodermacare-G at day 60 post-therapyifges the
potential Th-1 cells up-regulatory activities ofisttpolyherbal formulation. Additionally,
marked mitigation of circulatory IL-10 level wasvealed by the demodicosed dogs
supplemented with Pyodermacare-G, signifies théstimlimmuno-restorative potential of
this novel polyherbal formulation in dogs with gesdssed demodicosis. Therefore, it can be
evidently said that the novel polyherbal formulatiPydermacare-G) could holistically
regulate Th1/Th2 cytokines balance in dogs withegalised demodicosis and can shift the
balance towards the Th-1 side to enhance the alirdad parasitological recovery form
demodicosis. Faster clinical and parasitologicatovery in Pyoderma-G supplemented
groups could also be attributed to the healingcesfef the novel formulation by repairing the
breach in skin barrier functions as well as immogalal regulation. Therefore, the rates of
clinical and parasitological recoveries as welhas-recurrence of the clinical condition after
the withdrawal of miticidal therapy in Pyodermac&esupplemented groups designates the
holistic mitigating potentials of this novel polylal formulation over th®emodex-induced
immuno-clinico-pathology in dogs. In tandem, theriomo-clinico-pathological status of the
demodicosed dogs of control group at day 60 pasifhy evidently suggest the outmost need
of adjunctive supplements along with the miticitterapy to defeat the indomitable canine

generalised demodicosis.

Therefore, it can be concluded that miticidal tpergic regimens of canine
generalised demodicosis warrants supplementary anedi having immunomodulatory
potential for the holistic management and to getafi the wretched clinical condition. The
polyherbal formulation (Pyodermacare-G) could benpising candidate for the holistic
managements of immuno-clinico-pathological anachue canine generalised demodicosis.
Further studies are required to validate the peécismmuno-regulatory activity of
Pyodermacare-G particularly in terms of orchestrasgulation innate immunity (Toll like
Receptors) and healing potentials particularlyammis of maintenance and/or repair in the

breach of skin barrier of dogs with generalised adigosis.

36



ABSTRACT

A breach in the immune status of the young dogs may results into the occurrence of
generalized demodicosis. Cytokines secretions from T lymphocytes have played important roles in the
immune response of the dogs against generalised demodicosis. Therefore, the present study aimed to
evaluate the effects of a polyherbal formulation on clinical recovery and immuno-competence of dogs
with generalised demodicosis. Total 19 client-owned dogs with generalised demodicosis of juvenile
onset were alocated into two groups. Control group (n=9) were treated with conventional miticide
(Amitraz), whereas other 10 demodicosed dogs were supplemented with a polyherbal formulation
(Pyodermacare-G) adjunct with Amitraz regime. Clinico-haemato-biochemical and circulatory
cytokines (TNF-a, IFN-y and IL-10) were estimated pre- and post-therapies. Demodicosed dogs of the
control group have not revealed remarkable amelioration in most of the altered serum haemato-
biochemical and immunological panels at day 60 post-therapy. Remarkable parasitological and clinical
recovery could not be achieved by the dogs of control group at day 60 post-therapy. Whereas, the
demodicosed dogs supplemented with Pyodermacare-G revealed remarkable amelioration in haemato-
biochemical and immunological panels (TNF-o, IFN-y and IL-10) at day 60 post-therapy. Remarkable
improvements in clinical and parasitological recovery were also revealed by the demodicosed dogs of
Pyodermacare-G supplemented group. Therefore, it can be concluded that miticidal therapeutic
regimens of canine generalised demodicosis warrants supplementary medicines having
immunomodulatory potential for the holistic management and to get rid of the wretched clinical
condition. The polyherbal formulation (Pyodermacare-G) could be promising candidate for the holistic
managements of immuno-clinico-pathological anarchies of canine generalised demodicosis.
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