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CHAPTER - I 

INTRODUCTION 

Poultry farming ill a scientific way is economized with new 

technologies and management practices. It has led to the inevitable use of 

various chemicals and drugs as feed additives for prophylactic and therapeutic 

purposes. Overuse of these chemical agents coupled with the genetic 

manipulation of the bird for easy returns, could lead to undue oxidative stress 

10 the birds. Oxidative stress causes generation of free radicals, a common 

cause of pathology of birds leading to production losses. 

Furazoiidone, a nitrofixan antimicrobial agent is widely used in the 

prevention and treatment of bacterial and protozoan diseases of poult~y 

including Salmonellosis, Coccidiosis, StaphyEococcosis and Escherichia coli 

infectilons. 

Furazolidonc act by iiitein~pting the enzymatic process of the microbial 

cells and at recommended doses has a low toxicity for host tissues (Biester md 

Schwarte, 1985). Due to a narrow margin between therapeutic and toxic 

concentration it becomes toxic whlen administered for a prohonged period or at 

doses higher #than the therapeutilc dose ( Z a ~ ~ l m  et. al. 1995). 
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Poultry farming in a scientific way is economized with new

technologies and management practices. It has led to the inevitable use of

various chemicals and drugs as feed additives for prophylactic and therapeutic .

purposes. Overuse of these chemical agents coupled with the genetic,

manipulation of the bird for easy returns, could lead to undue oxidative stress

to the birds. Oxidative stress causes generation of free radicals, a common

cause ofpathology of birds leading to production losses.

FuraZOlidone, a nitrofilran antimicrobial agent is widely used in the

prevention and treatment of bacterial and protozoan diseases of poultry

including Salmonellosis, Coccidiosis, Staphylococcosis and Escherichia coli

infections.

FuraZOlidone act by interrupting the enzymatic process of the microbial

cells and at reCOmmended doses has a low toxicity for host tiisSues (liester and

S-ehwarte, 1985-). Due to a narrow margin between therapeutic. and toxic

Concentratien it becomes toxic when administered for a prolonged period Or at ‘

doses higher than the therapeutic dose (Zam-an em]. 1995)..



Furazolidone toxicity causes mutagenicity, genotoxicity and 

carcinogenicity. These toxic effects are due to alteration in the in vivo 

antioxidative defense mechanism (Sas, 1993) and free radical generation 

(Bloom and Brandt, 200 1) 

Oxidative damage by fiee radicals can be prevented by the use of 

antioxidants in feed. These antioxidants can be natural oils, spices, 

tocopherols, ascorbic acid, carotenoids or synthetic chemicals. 

Garlic, one of the oldest of all cultivated plants contains more than 

100 biologically active principles and usehl secondary metabolites. These 

include unique Iipid soluble organosulfur coinponents, water soluble 

organosulfur compounds and flavoi~oi~ds, notably alliin, allicin, vinyldithiins, 

S-ally1 cysteine (SAC), S-all yl mercaptocysteine (S AMC) and selenium 

(Borek, 200 1). 

The medicha1 use of garlic have a long history and its uses as a 

remedy $or heart disease, t~tii~o~lrs and headaches are doculmented in the 

Egyptian Codex Ebers dating From 15508C. Garlilc is mentioned in the Bib4e 

and has been a traditional treatlnlellt in tilany countries noitably the North Bast, 

Furazolidone toxicity causes mutagenicity, genotoxicity and 

carcinogenicity. These toxic effects are due to alteration in the in vivo 

antioxidative defense mechanism (Sas, 1993) and free radical generation 

(Bloom and Brandt, 200 1) 

Oxidative damage by fiee radicals can be prevented by the use of 

antioxidants in feed. These antioxidants can be natural oils, spices, 

tocopherols, ascorbic acid, carotenoids or synthetic chemicals. 

Garlic, one of the oldest of all cultivated plants contains more than 

100 biologically active principles and usehl secondary metabolites. These 

include unique Iipid soluble organosulfur coinponents, water soluble 

organosulfur compounds and flavoi~oi~ds, notably alliin, allicin, vinyldithiins, 

S-ally1 cysteine (SAC), S-all yl mercaptocysteine (S AMC) and selenium 

(Borek, 200 1). 

The medicha1 use of garlic have a long history and its uses as a 

remedy $or heart disease, t~tii~o~lrs and headaches are doculmented in the 

Egyptian Codex Ebers dating From 15508C. Garlilc is mentioned in the Bib4e 

and has been a traditional treatlnlellt in tilany countries noitably the North Bast, 

Furazolidone toxicity causes mutagenicity, genotoxicity and

carcinogenicity. These. toxic effects are due to alteration in the in viva

antioxidative defense mechanism (Sas, 1993) and free radical generation

(Bloom and Brandt, 2001)

Oxidative damage by free radicals can be prevented by the Use of

antioxidants in feed. These antioxidants can be natural oils, spices,

tooopherols, ascorbic acid, carotenoids or synthetic chemicals.

Garlic, one of the oldest of all cultivated plants contains more than

1.00 “biologically active principles and useful secondary metabolites. These

include unique lipid soluble organosulfur components, water soluble

organosulfiir compounds and flavonoids, notably alliin, allicin, vinyldithziins,

S-allyl cysteine (SAC), Saallyl mercaptocysteine (SAMC) and selenium'

(Borek, 2001).

The medicinal use of garlic have a long history and its uses as a

remedy tier heart disease, tumours and headaches are documented in the

Egyptian Codex Ebers dating from lSSOBC. Garlic is mentioned in the Bible

and has been a traditional treatment in many countries notably the North East,



China and India (Block, 1985). Recent studies validated many of the 

medicinal properties attributed to garlic. Theis exploitable properties include 

antioxidant (Helen et al, 1999) chemical scavenging (Nakagawa et a1,1988) 

and anticarcinogenic (Sheen et nl, 1998) activities. 

Vitamin E or a-tocopherol, a standard antioxidant lmown for its 

antioxidant property protects the unsaturated bonds of phospholipids present 

in the cell membrane against free radical damage (Tappel, 1972; Infers and 

Since the reports on the use of Garlic as antioxidant feed supplement in 

poultry is scanty, the present study was designed and conducted with the 

following objectives: 

1. To study the oxidative damage of Furazolidone in broiller chicken. 

2. To evaluate Allium sativum L. (Garlic) against Furazolidone toxicity. 

3. To evaluate Alpha-tocopherol against Fwazoli~done toxicity. 

4. To study the efficife~icy of Alpha-tocopherol, Garlic and STESSEAZE 

(an Aprvedic Veterinary product) in alleviating Furazolidone induced 

oxid'ative stress 'in broiler chicken. 

China and India (Block, 1985). Recent studies validated many of the 

medicinal properties attributed to garlic. Theis exploitable properties include 

antioxidant (Helen et al, 1999) chemical scavenging (Nakagawa et a1,1988) 

and anticarcinogenic (Sheen et nl, 1998) activities. 

Vitamin E or a-tocopherol, a standard antioxidant lmown for its 

antioxidant property protects the unsaturated bonds of phospholipids present 

in the cell membrane against free radical damage (Tappel, 1972; Infers and 

Since the reports on the use of Garlic as antioxidant feed supplement in 

poultry is scanty, the present study was designed and conducted with the 

following objectives: 

1. To study the oxidative damage of Furazolidone in broiller chicken. 

2. To evaluate Allium sativum L. (Garlic) against Furazolidone toxicity. 

3. To evaluate Alpha-tocopherol against Fwazoli~done toxicity. 

4. To study the efficife~icy of Alpha-tocopherol, Garlic and STESSEAZE 

(an Aprvedic Veterinary product) in alleviating Furazolidone induced 

oxid'ative stress 'in broiler chicken. 

China and India (Block, 1985). Recent studies validated many of the

medicinal properties attributed to garlic. Their exploitable properties include

antioxidant (Helen et (11,1999) chemical scavenging (Nakagawa et (11,1988)
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Vitamin E or oc-tocopherol, a standard antioxidant knoWn for its

antioxidant property protects the unsaturated bonds of phospholipids present.

in the cell membrane against free radical damage (Tappel, 1972; Infers and

Sies, 1988).

Since the reports on the use of Garlic as antioxidant feed supplement‘in

poultry is scanty, the present study was designed and conducted with the

following objectives:

1. To study the oxidative damage ofFuraZolidone in broiler chicken.

2. .To evaluate Allium sativum L. (Garlic) against Furazolidone toxicity.

3. To evaluate Alpha-tocopherol against Furazolidone toXicity.

4. To study the efficiency of AlphaatOCOpherol, Garlic and STRESSEAZE

(an Ayur‘vedic Veterinary product) in alleviating Furazelidene induced

oxidative stress in broiler chicken.
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CHAPTER - I1 

REVIEW OF LITERATURE 

2.1 FUWZOLIDONE 

Furazolidone, ~-(5-nitro-2-furfiuylidene)-3-amino-2-oxazolid~ne] a 

nitrofuran derivative has been used for more than forty years in the treatment 

of certain bacterial and protozoal infections in man and animals. Although 

more than 3500 nitrofurans are synthesized, only a few have been used in 

chemotherapy eg., Furazolidone, Nitrohazone, Nitrofuran'toin, Furaltadone, 

Nifuraldezone (Ali, 1983). It remains an important coimnonly used drug 'in 

veterinary medicine, especially in poultry (Ali, 1999). 

2.1.1 Mechanism of action of nitrofurans 

Nitrofwans are bacteriostatilc and act by blocking oxidative 

decarboxylation of pyruvate to acetyl co-enzyme A, depriving susceptible 

organisms of vitd energy pathways (Adams, 200 1). 

The likely mode of action of nifurtixnox, a nitrofuran derivative is 

though the productiom of activated gonns of oxygen. It is reduced to nljtro 

mion radical in the presence of pyrildine mueleotides which then reacts witla 
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CHAPTER - II

REVIEW OF'LITERATURE-

2.1 FURAZOLIDONE

‘Furazolidone, [N-(S-nitro.£2-fi1rf111ylidene)-3—amino-2-oxazolidone] a

nitrofuran derivative has been used for more than forty years in the treatment

of. certain bacterial and protozoal infections in man and animals. Although

more than 3500 nitrofurans are synthesized, only a fevv have been used in

chemotherapy eg., Furazolidone, Nitrofurazone, Nitrofuran-toin, Fu-raltadone,

Nifuraldezone (Ali, 1983). It remains an important commonly used drug-[in

veterinary medicine, especially in poultry (Ali, 1999).

2.1.1 Mechanism of action ofnitrofurans

Nitrofilrans are bacteriostat-ic and act by blocking oxidative

decarboxylation of pyruvate to acetyl co-enziyme A, depriving susceptible-

organisms‘ of vital energy pathways (Adams, 2001).

The likely mode of action of nifwrtiinox, a nitro-‘fuvran derivative is

through- the production of activated forms of oxygen. It is reduced to nuitrc

anion radical in the presence of pyridine nucleotides whlch than reacts With



oxygen to produce superoxide and regeneration of nifurtimox. The activated 

oxygen molecules exert their toxic effects on the parasite (Adams, 2001). 

2.1.2 Therapeutic uses 

Furazolidone is potentially used in the local treatment of infections of 

udder, uterus and skin (Prescott and Baggott, 1993). 

Furazolidone has been administered to chickens, turkeys and swine for 

control of various digestive tract infections like bacterial enteritis, dysentery, 

gimdiasis and coccidiosis (Booth aid McDonald, 1982). 

For chicken, the therapeutic concentration of furazolidone in feed is 

0.04% for 10 days (Brander et a/., 1982). 

Furazolidone @ 4.4 mg/l<g 3 times daily orally, cured experimental 

Salmonella diarrhoea in a group of foals. In swine, furazolidone and other 

nitrokans have been extensively used in the prevention and treatment of 

colibacillosis and sal~moaeIlosis. 

2.1.3 Toxiciity of ParazoKdone 

2.1.3.1 General toxicity 

Radchuck (1965) reported sitgns of toxicilty in chickens and hens 4-6 

bows after era1 admIiniistrati~on of 300 inglkg body weight. The birds became 

happarent, drowsy and unaware of the s~rrrounding environment. These signs 
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2.1.2 Therapeutic uses '

Furazolidone is potentially used in the local treatment of infections of

udder, uterus and skin (Prescott and Baggott, 1993).

Furazolidone has been administered to chickens, turkeys and swine for

control of various digestive tract infections like bacterial enteritis, dysentery,

giardiasis and coccid-iosis (Booth and McDonald, 1982). i

For chicken, the therapeutic concentration of furazolidone in feed'is

0.04% for 10 days (Brander et a1., 1982).

Furazolidone @ 4.4 mg/kg 3 times daily orally, cured experimental

Salmonella diarrhoea in a group of foals. In swine, furazolidone and other

nitrofurans have been extensively used in the prevention and treatment of

colibac-il‘los'is and salmonellosis‘.

2.1.3 Toxicity of Furazoiidone

2.1.3.1 General toxicity

Rade‘huok (1965) reported signs of toxicity in chickens and hens 4-6

hours after oral administratiOn of 300 mg/kg body weight. The birds became

mapparent, drowsy and unaware 'of the surrounding environment. These. signs



were followed by paralysis and death. The LD50 of the drug was found to be 

389 mgbkg, and 500 rng/kg was lethal to all the birds studied. 

Furazolidone at a concentration of 400 ppnl inhibited normal growth of 

young laying chicken with depressed haelnatocytologic function and egg 

weight (Booth and McDonald, 1982). 

Stryczek (1971) reported that the toxic signs of furazolidone (0.02% 

W/W in the feed, 14 days) in geese consisted of nervous signs, viz., wobbly 

gait, inability to stand up and tendency to fall down. Post mortenl findings 

were haeinorrhages in the serous ine~nbr~anes, digestive tract and heart and 

excess of fluid in body cavities to the extent of deforming the birds. 

Accidental administration of filrazolidone in feed over 3000 ppln in 

pigs caused nervous signs (Borland, 1979). 

A reduction in packed cell volume and haelnoglobin concentration was 

found in chickens given furazolidone at a feed level of 0.04% (w/w) for 3 

weeks (Ehlhardt et al., 1975). However, maemia was not found in chickens 

given the drug 6.04% (wlw) in the feed for 10 days (Ali, 198 1). 

Fur~olifdone when given to chiclten, ducltling and turkey poults at a 

dose of 0.04% w/w in the feed for 10 days was found to produce anorexia and 

growth reductilon (Ali and Barlet, 1982). 

Furazo~l~i~done when fed to duckltli~n gs at concentrati~on~s over 2 50 imglkg 

geed, h d ~ ~ c e d  toxicosis characterized by big11 inortaliity, inappetence and 
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Accidental administration of filrazolidone in feed over 3000 ppln in 

pigs caused nervous signs (Borland, 1979). 

A reduction in packed cell volume and haelnoglobin concentration was 

found in chickens given furazolidone at a feed level of 0.04% (w/w) for 3 

weeks (Ehlhardt et al., 1975). However, maemia was not found in chickens 

given the drug 6.04% (wlw) in the feed for 10 days (Ali, 198 1). 

Fur~olifdone when given to chiclten, ducltling and turkey poults at a 

dose of 0.04% w/w in the feed for 10 days was found to produce anorexia and 

growth reductilon (Ali and Barlet, 1982). 

Furazo~l~i~done when fed to duckltli~n gs at concentrati~on~s over 2 50 imglkg 

geed, h d ~ ~ c e d  toxicosis characterized by big11 inortaliity, inappetence and 

Were followed by paralysis and death. The LD50 of the drug was found to be

380 rug/kg, and 500 mgkkg was lethal to all the birds studied. '
.Furazolidone at a concentration of 400 ppm inhibited normal growth of

young laying chicken with depressed haematocytologic functiOn and egg

weight (Booth and'McDonald, 1982).

. Strycz‘e‘k (1971) reported that the'toxic signs of fura’zolidone (0.02%.

w/w in the feed, 14 days) in geese consisted of nervous signs, viz., wobbly

gait, inability to stand up and tendency to fall dOWn. Post mOrtem findings

were haemorr‘hages in the serous membranes, digestive tract and heart and

excess Offluid in body cavities to the extent of deformn the birds:

Accidental administration of fitrazolidone in feed over 3000 ppm in

pigs caused nervous signs (Borland, 1979).

A reduction in packed cell volume and haemoglobin cOnCentration was.

found In chickens given furaz’olidone at a feed level of 0.04% (w/w) fer 3

weeks (Ehlhardt et al., 1975). However, anaemia Was not found in chickens

given- the drug 004% (w/w) in the feed for 10 days (Ali, 1981).

Furazolidone when given to chicken, duckling and turkey poults at a

dose of 0.04% w/w in the feed for 10 days was found to produce anorexia and

grth reduction (Ali and larlet, 1982).

{Furaz‘eluidone when fed to duc‘ldin gs at concentrations over 2510' nag/1kg

feed, induced toxicosis characterized by high mortality, inappetence and



faillure to gain weight, signs of CNS dysfilnction, cardiac dilatation, cystic 

testicular dilatation and eventually congestive heart failure (Webb and Van 

Vleet, 199 1). 

Chicken (Zaman et nl., 1995) and Japanese quails (Arbid et al., 1990) 

when given fbrazolidone (400-1000 inglkg feed) in their feed for 3-4 weeks, 

showed anorexia, decreased body weight, ascites, leg weakness and nervous 

derangements (such as convulsions and torticollis). Treated birds showed 

hepatotoxicity, anaemia and decreased plasma protein concentration. 

High oral doses of fi~razolidone as nitrofurantoin caused central 

nervous effects in animals and lower doses in calves and dogs caused 

haemorrhagic diathesis with thrombocytopenia, anaemia, leukocytopenia and 

prolonged bleeding times. Anorexia, nausea and vomiting occur with high 

doses in all species (Prescott and Baggot, 1993). 

O'Brien et al. (1993) reported that furazolidone decreased semn 

chdestei-01, total protein, albumin and globulin concentrati~ons and attributed 

the hypo~'ho4esteroEcmi~a to decreased feed intake. 

Sidorov and Luders (1971) and Sidorov (1 973) reported that 

hrazoll~idone 1(0.04%) wlw for 7 djays or 0.0 1 % wlw for 2 1 days) exerted a 

non-speeififc stress i!n chicken. 
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Vleet, 1991).

Chicken (Zaman et (11., 1995) and Japanese quails (Arbid et al.,' 1990)

'when given fiirazolidone (400-1000 mg/kg feed) in their feed for 3-4 weeks,

showed anorexia, decreased body weight, ascites, leg weakness and nervous

derangements (such as convulsions and torticollis). Treated birds showed

hepatotOXici 1* -, anaemia and decreased plasma protein concentration.

High oral deses of filra‘zolidone as nitrofurantoin caused central

nervous effects in animals and lower doses in calves and dogs Caused

haemorrhagic diathes‘is with thrombocytopenia, anaemia, leukocytope‘nia and

prOIOnged bleeding times. Anorexia, nausea and Vomiting occur With high

deses in all species (Prescott and Baggot, 1993).

O'Brien et a1. (1993) reported that furaz‘olidone decreased serum

cholesterol, total protein, albumin and globulin concentrations and attributed

the hypochoilesterollemia to decreased feed intake. V

Siderbv and Luders (1971) and Sidorov (1973) reported that

furaZOiidone l(0.04%) w/W for '7 days or 0.01% w/w for 21 days) exerted a

HomespecxifiG stress in ”chicken.



2.1.3.2 Furazolidone and free radical generation 

Furazolidone when given a single oral dose of 75, 150 of 300 mg/kg 

body weight, decreased reduced glutathione (GSH) and ascorbic acid 

concentration and an increased lipid peroxidation in the tissue of rats. 

Concomitmt treatment with dimethyl sulphoxide, a fi-ee radical scavenger 

ameliorated the effect of Furazolidone on GSI-I (Ali, 1992). 

The ability of furazolidone to enhance free radical reactions when 

incubated with turkey cardiac or hepatic ~neinbranes was determined by Stroo 

and Schaffer (1989). The study revealed that superoxide dismutase and 

catalase attenuated the furazolidone induced stimulation of oxygen 

consumption, indicating that the drug had promoted the formation of 

superoxides and hydrogen peroxide. Lipid peroxidation was stimulated in liver 

cells. 

In the chircken, furazolidone 300 mg/Rg per day for 3 days reduced the 

blood glutathione peroxidase, glultatl~jone reductase, malonaldehyde (MDA), 

~ d o c a p ~ e ~ o l ,  se#cniu~n, iron, CAT and GSH and a tra~sienlt increase in lipid 

pcroxidatilon concen~tration was nloced (Sas, 1993). 

Furaz~li~hone has been shown to be a1 irdlibitor of M A 0  activibty iln the 

tissues ofrats, dhhicken, turlcey and duclc. The gut flora was probably the sLe of 

fulrmot,idone trmsfonnati~on h ~ o  a11 active M A 0  inhibitor iln pouhy (Ali, 

1 9/83). MlAO occurs in hdighest concelltra ti on s in the Liver, stomach, kidney and 
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fulrmot,idone trmsfonnati~on h ~ o  a11 active M A 0  inhibitor iln pouhy (Ali, 

1 9/83). MlAO occurs in hdighest concelltra ti on s in the Liver, stomach, kidney and 

2.1.3.2 Furazolidone and free radical generation

Furazolidone when given-a single oral dose of 75, 150 of 300 mg/kg

body weight, decreased reduced glutathione (GSH) and ascorbic acid

concentration and an increased lipid peroxidation in the tissue of rats.

Concomitant treatment with dimethyl sulphoxide, a free radical scavenger

ameliorated the effect of Furazolidone on GSH (Ali, l992).

The ability of fiirazolidone to enhance free radical reactions when

incubated with turkey cardiac 0r hepatic membranes was determined by Stroo I

and Schaffer’ (1989). The study revealed that superoxide dismutase and

catalase attenuated the furazolidone' indUCed stimulatiOn of oxygen

consumption, indicating that the drug had promoted the formation of

superoxides and hydrogen peroxide. Lipid peroxidation was stimulated in liver

cells.

In the chicken, furazo-lidone 300 mg/kg per day for 3 days reduced the

blood. glutathione peroxidase, glutathione reductase, inalienalidehyde (MDA),

aitoeopherol, selenium, iron, CAT and GSH and a transient increase in lipid

peroxidation concentration Was noted (S‘as, 1993).

Furazolidone has been shown to be an inl'iibi-tor of MAO activity in the

tissues of rats, chicken, turkey and duck. The gut flora was probably the site of

furazoiidone transformation into an. active MAO inhibitor in poultry (Ali,

19/83)», MAO occurs in higih‘es-t concentrations in the liver, stomach, kidney and



intestine. MA0 metabolize catecholamines to inactive deaminated 

metabolites. (h l~~rray  et a/., 2002). By v b l e  of its MA0 inhibitory action, 

fkazolidone increased the concentration of catecholainines in the gut and 

other tissues (Ali, 1999). 

Furazolidone (0.04% w/w, 10 days) increased the plasma corticosterone 

level in chicken (Ali, 1983). This effect was attributed to the stimulation of 

biosynthesis of corticosterone in the adrenal gland (Ali, 1999). 

Anuradha (2003) reported that filrazolidone @ 150 mg/kg body weight 

produced oxidative stress and elevation of selxin aspartate a~ninotransferase 

(AST), alanine aminotransferase (ALT) wit11 hypoproteinemia, .hypoalbum- 

inernia and hypocholesterolemia. 

2.1.3.3 Effect on Liver 

In the turkey, Staley et al. (1978) reported that by feeding furazolidone 

(0.05% for 4 weeks) there was a disordered hepatic metabolism, as judged by 

a decreased aspartate transa~ninase activity in seru'm. Sirnpson et al. (1949) 

showed that furazolidone treatment (0.05% w/w for 42 days) in turkeys 

resv11ed in hypotension and decreased protein concentration a d  trypsin 

inhibitory factor in the pliasina. 

Webb et al. (9991) found ml elevated serum AST activity and 

hyperbili8mbinaemlia i!n t'lae fi~trazoiijdone trealted blirds. 
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intestine. MAO metabolize catecholamines to inactive deaminated

metabolites. (Murray et al., 2002). ' By Virtue of its MAO inhibitory action,

furazolidone increased the concentration of catecholamines in the gut and

other tissues (Ali, 1999).

Furazolidone (0.04% w/w, 10 days) increased the plasma corticosterone

level in chicken (Ali, 1983). This effect was attributed to the stimulation of

bioSynt'he'sis of corticosterone in the adrenal gland (Ali, 1‘999).

Anuradha (2003) reported that furazolidone @ 150 mg/kg body‘weight

produced oxidative streSs and elevation of serum aspartate aminotransferase

(AST), alanine aminotransferase (ALT) with hypoproteinemia, hypoalbumr

inemia and hypocholesterol‘emia.”

2.1.3.3 Effect on Liver

In the turkey, Staley et all. (1978) reported that by feeding furazolidone

(0.05% for 4 weeks) there Was a disordered hepatic metabolism, as judged by

a decreased aspartate transaminase activity in Serum. Simpson et- a1. (1979)

shoWed that fiJraZoliidone treatment (0.05% W/W for 42 days) in Wkeiys

resulted 1n hypotension and decreased protein concentration and trypsm

inhibitor-y facter in the plas‘ma.

Webb et at. I(l991) found an elevated serum AST activity and

hyperbil-irubinaemia in the fulrazolidone treated birds.



Zarnan et al. (1995) reported a decrease in total protein and globulin 

concentration when furazolidone (400 ingllcg feed) was fed for four weeks to 

broiler chicken. 

Khan et al. (1995) fed furazolidoile in the feed to broiler chicken (400, 

800 and 1000 mdkg feed) for four weeks and reported that livers of all the 

intoxicated birds had congestion, haeinoirhage and enlargement. Microscopic 

changes mainly comprised of dilated central veins and cytoplas~nic 

vacuolation of hepatocytes. 

2.1.3.4 Effect on heart 

Fwazolidone at a dose of 700 ppin, added to the feed of turkey poults at 

2 weeks of age induced a cardioinyopathy similar to spontaneous round heart 

disease (Czarnecki et al., 1975). The birds were found to show an increase in 

the activity of lactate dehydrogenase gluta~nic oxaloacetic trmsarninase, and 

creatine phosphokinase (CPK) m d  hypoproteinaemia (Czamecki et al., 198 1 ) .  

Mc Callurn et al. (1 989)  sltudied the effect of furazolidone (0.5 and 

2 pg/md of perfusate) on isolated hea t  of 3 week old broiller chicken; 

furazolidone at both con~cn~trati~ons, csl~lsed detrimental changes in myocardial 

vascu.lar resils~tmce (two-fold increase) and lactate dehydrogcnase rellease (six- 

foid increase). 

Zarnan et al. (1995) reported a decrease in total protein and globulin 

concentration when furazolidone (400 ingllcg feed) was fed for four weeks to 

broiler chicken. 

Khan et al. (1995) fed furazolidoile in the feed to broiler chicken (400, 

800 and 1000 mdkg feed) for four weeks and reported that livers of all the 

intoxicated birds had congestion, haeinoirhage and enlargement. Microscopic 

changes mainly comprised of dilated central veins and cytoplas~nic 

vacuolation of hepatocytes. 

2.1.3.4 Effect on heart 

Fwazolidone at a dose of 700 ppin, added to the feed of turkey poults at 

2 weeks of age induced a cardioinyopathy similar to spontaneous round heart 

disease (Czarnecki et al., 1975). The birds were found to show an increase in 

the activity of lactate dehydrogenase gluta~nic oxaloacetic trmsarninase, and 

creatine phosphokinase (CPK) m d  hypoproteinaemia (Czamecki et al., 198 1 ) .  

Mc Callurn et al. (1 989)  sltudied the effect of furazolidone (0.5 and 

2 pg/md of perfusate) on isolated hea t  of 3 week old broiller chicken; 

furazolidone at both con~cn~trati~ons, csl~lsed detrimental changes in myocardial 

vascu.lar resils~tmce (two-fold increase) and lactate dehydrogcnase rellease (six- 

foid increase). 

lo

Zaman et al. (1995) reported a decrease in total protein and globulin

concentration when furazolidone (400 mg/kg feed) was fed for four weeks to

broiler chicken.

Khan et al. (1995) fed furazolidone in the feed to broiler chicken (400,

800 and 1000 mg/kg feed) for four weeks and reported that livers of all the

intoxicated birds had congestion, haemorrhage and enlargement. Microscopic

changes mainly comprised of dilated central veins and cytoplasmic

vacuolation of hepatocytes.

2.1.3.4 Effect on heart

‘Furazolidone at a dose of 700 ppm, added to the feed of turkey poults at

2 Weeks of age induced a cardiomyopathy similar to spontaneous round heart

disease (Czamecki et al., 1975). The birds were found to show an increase in

the activity of lactate dehydrogenaSe glutamic oxaloacetic transaminase, and

creatine phosphokinase (CPK) and hwoproteinaemia (Czarnecki et al., 1981).

Mo Callusm et al. (1989) studied the effect of finazolidone (0.5 and

2 tag/m1 of perfusate) on isolated heal-“E of 3 week old broiler chicken;

furazeliidene at both concentrations, caused detrimental changes in myocardial

vascular resistance (two-fold increase) and lactate dehydrogenase release (six-

fold inereaSe)..



In the ducking, Webb <and Van Vleet (1991) fed a ration containing 700 

mg of furazolidone I kg of feed for 27 days and observed cardiac chamber 

dilatation with thinning of inyocardiuin and pericardial effusion. 

Furazolidone when incubated wit11 cardiac sarcosoines increased 

epinephrine oxidation in a concentration dependant manner (Stroo and 

Schaffer, 1989). 

Lax and Kukolich (1992) explained the bioclleinical basis of 

krazolidone induced cardiomyopathy using electron paramagnetic resonance 

(EPR) spectroscopy and showed that fi~razolidone was reduced to 

corresponding nitro radical by ascorbate and hypoxanthine and the glutathione 

(GSH) prevented the formation of this anionic radical. 

Biventricular cardiac dilatation and thinning of venltricdar walls were 

observed in broiler chicken fed with filrazolidone at 400 or 800 mglkg feed for 

30 days (Islam et al., 1995, Khan et al., 1995). 

2.2 ANTIOXIDANTS 

Cells have antioxidant defences to protect against fiee radiilcds and 

other ROS. These inclTude the enzymes SOD, which dism!utases superoxide; 

catalase and gli~tathone peroxidase which destroy toxic peroxides and s m d  

~ ~ o l l e c ~ l ~ e ~  ,hckdhing glutatbone. ~ x t e m d  sources of antioxidlamt nutx4ents that 

are essenti~al for antj,oxidallt protectionl include antifoxidan~t v i t a t ~ ~ h  C, 

In the ducking, Webb <and Van Vleet (1991) fed a ration containing 700 

mg of furazolidone I kg of feed for 27 days and observed cardiac chamber 

dilatation with thinning of inyocardiuin and pericardial effusion. 

Furazolidone when incubated wit11 cardiac sarcosoines increased 

epinephrine oxidation in a concentration dependant manner (Stroo and 

Schaffer, 1989). 

Lax and Kukolich (1992) explained the bioclleinical basis of 

krazolidone induced cardiomyopathy using electron paramagnetic resonance 

(EPR) spectroscopy and showed that fi~razolidone was reduced to 

corresponding nitro radical by ascorbate and hypoxanthine and the glutathione 

(GSH) prevented the formation of this anionic radical. 

Biventricular cardiac dilatation and thinning of venltricdar walls were 

observed in broiler chicken fed with filrazolidone at 400 or 800 mglkg feed for 

30 days (Islam et al., 1995, Khan et al., 1995). 

2.2 ANTIOXIDANTS 

Cells have antioxidant defences to protect against fiee radiilcds and 

other ROS. These inclTude the enzymes SOD, which dism!utases superoxide; 

catalase and gli~tathone peroxidase which destroy toxic peroxides and s m d  

~ ~ o l l e c ~ l ~ e ~  ,hckdhing glutatbone. ~ x t e m d  sources of antioxidlamt nutx4ents that 

are essenti~al for antj,oxidallt protectionl include antifoxidan~t v i t a t ~ ~ h  C, 

In the ducking, Webb and Van Vleet (1991) fed a ration containing 700

mg of furazolidone / kg of feed for 27 days and observed cardiac chamber

dilatation with thinning of myocardium and pericardial effiision.

Furazolidone when incubated with cardiac sarcosomes increased

epinephrine oxidation in a concentration dependant manner (Stroo and

Schaffer, 1989).

Lax and Kukolich (1992) explained the biochemical basis of

furazolidone induced Cardiomyopathy using electron paramagnetic resonance

(EPR) 'spectrOScopy and showed that furaZolidone was reduced to

corresponding nitro radical by ascorbate and hypoxanthine and the glutathione

(GSH) prevented the fonnation of this anionic radical. I

Bivent-riCular Cardiac dilatatiOn and thinning of Ventricular walls were

observed. in broiler chicken fed with fiirazfolidene at 400 or 800 mg/kg feed fer

30 days (Islam et al., 1995, Khan et (11., 1995).

2.2 ANT‘IOXIDANTS

Cells have antioxidant defences to protect against flee radicals and

other ROS. These include the enZymes SOD, which divsmutas‘es' supefoxiél‘e;

catalase and glutathione peroxidase which destroy toxic peroxides and small

molecules ime‘l'udiinig- gllutathione. Extema’l’ sources of antioxidant nutrients that

are essential for antioxidant protection include antioxidant Vitamin C,



vi'ttatniln .E, Vitamin A, Provitalnin A, the inillera1 selenium, a coinponent of 

seleni~im dependent glutathione peroxidase (Borek, 1993) and zinc which is a 

cofactor for about 200 human enzymes including cytoplas~nic antioxidant Cu- 

Zn SOD (Knight, 2000). 

2.2.1 Vitamin E (a-Tocopherol) 

Vitamin E is the most widely distributed antioxidant in nature, being 

Cound iln both and animal lcingdoms. There are atleast eight structural 

isomers of tocopherol. Among these, a-tocopherol is the best known isomer 

and possess the most antioxidant activity (Burton et al., 1982). 

Vit. E by virtue of its unique molecular structure of phytyl side chain, 

enables specific physico-chemical interactions with arachidonyl residues of 

membrane phospholipds which are inore prone to attack by free radicals 

(Maggilo et al., 1977). 

Because of the lipophilic property of the tocopherol mlolecule, Vit. E is 

the mlajlor fice radlical chain terlninator in the lipophili~c environment eg. 

plasma Zipoproteinls. Intracellularly, Vi2t. E is associated with lipid - rich 

membranes suck as ~nitochond~ria d eendopiasmi~c reticulum. Thus the 

antioxidant action of tocopherol is expected to be highly efcective in 

protecting agailnst! melabrame lipEd peroxidation by reacti111g with I.ipid pe~oxyl 

vi'ttatniln .E, Vitamin A, Provitalnin A, the inillera1 selenium, a coinponent of 

seleni~im dependent glutathione peroxidase (Borek, 1993) and zinc which is a 

cofactor for about 200 human enzymes including cytoplas~nic antioxidant Cu- 

Zn SOD (Knight, 2000). 

2.2.1 Vitamin E (a-Tocopherol) 

Vitamin E is the most widely distributed antioxidant in nature, being 

Cound iln both and animal lcingdoms. There are atleast eight structural 

isomers of tocopherol. Among these, a-tocopherol is the best known isomer 

and possess the most antioxidant activity (Burton et al., 1982). 

Vit. E by virtue of its unique molecular structure of phytyl side chain, 

enables specific physico-chemical interactions with arachidonyl residues of 

membrane phospholipds which are inore prone to attack by free radicals 

(Maggilo et al., 1977). 

Because of the lipophilic property of the tocopherol mlolecule, Vit. E is 

the mlajlor fice radlical chain terlninator in the lipophili~c environment eg. 

plasma Zipoproteinls. Intracellularly, Vi2t. E is associated with lipid - rich 

membranes suck as ~nitochond~ria d eendopiasmi~c reticulum. Thus the 

antioxidant action of tocopherol is expected to be highly efcective in 

protecting agailnst! melabrame lipEd peroxidation by reacti111g with I.ipid pe~oxyl 

Vitamin E, Vitamin A, Provitamin A, the mineral selenium, a cmnponent of

Selenium dependent glutathione peroxidase (Borek, 1993) and zinc which is a

cofactor fer about 200 human enzymes including cytOplasmic antioxidant Cu-

Zn SOD (Knight, 2000).

2.2.1 Vitamin E (oc-Tocopherol)

Vitamin E is the most Widely distributed antioxidant in nature, being-

found in both pliant and animal kingdoms. There are atleast eight structural

isomers of toeop'herol. Among these, otitocopher‘ol is the best known'is'ome’r

and poSsess the most antioxidant activity (Burton et al., 1982).

, Vit. E by Virtue of its unique moleCular structure of phytyl sid'e'chain,

enables specific physico-chemical interactions with arachidonyl. residues of

membrane p‘hospholipds which are more prone to attack by free radicals

(Maggie et 61]., 1977).

eca-USe of the lipoPhilic property of the tocopheroi intoleCule, Vit. E is

the major free radical chain tenninatm in the lipophilic enviromnent cg.

piaSma ‘lip'oproteins. Intracellullarily, Vit. E is associated with lipid - rich

membranes such as mitochondria and endoplasmic reticulum. Thus the

antioxidant action of tocopherol is expected to be highly effective in

protecting against membrane lipid peroxidation by reacting with lipid pletoxyl



and alkoxyl radicals (Infers and Sies, 1988, Ross and Moldens, 1991 and 

Murray et al., 2002). 

Zhang et al. (1998) reported that Vit. E acted as a potent antioxidant in 

the metabolism of fiee radicals by inhibiting lipid peroxidation and repairing 

fiee radical induced damage of biological membranes. Vit. E reduced the 

oxidative damage and altered cell cycle which was induced by hydroxy 

radicals in cul~tured human oral epithelial cells (Royack el al., 2000). 

Ognjanovic et al. (2003) in their study on cadiniu~n induced toxicity in 

rats observed oxidative damage which was manifested as an increase in the 

activity of erythrocytic antioxidant enzymes (SOD, GSH-Px, GSH-R mid 

Catalase) and lipild peroxidation. Vitamin E exhibited a protective role against 

the oxidative stress and maintained the enzyme activities on par with the 

control group. 

Jayasree et al. (2003) reported modulation of anltioxidant scavenging 

enzyme and an improved body weight gain with Vitamin E supplementation 

in dekarnethrin induced toxicity in broilles chicken. Vitamin E prevented tissue 

damage and serum emylnes AST and ALT were within the physioiogical 

llilmits. 
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and alkoxyl radicals (Infers and Sies, 1988, Ross and Moldens, 1991 and,

Murray et al., 2002).

Zhang et ol. (1998) reported, that Vit. E acted as a potent antioxidant in

the metabolism of flee radicals by inhibiting lipid peroxidation and repairing

free radical induced damage of biological membranes. Vit. E reduced the

Oxidative damage and altered cell cycle which was induced by hydroxy

radicals in cultured human oral epithelial cells (Royack et al., 2000). '

Ognjanovic' et al. (2003) in their study on cadmium induced toxicity in

rats observed oxidative damage which was manifested as an increase in the

activity of erythrocytic antioxidant enzymes (SOD, GSH-Px, GSH—R and.

CaitalaSe) and lipid peroxidation. Vitamin E exhibited a protective role against '

the oxid’ative streSS and maintained the enzyme activities on par with the

control group.

Jayasree et a1. (2003) reported modulation of antioxidant scavenging

enzyme and an improved body weight gain with Vitamin E supplementation

in adelitarnethrin induced toxicity in broiler chi cken; Vitamin E prevented tissue

damage and serum enzymes AS’T and ALT were within- the physiological.

limits.



Herbal source 

Dietary suppleinentation of antioxidants, particularly natural 

coinpounds fsom medicinal plants having antioxidant and iminunomodulato~y 

activities have potential in handling the excess generation of free radicals. 

A list of plants having antioxidant properties is given in Table 1. 

Table 1 : Antioxidant properties of some meclicinal plants 

Plant 1 compound 
Aloe vera (leaf extract) 

A.llium sativum (oi'l) 

Andrographis paniculata 

Azadiractha indica (seed 
extract - antioxidant 
principle) - - 

Curczlma longa 
(antioxidant protein) 

Emblica oflcinalis 
(ascorbic acid conjugated 
to gaPlic acid) . - 

Glycyrrhiza gladra 
(glabridin) 
He~nidesmus indicus 

. - .  - - 

Tinospora cordijolia 
(root) 

- 

~i than ia  sonmiifelra 

Antioxidant properties 
Glutathione peroxidase 
activity 
Decreased lipid 
peroxidation 
Decreased lipid 
peroxidation 
Decreased lipoxygenase 
activity 

- -. 

Inhibited lipid peroxidation, 
protects SH and 
C ~ ~ ' , A T P ~ S ~  
Decreased lipid 
peroxidation 

. - - - 

Antioxidant effects 

Inhibited lipid peroxidation, 
increases SOD 
Increased llevels of 
glutathione md  Vit. E 
Inhibited lipild peroxi~datioa 
Protected glutath~ione and 
enzymes 

Reference 
Sabeh et al. 1993 

Helen et al. 1999 

Guo et al. 1995 

Selvain et al. 1995 

Selvam et al., (1 995) 

~ h a i t a c h ~ g  et al., 
1999 

 eli inky et al., 1998 

Alam and Gomes, 
1998 
 ath hew and ~ i t t m ,  
1994 

all-Hhdawi et al., 
1.992 

Herbal source 

Dietary suppleinentation of antioxidants, particularly natural 

coinpounds fsom medicinal plants having antioxidant and iminunomodulato~y 

activities have potential in handling the excess generation of free radicals. 

A list of plants having antioxidant properties is given in Table 1. 

Table 1 : Antioxidant properties of some meclicinal plants 

Plant 1 compound 
Aloe vera (leaf extract) 

A.llium sativum (oi'l) 

Andrographis paniculata 

Azadiractha indica (seed 
extract - antioxidant 
principle) - - 

Curczlma longa 
(antioxidant protein) 

Emblica oflcinalis 
(ascorbic acid conjugated 
to gaPlic acid) . - 

Glycyrrhiza gladra 
(glabridin) 
He~nidesmus indicus 

. - .  - - 

Tinospora cordijolia 
(root) 

- 

~i than ia  sonmiifelra 

Antioxidant properties 
Glutathione peroxidase 
activity 
Decreased lipid 
peroxidation 
Decreased lipid 
peroxidation 
Decreased lipoxygenase 
activity 

- -. 

Inhibited lipid peroxidation, 
protects SH and 
C ~ ~ ' , A T P ~ S ~  
Decreased lipid 
peroxidation 

. - - - 

Antioxidant effects 

Inhibited lipid peroxidation, 
increases SOD 
Increased llevels of 
glutathione md  Vit. E 
Inhibited lipild peroxi~datioa 
Protected glutath~ione and 
enzymes 

Reference 
Sabeh et al. 1993 

Helen et al. 1999 

Guo et al. 1995 

Selvain et al. 1995 

Selvam et al., (1 995) 

~ h a i t a c h ~ g  et al., 
1999 

 eli inky et al., 1998 

Alam and Gomes, 
1998 
 ath hew and ~ i t t m ,  
1994 

all-Hhdawi et al., 
1.992 

Herbal source

Dietary supplementation of antioxidants, particularly natural

compounds from medicinal plants having antioxidant and immunomodulatory

activities have potential in handling the excess generation of free radicals.

A list ofplants having antioxidant properties is given in Table 1.

Table l : Antioxidant properties of some medicinal plants

Plant/ compound Antioxidant properties Reference
Aloe vera (leaf extract) Glutathione peroxidase

activity
Sabeh ez‘ al. 1993

VAvllium sativum (oi-l) Decreased lipid Helen et al. 1999
7 .. . _ A 7 _ 7 _ peroxidation .

Andrographis paniculata Decreased lipid Guo et al. 1995
peroxidation' ‘

Azadiractha indica (seed
extract - antioxidant

Decreased lipoxygenase
activity

Selvam et al. 1995

Himmler,” - . _ .A __ a , r_ 7
Curcuma longa Inhibited lipid peroxidation, Selvam etal., (1995)
(antioxidant protein) ‘ 2 protects SH and

, , _ _ Ca2+,ATPas‘e _ _ _7
Em'blica ofltcinalis ’ Decreased lipid Bhattacharya et al.,
(ascorbic acid conjugated peroxidation 7 1999
togallicacid) _ __ _ ., H, _ __ 7_ _ _
Glycyrrhiza glalirrz I Antioxidant effects l Belinky et al., 1998

Eabndm)
Hémidesmus indie/us Inhibited hpid peroxidatiOn; Aim and can; ' ' _

,V Inhibited lipid peroxidation "

_i . i _ LincreaseeQD , . “(119298: e i
’ Tinospora cord/Volta ‘ Increased levels of Mathew and Kuttan,

‘ (root) 1 ,gl-ntathione and Vit. E 1997

7 ‘Wistaha'nic‘: senmrfem i Protected gliitathione and
g. enzymes .

I alt-Hindawi et al.,
_.1_9_9;2



2.12 Garlic (Alliurn sntivum L.) 

222.1  Medicinal Properties 

Garlic is one of the oldest of all cultivated plants. It possessed 

antimicrobial, antioxidant, s~ntithrombotic, antiturnour, hypolipidemic, 

hypoglycemic, and antiarthritic properties (Devasagayam and Sainis, 2002). 

Allicin, one of the sulphur coinpo~mds of garlic possesses antioxidant 

and antimutagenic properties (Rabiultov el al., 1998). Odourless cloves of 

garlic contain alliin, a sulphur containing amino acid derivative, which is also 

known as S-allyl-cysteine sulphoxide (SACS). Alliin is converted to allicin by 

the enzyme allinase, which is activated when garlic is cut or crushed. Allicin, a 

volatile compound gives garlic its punge~lt smell (Block, 1985). 

Thattec et al. (2000) studied the effect of allicin on apoptosis and 

observed that allicin arrested proliferatio11 of cancer cells. 

Prem K m a r  et a/. (2000) reported that suppdeinentation of garlic 

powder (1%) in the feed reduced thle senlln and meat cholesterol, and 

improved feed efficiency in broiler ch6clten. 

Lomm et al. (2002) reported that fresh garlic extract had a great eEect 

than garlic powder extract against caadicla infection. 

2.12 Garlic (Alliurn sntivum L.) 

222.1  Medicinal Properties 

Garlic is one of the oldest of all cultivated plants. It possessed 

antimicrobial, antioxidant, s~ntithrombotic, antiturnour, hypolipidemic, 

hypoglycemic, and antiarthritic properties (Devasagayam and Sainis, 2002). 

Allicin, one of the sulphur coinpo~mds of garlic possesses antioxidant 

and antimutagenic properties (Rabiultov el al., 1998). Odourless cloves of 

garlic contain alliin, a sulphur containing amino acid derivative, which is also 

known as S-allyl-cysteine sulphoxide (SACS). Alliin is converted to allicin by 

the enzyme allinase, which is activated when garlic is cut or crushed. Allicin, a 

volatile compound gives garlic its punge~lt smell (Block, 1985). 

Thattec et al. (2000) studied the effect of allicin on apoptosis and 

observed that allicin arrested proliferatio11 of cancer cells. 

Prem K m a r  et a/. (2000) reported that suppdeinentation of garlic 

powder (1%) in the feed reduced thle senlln and meat cholesterol, and 

improved feed efficiency in broiler ch6clten. 

Lomm et al. (2002) reported that fresh garlic extract had a great eEect 

than garlic powder extract against caadicla infection. 

2.2.2 . Garlic (Allium sativum L.)

2.2.2.1 Medicinal Properties

Garlic is one of the oldest of all cultivated plants. It possessed

antimicrobial, antioxidant, antithrombotic, antitumour, hypolipidemic,

hypoglycemic, and antiarthritic properties (Devasagayam and Sainis, 2002).

Allicin, one of the sulphur compounds of garlic possesses antioxidant

and antiinntagenic properties (Rabin‘kov el al., 1998).’Odourless cloves of

garlic contain alli-in, a sulphur containing amino acid derivative, which is also

knoWn as S-allyl-cysteine sulphoxide (SACS). Alliin is converted to allicin by

the enzyme allinase, which is activated When garlic is cut or crushed. Allicin, a

volatile compound gives garlic its pungent smell (Block, '1985).

Thattee et al. (2000) studied the effect of allicin on apoptosis and

observed that allicin arrested proliferation of cancer cells.

Prem Kumar et all. (2000) reported that supplementation of garlic-

powder (1%) in the feed reduced the serum. and meat cholesterol, and

improved feed efficiency in broiler chicken.

Lemar et al. (2002) reported that fresh garlic extract had a great effect

than garlic powder extract against candida infection.



IUlalid et al. (1995) found that administration of garlic provided 

protection against hyperlipidemic and tlu-ombus formation in experimentally 

induced cholesterol atherosclerosis in chicl<en. 

Ohaeri (2001) investigated tlie effect of garlic oil on the concentration 

of various enzymes in the sel-uin and tissue of streptozotocin induced diabetic 

rats and found a reduction in the seruin alanine and aspartate transferases. 

Bhushan et al. (1979) reported that raw garlic ca~lsed a decrease in the 

bhood cholesterol concentration eve11 if it is within normal limits in huinm 

subjlects. 

Bordia (1981) studied the effect of garlic on blood cholesterol 

concentration in humans and reported a 6-9% reduction in total cholesterol, 

11% reduction in LDL cholesterol and 17% reduction in triglyceride 

concentration. 

Liu and Yeh (2000) used priincuy rat hepatocytes and tested the 

inhibitory potential on cholesterogenesis of orgmsdphur compounds derived 

fiom garlic and found that S-ally1 cysteine (SAC), S-ethyl cysteine (SEC) and 

S-propyl cysteine (SPC) of garlic were equlally potent in inhiibiting cholesterol 

synthesis. 

Send1 et al. (11992) using a modified liver ho~m~ogenate model 

demonstrated thlat gwllc redl~lced th~e sen1:ln chol~es6ero~ concentration prii:l;larily 

by ildi~biti~mg ch1ol~es8erol syatlziesis if tdlcen in sufficient amount md  that tliis 
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Liu and Yeh (2000) used priincuy rat hepatocytes and tested the 
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fiom garlic and found that S-ally1 cysteine (SAC), S-ethyl cysteine (SEC) and 
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Send1 et al. (11992) using a modified liver ho~m~ogenate model 
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Khalid et al. (1995) found that administration. of garlic provided

protection against hyperlipidemic and thrombus formation in experimentally

induced cholesterol atherosclerosis in chicken.

Ohaeri (2001) investigated the effect of garlic oil on the concentration

of various enzymes in the semm and tissue of streptozotocin induced diabetic

rats and. found a reduction in the serum alanine and aspartate transferases.

hushanet al. (1979) reported that raw garlic cauSed a decrease in the

blood cholesterol concentration even if it is within normal limits in human

subjects.

Bordia (1981) studied the effect of garlic on blood cholesterol.

concentration in humans and reported a 6-9% reduction in total cholesterol,

11% reduction in LDL cholesterol and 17% reduction in triglyceride

concentration.

Liu and Yeh (2000) used primary rat hepatOGytes and- tested the

inhibitory potential on cholesterogenesis of organsuliphur Compounds derived

fiom garlic and. found that Seallyl cysteine (SAC), S-et‘hyl cysteine (SEC) and

S-propyl cysteine (SPC) of garlic were equally potent in inhibiting cholesterol.

synthesis.

Sendl at al. (W992) using a modified liver homogenate model

demonstrated that gafilie reduced the serum cholesterol- concentration primarily

by inhibiting cholesterol synthesis if talken in sufficient amount and that this



effect arised from a mixtare of multiple co~npounds from the sulfi~r - 

containing class of thiosulfinates, ajoenes and dithiines. Qureshi et al. 

(1983) evaluated the inhibition of cholesterol and fatty acid biosynthesis by 

polar fractions of garlic in 5 week old male broiler chicken. A dose related 

decrease in the activities of HMG-CoA reductase, cholesterol 7 alpha 

hydroxylase and fatty acid synthetase was observed resulting in decreased 

serum total cholesterol and low density lipoprotein concentration. The most 

effective dose for the decrease was 0.54% methanol soluble fraction and 1.2% 

water soluble fraction eq~uivallent to 6% of the fi-esh garlic. 

Fritz et al. (1995) fed broiler chiclten wit11 1% garlic and selected herbs 

at 2 levels to observe their influence on performance and ineat quality. 

Performance of broilers after 8 weeks feeding period was similar. The best 

sensoric evaluation was obtained by the meat from garlic-fed groups. The 

meat was superior than controd and herbal supplemented groups with respect 

to smell, pdatabililty, juiciness and tenderness. The abdominal fat percentage 

was llower in garlic-fed groups. 

2.3.2.2 Antioxidanlt propertties 

Garlic oil and extract have been shown to proviide protection against 

liplid peroxidation and iolcreased concen6ration of glutathione (Helen et a!., 

1999; Upadhyay, 1997). 
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2.3.2.2 Antioxidanlt propertties 

Garlic oil and extract have been shown to proviide protection against 

liplid peroxidation and iolcreased concen6ration of glutathione (Helen et a!., 

1999; Upadhyay, 1997). 

effect arised fiom a mixture of multiple compounds from the sulfar -

containing class of thiosulfinates, ajoenes anddithiines. ' Qureshi et . al.

(1983) evaluated the inhibition of cholesterol andfatty acid biosynthesis by

polar fractions of garlic in 5 week old male broiler chicken. A dose related

decrease in the activities of HMG-CoA reductase, cholesterol 7 alpha

hydroxylase and fatty acid synthetase was obsewed resulting, in decreased

serum total cholesterol and low density lipoprotein concentration. The most

effective dose for the decrease was 0.54% methanol soluble fraction and 1.2%

Water soluble fraction equivalent to 6% of the fresh garlic.

Fritz et al. (1995) fed broiler-chicken with 1% garlic and selected herbs

at 2 levels to observe their influence on performance and meat quality.

Performance of broilers after 8 weeks feeding period was similar. The best

sensoric evaluation was obtained by the meat from garlic-fed fioups. The

meat was superior than control and herbal supplemented groups with respect

to smell; palatability, juiciness and tenderness. The abdominal fat percentage

was lower in garliCafed groups.

2412.52 Azntimcidant properties

Garlic. oil and extract haVe been shown to provide P’FO‘tGGflOfl against

lipid perox-idat-ien and increased cement-ranch of glutathione (Helen. at 611.,

1999; Upadlhyay, 1997‘).



In the mice, Nakagawa et al. (1988) found that the constituents of the 

garlic extract SAC and SAMC, protected the liver cells fiom the liver toxins 

paracetan01 and carbon tetrachloride which ind~zced acute hepatitis by 

enhancing the activity of glutathione, and acted as chemical scavengers. 

Rajasree and Rajamohan (1998) reported that administration of water 

soluble protein of garlic (500 mg/kg b.wt.1 day) to alcohol fed rats showed 

increased antiperoxide activity and decreased activity of glutathione 

peroxidase and glutathione-S-transferase compared to a standard drug 

gugulipid (50 mglkg body weight 1 day). 

Using an in vitro system of endothelial cells exposed to oxidant copper 

ions. Ide and Lau (1997) showed that aged garlic extract and S-ally1 cysteine 

scavenged ROSY inhibited the oxidation of LDL and inhibited endothelial cell 

injury by oxidized LDL. 

Sumioka et al. (1998) reported that S-ally1 inercaptocysteine (SAMC), a 

water soluble organosulfur- compound in ethanol extract of garlic, suppressed 

the plasma ALT activity and increased the hepatic lipid peroxidation, in 

acetaminophen - ilnduced liver injury. 

The effect on glutathione reductase activifties of feeding garlic oil to 

whiite al~biao rats maitntained on high sucrose and alcohol1 diets was studied by 

Adoga (1986). The increased activity of GSH-R i~il liver, kidney, and semn of 

In the mice, Nakagawa et al. (1988) found that the constituents of the 

garlic extract SAC and SAMC, protected the liver cells fiom the liver toxins 

paracetan01 and carbon tetrachloride which ind~zced acute hepatitis by 
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In the mice, Nakagawa et al. (1988) found that the constituents of the

garlic extract SAC and SAMC, protected the liver cells. from the liver toxins

paracetamol and carbon tetrachloride Which induced acute hepatitis by

enhancing the activity of glutathione, and acted as chemical scavengers.

Rajasree and Rajamohan (1998) reported that administration of water

soluble protein of garlic (500 mg/kg b.wt./ day) to alcohol fed rats showed

increased antiperoxide activity and decreased activity of glutathione

peroxidase and glutathione-S-transferase compared to a standard drug

gugu'lipid (50 mg/kg body Weight / day).

Using an in vitro system of endothelial cells exposed to oxidant copper

ions. Ide and Lau (1997) showed that aged garlic extract and S-allyl cysteine

scavenged ROS, inhibited the oxidation of LDL and inhibited endothelial cell

injury by oxidized LDL.

Sumioka at al. (1998) reported that S-allyl mercaptocysteine (SAMC), a

Water Soluble organOSulfur compound in ethanol extract of garlic, suppreSScd

the plasma ALT activity and increased the hepatic lipid peroxid‘ation, in

acetaminophen ., induced liver injury.

The effect On glutathiOne reductase activities of feeding garlic oil to

white albino rats «maintained on high sucrose and alcohol diets Was studied by



sucrose and alcohol fed rats were restored to near normal concentration by 

garlic oil. 

2.3.3 Stresseaze 

Several herbal products have been reported to modulate the antioxidant 

defense system. Stresseaze is one of its kind and is a polyherbal Veterinruy 

product from Indian Herbs Research and Supply Company Limited., 

Saharanpur, Uttar Pradesh. 

Each 10 g contains, extracts of 

Gramya - 3.00 g 

Varahkarni - 3.00 g 

Vrishya - 3.00 g 

Sahkar - 0.30 g 

Excipients - q-s 

It is reported to have antistress, adaptogenic and antioxidant properties 

(Chatterjee, 1 996). 

Wheeler and Wilson (1998) reported that Stresseaze was effective iln 

alleviatilng the parturition stress h sows and ilmproved the immune status of 

the sows as well as pigtets. 
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sucrose and alcohol fed rats were restored to near normal concentration by

garlic oil.

2.3.3 Stresseaze

Several herbal products have been reported to modulate the antioxidant

defense system. Stresseaze is one of its kind and is a polyherbal Veterinaiy

product from Indian Herbs Research and Supply Company Limited,

Saharanpur, Uttar Pradesh.

Composition?

Each 10 g contains, extracts of

Gramya - 3.00 g

Varahkarni - ‘3.00 g

Vrishya - 3.00 g

Sahkar - 0.30 g

Excipienvts - q.s

It is reported to have antis't-ress, adaptogenic and antioxidant properties

(Chatterjee, 1996).

Wheeler and Wilson (1998) reported that Stresseaze was effective in

alleviating the parturition stress in sows and improVed‘ the immune status of

the sows as Well as piglets.



Chatterjee (1994) reported that adininistration of Stresseaze helps in 

maintaining the level of antioxidant .substances within physiological limits in 

laboratory animals. 

Stresseaze effectively scavenged superoxide and hydroxyl radicals and 

possesses antioxidant and strong antiperoxide activity (Chatterjee, 1996). 

Stresseaze treated birds showed an increase of the order of 10% in live 

weight gain and a decrease of 6% in FCR (Wheeler, 1994). 

Narasimnhan (1996) reported the restoration of glutathione level by 

Stresseaze which was decreased in the event of radical mediated damage by 

carbon tetrachloride intoxication. 
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Chatterjee (1994) reported that administration of Stresseaze helps in

maintaining the level of antioxidant substances Within physiological limits in

laboratory animals.

Stresseaze effectively scavenged superoxide and hydroxyl radicals and

possesses antioxidant and strong antiperoxide activity (Chatterjee, 1996).

Stresseaze treated birds showed an increase of the order of 10% in live

weight gain and a decrease of 6% in FCR (Wheeler, 1994).

Narasimhan (1996) rep01ted the restoration of glutathione level by.

Stresseaze which was decreased in the event of radical mediated damage by

carbon tetrachloride intoxication.
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CHAPTER - I11 

MATERIAL AND METHODS 

3.1 BIRDS 

Hundred day-old inale broiler chicken of VenCobb strain procured from 

MIS V.S.N. Hatcheries Pvt. Ltd., Chittoor were used in the experilneat. 

The experiment was conducted at the Departinent of Pl~armacology 

foxicology and the Depmnent of ~ i ~ e s t o c l c  Production and Management, 

College of Veterilnary Science, Tillpati. The experiinental protocol was 

approved by the institutional animal ethical colllmittee. 

3.2 GARLIC 

Bullbs of medium sized garlic of good quality were procured from the 

llocal market, Thpat i .  

3.3 DRUGS AND CHEMICALS 

a. Furazolidone B,P (99.29% assay) was a kind gift fi01n Vet. India 

~ h m a c e d i c d l s  Ltd., Hyderabbad. 

Vit. E (dl-a-Tocopbrol 50% prelsx, ~ . ~ e r c k  ~~heinicals, Germany). 

c. Stl.esseaze, an AmVedic V e t e r b w  Mediche from IIndii3ll Herbs 

Research and Supply ,co. ~ t d . ,  S&armpur, Uttar Pradesh. 
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MIS V.S.N. Hatcheries Pvt. Ltd., Chittoor were used in the experilneat. 
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Research and Supply ,co. ~ t d . ,  S&armpur, Uttar Pradesh. 

CHAPTER - III

MATERIAL AND.METHODS

3.1 BIRDS

Hundred day-old male broiler chicken of VenCobb strain procured from

M/s V.S.N. Hatcheries Pvt. Ltd, Chittoor were used in the experiment.

The experiment was conducted at the Department of Pharmacology &‘

Toxicology and the Department of Livestock Production and Management,

College Of VGterinary Science, Tiiupati. The experimental protocol was

approved by the institutional animal ethical committee.

3.2 GARLIC

uxlibs of medium sized garlic of good quality were procured from the

local market, Tirupati.

3.3 DRUGS AND CHEMICALS

a. Furazoilidone [P (99.29% assay) was a kind 31ft from Vet. India

Pharmaceuticals Ltd, Hyderabad.

b. Vint. E 1(dleot-Toeopheroll 50% premiX, EMerck chemicals, Ger-many).

c. Stresseavze, an AyurVed-ic Veterinary Medicine from Indian Herbs

Research and Suppqy Co. Ltd, Saharanpw, [It-tar Pradesh..
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Composition : Each 10 g contains extracts of :  

Grarnya : 3.00 g 

Varahkarni : 3.00 g 

Vrishya : 3.00 g 

Sahkar 0.30 g 

Excipeints : q.s. 

3.4 FEED 

The feed was formulated using the following ingredients. 

Feed composition : kg of ingredients / 100 kg of feed. 

Chicken were fed the starter feed upto 4 weeks of age and later with 

finisher feed. 

Hngsediemts 

Maize 

Soyabean meal 

Fish meal 

Mineral mixture 

Hyblend (AB2D3K) 

Biovital Vet. 

Coccidiostat 

Starter ration 

5 7 

30 

10 

3 

20 6. 

25 G 

40 G 

Finishes ration 

62 

25 

10 

3 

20 G 

25 6 

40 G 
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2.2

Composition : Each 10 g contains extracts of :

Gramya : 3.00 g

Varahkarni : 3.00 g

Vrishya : 3.00 g

Sahkar : 0.30 g

Excipeints : q.s.

3.4 FEED

The feed was formulated using the following ingredients.

Feed composition : kg of ingredients / 100 kg of feed.

Ingredients Starter ration Finisher~ ration I

Maize 57 62

Soyabean meal I 30 25

Fish meal 2 - 10 r 10

Mineral mixture 3 V 3

Hyblend (ABzDgK) 20 G ' ' 20 G

BiovitalVet. 25 G 25 G

Coccidiostat » V 40 G 40 G

Chicken were fed the starter feed upto 4 weeks of age and later with

finisher feed.



3.5 ADMINISTRATION OF DRUGS 

Garlic was finely chopped daily and added fresh in the feed. 

Furazolidone and Vitainin E were inixed in the feed. Stresseaze was dissolved 

in drinlting water and administered to the birds. 

3.6 EXPERIMENTAL DESIGN 

Hundred day-old inale broiler chicken were weighed, identified 

individually and randoinly assigned to ten groups of ten each. They were 

maintained to laboratory conditions for a period of two weelts and the 

following treatments were given froin day 15 to 42. 

Group 1 : Reference feed 

Group2 : Furazolidone @ 400 ppin in feed. 

Group3 : Garlic @ 1 % in feed. 

Group 4 : Garlic @ 2% i.n feed 

Group 5 : Viltamin E @ 300 ppin in feed. 

Group6 : Stresseaze @ 0.5 g / 100 birds in drinking water (day 15 

to 28) and @ 1.0 g / 100 birds in drinking water (day 29 to 

42). 

Group 7 : Furazolidone @ 400 ppm tin feed+Gariic @ 11% in feed. 

Group 8 : Furazollidone @ 400 prn in geed + Gmlic @ 2% in geed. 
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individually and randoinly assigned to ten groups of ten each. They were 

maintained to laboratory conditions for a period of two weelts and the 

following treatments were given froin day 15 to 42. 

Group 1 : Reference feed 

Group2 : Furazolidone @ 400 ppin in feed. 
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2.3

3.5 ADMINISTRATION OF DRUGS

Garlic was finely chopped daily and added fresh in the feed.

Furazolidone and Vitamin E were mixed in the feed. Stresseaze was dissolved

in drinking water and administered to the birds.

3.6 EXPERIMENTAL DESIGN

Hundred day-old male broiler chicken were weighed, identified

individually and randomly assigned to ten groups of ten each. They were

maintained to laboratory conditions for a period of two weeks and the

following treatments were given from day 15 to 42.

Group 1 : Reference feed

Group 2 ‘ : Furazolidone @ 400 ppm in feed.

Group 3 : Garlic @ 1% in feed.

Group 4 . : Garlic @ 2% in feed

Group 5 : Vitamin E @ 300 ppm in feed.

Group ‘6 : Stresseaze @ 0.5 g/ 100 birds in drinking Water (day 15

to 28-) arid @ 1.0 g/ 100 birds in drinking water (day 29 to
42').

Group ’7 : Furazoilidone @400 ppm in feed+Garlic @ 1% in feed.

Group 8- : Fur’aazolidome @ 400 pm in. feed + Garlic @ 2% in feed.



Group 9 : Furazolidone @ 400 ppm in feed + Stresseaze 

@0.5 g /  100 birds (day 15to 28)and@ 1.0 g /  100 birds 

(day 29 to 42) in drinking water. 

Group 10 : Furazolidone @ 400 ppm in feed + 

Vitamin E @ 300 ppm in feed. 

During the experimental period, growth rate, feed efficiency and 
I 

general health of the birds were monitored, and the blood was collected for 

biochemical analysis on day 28 and 42. 

At the end of the experimental period, liver, heart, kidney aid intestine 

were collected fiom each group in 10 percent formaldehyde solution for 

histopathological analysis. Liver samples were collected in ice-cold normal 

saline for lipid peroxidation test. 

3.7 FEED CONVERSION RATION (FCR) 

FCR was calculated to determine the feed efficiency using the formula 

Total feed consumed (kg) 
FCR = 

Total body weight gained (kg) 

3.8 CLTMHiCAL OBSERVATIONS 

Bird groups were observed daily for geed intake, alertness and $or the 

presence of my signs of furazolidone toxici~ty. 
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histopathological analysis. Liver samples were collected in ice-cold normal 

saline for lipid peroxidation test. 

3.7 FEED CONVERSION RATION (FCR) 

FCR was calculated to determine the feed efficiency using the formula 

Total feed consumed (kg) 
FCR = 

Total body weight gained (kg) 

3.8 CLTMHiCAL OBSERVATIONS 

Bird groups were observed daily for geed intake, alertness and $or the 

presence of my signs of furazolidone toxici~ty. 
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Group 9 . : Fura’zolidone @ 400 ppm in feed + Stresseaze

@ 0.5 g/ 100 birds (day 15 to 28) and @ 1.0 g/ 100- birds

(day 29 to 42) in drinking water.

Group 10 : Furazolidone @ 400 ppm in feed +

Vitamin E @300 ppm in feed.

During the eXperimental period, growth rate, feed efficiency and

general health of ihe birds Were monitored, and the blood was collected for

biochemical analysis on day 28 and 42.

At the end of the experimental period, liver, heart, kidney and intestine

were collected from each group in 10 percent formaldehyde solution for

histopathological analysis. LiVer samples were collected in ice-cold normal

saline for lipid peroxidation test.

3.7 FEED CONVERSION RATION (FCR)

FCR was calculated to determine the feed efficiency using the formula

Total feed Consumed (kg)
FCR = ,
- Total body Weight gained (kg)

3.8 CLINECAL OBSERVATIONS

Bird gmups Were observed daily for £ee1d intake, alertness and for the

presence of any signs eff furazoléidone toxicity.



3.9 RBC ENZYME PROFILE 

3.9.1 Assay of Glutathione peroxidase (GSH-Px) activity (Paglia and 

Valentine, 1967) 

Materials 

Phosphate buffer (pH 7.4) 

0.2 rnM NADPH 

50 mM Reduced glutathione 
f 

0.25 rnM H202 

Method 

Tubes were incubated at 25OC for 15 minutes following which 0.1 ml 

S1.No. 
1. 
2. 
3. 
4. 

NADPH was added,. Then enzyme activi'ty was monitored at 60 sec. interval 

for 5 mh at 320 m. 

Reagent 
Phosphate buffer 

Haemolysate 
Reduced glutathione 

H202 

Call~cuk,tiom 

Erythrocytic glutathione peroxiidase activilty = A A320 x 378 1 milts/d 

m e r e ,  A320 is the change in dbsorbance per minute at 320 m. 

Test tube (ml) 
2.0 
0.1 
0.1 
0.1 - 
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3.9 RBC ENZYME PROFILE .

3.9.1 Assay 0f Glutathione peroxidaSe (GSH—Px) activity (Paglia and

Valentine, 1967)

Materials

PhOSphate buffer (pH 7.4)

0.2 mM NADPH

50 mM Reduced glutathione

0.25 mMHgog

Method

Sl.No.A" — A; Reagent » ‘ 7 Test tube (ml)?
1. PhOSphate buffer 7 _ 2.0 V

- 2. ;_ _, 2 Haemolysate 7 0.1 7
7 3. , Reduced glutathione _ 7 . 0.1
4. - . H202. _ 7 A 7 0.1

Tubes were incubated at 25°C for 15 minutes following which 0.1 ml

NADPH was added. Then enZyme activity Was monitored at 60 sec. interval

for 5 mm at 320 nm.

Calculation

Eryttytie glutathione peroxidase activity = A A320 x 3781’ units/mil

Where, A320. is the change in alOrbauce per minute at 320 nm



3.9.2 Assay of Glutathione Reductase (GSH-R) activity 

(Spectrophotometric method - Raghuramulu, 1983) 

Materials : 

Haemolysate 

Phosphate buffer 

0.1 M Sodium bicarbonate 

50 mM GSSG solution 

4 rmM NADPH 

80 mM EDTA 

Method : 

. ~ .  - .  . . . . .  . . . . . . . . .- . 

Tubes were ilncubated at 37°C for 15 min, following which O.lml 

NADPH solution was added. Then enzyme activity was monitored at 60 sec. 

in$erval for 5 m4hutes at 340 m. 

SI.No. 
1. 
2- 
3. 
4. 
5. 8 

Reagent 
Phosphate buffer 

Haemolysate 
3 nnM GSSG 
2510 ,pM FAD 
80 mM EDTA 

Testtube(ml) . - 

2.0 
0.1 
0.1 - 

0.1 
0.5 . 
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3.9.2 Assay of Glutathiofie Reductase (GSH—R) activity

(Spectrophotometric method - Raghuramulo, 1983) I

Materials :

Haemolysate

Phosphate buffer

0.1 M Sodium bicarbonate

so mM GSSG soluti‘On
' 250 u M FA}:

4mMN-ADPH

80mMEDTA

Method :

SLNO- .- Rigel“ .- Testtubgml)
1. Phgphate buffer _ V K 2.0

2. . Haemolysate. _, o _ _ ____0.7_1.

4- . 25‘0JuM.FAD_ _ 7 0,1
5. ”somMEDTA __ 7 A H 0.5 ~ —,

Tulbes Were incubated af 37°C for 15 min, following which 0.1m1

NAD‘PH solution was added. Then enzyme activity was monitored at 60 sec.

interval for 5 mmutes at 340 nm.



Calculation 

Erythrocyte glutathione reductase activity 

= AA340 x 3781 tinits /id 

Where, dA340 is the change in absorbance per minute at 340 nm. 

3.9.3 Assay of erythrocytic catalase activity (UV Spectrophotometric 

analysis - Britton and Machlly, 1956) 

Materials : 

1. Haemolysate 

2. 0.01 M phosphate buffer (pH 7.0) 

Method : 

To 1 ml 1 : 500 H202 in a test tube, 1 ml haemolysate sample was 

added, mixed properly and the enzyme activity was monitored at 30 second 

intervals for 5 minutes at 280 nm wave length. 

2.3 XI 
Vebocilty constant (K) = - lfog - sec-' 

t2 - tl x2 

Where tl, andl t2 are the times correspond~hg to a pair of readlings of the 

absorbance XI and X2 
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Calculation

Erythrocyte glutathione reductase activity

= AA340 X 3781 units /1nl

Where, AA340 is the change in absorbance per minute at 340 nm.

3.9.3 Assay of erythrocytic catalase activity (UV Spectrophotometric

analysis . Byritton and Machlly, 1956)

Materials :

1 . Haemolysate

2. 0.01 M phosphate buffer (pH 7.0)

3. 1 : 500 H202 in phosphate buffer

Method :

To 1 ml 1 : 5‘00 H202 in a test tube, 1 ml haemolysate sample Was

added, mixed preper'ly and the enZyme activity was monitored at 30 second

intervals for 5 minutes at 280 nm Wave length.

Calculation :

2.3 X1
Velocity constant (K) = ' log sec

132 - {1 X2

-1

Where t1, and- t; are the times corresponding to a pair of readings of the

absorbance X1 and X2



X2 = A280att2 

Specific activity of catalase (K1) = We mole-' sec" 

Where, 

e = avian erythrocyte catalase inolarity = 2.5 x moles 

3.10 Assay of blood glutatliione (GSH) concentration (Patterson and 
1 

Lazarow, 1956) 

Materials 

1 M sulfosalicylic acid 

1% starch solution 

0.00 1 N potassium iodate 

5% potassium iodide 

Blood sample 

Method' 

(a) PPegalralioaa of Paemolysate and precipitation of protein 

Blood was haemolysed by adding distilled water in 1:8 ratio, shaken 

gently md allowed the mixture to stand for SI0 minutes. Protein was 

haemolysate. The extract was o%itained by removing the precipitated protein 

X2 = A280att2 

Specific activity of catalase (K1) = We mole-' sec" 

Where, 

e = avian erythrocyte catalase inolarity = 2.5 x moles 

3.10 Assay of blood glutatliione (GSH) concentration (Patterson and 
1 

Lazarow, 1956) 

Materials 

1 M sulfosalicylic acid 

1% starch solution 

0.00 1 N potassium iodate 

5% potassium iodide 

Blood sample 

Method' 

(a) PPegalralioaa of Paemolysate and precipitation of protein 

Blood was haemolysed by adding distilled water in 1:8 ratio, shaken 

gently md allowed the mixture to stand for SI0 minutes. Protein was 

haemolysate. The extract was o%itained by removing the precipitated protein 

2-3

X1 = A280 at t1 '

X2 = A280 at t;

Specific activity of catalase (K1) = K/e mole'1 sec'1

Where,

6 = avian erythrocyte catalase molarity = 2.5 x 10'2 moles

3.10 Assay of blood glutathione (GSH) concentration (Patterson and

Lazarow, 19:36)

. Materials

1 M sulfosalicylic acid

1% starch solution

0.001 N potassium iodate

5% potassium iodide

Blood sample

Method”

(a) Preparation of haemol-‘yS‘a‘te and precipitation of protein

Blood was haemOIYSed by adding distilled water in 1:8 ratio, shaken

gently and allowed the mixture to stand for 5-10 minutes. Piotein was

precipitated "by slowly adding ‘1’ ml 1 M sulfosailicylic aeiid‘ to. 1 ml

haemollysate. The extract Was obtained by removing the precipitated protein-



by centrifuging and then decanting the extract or by filtering through dry filter 

paper. 

(b) Preparation for ti tra tion 

Two millilitre aliquot of sulfosalicylic acid extract was placed in a test 

tube. To this 0.5 In1 4% sulfosalicylic acid, 0.5 ml 5% pqtassiuln iodide and 1 

drop 1 % starch solution were added. 

(c ) Titration of sample 

The test tube containing the sample was placed against a white 

background in a water bath containing ice and water. A microburette was used 

to add 0.001 N potassium iodate to the sample. End point was conhned on 

the development of sharp persistent blue colow. 

500 x volume of 0.001 N Potassi~un iodate used 
- .  

GSH concentration = 
(mg/100 ml) 3.26 

3.1 1 ILIPHD BEROXHDATIQN 

Determi~na~on of 2-~h~i(obrarlbihlric acid valule (TBA) (Wittee d d., 19%)) 

Ten g r m  liver was blended with 25 ml of extractkg solutilon stored at 

4°C con,tah,ilng 20 per sent tri~chloroacetic acid in 2 M orthophosphoric acid, 

by centrifuging and then decanting the extract or by filtering through dry filter 

paper. 
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4°C con,tah,ilng 20 per sent tri~chloroacetic acid in 2 M orthophosphoric acid, 
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by centrifuging and then decanting the extract or by filtering through dry filter

paper.

(1)) Preparation for titration

Two millilitre aliquot of sulfosalicylic acid extract was placed in a test

tube. To this 0.5 ml 4% sulfosalicylic acid, 0.5 m1 5% potassium iodide and 1'-

drop 1% starch solution were added.

(c) Titration of sample .

The test tube containing the sarnple was placed against a white

background in a water bath containing ice and water. A microburette Was used

to add 0.001 N potassium iodate to the sample. End point was confirmed on

the deVelopme‘nt of sharp persistent blue colour.

Calculation :

500 x volume of 0.001 N Potassium iodate used
GSH concentration =
(mg/100 ml) 3-26

3.11 LIPID PEROXIDATION

Determination of Z-Th’iorbar‘bituric acid Value (TBA) (Wittee et (11., 1970)

Ten gram liver was blended with 25 ml of extracting solution stored at

4°C containing 20 per cent triclaloroacetlic acid in 2 M orthophospmric acid.
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The resulting solution was transfeired quantitatively into a 50 ml volu~netric 

flask. and made upto 50 d with distilled water and mnixed thoroughly by 

shaking. A 25 ml portion was filtered through Whatman No. 1 filter paper 5 ml 

of the filtrate was transferred to a test tube followed by 5 ml 2-thiobarbi,turic 

acid (0.005 M in distilled water). The tube was stoppered and the solution was 

mixed by inversion and kept in dark for 12-15 hours at rooin temperature. The 

resulting colour was measured at 530 nm in a spectrophotometer. 

The TBA value used to express the result of the extraction method was 

calculated by multiplying the absorbance by the K value (5.2) for extraction. 

3,12 SERUM BIOCHEMICAL PROFILE 

The serum was separated froin the clotted blood collected on day 28 and 

42 and used for the estimation of the following biochemical parameters. 

1. Aspartate minotransferase (AST) 

4. Total choJesteso1 

The c;omerci,ally available d.ilagnostic kimts (Span Diagnostic Ltd., 

slurat) were esmplployed for the esthnation of all biochemical parameters. 
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So

The resulting solution was transferred quantitatively into a 50 ml volumetric

flask and made upto 50 ml with distilled water and mixed thoroughly by

shaking. A 25 ml portion was filtered through Whatman No.1 filter paper 5 ml

of the filtrate was transferred to a test tube followed by 5 ml 2-thiobarbituric

_ acid (0.005 M in distilled water). The tube was lstoppered and the Solution was

mixed by inversion and kept in dark for 12-15 hours at room temperature. The I

resulting colour was measured at 5 30 nm in a spectrophotometer.

The TB‘A vaIUe Used to express the result of the extraction method was

calculated by multiplying the absorbance by the K value (5.2) for extraction."

3.12 SERUM BIOCHEMICAL PROFILE

The serum was separated fiOm the clotted blood collected on day 28 and

42 and used for the estimation of the following biochemiCal parameters.

1. Aspartate minotransferase (AST)

2. Alanine aminotransfe‘rase (ALT)

3. Total proteins and albumin

4. Total cholesterol

The cominerciall-y available d-iagnOStic kits (Span Diagnostic Ltd.

Surat) were employed for the estimatiOn of all biochemical «pafmnsters.



3.13 HISTOPATHOLOGICAL STUDIES 

A detailed post inortern examination of the birds sacrificed fi-om each 

group was conducted at the end of the experiment. The gross pathological 

changes if any, were noted. Tissue pieces of heat,  liver, kidney and intestine 

were collected and fixed in 10% forinalin. The fixed tissues were processed 

and stained with H & E stain (SingI~ and Sulocliana, 1997). 

9 

3.14 STATISTICAL ANALYSIS 

The data was subjected to two-way analysis of variance (ANOVA) as 

per the method by Snedecor and Cochran (1994). 
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3.13 .HISTOPATHOLOGICAL STUDIES

A detailed post mortem examination of the birds sacrificed from each

group was conducted at the end of the experiment. The gross pathological

changes if any, were noted. Tissue pieces of heart, liver, kidney and intestine

were collected and fixed in 10% formalin. The fixed tissues were processed

and stained with H & E stain (Singh and Sulochana, 1997).

3.14 STATISTICAL ANALYSIS

The data was subjected to two-way analysis of variance (ANOVA) as

per the method by Snedecor and Cochran (1994).
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CHAPTER - Wr 

RESULTS 

4.1 PRODUCTION PARAMETERS 

4.1.1 Body weight gain 

The body weight gain (g) of different groups of birds is presented in 

Table 2 and Fig. 1. There was a significant (P < 0.05) decrease in body weight 

in group 2 (663.42 & 24.32 g) compared to grdup 1 (787.40 1: 20.75 g) at the 

end of 4" week. The body weight gain of other groups did not differ 

significamly (P > 0.05) among themselves and £rom group 1. At the end of 6" 

week, a significant (Pc0.05) decrease in the body weight gain of group 2 

(1000.42 k 49.75 g) was noticed colmpared to group 1 (1433.40 52.82 g). 

The corresponding body weight gain of groups 7, 8, 9 and 10 were 1251.50 

53.36, 1324.00 A 49.69, 1344.58 f 50.81 and 1274.65 53.52 g. 

4.1.2 The feed consumptioa 

The feed consumpti,on (g) of the birds is given in Tabie 3 and Fig. 2. 

There was significmtly (P < 0.05) lower feed intake in birds of goup 2 

(1365.82 g) to goup 1 (14082.02 g )  at the end of rl& week. The feed 

Consumption by bi,~-ds of 0,ther groups were on par group 1. 
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4-1-1 Body weight gain

The body weight gain (g) of different groups of birds is presented in

Table 2 and Fig. 1. There was a significant (P < 0_05) decrease in body Weight

in group 2 (663.42}: 24.32 g) compered to gro'up 1 (787.40 :1: 20.75 g) at the

end of 4th week. The body weight gain of other groups did not differ

Significantly (P > 0.05) among themselves and from groun 1. At the end of 6th

week, a significant (P<0~,05) decrease in the body weightgain of grew 2

(1000.42 :1: 49.75 g) was notiCed compared to grow) 1 (1433,40 :1: 52.82 g).

The corresponding body weight gain of groups 7, 8, 9 and 10‘ Were 1251.50 :1:

53.36,,1132400 :1: 49.69, 1344.58 :1: 50.81 and 1274.65 i 53.52 g,

4.1.2 The feed consumption

The feed consurflption (g) of the ”bird‘s is given in Table 3 and Fig. 2,

There was significantly (P‘ < ”0.05) ioWer feed intake in birds of gmup 2

(1365.82 g) cornpared to group 1 (14082.02 g) at the end of 4th week. The feed.

Gonsumption by birds of other groups were on: par with gIOup 1.
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A significant (W0.05) reduction in feed consumption of group 2 birds 

Was observed at the end of 5~ and 6# week also, when compared to group I 

birds. The 5"' and 6th week values of group 2 and group 1 birds were 2053.27; 

2833.77 and 2203.02; 32 13.02 g respectively. The feed consumption of other 

groups were similar to group I. 

401.3 The feed conversion ratio (FCR) 

The FCR in different groups of birds is shown in Table 4, Fig. 3. There 

was a significant (P < 0.05) increase in FCR in group 2 (2.06) compared to all 

other groups at the end of 4" week. The FCR of other groups were similar to 

group 1 (1.79). 

At the end of 6~ week, in group 2 there was a significant (P~0.05) rise 

In FCR (2.83). In group 4 and 6 (2.03 and 2.03) there was a significant 

(P~0.05) fall in FCR. Other groups were similar to group 1 (2.24) (P > 0.05). 

4.2 RBC ENZYME PROFILE 

402.1 Glutsthione peroxidase (GSH-Px): Activity 

The G S H - P ~  activity (units/ml) in different groups is given in Table 5 

and Fig. 4. There was a significant (P < 0.05) increase in GSH-Px activity in 

group 2 (07.42 2.68 and 138.63 .t 2.86) in 4"' and 6~ ~ e e k s  respectively 

A significant (W0.05) reduction in feed consumption of group 2 birds 

Was observed at the end of 5~ and 6# week also, when compared to group I 

birds. The 5"' and 6th week values of group 2 and group 1 birds were 2053.27; 

2833.77 and 2203.02; 32 13.02 g respectively. The feed consumption of other 

groups were similar to group I. 

401.3 The feed conversion ratio (FCR) 

The FCR in different groups of birds is shown in Table 4, Fig. 3. There 

was a significant (P < 0.05) increase in FCR in group 2 (2.06) compared to all 

other groups at the end of 4" week. The FCR of other groups were similar to 

group 1 (1.79). 

At the end of 6~ week, in group 2 there was a significant (P~0.05) rise 

In FCR (2.83). In group 4 and 6 (2.03 and 2.03) there was a significant 

(P~0.05) fall in FCR. Other groups were similar to group 1 (2.24) (P > 0.05). 

4.2 RBC ENZYME PROFILE 

402.1 Glutsthione peroxidase (GSH-Px): Activity 

The G S H - P ~  activity (units/ml) in different groups is given in Table 5 

and Fig. 4. There was a significant (P < 0.05) increase in GSH-Px activity in 

group 2 (07.42 2.68 and 138.63 .t 2.86) in 4"' and 6~ ~ e e k s  respectively 

3.5—

A significant (P<0.05) reduction in feed consumption of group 2 birds

was observed at the end of 5th and 6th week also, when compared to group 1

birds. The 5th and 6h week values of group 2 and group 1 birds were 2053.27;

2833.77 and 2203.02; 32l3.02 g respectively. The feed consumption of other

groups were similar to group 1.

4.1.3 The feed conversion ratio (FCR)

The FCR in different groups of birds is shown in Table 4, Fig. 3. There

Was a significant (P < 005) increase in FCR in group 2 (2.06) compared to all

other groups at the end of 4th week. The FCR of other groups were similar to

group 1 (1.79).

At the end of 6th week, in group 2 there was a significant (P<0.05) rise

in FCR (2.83). In group 4 and 6 (2.03 and 2.03) there was a significant

(P<0.05) fall in FCR. Other groups were similar to group 1 (2.24) (P > 0.05).

4.2 RBC ENZYME PROFILE

4-2-1 Glutathione peroxidase (GSH—PX)= Activity

The GSH-Px activity (units/ml) in different groups is given in Table 5

and Fig. 4, There was a significant (P < 0.05) increase in GSH-Px activity in

group 2 (97.42 i 2.68 and 138.63 :t 2.86) in 4111 and 6”1 weeks respectively
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compared to otlier groups. The GSI-I-Px values in groups 7, 8, 9 and 10 at the 

end of 4" week were 93.15 + 2.78, 89.62 A 2.84, 87.44 k 2.65 and 89.78 & 

2.94 respectively. Though they showed a slight increase in GSH-Px activity 

than group I (86.56 & 2.97), they did not differ significantly (P > 0.05) except 

in group 7 (93.15 * 2.78). 

Group 7 at week 6 (95.96 k 2.68) showed a significant increase in 

GSH-Px activity (P<0.05) than group 1 (87.99 k 2.98), but significantly lower 

than group 2 (138.63 k 2.86). The activity of GSH-Px enzyme in groups 7, 8, 

9 and 10 were similar to group 1. 

4.2.2 Glutathione reductase (GSH-R) activity 

There was a significant increase (P < 0.05) in GSH-R activity (wits / 

ml) in group 2 in both 4''' and 6"' weeks compared to other groups as sbown in 

Table 5, Fig. 5. The GSH-R values were 76.25 1.32 and 103.03 h 1.32 at 4" 

and 6fi weeks respectively. The 7~ group showed a significant rise in GSH-R 

during the 4Lh week (5 1.74 f. 1.34) compared to group 1 (40.30 + 1.50) but was 

significantly lower (P c 0.05) compared to group 2 (76.25 + 1.23). However 

the enzyme GSH-R activity in group 7 at week 6 (43.65 k 1.23) did not differ 

significantly (P > 0.05) compared to group 1, (41.15 f 1.48). The enzyme 

GSH-R activity values of other treatment groups were similar to group 1.  
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during the 4Lh week (5 1.74 f. 1.34) compared to group 1 (40.30 + 1.50) but was 

significantly lower (P c 0.05) compared to group 2 (76.25 + 1.23). However 

the enzyme GSH-R activity in group 7 at week 6 (43.65 k 1.23) did not differ 

significantly (P > 0.05) compared to group 1, (41.15 f 1.48). The enzyme 

GSH-R activity values of other treatment groups were similar to group 1.  
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end of 4th week were 93.15 i 2.78, 89.62 :1: 2.84, 87.44 :i: 2.65 and 89.78 :1:
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Group 7 at week 6 (95.96 i 2.68) showed a significant increase in

GSH-Px activity (P<0.05) than group 1 (87.99 i 2.98), but significantly lower

than group 2 (13863 i 2.86). The activity of GSH-Px enzyme in groups 7, 8,
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4.2.2 Glutathione reductase (GSH-R) activity

There was a significant increase (P < 0.05) in GSH-R activity (units /

ml) in group 2 in both 41h and 6‘” weeks compared to other groups as shown in

Table 5, Fig. 5. The GSH-R values were 76.25 d: 1.32 and 103.03 i 1.32 at 4th

and 61h weeks respectively. The 7111 group showed a significant rise in GSH-R

during the 4‘h week (51.74 i: 1.34) compared to group 1 (40.30 i 1.50) but was

significantly lower (P < 0.05) compared to group 2 (76.25 :t 1.23). However

the enzyme GSH-R activity in group 7 at week 6 (43.65 i 1.23) did not differ

Significantly (p > 005) compared to group 1 (41.15 i: 1.48). The enzyme

GSH-R activity values of other treatment gl‘OUPS were similar to group 1-



4.2.3 Catalase 

The catalase activity (moles / sec.) in different groups at the end of 4th 

and 6th week is given in Table 6, Fig. 6. An increase in catalase activity in 

group 2 at the end of both 4" and weeks was noticed compared to group 1. 

The catalase value in groups 2 and 1 were 4.81 f 0.26, 5.32 5 0.26 and 3.63 k 

0.34, 3.68 k 0.24 at the end of 4" and 6" weelts respectively. 

The groups 7, 8, 9 and 10 though showed a slight increase in catalase 

activity did not differ significantly (P > 0.05) compared to group 1 at the end 

of both 4* and 6fi weeks. 

4.3 GLUTATHIONE (GSH) 

The RBC glutathione content (mgI100 ml) of various groups is given in 

Table 6 and Fig.7. At the end of the 4" week, in group 2, had a significantly 

(PC 0.05) lower glutathione content (8.53 0.58) compared to control (10.72 

* 0.60) and other groups. Group 6 had a higher glutathione content (12.24 k 

0.42), compared to control (10.72 =k 0.60). 

During 6" week, group 2 GSH value (5.58 f 0.46) was significandy 

(P<0.05) lower to other groups. Group 6 had recorded a higher 
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4.3 GLUTATHIONE (GSH)

The RBC glutathione content (ing/ 100 ml) of various groups is given in

Table 6 and Fig.7. At the end of the 411) week, in group 2, had a significantly

(P< 0.05) lower glutathione content (8.53 i 0.58) compared to control (10.72
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value (13.28 f 0.40) compared to other groups. The values in groups 7, 8, 9 

and 10 did not differ significantly (P > 0.05) compared to control group. 

4.4 LIPID PEROXIDATION 

The TBA values of liver in different groups at the end of 6" week is 

given in Table 7, Fig. 8. Group 2 showed a significantly (P < 0.05) higher 

TBA value (1.01 f 0.06) compared to other groups. Group 7 had shown a 

significant rise in TBA value (0.50 Sit 0.04) compared to group 1 (0.42 =t 0.03) 

but was significantly lower (P < 0.05) compared to group 2. The values in 
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Fig. 4 : Glutathione peroxidase (GSH-Px) activity (unitslml) 
n different groups af broiler chicken 

Fig. 5 : Glutathione reductase (GSH-R) activity (units Iml) 
in different groups of broiler chicken 

Fig. 6 : kker 
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Fig. 7 : Glutathione (GSH) content (rngl100 ml) 
in different groups of broiler chicken 
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Fig. 8 : Thiobarbituric acid (TBA) values of liver in different 
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groups 7 (128.08 & 2.73), 8 (125.08 1- 2.56), 9 (122.91 5 2.68) and 10 (126.02 

* 2.39) at the end of 4"' week. 

At the end of Gth week, there was no significant difference in AST 

concentration among the control (124.77 k 3.25) and treatment goups 7 

(130.76 &2.58), 8 (128.74 k 2.76), 9 (126.72 k 2.82) and 10 (129.76 rL 2.62). 

4*5*2 Alanine amino trpnsferase (ALT) conc'enhation 

At 4'h week, serum ALT activity (unitshnl) in group 2 (18.92 z t  1.46) 

showed a significant increase (P < 0.05) compared to other poups' (Table 8, 

Fig. 10). 

At the end of 6" week, the activity in group 2 ALT concentration (25.42 

1.28) was significantly (P < 0.05) higher compared to other groups. 

However the group 7 (0.41 i 1.23) showed in  increase in activity of ALT 

to groups, 8 (18.44 1.28), 9 (17.76 * 1.35) and 10 (18.72 1.32) 

but significantly (p < 0.05) lower compared to group 2. 

4*5*3 Total &olesterol o n ~ e n t r ~  tion 

The total cholesterol concentration (mg/dl) in various groups is given in 

Table 9 and Fig. 12. 
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but Significantly (P < 0.05) lower compared to group 2.
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The total cholesterol concentration (mg/dl) in various groups is given in

Table 9 and Fig. 12-



At tho end 0 ~ 4 ~  waok, in pouprr 3 (149.02 J: 2.32), 4 (141,OS 2, I@), 8 

(160.83 * 2.76), 7 (162.92 i 2.58), 8 (159.06 k 2.19), 9 (161.30 + 2.78) and 

10 (160.45 2.56), total oholesterol concentration was significantly (P < 0.05) 

decreased compared to group 1 (172.40 2.68). Group 1 cholesterol 

concentration did not differ significantly (P > 0,05) in group 2 (165.51 2.74) 

and 5 (164.08 & 2.82 mg/dl), 

At 6'h week, a significant (P < 0.05) decrease in cholesterol content in 

group 2 (161.10 * 2.72) compared to group 1 (174.03 * 2.35). The total 

cholesterol concentration in groups 3 (165.15 * 2.46), 4 (156.79 + 2.5) and 6 
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495.4 Total protein concentration 

The serum total protein concentration (&/dl) in various groups is given 

in Table 10 and Fig. 1 1. 

In Group 2, total protein concentration was (3.21 i 0.36 mgldl) was 

significantly (p <0.05) lower compared to other groups at the end of the 4th 

week. There was an increase in the total protein concentration in group 2 
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(4.04 A 0.34 mddl)  at the end of 6" week compared to its 4~ week value, but 

significantly (P < 0.05) lower compared to other groups. 

4-5-5 Albumin concentration 

At 4Ih week, the serum albrunin concentration (g/dl) in group 2 (1.98 k 

O.16 showed a significant (P 0.05) decrease compared to other groups. 

The albumin concentration in groups 7, 8, 9 and 10 were 3.21 * 0.13, 

3.4 1 i 0.18, 3.47 i 0.16 and 3.38 & 0.12 respectively and was similar to the 

value of group 1 except group 7 which was sig~iificantly (PK0.05) lower than 

group 1 but higher than group 2. 

The 6fi week albumin concentration value in group 2 (2.54 0.11) was 

Significantly (Pc0.05) lower compared to other groups. The values in groups 

(3.89 + O,11), 9 (3.94 * 0.14) and 10 (3.85 k 0.17) were comparable to 

goup 1 (4.04 0.13) except group 7 (3.52 k 0.1 8) which was sigoificantly (P 

O.05) higher than group 2 but lower than group 1. 

4.6 CLINICAL SIGNS ."-#." 
- : 8-E ;&,. 

Group 2 birds showed a mild reduction in feed and water consumphon 

in the 3rd and 4" week compared to the control birds. These . .  intensified further 
I - - ,!q-,' 1 '&& 

, ' 8  , 
? 
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3.4 1 i 0.18, 3.47 i 0.16 and 3.38 & 0.12 respectively and was similar to the 

value of group 1 except group 7 which was sig~iificantly (PK0.05) lower than 

group 1 but higher than group 2. 

The 6fi week albumin concentration value in group 2 (2.54 0.11) was 

Significantly (Pc0.05) lower compared to other groups. The values in groups 

(3.89 + O,11), 9 (3.94 * 0.14) and 10 (3.85 k 0.17) were comparable to 

goup 1 (4.04 0.13) except group 7 (3.52 k 0.1 8) which was sigoificantly (P 
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4.5.5 Albumin concentration

At 4th week, the serum albumin concentration (g/dl) in group 2 (1.98 :1:

0-16 Showed a significant (P 0.05) decrease compared to other groups.

The albumin concentration in groups 7, 8, 9 and 10 were 3.21 :1: 0.13,

3-41 i 0.18 3.47 i 0.16 and 3.38 i 0.12 respectively and was similar to the

Value Of group 1 except group 7 which was significantly (P<0.05) lower than

group 1 but higher than group 2.

The 6th week albumin concentration value in group 2 (2.54 :t 0.11) was

Significantly (P<0.05) lower compared to other groups. The values in groups

8 (3.89 i 011) 9 (394 d: 0.14) and 10 (3.85 3:: 0.17) were comparable to

group 1 (4 04 :1: 0 13) except group 7 (3.52 i 0.18) which was significantly (P

< 0'05) higher than group 2 but lower than group 1.
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during 5' and 6th week. These was lethargy and depression among the birds. 

no mortality was observed during the experi~nental period. 

Birds of other goups did not exhibit luty overt clinical signs. 

In group 2, the liver showed mild enlargement paleness and fatty 

changes (Plate I). patchy areas of haemorrhage were noticed in few cases 

('late 2). Livers of other groups did not show such changes. 

4*7*2 Heart 

Hean of pup 2 exhibited mild enlargement wit11 congestion and few 

areas haernorrhage (Plates 3 an d 4). 
changes were not observed in other 

groups. 

4.7.3 Kidney 

In group 2, kidneyi exhibited "Id congestion. Kidneys of other BOUPs 

were normal. 

during 5' and 6th week. These was lethargy and depression among the birds. 

no mortality was observed during the experi~nental period. 

Birds of other goups did not exhibit luty overt clinical signs. 

In group 2, the liver showed mild enlargement paleness and fatty 

changes (Plate I). patchy areas of haemorrhage were noticed in few cases 

('late 2). Livers of other groups did not show such changes. 

4*7*2 Heart 

Hean of pup 2 exhibited mild enlargement wit11 congestion and few 

areas haernorrhage (Plates 3 an d 4). 
changes were not observed in other 

groups. 

4.7.3 Kidney 

In group 2, kidneyi exhibited "Id congestion. Kidneys of other BOUPs 

were normal. 

‘36

a V , .

However no 11 'iortaht wa ‘ ‘ i ‘ 'y .5 observed during the experimental period.

Bird 8 o ‘ - ' ' 'fothei groups (lld not exhibit any overt clinical signs.

4.7 GROSS PATI—IOLOGICAL ALTERATIONS

4.7.] LiVel.

ln gTOUp 2, the liver showed mild enlargement paleness and fatty

Chan ges (Plate 1). Patchy areas of haemorrhage were noticed in few cases

(Plat -e 2). lers of other groups did not show such changes.

4'7'2 Heart

Heart Of group 2 exhibited mild enlargement with congestion

were not observed in other

and few

are '
as of haemorrhage (Plates 3 and 4). No changes

gTOUps.

4'7'3 Kidney

gestion. Kidneys of other groups
In group 2, kidneys exhibited mild con
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497.4 Intestines 

Mild catarrhal changes were noticed in the intestines of group 2. 

Remaining groups did not show any appreciable gross pathological signs. 

4-8 HISTOPATHOLOGY 

4*8.1 Liver 

The histopathological studies of livers in group 2 revealed degenerative 

changes with inild sinusoidal hae~norrhages (Plate 5). Nodular infiltration of 

mononuclear cells (Plate 6 )  was noticed consistently in group 2. 

In other groups the changes were not specific. 

498*2 Heart 

Microscopica~ly, the hearts of group 2 revealed focal areas of 

haemonhages and mild infiltration of inflammatory cells in between cardiac 

muscle fibres and sarcolytic changes (Plates 7 and 8). 

Remaining groups did not reveal any lesions of pathological 

significance. 

4*8*3 Kidney 

On microscopic kidneys of p ~ p  2 revealed focal nodular 
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4.7.4 Intestines

Mild catarrhal changes were noticed in the intestines of group 2

emammg groups did not show any appremable gross pathological signs.

4.8 HISTOPATHOLOGY

4.8.1 Liver

The histopathological studies of livers in group 2 revealed degenerative

Changes with mild sinusoidal haeinorrhages (Plate 5). Nodular infiltration of

mononuclear cells (Plate 6) was noticed consistently in group 2.

In other groups the changes were not specific.

4'8-2 Heart

Microscopically, the hearts of group 2 revealed focal areas of

haemOIThages and mild infiltration of inflammatory cells in between cardiac

muscle fibres and sarcolytic changes (Plates 7 and 8).

Remaining groups did not reveal any lesions of pathological

Slgnificance.
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dneys of group 2 revealed focal nodular

On microscopic examination, ki
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lIll‘iltration of inflammato1
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Plate 3.Hearts of group 2 showing mild enlargement, with mild 
enlargement of blood vessels and areas of haemorrhage 

I- 

Plate 4.Hearts of group 2 showing mild enlargement 
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with hyperplasia of glo~neruli and degenerative changes in tubular epithelium 

(Plate 10). Kidneys of other groups did not show any lesions. 

4.8.4 Intestines 

Intestines fioin group 2 revealed mild catarrhal changes with 

desquamation of superficial lining epithelium (Plate 1 I). 

Such lesions were not observed in the remaining groups. 
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with hyperplasia of glomeruli and degenerative changes in tubular epithelium

(PlateIO). Kidneys of other groups did not show any lesions.

4-8-4 Intestines

Intestines from group 2 revealed mild catan‘hal changes with

d(BSquamation of superficial lining epithelium (Plate 11).

Such lesions were not observed in the remaining groups.



Plate 5.Liver section of group 2 showing mild sinusoidal haemorrhages Plate 5.Liver section of group 2 showing mild sinusoidal haemorrhages 
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Plate 7.Heart section of group 2, showing focal areas of haemorrhages 
lvtic changes of 

in~ammntory cells in between cardiac muscle fibres and 
sarcolytic changes & E 70* 
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Plate 9.Kidney section of group 2, showing focal nodular infiltration of 
inflammatory cells in between tubules H & E 2 8 0 ~  
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CHAPTER - V”
DISCUSSION

The present inVesti-gation was undertaken to study the adverse effect of

fiirazolidone, @ 400 mg/kg in broiler chicken by monitoring the performance,

biochemical parameters including erythrocyte antiOxidant enzyme profile,

serum ALT, AST, total protein, albiunin and total cholesterol concentration

and the extent of lipid peroxidation of liver. Attempts were made to study the

protective effect of garlic, ot-tocopherol and - stresseaze in the event of I

oxidative damage by furazolidone.

5.,1 EFFECT ON GROWTH PERFORMANCE

In the present study, the FCR in group 2 birds was significantly higher

(P < 0.05) compared to other groups, which could be related to the low feed

Consumption and low body weight gain in birds .of group 2 compared to birds

of control and other treatment groups. The decreased growth performance in

group 2 birds might be due to anorectic property of furazolidone coupled with

IeSS efficient utilization of the consumed feed (Ali and arfle‘t, 191812;

Clamecki, 1984; Arbidv et at, 1990; Webb and Van Vleet, 1.991 and- Zaman et'

at, 1995).
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Garlic 2% control and Stresseaze control groups showed a better feed

efficiency than other grOups.

The groups treated with garlic, Vitamin E and stresseaze plus

furazolidone performed similar to control group. Similar increase in feed

efficiency was. observed when birds were fed 1% garlic in feed which yielded

best sensoric evaluaton and low abdominal fat percentage (Fritz et al., 1995,

Premkumar et al., 2000), Vitamin E + deltamethrin (Jayasree et al., 2003), and

stresseaze (Wheeler, 1994).

5.2 EFFECT ON ERYTHROCYTE ANTIOXIDANT DEFENSE '

SYSTEM:

The GSH-Px, GSH—R and catalase concentration were significantly

higher (P < 0.05) and glutathione content was significantly lower ( P < 005)

in group 2 birds compared to control group- birds. This might be the result of

OXidative stress induced by fu-razolidone through the mediation of free radioal's

(Ali, 1992). There exists a balance between theproduction Of free radicals and

their scavenging by the antioxidant defense mechanism of the body within the

physiological. limits (Bandyopadhyay 6, al., 1999).. The” altered antioxidant

enZyme activity could be due to enhanced fi'ee radical oxidatizve damage

inducted by furazolidone hence depriving the antioxidant defenses.
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The GSH-Px, GSH—R and catalase concentration in treatment groups 7,

8, 9 and 10 were similar to control group. However group 7’had slightly higher

GSH-Px concentration than group 1, because of partial protective effect of

garlic 1%, but significantly lower than group 2.

In the garlic treated groups, GSH-Px activity was normal rather than

increased in group 9. Garlic might have prevented free radical production and/

or increased the conversion of oxidized glutathione back to reduced

glutathione which was the essential substrate for chemical scavenging. This is

in agreement with the findings of Rajasree and Raja Mohan (1998): and

- Upadhyay (1997).

The increased GSH-R concentration in group 7 at the end of 4th week

Was brought to normal by the end of 6th week. Diallyl disulphide, one of the

active principles of garlic might have interacted in an exchange reaction. with

the enzyme GSH-R which contain thiol groups (Adoga, 1986).

Induction of protective antioxidant enzyme systems after EXPOSWG t0

Sulblet-hal doses of free radicals or ROS (Ram 61 611» 2002) had been brought to

the normal concentration by the scavenging activity 0f garlic Which might
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have provided protection against the oxidative stress. The present findings are

in agreement with that of Nakagawa et al. (1988).

Vitamin E prevented the alteration in the antioxidant enzyme system

(Ognj anovic et al., 2003) by protecting the unsaturated bonds of phospholipids

present in the cell membrane (Infers and Sies, 1988) against free radical

damage. This was substantiatedby Jayasree (21 oil, (2003) who reported similar

results in deltamethrin induced toxicity.

In stresseaze supplemented groups, the concentration of antioxidant

Enzymes and glutathione were kept under physiological limits which might be

due to the powerful superoxide anion and hydroxyl radical scavenging action"

Ofstresseaze (Narasimhan, 1996).

5.3 EFFECT ON LIPID PEROXIDATION '

Lipid peroxidation arising from the reaction of free radicals with lipids

is an important feature of cellular injury. It is bIOughnt about'by the interaction

betWeen free radicals of diverse origin and unsaturated fatty acids in lipids

Which result in a Series of alterations and the consequent degeneration of cell

membranes (Yu, 1994).
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The increased TBA values in the liver of group 2 birds account for the

increased lipid peroxidation brought about by Furazolidone (Stroo and

Schaffer, 1989 ; Ali, 1992; Sas 1993). Groups 7, 8, 9 and 10 had recorded

values significantly lower than group 2. This could be due to the protective

effect of garlic, vitamin E and stresseaze.

In the present study, garlic decreased the lipid peroxidation in a dose

dependant manner and the decreased lipid peroxidation observed in garlic

sUpplemented'birds might be due to their rich sulfur containing compound in

the form of cysteine derivatives (SAC and SAMC), Sulfoxides, thiols and

sulfides of garlic can trap electrons fiom other systems, thus preventing

superoxide formation to a certain extent and scavenging many free radicals

(Klanns, 1983).

The low TBA values in groups 5 and 10 might be due to the protection

of unsaturated phospholipids present in the cell membrane by Vitamin E

against flee radical damage (Tappel, 1972; Infers and Sies, 1988).

The sixgniflCant reduction in TIA Values of stresseaZe groups might be

due to their ROS scavenging property. This is in agreement with the findings

of Chatterju’ee (1996).



5-4 EFFECT OM SERUM BIOCHEMICAL PROFILE 

The selull enzyines AST ru~d ALT serve as biomarker indices of the 

extent of tisscle damage, especially liver and heart (I<aneko el a/.. 1997). TIle 

increased senlln AST and ALT concentration it1 group 2 birds indicate the 

damage of liver alld heart which could be coi~elated with the l l~opro te inemi~  

and hypoalbulninemia alld wit11 the degenerative changes observed in the 

h i s t ~ ~ a t l ~ ~ l ~ ~  of the liver, heart and kidney of gro~lp 2 birds. The changes 

were in conformity  wit]^ the studies of Stale)/ el a/. (1 978), Czarnecki et 

(1981)~ Zarnan et a/. (1995) and Anuradha (2003). 

The elevated concentratioll of the enzymes AST and ALT might have 

resulted froln hypoxic cellular damage and leakage (Webb el al., 1991). The 

h~~Oproteinelnia and hypoalbu~nineinia 11iig~3t be the result of impaired 

Production by the liver and increased excretion by the kidneys and can be 

with the increased lipid peroxidation of liver. 

The S-allyl cysteine (SAC) and S-ally1 lnercapto cysteine (SAMC) 

Eractions of garlic could prevent superoxide fol-mation and scavenge many free 

radicals (Klanns, 1983). The damage of the orgilns were then prevented and 

concentration were in 
the activities of the enzyines, total protell1 

the normal range in the garlic treated groups. Similar findings were reported 

by Ohaeri (200 1) and Sumioka el a/. (1998). 
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The elevated concentration of the enzymes AST and ALT might have

resulted from hypoxic cellular damage and leakage (Webb 61 a[., 1991); The

hypoproteinemja and hypoalbuminemia. might be the result of impaired

Production by the liver and increased excretion by the kidneys and can be

Correlated with the increased lipid peroxidation CNN“-

The S-allyl cysteine (SAC) and S-allyl mercapto cysteine (SAMC)

fractious of garlic could prevent superoxide formation and scavenge many fi—ee

radicals (Klanns 1983) The damage Of the organs were then prevented and

the activities of the enzymes, total protein and albumln concentratlon were in

the normal range in the garlic treated groups. Similar findlngs were reported

by Ohaeri (2001) and Sumioka et a1. (1998).



Furazolidolle co~ltrol birds recorded a .  siglificant decrease in serum 

total cholesterol collcentratioi~ compared to contl-01 birds at the end of G" week 

and this lnight be due to decreased hepatic synthesis attributable to decreased 

feed intale (O'Brien el nl., 1993; All~lradlla, 2003)- 

TIle garlic contl-ol groups had hypochloesterolaernic action and was ill 

accordance with Wa]id  el ( 1  995) and Premlt~lmar el a/. (2000) in poultry. 

The polar fractions of garlic could cause a dose related decrease in the 

enzymes illvolved in cholesterol and fatty acid biosynthesis viz., HMG C o ~  

reductase, cholesterol 7 alpha llydrox~~lase and fatty acid synthetase and thus 

account for hypoc~lolesterole~~~ia in the garlic-treated groups (Qureshi er a/., 

1983). Similar fmdings were observed by Bhusha~~ el a/., (1979), Bordia 

( lgsl) ,  Sendl el a(. (1 992) and Liu and Yeh (2000). 

~ h ~ ~ ~ h  furazolidone col~trol birds had recorded a low cllolesterol level, 

a picture of histopatl~ology in garlic-fed the higher feed efficiency and 110~ln 1 

groups (groups 7 & 8) confirlned the positive effects. 

The Vitamin E and stresseaze-t~eatlted birds also showed low cholesterol 

level which were corrobor~tive with the results Of Jayasree el aL (2003) and 
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Furazolidone control birds recorded a' significant decrease in serum

total cholesterol concentration compared to control birds at the end of 6‘h Week

and this might be due to decreased hepatic synthesis attributable to decreased

feed intake (O'Brien et (11., 1993; Anuradha, 2003).

The garlic control groups had hypochloesterolaemic action and was in

accordance with Khalid er al. (1995) and Preinkumar et a]. (2000) in poultry.

The polar fractions of garlic could cause a dose related decrease in the

enzymes involvedyin cholesterol and fatty acid biosynthesis viz., HMG CoA

. reductase, cholesterol 7 alpha hydroxylase and fatty aCid synthetase and thlls

21000t for hypocholesterolemia in the garlic—treated groups (Qureshi (.3! al.,

1983). Similar findings were observed by Bhushan el al., (1979), BOI‘dia

(1981), Sendl et a1. (1992) and Liu and Yeh (2000).

Though furazolidone control birds had recorded a low cholesterol level,

the higher feed efficiency and normal picture'of histopathology in garlic-fed

groups (groups 7 & 8) confirmed the positive effects.

The Vitamin E and stresseaze—treated birds also showed low cholesterol

level which were corroborative with the results of Jayasree et a]. (2003) and

Geetha (1993).



Vitainin E and Stresseaze by their antioxidant properties averted the ill 

effects of the free radicals alld protected the 01-gans froin damage which was 

evident from the llollnal iralues of the ellzyllle activities, total proteins and 

concentration and the histopathology of liver, hea t  and kidney of the 

treatlnent goups.  The fj~~cli~lgs were in accordance with Zang et 

(1988) who the protective and repairing capacity of vitamin E in free 

induced dalnage of biological 1nenibraJles. 

The furazolidone indLlced changes ill SerLlln biochelllical e11zylnes and 

Protein contents were prevented in ~ S O U ~  9 birds which lnigllt be due to the 

alltioxidant property of S tresse aze offering protection against tissue damage 

"chding liver cells (Geetlla, 1993 and Kalnath, 1994). 

CLINICAL SIGNS 

Group 2 birds exhibited reduction in feed and water intake and was 

reflected in poor feed efficiency, Similar findings were recorded by Webb and 

'Ian Vleet (1991) and Zalnan el a/. (1995). The morexigel1ic and 

retarding potential of fLlrazolidolle might be the season for this set back ( ~ l j  

and Barlet, 1982). 
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Vitamin E and Stresseaze by their antioxidant properties averted the ill

Effects of the tree radicals and protected the organs from damage which was

eVident from the normal values of the enzyme activities, total proteins and

albumin concentration and the histopathology of liver, heart and kidney of the

respective treatment groups. The findings were in accordance with Zang et al.,

(1988) Who reported the protective and repairing capacity of vitamin E in free

radical induced damage of biological membranes.

The furazolidone induced changes in serum biochemical enzymes and

protein contents were prevented in group 9 birds which might be due to the

antioxidant property of stresseaze offering protection against tissue damage

including liver parenchymal cells (Geetha, 1993 and Kamath, 1994).

5-5 CLINICAL SIGNS

Group 2 birds exhibited reduction in feed and water intake and Was

refleCted in poor feed efficiency. Similar findings were recorded by Webb and

Van Vleet (1991) and Zaman et a1. (1995) The anorexigenic and growth

retarding potential of furazolidone might be the reason for this set back (Ali

and Barlet, 1982).



5.6 EFFECT ON GROSS L-~ND H~STOPATWOLOGPCAE 

AETEJRATIIONS 

In the presellt study pathological lesions of degenerative type were 

observed in liver, heart, kidney and intestines in gToup 2 birds. The 

degenerative cllaIlges and tissue d a ~ ~ a g e  support the results of serum AST, 

ALT, total proteins alld concentsation. Specilnerls and sections from 

other goups did not show any deviations. 

The smctural integrity of goups 7, 8, 9 and 1 0 reveal the alltioxidant 

Protective role of garlic (Surnioka el a l l  1998), vitamin E (Jayassee el a/. 

2003) and Stresseaze (Chatterjee, 1996). 

The present study etnphasized the oxidative dalnage of furazolidone 

when the therapeutic dose was prolonged beyond the recommended duration. 

Garlic, Vitamin E and Stlesseaze offered protectioll against the fiee radical 

insult. 

In view of the above facts, jt is recoin~ncnded to include the antioxidant 

and hypocho~este~eemic garlic which is relatively ecollolical and easily 

available at fanner's doorstep, in the poult12 
I feed to manage the oxidative 

stress in general and filrazolidone toxicity in 
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5.6- EFFECT 0N GROSS _AND HISTOPATHOLOGICAL

ALTERATIONS

In the present study pathological lesions of degenerative type were

observed in liver, heart, kidney and intestines in group 2 birds. The

degenerative changes and tissue damage support the results of seriun AST,

ALT, total proteins and albumin concentration. Specimens and sections from

Other groups did not show any deviations.

The structural integrity of groups 7, 8, 9 and 10 reveal the antioxidant

and protective role of garlic (Suinioka et (11., 1998), vitamin E (Jayasree er a[.,

2003) and Stresseaze (Chatterjee, 1996).

The present study emphasized the oxidative damage of furazolidone

When the therapeutic dose was prolonged beyond the recommended duration,

Garlic Vitamin E and Stresseaze offered protection against the free radical

insult

In View of the above facts, it is recommended to include the antioxidant

and hypocholesteremic garlic which is relatively economical and easily

available at farmer's doorstep, in the poultry feed to manage the 0X1dat1v3

Stress in general and furazohdone tomcfiy 1n partlcula
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CHAPTER - VH 

SUMMARY 

Furazolidone, a nitrofilran antllnicrobial was fed to birds @ 400 mg/kg 

feed and studied for its toxic effects. Garlic, Vitalnil1 E and Stresseaze (a 

Veterinary Ayurvedic product) were evaluated for their therapeutic efficacy 

and antioxidant properties against ~hrazolidonc induced toxicity. A total of 

one hundred inale VenCobb broiler chicken were randomly divided into ten 

groups, consisting of ten each. Group I seived as control, groups 2, 3, 4, 5 and 

6 were furazolidone, garlic 1%, garlic 2%, vitamin E and Stresseaze control 

goups respectively, while groups 7, 8, 9 and 10 were treated with FZ + garlic 

I%, pz + garlic 2%, Fz + Stresseaze and Fz + Vit. respectively. The 

treatlnents to all goups were started simultaneously on day 15 and continued 

upto 42 days. 

The experilnel~t was carried out for six weeks and body weights and 

feed consumption for each goup were recorded at weekly intervals. During 

th e experimental period, the birds were obsenred for overt clinical signs if any 

and blood and serum were collected at 
end of 4" and 6'h week to assess 

enhrocyt, antioxidant alld seruln bioche11lical profiles. At the end of 6" 

h 
eek, birds were sacrificed and livers were collected to estimate the extent of 
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CHAPTER — Vll

SUMMARY

Furazolidone, a nitrofuran antimicrobial was fed to birds @ 400 mg/kg
feed and studied for its toxic effects. Garlic, Vitamin E and Stresseaze (a

Veterinary Ayurvedic product) were evaluated for their therapeutic efficacy

and antioxidant properties against furazolidonc induced toxicity, A total of

one hundred male VenCobb broiler chicken were randomly divided into ten

groups, consisting of ten each. Group I served as control, groups 2, 3, 4, 5 and

6 were furazolidone, garlic 1%, garlic 2%, vitamin E and Stresseaze control

groups respectively, while groups 7, 8, 9 and 10 were treated with Fz +' garlic

1%, F2 + garlic 2%, F2 + Stresseaze and F2 + Vit. E respectively. The

treatments to all groups were started simultaneously on day 15 and continued

upto 42 days.

The experiment was carried out for six weeks and body weights and

feed Consumption for each group were recorded at weekly intervals. During

the experimental period the birds were observed for overt clinical signs if any

th thand blood and serum were 001160t at the end of 4 and 6 week to assess

' . , _ th
e{ytlkocyte antioxidant and serum biochemical. plofiles. At the end of 6

Week, birds Were sacrificed and livers were collected to estunate the extent of



lipid peroxidation, and liver, heart, ludiley and intestine samples were 

collected for histopathological study. 

Body weight gains, feed consuinptiou and feed efficiency wore 

significantly (P < 0.05) reduced in group 2 when co~npared to  other groups. 

The anorexigenic effect of furazolidolle might be responsible for these effects. 

However, other groups (group 3, 4, 5, 6, 7,  8, 9 a n d  10) were not affected. It 

could be attributed to the protective effects of garlic, Vitamin E and Stresseaze 

against kazolidone adverse effects. 

The elythrocyte antoxidant enzymes levels of (GSH-Px, GSH-R and 

catalase) were illcreased and glutathione col~celltratioll decreased in group 2 

birds, probably due to the oxidative stress imposed by hazolidone. Garlic, 

vitamin E and Stresseaze have offered protection by their free radical 

Sc"enging action. However, galic 2% offered better protection than garlic 

1%. 

A significant (p < 0.05) illcrease in TBA values of liver in goup 2 

b' '" might be the result of jncreased lipid peroxidation due to the productio~l 

Of 'ee radicals by furazolidone 
Garlic 2%. vitamin E and Stresseaze 

''Wen 
the free radicals alld 

better ]3r0lectiol1. 
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lipid peroxidation, and liver, heart, kidney and intestine samples were

collected for histopathological study.

Body weight gains, feed consumption and feed efficiency were
significantly (P < 0.05) reduced in group 2 when compared to other groups.

The anorexigenic effect of furazolidone might be responsible for these effects.

However, other groups (group 3, 4, 5, 6, 7, 8, 9 and 10) were not affected. It

could be attributed to the protective effects of garlic, Vitamin E and Stresseaze

against furazolidone adverse effects.

The erythrocyte antoxidant enzymes levels of (GSH-Px, GSH—R and

Catalase) were increased and glutathione concentration decreased in group 2

birds, probably due to the oxidative stress imposed by furazolidone. Garlic,

Vitamin E and Stresseaze have offered protection by their free radical

scavenging action. However, garlic 2% offered better protection than garlic

1%.

A Significant (p < 005) increase in TBA values of liver in group 2

birds might be the result of increased lipid peroxidation due to the productlon

6' ** - ' 'n E and Stresseaze
f free radicals by furazolidone. Garlic 2%, Vltaml

Sc . . . ‘ . .

- avenged the free radicals and offered bettel Pl 0160mm



serum AST and ALT activities showed a significant (P < 0.05) 

mcrease group 2 whereas the enzyme activities of 0tller groups were in the 

range of control group except group 7. The elevation of these enzymes would 

have Occurred from toxic cellular challges in organs especially liver and heart. 

vita- E and stressenze offered cellular protection agaklst 

furazolidone toxicity. 

H~po~rotei&lnia alld ]lypoelb~inine~nia were observed in group 2. The 
d 
egenerative challges in liver and kidney as evident from Mstopathology might 

be the cause for the decreased condition. Garlic, vitamin E and stresseze 

the tissue damage llleir values were ill the range of the control 

group 

observed in garlic Soups might be due to the 

I'ropeq 
of garlic, acting as a weak HMG Co-A reductase inhibitor. The 

d 
ecreased cholestero~ concentration in group 2 in conjunction with production 

P a  
aneters might be due to inanition and p feed efficiency. Vitamin E and 
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The serum AST and ALT activities showed a significant (P < 0-05)

filerease in group 2 whereas the enzyme activities of other groups were in the

range Of Control group except group 7. The elevation of these enzymes would

‘haVe Occurred from toxic cellular changes in organs BSPeCiaHY liver and heart.

Garlic, Vitamin E and stresseaze offered cellular protection against

furazolidone toxicity-

HYPoproteiriemia and liypoalbuminemia were obseived in group 2- The
degeneratiVe Changes in liver and kidney as evident from histopathology might

be the cause for the decreased condition. Garlic, vitamin E and stresseze
Prevented the tissue damage and their values were in the range 0f the COHU'OI

gTOup_

HYpocholesterolemia observed in garlic groups might be due to the
Property of garlic acting as a weak HMG Co-A reductase inhibitor. The

eereased Cholesterol concentration in group 2 m COlljunCtIOIl With production

parmneters might be due to inanition and poor feed efficiency. Vitamin E and
Str . - .esseaZe Were able to decrease the total cholesterol concentration.

Clinically fiirazolidone induced stress among the birds of group 2 was
Tififll _ . ,

ected as l'educed feed and water intake, dCPTCSSlon and lethargy '



Gross observation on necropsy of group 2 showed mild hypertrophy 

with focal areas of haelno~rhage in liver mld heart. There was congestion in 

kidneys and mild catarrhal changes in intestines. Other groups did not reveal 

any lesions. 

Histopathology of liver, heart, kidney a~ld intestine of group 2 revealed 

pathological degenerative changes. No change was observed in other goups. 

The present study elucidates the oxidative stress produced by 

fi~razolidone toxicity and the ability of garlic, vitainin E and Str.esseaze 

ameliorating the toxic effects. Garlic 2% accoinplished better results than 

garlic 1%. The protection offered by garlic 2%, vitamin E and Stresseaze were 

comparable. 
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Gross observation on necropsy of group 2 showed mild hypertrophy

with focal areas of haemorrhage in liver and heart. There was congestion in

kidneys and mild catarrhal changes in intestines. Other groups did not reveal

any lesions.

Histopathology of liver, heart, kidney and intestine of group 2 revealed

pathological degenerative changes. No change was observed in other groups.

The present study elucidates the oxidative stress produced by

furazolidone toxicity and the ability of garlic, vitamin E and Stresseaze in

ameliorating the toxic effects. Garlic 2% accomplished better results than

garlic 1%. The protection offered by garlic 2%, vitamin E and Stresseaze were

comparable.
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APPENDIX 

Reagents or solutions 

(a) Phosphate buffer (0.1 M) 

Solution X : Dissolved 2.722 g of potassium dihydrogen 

Phosphate in 200 in1 distilled water (0.1 M) 

Solution Y : Dissolved 1.74 1 g of dipotassiulll hydrogen 

Phosphate in lO01nl of distilled water (0.1 M) 

Poured 10dd of solution Y into a beakkr and titrated against solution x 

to a desired pH. Stored the buffer at 4OC. 

(b) Frozen RBC 

Red blood cells were separated fioin EDTA added blood, washed with 

0.9% saline, diluted with an equal volume of water and frozen at - 2 0 0 ~  

overnight. 

(c ) H-l[semolysate 

RBC (frozen) 200 p1 

0.1 Mphosphatebuffer: 3ml  

(pH 4.4) 

mixed well and centrifuged 

(4) 50 mM glutathione (GSSG) ~~lmt ion  

Oxidized glutathioile 155 mg (Mol. wt. 612.64) 

Distilled water 50 ml 
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Poured 10dd of solution Y into a beakkr and titrated against solution x 

to a desired pH. Stored the buffer at 4OC. 

(b) Frozen RBC 

Red blood cells were separated fioin EDTA added blood, washed with 

0.9% saline, diluted with an equal volume of water and frozen at - 2 0 0 ~  

overnight. 

(c ) H-l[semolysate 
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APPENDIX

Reagents or solutions

(a) Phosphate buffer (0.1 M)

Solution X : Dissolved 2.722 g of potassium dihydrogen

Phosphate in 200 ml distilled water (0.1 M)

Solution Y : Dissolved 1.741 g of dipotassium hydrogen

Phosphate in 100ml of distilled water (0.1 M) .

Poured 100 ml of solution Y into a beaker and titrated against solution x

to a desired pH. Stored the buffer at 4°C.

(b) Frozen RBC

Red blood cells were separated from EDTA added blood, washed with

0.9% saline, diluted with an equal volume of water and frozen at -20°C

overnight.

(c) Haemolysate

RBC (frozen) : 200 pl

0.1 M phosphate buffer: 3 ml

(pH 7.4)

mixed Well and centrifuged

(d) 50 MM 'oxidfiZed glutathione (GSSG) solution

Oxidized glutathione : 155 mg (M01. wt. 612.64)

Distilled water : 5 0 ml



0.8 M NaOH 60 pl 

Mixed well and placed in an ice bath. Prepared fresh daily. 

(e) 50 mM reduced glutathione 

Reduced glutathioile 153 ing (11101. wt. 307.32) 

Distilled water 10 11.11 

Mixed well and placed in an ice bath. 

(f) 250 ph4 Plavin adenine dinucleotide (FAD) 
0 

FAD (disodiuin salt) 1 .O ing (inol. wt. 829.52) 

Distilled water 5 in1 

(g) 4mMNADPM 

NADPH 33.2 ing (inol. wt. 833.4) 

1 % Sodiuin bicarbonate : 10 in1 

(h) 0.2 mM NADPH 

NADPH 1.67 ing 

Distilled water 10 ml 

mixed well and placed in an ice bath. 

(i) 80 mM IEDTA 

Dipotassiuin EDTA 3.2 mg (inol. wt. 404.47) 

Distilled water PO0 in1 

0.8 M NaOH 60 pl 

Mixed well and placed in an ice bath. Prepared fresh daily. 

(e) 50 mM reduced glutathione 

Reduced glutathioile 153 ing (11101. wt. 307.32) 

Distilled water 10 11.11 

Mixed well and placed in an ice bath. 

(f) 250 ph4 Plavin adenine dinucleotide (FAD) 
0 

FAD (disodiuin salt) 1 .O ing (inol. wt. 829.52) 

Distilled water 5 in1 

(g) 4mMNADPM 

NADPH 33.2 ing (inol. wt. 833.4) 

1 % Sodiuin bicarbonate : 10 in1 

(h) 0.2 mM NADPH 

NADPH 1.67 ing 

Distilled water 10 ml 

mixed well and placed in an ice bath. 

(i) 80 mM IEDTA 

Dipotassiuin EDTA 3.2 mg (inol. wt. 404.47) 

Distilled water PO0 in1 

(e)

(f)

(g)

(h)

(1'1)

‘25

0.8 M NaOH : 60 pl

Mixed well and placed in an ice bath. Prepared fresh daily.

50 mM reduced glutathione

Reduced glutathione : 153 mg (mol. wt. 307.32)

Distilled water : 10 ml

Mixed well and placed in an ice bath.

250 pM Flavin adenine dinucleotide (FAD)

FAD (disodium salt) : 1.0 mg (mol. wt. 829.52)
Distilled water : 5 m1

4 mM NADPH

NADPH : 33.2 mg (mol. wt. 833.4)

1% Sodium bicarbonate : 10 ml

052 mM NADPH

INADPH : 1.67 mg

Distilled water . : 10 ml

mixed well and placed in an ice bath.

80 mM EDTA

Dipotassium EDTA : 3.2 mg (mol. wt 404.47)

Distilled water : 100 ml



(j) 0.1 M Sodiunn bicarbonate : 

Sodium bicarbonate 8.4 g (Mol. wt : 106.00) 

Distilled water 1 cc 

Stored at 4OC and prepared fi-esh for every 14 days 

(k) 1:500 Hydrogen peroxide : 

Hydrogen peroxide 1 in1 

0.1 M phosphate buffer : 500 ml 

(PH 7) 

(1) 1 M Sulfosalicylic acid solution 

S~~lfosalicylic acid 25.4 g (inol. wt. 254.22) 

Distilled water 100 ml 

(m) 4% Sulfosalicylic acid solution 

1 M S~ilfosalicylic acid solution: 46 in1 

Distilled water 250 in1 

(m) 1% starch solution 

Starch solution 1 g 

Distilled water 10 in1 

Made it into a paste and slowly added it to 90 in1 boiling water. 

(0) 0.dDOS N Potassium isdate s08ianG0n 

Potassium iodate 0.1783 g (Mol. wt. 214.00) 

Distilled water 1 litre 

(j) 0.1 M Sodiunn bicarbonate : 

Sodium bicarbonate 8.4 g (Mol. wt : 106.00) 

Distilled water 1 cc 

Stored at 4OC and prepared fi-esh for every 14 days 

(k) 1:500 Hydrogen peroxide : 

Hydrogen peroxide 1 in1 

0.1 M phosphate buffer : 500 ml 

(PH 7) 

(1) 1 M Sulfosalicylic acid solution 

S~~lfosalicylic acid 25.4 g (inol. wt. 254.22) 

Distilled water 100 ml 

(m) 4% Sulfosalicylic acid solution 

1 M S~ilfosalicylic acid solution: 46 in1 

Distilled water 250 in1 

(m) 1% starch solution 

Starch solution 1 g 

Distilled water 10 in1 

Made it into a paste and slowly added it to 90 in1 boiling water. 

(0) 0.dDOS N Potassium isdate s08ianG0n 

Potassium iodate 0.1783 g (Mol. wt. 214.00) 

Distilled water 1 litre 

(i)

(k)

(1)

(m)

00

Wt

0.1 M Sodium bicarbonate :

' Sodium bicarbonate : 8.4 g (M01. wt : 106.00)

Distilled water : 1 cc

Stored at 4°C and prepared fresh for every 14 days

1:500 Hydrogen peroxide :

Hydrogen peroxide : 1 ml

0.1 M phosphate buffer : 500 ml

(pH 7)
1 M Sulfosalicylic acid solution

Sulfosalicylic acid : 25.4 g (mol. wt. 254.22)

Distilled water : 100 ml

4% Sulfosalicylic acid solution

1 M Sulfosalicylic acid solution: 46 m1

Distilled water : 250 ml

11% starch solution

Starch solution : 1 g

Distilled water 3 10 ml

Made it into a paste and slowly added it to 90 ml boiling water,

0.005 N Potassium iodate Solution

Potassium iodate : 0.1783 g (Mol. Wt. 214.00)

Distilled water : 1 litre



(p) 5% Potassium iodide 

Potassium iodide 5 g 

Distilled water 1 00 1111 

(q) Serum preservative 

Thioinersal 10 g 

Sterile distilled water 100 ml 

Stored at 4OC 

(p) 5% Potassium iodide 

Potassium iodide 5 g 

Distilled water 1 00 1111 

(q) Serum preservative 

Thioinersal 10 g 

Sterile distilled water 100 ml 

Stored at 4OC 

(p) 5% Potassium iodide

Potassium iodide

Distilled water

(q) Serum preservative

Thiomersal

Sterile distilled water

Stored at 4°C
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