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Plate 3.4: Depiction of: (A) Weighing of goat selected for trial, (B) & (C) Goats
with coloured ribbons for identification
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Table 3.3: Experimental design

Treatment GROUP | GROUP 11 GROUP 11l GROUP IV
Groups Fenbendazole Ivermectin Polyherbal anthelmintic | Control (No Drugs
G 1) G 1) formulation given)
(G 1) (G1V)
‘O’ day » Note down age, sex, weight and put identification tag

» Collection of Faecal sample directly from rectum for examination by
modified Mc Master technique (EPG Calculation)

» Taking 5 ml blood from jugular vein into a sterile vial

» Testing of haematological, biochemical and oxidative stress related
parameters of all blood samples with standard procedures.

Day 7, 14 + Collection of 5ml blood from jugular vein into sterile vials under asceptic
&?21 conditions.

» Testing of haematological, biochemical and oxidative stress related

parameters of all blood samples with standard procedures.

 Collection of Faecal sample directly from rectum for examination by modified

Mc Master technique & Faecal egg count reduction test (FECRT)

3.4 PLANT MATERIALS FOR POLYHERBAL DRUG

The ingredients of polyherbal drug (plant materials and seeds) were procured
from authentic sources / local market at Rudrapur, Uttarakhand. The identification of
plant samples was done at Botanical Survey of India, Dehradun and seeds were
identified at Uttarakhand Seeds & Tarai Development Corporation Ltd., Haldi, Udham
Singh Nagar (Annexure 1).

3.4.1 Processing of plant material & preparation of extract

The plant materials were chopped, air dried and powdered. The extracts of all

the plants were prepared in ethanol by the method of cold percolation, following the
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standard protocol being practiced for the preparation of extracts (Kumar et al., 2017).

The different amounts (Table 3.4) of the powdered material of each plant were soaked

in 99.9% ethanol in a stoppered container and allowed to stand at room temperature for

a period of minimum seven days with frequent agitation at different time intervals. The

process helped in breaking and softening the plants cell walls to release the soluble

phytochemicals. After seven days, the mixture was strained by filtration using

Whatman filter paper No. 1. The solvent was removed by evaporating it through steam

distillation. The yield of the extracts were recorded and stored at 4°C for further

analysis.

Table 3.4: Yield of extracts obtained from different polyherbal ingredients

S. Plant Botanical name Dry weight | Weight of %
No. for extract Yield
extraction obtained
(gm) (gm)
1. | Neem leaves Azadirachta indica 380 21.12 5.56
2. | Pumpkin seeds | Cucurbita maxima 530 20.3 3.83
3. | Kalijiri seeds Centratherum 850 49.1 5.78
anthelminticum
4. | Palash seeds Butea frondosa 550 16.03 2.91
5. | Vidanga dried Embelia ribes 680 18.7 2.75
fruits
Materials and Methods ............... &
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Plate 3.5: Depiction of: (A) Dried Neem leaves (Azadirachta indica), (B) Crushed
Neem leaves, (C) Ethanolic extracts of Neem leaves
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Plate 3.6: Depiction of: (A) Pumpkin Seeds (Cucurbita maxima), (B) Crushed
Pumpkin Seeds, (C) Ethanolic extract of Pumpkin Seeds
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Plate 3.7: Depiction of: (A) Kalijiri seeds (Centratherum anthelminticum), (B)
Crushed Kalijiri seeds, (C) Ethanolic extract of Kalijiri seeds
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Plate 3.8: Depiction of: (A) Palash seeds (Butea frondosa), (B) Crushed Palash
seeds, (C) Ethanolic extract of Palash seeds
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<tract - Vidan
mbelia ribes)

Plate 3.9: Depiction of: (A) Vidanga dried fruits (Embelia ribes), (B) Crushed
Vidanga, (C) Ethanolic extract of Vidanga dried fruits

Materials and Methods .............&"



57

Plate 3.10: Depiction of: (A) Polyherbal ingredients soaked in ethanol, (B) The
ingredients after filteration (C) Ethanolic extracts of polyherbal
ingredients
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Plate 3.11: Depiction of: Polyherbal formulation in bolus form for use as an
anthelmintic
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3.5 ADULT WORM MORTALITY ASSAY

The in-vitro technique to check efficacy of polyherbal formulation included
adult worm motility assay (AWMA) against adult GI round worms. They were
collected from the freshly slaughtered goat abomasum at slaughter house/butcher shop
at Lalkuan, Nainital. The motile adult worms were collected and put in beaker filled
with lukewarm normal saline solution. Further the worms were transferred in beaker
containing Phosphate-buffered saline (PBS) at 37°C (Bhatnagar et al., 1961).

From the ethanolic extracts of polyherbal formulation, four concentrations viz.
10 mg/ml, 25mg/ml, 50 mg/ml and 100 mg/ml were prepared in PBS for evaluation of
their anthelmintic activity. Ten adult round worms were taken in each small petridish
having different dilutions of polyherbal extracts. The petri dishes were kept in an
incubator at 37° C. The inhibition of motility, activeness and mortality of the worms
was observed at an interval of 30 min, 1 hr, 2 hr, and 4 hr. The number of motile (alive)
and non-motile (dead) worms were counted and recorded for each concentration. For
all the ten worms, minimum lethal time was recorded in each extract. Pinch technique
was used to check viability of the worms (Non - motility for 5-6 seconds) as proposed
by Neogi et al. (1964); Eguale and Giday (2009).

3.6 COLLECTION OF BLOOD AND SERUM SAMPLES

The blood samples for haematological and biochemical studies were drawn
directly from jugular vein as recommended by Benjamin (1986) from the selected
twenty four animals. Approximately 06 ml of blood was collected from jugular vein of
each goat at 0, 7, 14 and 21 days of trial. Of this 2.0 ml of blood was transferred into a
clean, dry, test tube containing ethylene diamine tetra acetic acid (EDTA) as
anticoagulant, for use in haematology and remaining 4.0 ml blood sample was
transferred into a clean and dry test tube without any anticoagulant and allowed to clot
in slanting position for about one to two hours. After centrifugation for 10 minutes at 2,
000 to 3, 000 rpm in a labelled dry Eppendorf, separated serum was harvested gently

using micropipette and preserved at -20°C in a deep freezer for further use.

3.6.1 HAEMATOLOGICAL ANALYSIS
It was done on day 0, 7, 14 and 21% day of trial. Haematological studies were
carried out to study the effect of GI nematodosis and effect of various therapeutic

regimes on haematological profiles of goats selected for the trial.
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100mg/ml

Plate 3.12: Depiction of: (A) and (B) Adult round worms collected from goat
abomasum (C) Different concentrations of polyherbal formulation
for adult worm mortality assay
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Plate 3.13: Depiction of blood collection from the jugular vein of goats selected for
Haematobiochemical examination
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Following haematological parameters were estimated; Red Blood Cell Count
(RBC), Hemoglobin (HB), Packed Cell Volume (PCV), Mean Corpuscular Volume
(MCV), Mean Corpuscular Hemoglobin (MCH), Mean Corpuscular Hemoglobin
Concentration (MCHC), Platelet Count, White Blood Cell Count (WBC) and
Differential Leukocyte Count (DLC; Neutrophil, Lymphocyte, Monocytes,
Eosinophils, Basophils) using standard procedures and protocols with help of
commercially available kits following the standard methods.

3.6.1.1 Haemoglobin (Hb) Estimation:

Hemoglobin concentration was estimated by using Sahli’s Haemoglobinometer
by acid hematin method as described by Oser (1979) and findings were expressed in
g/dL of blood.

3.6.1.2 Total erythrocyte counts (TEC):

Using a Neubauer’s haemocytometer and RBC (red blood cell) diluting fluid,
the TEC (total erythrocyte count) was calculated as described by Jain (1986). The
calculated values were then expressed as millions per microliter of blood (x 108/pl).

3.6.1.3 Total leukocytes count (TLC):

Total leukocytes count was performed using Neubauer’s haemocytometer as
described by Jain (1986) and values were indicated in thousands per microliter (x 10° /
pl) of blood.

3.6.1.4 PCV (Packed cell Volume)

PCV was estimated using the micro haematocrit method, as described by

Grindem (2011) and the results were expressed as a percentage.
3.6.1.5 Differential leukocyte count (DLC)

The calculation of the differential leukocyte count was conducted following
Cole’s (1986) method, employing Leishman's staining technique. A blood smear was
prepared using a spreader slide, and the air-dried smear was subsequently stained with
Leishman's stain. The stained smear was then examined under oil immersion to count
the number of neutrophils, lymphocytes, eosinophils, and basophils. The relative

proportions of each leukocyte type were expressed as percentages.
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3.6.1.6 Platelet count

Estimation of platelet count was done with help of Neubauer chamber and

values indicated in x 10/ pl.
3.6.1.7 Erythrocytic Indices

MCV, MCH & MCHC were calculated according to Chauhan and Agrawal
(2006). MCV (fL) femto lit, MCH (pg) pico gram, MCHC (gm /dl).

3.6.2 BIOCHEMICAL ANALYSIS

It was done on day 0, 7, 14 and 21% day of trial to study the effect of Gl
nematodosis and effect of various therapeutic regimes on biochemical profiles of goats
selected for the trial. Analysis of serum samples was carried out for Total protein,
albumin, globulin, A:G ratio, blood glucose, Serum Glutamic Oxaloacetic
Transaminase/Aspartate  Aminotransferase (SGOT/AST), Serum Glutamic Pyruvic
Transaminase/ Alanine Aminotransferase (SGPT/ALT), Alkaline phosphatase (ALP),
Urea, Creatinine, Uric Acid, Sodium (NA"), Potassium (K*) and Chloride (CL") by
using commercially available diagnostic kits.

3.6.2.1 Glucose Estimation:

The glucose level was measured by using diagnostic kit (GOD-POD method,
End Point) using a kit from Erba diagnostics, Mannheim, Germany at 505 nm
wavelength against blank reagent and the results of the glucose measurement were
reported in mg/dl.

3.6.2.2 Total Protein Estimation:

Calculation of Total serum protein was done by the modified Biuret and Dumas
method as described by (Young, 1997), using a kit from Erba diagnostics, Mannheim,
Germany at 546 nm wavelength against blank reagent. Total protein values were

expressed as gm per deciliter (g/dL).
3.6.2.3 Serum Albumin

Albumin level in serum sample was estimated by BCG-Dye method as
described by Doumas et al. (1997), using a kit from Erba diagnostics, Mannheim,

Germany at 630 nm wavelength. The results were expressed in gm/dL.
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3.6.2.4 Serum Globulin

To get value of serum globulin, subtraction of the value of the total serum

albumin was done from total serum protein and expressed in gm/dL.

Serum globulin = total serum protein —serum albumin.
3.6.2.5 Albumin Globulin ratio (A/G ratio)

For this purpose total serum albumin was divided by total serum globulin.
3.6.2.6 Alkaline phosphatase (ALP)

The Serum alkaline phosphatase level was determined using Erba diagnostic
kits, following the method described by Wilkinson and Winston (1980). Results of the

alkaline phosphatase measurement were expressed in international units per liter (U/L).
3.6.2.7 Alanine amino transferase (ALT)

Level of Alanine Aminotransferase (ALT) was estimated using the 2, 4-DNPH
method, following the protocol established by Reitman and Frankel (1957). The
measurement was carried out using an Erba diagnostics kit, and the values of ALT were

reported in international units per liter (U/L).
3.6.2.8 Aspartate amino transferase (AST)

The Aspartate Aminotransferase (AST) level was determined utilizing the 2, 4-
DNPH method, following the procedure described by Reitman and Frankel (1957).
The measurement was conducted using an Erba diagnostics kit, and the results of the

AST measurement were reported in international units per liter (U/L).
3.6.2.9 Urea Estimation:

Estimation of urea in serum samples was performed by using a kit from Erba
diagnostics, Mannheim, Germany (GLDH-Urease method, Initial rate) and values were

expressed as mg/dL.
3.6.2.10 Uric Acid-

Uric Acid was estimated by colorimetric method. After reaction with reagent

mixture and acid, uric acid produced coloured derivative which was detected at 411
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nm. Estimation was done using Colorimetric Test kit by Uric acid enzymatic assay kit
(commercially available) from Erba diagnostics, Mannheim, Germany, and values were

expressed as mg/dL.
3.6.2.11 Serum creatinine

The serum creatinine level was measured using Erba diagnostic kits by

modified Jaffe's Alkaline picrate method. The results were expressed in mg/dL.

3.6.2.12 Estimation of Serum electrolytes Potassium (K+), Sodium (Na+) and
chloride (CI )

Determination of serum electrolytes was done using Electrolyte Colorimetric
Test kit (Colorimetric method) by Beacon diagnostics PVT. LTD, Kabilpore, Navsari,

India, and values were expressed in Unit mmol/L.
3.6.3 OXIDATIVE STRESS RELATED PARAMETERS

Oxidative stress related parameters were measured on day 0, 7, 14 and 21 to
study the effect of Gl nematodosis and effect of various therapeutic regimes on
biochemical profiles of goats selected for the trial. Estimation of Glutathione
peroxidase (GSH-Px), Superoxide dismutase (SOD) Catalase (CAT) and lipid
peroxidation marker, malondialdehyde (MDA) were carried out by spectrophotometric
assays using respective activity assay kit from Real Gene Labs, Ghaziabad, India,
following the instructions provided in the user manual. This method assesses the
functional capacity of the enzyme to act on its substrate. CAT activity was measured
using the peroxidative function of CAT. Total SOD activity was measured using a
tetrazolium salt for detection of superoxide radicals generated by xanthine oxidase and
hypoxanthine. GPX activity was indirectly determined by a coupled reaction with
glutathione reductase. Estimation of Malondialdehyde (MDA) was done by
Thiobarbituric Acid (TBA) Assay.

3.6.3.1 Glutathione peroxidase (GSH-Px)

Estimating glutathione peroxidase (GSH-Px) activity in goat serum is important

for assessing the antioxidant status and overall health of the animals.
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3.6.3.3 Catalase (CAT)

Catalase is a vital enzyme found in organisms, responsible for efficiently

decomposing hydrogen peroxide into harmless substances.
Detection principle

Catalase (CAT) efficiently decomposes H2O2, and this reaction can be rapidly
halted using ammonium molybdate. The remaining H>O» reacts with ammonium
molybdate, forming a yellowish complex. CAT activity can be measured by
quantifying the production of this yellowish complex at 240nm (Aebi, 1984 and
Nicholls et al., 2000)

Assay Protocol

a) The control tube was prepared by adding 1 ml of reagent 1 into the 5 ml EP
tubes. The sample tube was prepared by adding 0.1 ml of the sample and 1 ml of
Reagent 1 into the 5 ml EP tubes.

b) The tubes were incubated at 37°C for 5 minutes.

C) Next, 0.1 ml of reagent 2 was added into each tube, and the contents were mixed

fully. The tubes were then allowed to react at 37°C for 1 minute accurately.

d) For the sample tube, 1 ml of reagent 3 application solution and 0.1 ml of reagent
4 were added and mixed fully. In the control tube, 1 ml of reagent 3 application

solution, 0.1 ml of reagent 4, and 0.1 ml of sample were added and mixed fully.

e) The tubes were left undisturbed for duration of 10 minutes at ambient
temperature. Subsequently, the optical density (OD) of each tube was gauged at
240nm with 0.5 cm optical path cuvette after setting the instrument to zero with

double distilled water.
Calculation

Definition- Catalase activity is defined as the amount of CAT in 1 ml of serum

or plasma that decomposes 1 pmol of H202 per minute at 37°C, expressed as 1 unit.

A x325*xf

CAT activity (U/ml) =
y (U/ml) TRV
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A : Absolute OD (OD_control — OD_sample)
» OD_control : Optical density of the control tube
» OD_sample : Optical density of the sample tube
* V:Volume of the sample in milliliters (ml)
« f: Dilution factor of the sample before the test
e 32.5*: The reciprocal of the slope obtained from the calibration curve.
e 1*:Reaction time in minutes.
3.6.3.4 Malondialdehyde (MDA)

The body produces oxygen free radicals through the enzymatic systems and
non-enzymatic systems, which can attack unsaturated fatty acid on biofilm and lead to
lipid peroxidation and form lipid peroxide, such as aldehyde group Malondialdehyde
(MDA), keto-, hydroxyl, carbonyl, etc.

Detection principle

MDA in the catabolite of lipid peroxide can react with thiobarbituric acid
(TBA) and produce red compound, which has a maximum absorption peak at 532 nm.
(Nielsen, 1997)

Assay Protocol
a) Blank tube: 0.1 ml of absolute ethanol was taken into the 10 ml glass test tubes.

Standard tube: 0.1 ml of 10 nmol/ml Standard was taken into the 10 ml glass

test tubes.

Sample tube: 0.1 ml of the test Sample was taken into numbered 10 ml glass

test tubes.

Control tube: 0.1 ml of the test Sample was taken into numbered 10 ml glass

test tubes.
b) 0.1 ml of reagent 1 was added into each tube of Step 1.

¢) 3 ml of reagent 2 application solution was added into each tube of Step 2.
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d) In the Blank tube, Standard tube, and Sample tube, 1 ml of reagent 3 application
solution was added. In the Control tube, 1 ml of 50% glacial acetic acid was
added.

e) The tubes were mixed fully and the mouth of each tube was fastened with
plastic film. A small hole was pricked with a needle. Then, the tubes were

incubated at 95-100°C for 40 minutes.

f) The tubes were cooled to room temperature using running water and then

centrifuged at 3100 rpm for 10 minutes.

g) 3 ml of the supernatant from each tube was taken. The spectrophotometer was
calibrated to zero using double-distilled water, and the optical density (OD) was
assessed at a wavelength of 532 nm employing a cuvette with a 1 cm optical

path length. (the precipitation was not added to the cuvette).

Calculation

For serum and plasma

A
MDA content (nmol/ml) = A—l xCxf
2

Note:
A1: OD sample — OD control, A2 = OD standard - OD Blank
C: The concentration of standard, 10 nmol/ml.
f: Dilution factor of sample before tested.
3.7 COLLECTION AND EXAMINATION OF FAECAL SAMPLES

Faecal samples were collected directly from rectum on 0 day (Pre-Treatment),

7th day, 14th day and 21st Day (post-treatment) in sterilized polybags from goats of

Pantnagar and nearby areas and transported to the laboratory for further processing
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3.7.1 MICROSCOPIC EXAMINATION OF FAECAL SAMPLES AND
CALCULATION OF EPG

The intensity of EPG of each faecal sample was determined by modified Mc
Master Technique (MAFF, 1971). Mc Master counting chamber is made up of two
glasses, separated by 3 or 4 narrow transversely placed stripes of glass 1.5 mm thick, so
that 2 or 3 spaces of 1.5 mm depth are obtained between the two slides. On the under
surface of the upper slide an area of 1 cm? is ruled over each space. The volume under
this ruled area will therefore be 0.15 ml.

One gram of faecal sample was taken and triturated in mortar and pestle after
adding of 14 ml of saturated salt solution. Sample was sieved through tea strainer and
transferred into plastic / glass test tube. The chamber of McMaster egg counting slide
was charged with the prepared filtrate of faecal suspension and was allowed to settle
for 30 second tol minute. All the eggs under the two ruled grids were counted at 10X
magnification. As total volume of each chamber was 0.3 ml, the number of eggs
counted was multiplied by 50 (dilution factor) to determine the EPG of the faecal
sample. Faecal egg count of each animal was ascertained by modified McMaster
technique to an accuracy of one egg counted representing 50 EPG. Thus the eggs per
gram of faeces (EPG) were calculated by multiplying the nematode eggs counted in

two squares of the McMaster slide by a dilution factor of 50.
Egg per gram = Total of eggs in both the chambers x 50

The faecal egg count data was analyzed by faecal egg count reduction test
(FECRT %) for the anthelmintic efficacy of the polyherbal extracts and conventional

anthelmintics on a particular day using the formula given by Dash et al. (1988).

(Pre-treatment EPG - Post - treatment EPG)

% efficacy = 100 x
Pre-treatment EPG

3.8 THERAPEUTIC AND ANTHELMINTIC RESISTANCE STUDY

The Faecal Egg Count Reduction Test (FECRT) stands as the most prevalent
technique for assessing anthelmintic effectiveness (Presidente et al., 1985; Kalkal et
al., 2020), and it is applicable to a wide range of anthelmintic agents. It is a common

method used to assess the efficacy of anthelmintic drugs (dewormers) in controlling
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gastrointestinal parasites in goats and other livestock. Gastrointestinal parasites, such as

nematodes, can negatively impact the health and productivity of goats, making

deworming an essential management practice. FECRT and its associated calculations

help in evaluating the efficacy of anthelmintic treatments, identifying possible drug

resistance in parasites, and guiding appropriate parasite control strategies in goat

populations.

FECRT Principle:

1.

Pre-treatment Faecal Egg Count (FEC): Before administering the anthelmintic
treatment, a faecal sample is collected from a representative group of goats. The
faecal sample is then analysed to determine the number of parasite eggs per
gram of faeces (EPG). This serves as the baseline measurement of the parasite

burden in the goats.

Anthelmintic Treatment: The goats are treated with the chosen anthelmintic
drug, following the manufacturer's recommended dosage and administration

guidelines.

Post-treatment Faecal Egg Count (FEC): Approximately 10 to 14 days after
treatment, another faecal sample is collected from the same group of goats. This
sample is also analysed to determine the post-treatment FEC, which indicates

the number of parasite eggs after treatment.

Calculating FECR: The calculation of Faecal Egg Count Reduction (FECR)
involves the application of the subsequent formula: FECR (%) = [(Initial FEC -
Final FEC) / Initial FEC] x 100

The FECR percentage represents the reduction in the number of parasite eggs in
the faeces after treatment. Higher FECR percentages indicate a more effective

anthelmintic treatment.

Interpretation: If the FECR is below a certain threshold (usually 90-95%), it
suggests that the parasites are showing resistance to the anthelmintic drug used,

and alternative treatments or management strategies may be needed. On the
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other hand, if the FECR is above the threshold, it indicates that the anthelmintic

has been effective in reducing the parasite burden.

In the present trial two commonly used anthelmintics (lvermectin &
Fenbendazole) were administered to measure anthelmintic efficacy by the FECRT
based on the WAAVP (World Association for Advancement of Veterinary
Parasitology) guidelines on interpretation and conduct of studies to determine the
efficacy of anthelmintic drugs in animals reared for meat & milk (Thomas Geurden, et

al., 2022; Kaplan et al., 2022).

The drug was considered fully effective when it reduced the egg counts by more
than 95% and lower confidence limits were higher than 90%. The drug was considered
moderately resistant when it reduced the egg counts between 60% to 95% and
considered severely resistant when the reduction in egg counts was below 60% along

with lower confidence limits below 90%. (Kalkal and Vohra, 2021)
Step 1: Calculation of the percent reduction for each observation:

[(Pre-treatment EPG - Post - treatment EPG) 1
Pre-treatment EPG]

Percent Reduction = 00

Step 2: Estimation of the mean and standard deviation of the percent reduction:
Step 3: Calculation of the lower and upper confidence intervals using the t-distribution:

With 6 observations, the degrees of freedom (df) =6 - 1 = 5. Using a 95% confidence

level, the t-value is approximately 2.571.
Lower Limit = Mean Percent Reduction - {t * (Standard Deviation / sqrt (n)}
Upper Limit = Mean Percent Reduction + {t * (Standard Deviation / sqrt (n)}

t-value is a critical value from the Student's t-distribution table. For a 95% confidence
level, the t-value is typically selected, which corresponds to a 95% confidence level

(two-tailed) with n-1 degrees of freedom.

n: The sample size of the treated group
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3.9 COPROCULTURE FOR LARVAE IDENTIFICATION

For identification of gastro intestinal nematodes (GIN), pooled faecal sample
was crushed with spatula and mixed with adequate quantity of activated charcoal to
avoid fermentation. The faeces were then packed in Petri dishes, loosely covered
with gauge and were incubated at 27°C in BOD incubator for a week. To maintain
80% humidity, water was sprinkled every alternate day to maintain moisture level
during incubation. The separation of infective larvae (L3) was done by means of
(Baermann’s apparatus) for identification and to assess the composition of larvae.
The apparatus was left undisturbed over night at room temperature so that larvae
migrated out of the faeces through wire mesh and got settled in the stem of funnel.
After 24 hours, the collecting tubes were detached gently from rubber tube by

pressing the spring clip.

The sediment containing larvae were transferred into a centrifuge tube and
washed by filling the tube up to two-third with distilled water. After centrifugation at
1500 rpm for 5 minutes the supernatant fluid was discarded and again two more similar

washings were given.

The larvae thus collected were examined under microscope and were
identified according to morphological characteristics as per the key given by
Soulsby (1982) and MAFF (1986). For this, a drop of sediment fluid was taken on
clean glass slide and the larvae were fixed by putting a small drop of luke warm
formalin and stained with Lugol’s iodine and then identified under 10X

magnification of compound microscope
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Plate 3.15: Depiction of: (A) Pooled sample for Coproculture (B) Baermann’s
apparatus
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3.10 PHYTOCHEMICAL STUDY OF EXTRACTS

The extracts of polyherbal ingredients were analysed for detection of major
phytochemical groups by standard methods and protocols. (Das et al., 1964;
Harborne, 1973; Sofowara, 1982) at CBSH Pantnagar.

The solvents used in the extraction method, and the chemicals used in the
research, were of analytical and laboratory quality and were acquired from Hi- Media,
Merck, and SD Fine. Prior to their use, the solvents were distilled according to
protocol. Thermo Scientific 10S UV-VIS Spectrophotometer was used to perform the
Spectrophotometric protocols. Qualitative chemical analysis of extracts of A. indica
(leaves), B. frondosa (seeds), E. ribes (berries), pumpkin seeds (Cucurbita maxima) and
Kali Jeeri (Centratheram anthelminticum) was done to detect total flavonoid, phenols,
antioxidants, tannins and reducing sugars by standard methods (Das et al., 1964; Peach
and Tracey, 1956 and Harborne, 1973).

3.10.1 Total phenols estimation: -

Estimation of total phenol content was done using the Folin—Ciocalteu method
(Chaubey et al., 2017). A volume of 1 ml of sample extract was mixed with 1 ml of
95% (V/V) ethanol before being diluted with 5 ml of distilled water. An aliquot of 0.5
ml of FCR (Folin — ciocalteu reagent) 50% (V/V) was added to each sample extract.
Subsequently the mixture was kept at room temperature for 3 min before adding 2 ml
of Na2COz (20%) and incubating for 60 mins again at room temperature. Absorbance
was measured at 650 nm. Total phenols were measured using gallic acid as a reference.

The results were calculated in terms of mg/gm gallic acid equivalent (GAE).
3.10.2 Total flavonoid estimation

Using an aluminium chloride colorimetric assay, the total flavonoid content was
determined as per Woisky and Salatino (1998). Approximately, 10 mg of extract was
dissolved in10 ml volume of 80% methanol to make a stock solution of 1mg/ml of the
sample extracted. In a test tube, 1 ml of stock solution was combined with 1.25 ml
water and 0.75 ml of 5% NaNO-. For 5 min mixture was allowed to incubate at room

temperature, and 0.15 ml of 10% AICIs was added to it. Before adding 0.5 ml of 1 N
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NaOH and 275 pL of distilled water, a 6-minute interval was allowed. At 510 nm,
intensity of pink colour was measured after properly mixing the solution. Various
concentrations of catechin were used to validate the flavonoid content standard curve
and the concentrations of samples were calculated using calibration curve. Total
flavonoid content of sample extracts was measured in mg catechin equivalents per 100g

dry weight. Testing of samples was done in triplicates.
3.10.3 Total Antioxidant Content

The extract's total antioxidant activity was calculated using the
phosphomolybdenum method (Prieto et al., 1999; Costa and Fidelis, 2010). Around 3
ml of reagent solution was combined with 1ml of sample extract (0.5 mg/ml) (0.6 M
H2SO4, 4 mM ammonium molybdate and 28 mM sodium phosphate). As a blank, a
4 ml aliquot of reagent solution was collected. After that, the mixture was incubated for
90 min at 95°C. After cooling to room temperature, absorbance was measured at 695
nm. Using catechin as standard, the catechin equivalent of total antioxidant content

(TAC) was used.
3.10.4 Estimation of Total Tannin Content

Estimation of tannins was done by Folin-Ciocalteu method (Vijay and
Rajendra, 2014). The procedure for preparing the sample extract involved the addition
of 0.1 ml of the extract to a 10 ml volumetric flask. To this flask, 7.5 ml of distilled
water and 0.5 ml of Folin Ciocalteu phenol reagent were added, followed by 1 ml of
35% sodium carbonate solution. With distilled water the solution was diluted to a final
volume of 10 ml. The flask was left at room temperature after thorough mixing, for 30
minutes. Concurrently, a series of reference standard solutions of tannic acid having
concentrations of 20, 40, 60, 80, and 100 pg/ml were prepared using the same method
as mentioned earlier. Measurement was done against the blank at 700 nm with UV/
Visible spectrophotometer of both the test and the standard solution. The estimation of
tannin content was done in triplicate. The tannin content was expressed in terms of

tannic acid equivalents in mg / g of dried sample.
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3.10.5 Total Reducing sugar

Three ml of the unknown solution was pipetted out and 3 ml of DNS reagent
was added to it followed by heating the contents in boiling water bath for 5 min. Once
the tube's contents had reached a warm temperature, a carefully measured 1 ml of a
unique 40% Rochelle salt solution was introduced. Subsequently, the solutions were
allowed to cool, leading to the emergence of a captivating and rich dark red hue. To
quantitatively assess this intense colour, a spectrophotometer measured the light
absorbance at 510 nm, utilizing both a blank and a set of carefully prepared glucose
standards for calibration (0 to'250 pg) and the standard graph was plotted (Sadasivam
and Manickam, 1992).

3.11 STATISTICAL ANALYSIS

Data were analyzed using two-way analysis of variance (ANOVA) in a
completely randomized design (CRD) and means were compared using DMRT
(Duncan's Multiple Range Test) with SPSS 25 software. Statistical significance level
for all comparisons was established at P<0.05. P values less than 0.05 were considered

significant.
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Chapter 4 RESULTS AND DISCUSSION

The present study in goats suffering from gastrointestinal (GI) nematodosis and
its therapeutic management by a polyherbal formulation was conducted between Nov
2021 to Dec 2022 at goat farms / herds of Tarai region around Pantnagar. The effect of
commonly used anthelmintics viz. fenbendazole and ivermectin on haematobiochemical
parameters and biomarkers of oxidative stress in goats suffering from gastrointestinal
nematodosis was carried out and their efficacy was compared with the polyherbal
formulation used in the trial. A gastrointestinal parasitic infection in goats is clinically
characterized by enteritis, anemia, emaciation, dehydration, and mortality. These
alterations impact animal growth, reproduction, weight, and yield, leading to financial

loss for farmers. (Sharmaet al.,2014).

The local goat farms/herds were screened for Gl nematodes using FAMACHA
technique. The FAMACHA technique is a cost-effective and validated approach for
assessing anaemia levels, primarily caused by H. contortus infestation. Van Wyk and
Bath (2002) revealed a 58% reduction in the quantity of treatments required at 10
farms in comparison to previous year, when farmers employed and executed
interventions guided by the FAMACHA score, as opposed to relying on PCV

assessments.

The practice of polyherbalism introduces synergism, which provides unique
advantages not accessible in single herbal formulations. Polyherbal formulations have
demonstrated high effectiveness in treating various diseases, even at high doses safely.
Synergism in polyherbalism operates through two main mechanisms: pharmacodynamics
and pharmacokinetics. Pharmacokinetic synergism focuses on how one herb facilitates
the metabolism, absorption, elimination and distribution of other herbs. While,
pharmacodynamics synergism explores the combined effect of bioactive components
possessing comparable healing properties that target diverse mechanisms of action
(Karole, 2019)

Traditional phytomedicines demonstrate a multi-target therapeutic approach,

leveraging their diverse bioactive compounds to synergistically combat various
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ailments (Spiegler et al., 2017; Brusotti et al., 2014). Phytosaponins are known to
impact cell membrane permeability, leading to vacuolization and tegumental
disintegration in parasites (Melzig et al., 2001). Alkaloids, on the other hand, induce
worm paralysis affecting their central nervous system. Moreover, alkaloids help in
reducing nitrate generation, thereby disrupting local homeostasis crucial for helminth
development (Roy et al., 2010). Phenolic compounds, including triterpenoids and
tannins, act by inhibiting energy production via oxidative phosphorylation and interfere

with the parasite's cell surface glycoprotein (Roy et al, 2010).

Tannins, such as palasonin, can bind to free proteins in the host's alimentary
tract or the cuticle glycoproteins of the parasite. Furthermore, tannin-rich herbs have
demonstrated direct antiparasitic activity against internal nematodes in ruminants by
enhancing host resistance, as evidenced by significant reductions in parasitic load in

herb-treated groups during necropsy (Hosteet al, 2006).

Additionally, plant extracts rich in flavonoids possess antioxidant properties
that help mitigate oxidative stress-related diseases (Spiegleret al.,2017; Davidet al,
2016; Barrau et al, 2005). These flavonoids synergistically augment the activity of

condensed tannins, as supported by research (Klongsiriwet et al.,2015).

Rahal et al. (2022 emphasized that the integration of drug therapies offers
promising potential to enhance overall treatment outcomes for various diseases. This
approach not only reduces side effects through dose optimization but also targets
distinct bio molecular elements, including metabolic interdependence, mediators, and
risk factors. Although herbal medicine synergy research is still nascent, the potential of
this holds significant promise for future progress. The activities of herbal anthelmintic
formulations have been well-documented in various studies conducted in vivo as well
as in vitro (Igbal et al., 2006; Hordegen et al, 2006 and Singh et al., 1985.
Phytochemical investigations have revealed that Butea frondosa possesses anthelmintic
properties because of palasonin, phenolic compounds, and flavonoids present in its
seeds. These active principles disrupt energy and metabolism in the worms by

interfering with glucose uptake and depleting glycogen stores (Kumar et al. 1995;
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Prashant et al. 2001; Singhet d. 2015 Igbal et al. 2006. Aqueous extracts of

Embelia ribes were found to be more potent than standard drugs (Kekuda et al.2009.

The ethanolic extracts of Azadirachta indica, and Embelia ribes have
demonstrated significant anthelmintic efficacy, up to 93% compared to pyrantel tartrate
(Hordegen et al, 2006. The presence of phenolics such as flavonoids, tannins, and

anthraquinones in these extracts may be responsible for the observed anthelmintic effects.

Components of Centratheram anthelminticum seeds, like vernolic acid
vernodalol and vernodlin, were identified which are known for their bitter taste, and
might contribute to their anthelmintic activity (Lambertini et al.,2004 Asaka et al.,
1977). Triterpenol derivatives like azadirachtin from Azadirachia indica (Neem) have
also demonstrated anthelmintic properties (Verma et al.,1995. The heated methanolic
extract of neem leaves (Azadirachta indica) demonstrated a substantial 89.95%

decrease in faecal egg count. (Arora et al, 2007).
4.1 PREVALENCE STUDIES

The hot humid tropical climate of this part of country is suitable for
development and survival of pre parasitic stages of gastrointestinal nematodes
throughout the year. Several phenomena in host parasite relationship favour success for
the parasite to develop. Numerous investigations have been carried out regarding the
occurrence of gastrointestinal parasitic infections both within this nation and
internationally. (Ghosh et al., 1976; Saha et al., 1996 Arora et al., 2010;
Bandyopadhyayet al, 2011and Pandeyet al.,1994. Fluctuations in the occurrence
of parasitic infestations are influenced by variations in agro-climatic conditions and the

presence of susceptible hosts. (Radostitset al, 1994).

A group of 146 goats, with FAMACHA scores spanning from 3 to 5, was
analyzed to establish the occurrence of gastrointestinal nematode infections using
targeted selective treatment (TST). Among these 146 goats, 103 were identified as
having gastrointestinal nematode infections. From these 103 goats, 24 goats of either
sex (n=24; 9 months to 5 years of age with 10 to 30 kg body wt) having egg counts

(>200), were selected for the research work.
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42  SYMPTOLOGY AND CLINICAL PARAMETERS

The key clinical indicators observed in goats afflicted with GI nematodosis
encompassed blanched mucous membranes, weakness, growth retardation, and
diarrhoea. The diarrheic faeces exhibited a fluid to semi-solid consistency, appearing
light black to tarry in colour. Furthermore, most cases displayed whitish to light pinkish
conjunctival mucous membranes, accompanied by facial swelling and oedema.
Additionally, affected goats showed a lack of appetite, high mortality rates, weight loss,
stunted growth, overall weakness, emaciation, dehydration and moderate hypothermia.
It was noted that all affected goats had a history of grazing in both field and forest

environments.
42.1 FAMACHA Score Card

The average FAMCHA score of goats was close to 3 at goat farms / herds of
Tarai region around Pantnagar. Majority of the goats kept under semi — intensive
system of farming had FAMACHA score between 3 to 5 in the Tarai region around
pantnagar and the mucous membrane colour of goats varied from whitish to light

pinkish in colour as depicted in table 4.1 and fig. 4.1.

Table 4.1: FAMACHA Score in goatsin correlation toegg per gram (EPG)

FAMACHA scores
Attributes
1(F1) 2 (F2) 3 (F3) 4 (F4) 5 (F5)
Egg per 100-300 400-600 700-1000 1100-1200 1300 and
gram (EPG) above
Number of 16 27 41 30 32
Goats

FAMACHA Red or Pink (non- Pale Pink Pale white White

chart normal anaemic) (mildly- colour colour
colour (non- anaemic) (anaemic) (severely-
anaemic) anaemic)
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EPG and FAMACHA scores

Fig. 4.1: FAMACHA Score in goats in correlation to egg per gram (EPG)

4.2.2 Temperature (°F)

The temperature of goats suffering from GI nematodosis was normal to slightly
low. Only in few cases rise in body temperatures was seen. The mean temperature was
found to be 38.97 £ 0.033°C.

4.2.3 Pulse (per minute)

The mean pulse rate found in the goats suffering from GI nematodosis was
71.33 £0.667.

4.2.4 Respiration (per minute)

The mean respiration rate found in the goats suffering from GI nematodosis was
22.33 +£0.667.

43 INVITRO - TRIAL

In the present study evaluation of in- vitro anthelmintic activity of polyherbal
formulation (ethanolic extract) against round worms isolated from goats affected with
Gl nematodosis was carried out. Anthelmintic activity was determined in terms of
concentration of polyherbal formulation and time taken in mortality of adult worms.
Ethanolic extract of polyherbal formulation (PHF) showed total mortality at 100 mg/ml
at the exposure time of 2 hrs. The concentrations of 50mg/ml and 25 mg/ml resulted in

Results and Discussion ..............&2



86

total mortality at the exposure time of 4 hrs. The absence of motility by using pinch
technique for an observation period of 5-6 seconds was used to determine the worms'
viability, as described by Eguale and Giday (2009).At 100 mg/ml concentration 50%
mortality was recorded at 1 hr post exposure. The LC50 at 1 hr was 100 mg/ml, and at
2 hrs interval both 50 mg/ml and 25 mg/ml were effective as the LC 50 dose. The
efficacy of the ethanolic extract of polyherbal formulation (PHF) in different dose
dependent concentrations revealed that it has good efficacy at the concentrations of
100, 50 and 25 mg/ml at the exposure time of 2 hrs and 4 hrs against the adult round
worms of goat origin in the in vitro trials as depicted in Table 4.2. The present finding
is in agreement with the previous published research work (Prashantet al.2001; Igbal
et al.2006 and Singhet al2013)

Table 42: In-vitro anthelmintic effect of ethanolic extract of polyherbal
formulation against adult round worms of goats (AWMA)

No of No. of parasites found dead at
Conc.of PHF arasites various times of exposure %
(mg/ml) F()ax osed mortality
P 30 min 1hr 2 hr 4 hr
100 10 2 5 10 10 100
50 10 0 3 5 10 100
25 10 0 1 5 10 100
10 10 0 0 0 2 20

44  PILOT STUDY AND SAFETY TRIALS
A pilot study was conducted on three goats to rule out any adverse effects

caused by the polyherbal formulation (PHF) clinically. Initially in-vitro evaluation of
polyherbal formulations using Adult Worm Motility Assay was carried out as described
at para 4.3. After that, in-vivo trial of the polyherbal formulation at dose rate based on
literature and products already available in market (Parsani et al., 202Q Hardeep
Kalkal et al, 2020) was carried out. The various clinico-haematobiochemical
parameters were recorded for seven days to check any adverse effects caused by the

polyherbal formulation as depicted in table 4.3. All the parameters fell within the
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standard range. EPG count was recorded as depicted in Fig.4.2. Following the safety

trial, a dosage of 6.5 grams of the polyherbal formulation (PHF) per 30 kilograms of

body weight as a single dose was finalised for investigation.

Table 4.3: Effect of polyherbal formulation on different clinical and haemato
biochemical parameters at 0 Day, 8 Day and 7" day in the three
goats(G1, G2 and G3)

TIME IN DAYS
PARAMETERS
0 Day 39 Day 7" Day
Goats for Pilot study Gl | G2 | G3 |Gl | G2 | G3 | G1 |G2 G3
Clinical Age (yrs) 2 | 17]|19| 2 | 17]19] 2 | 17| 19
Parameters | gex M| F|F|M|F|F|M]|F/|F
Body Wt 18 20 20 18 20 20 18 20 20
(Kg)
FAMACHA | 3 | 3 | 3 | 3 | 3 | 3 | 3| 3| 3
Score
Respiration 21 23 23 22 22 23 22 23 23
/min
Pulse 70 |72 | 72|70 | 72| 72|71 | 7|72
rate/min
Temperature 39 389 39 39 39 391389 | 39 39
°C
Haematologicall Haemoglobin | 95 | 93 | 89 | 95 | 95 9 95 | 96 | 91
Parameters | (g/dl)
TLC 99 | 114118 99 | 114|118 | 9.9 11 | 11.2
(x10%mm3)
Biochemical Total plasma | 85 | 72 | 78 | 85 | 74 | 78 | 86 | 74 | 7.8
Parameters | protein (g/dl)
Blood 42 51 45 42 52 46 43 52 46
glucose
(mg/dl)
ALT(IU/L) | 256|267 | 232 | 28 | 29 | 28 | 28 | 30 | 29
AST (IU/L) 166 | 131 | 184 | 186 | 156 | 218 | 188 | 156 | 210
Urea 40 | 344 | 38 41 35 38 41 | 35.3 | 40
Faecal egg EPG 2300| 2250| 2400| 2150| 2050| 1900| 2000| 1950| 1650
count
G1- was administered 5 gm Polyherbal formulation orally
G2- was administered 6 gm Polyherbal formulation orally Single Dose
G3- was administered 6.5 gm Polyherbal formulation orally
Results and Discussion ...............#
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Fig. 4.2: Pilot study- (safety trial) effect of PHF on EPGat 0 day, 3" day and 7™"
day.

G1- was administered 5 gm Polyherbal formulation orally
ingle Dose

G2- was administered 6 gm Polyherbal formulation orally
G3- was administered 6.5 gm Polyherbal formulation orally

45 IN -VIVO TRIAL

The selected 24 goats were divided randomly into four equal groups and

different coloured tags were placed around the neck for identification.

Group | (G I): (n=6) was treated with fenbendazole @ 5mg/kg body weight orally
(Plumb, 2008 Sharmaet al.,2015 Papich, 2016).

Group Il (G II) : (n=6) was treated with ivermectin @ 0.2mg/kg body weight orally
(Lespineet al, 2005 Sharmaet al.,2015 Shakyaet al, 2018 Myers et al, 2020)

Group Il (G HI) : (n=6) was treated with polyherbal formulation @ 6.5 gm/30 kg
body wt. orally as a single dose (Based on safety trial/pilot study, Parsani et al, 202Q
Kalkal and Vohra 2021, Khanolkar et al.,2018)

Group IV (G 1V) : (n=6) was kept as untreated control.

The efficacy of oral administration of ivermectin in goats has been assessed by
previous works (McKenna and Watson 1987; Swann and Gross1985; Waruiru et
al., 1998) These authors reported efficacy of more than 99% for per os ivermectin at
0.2 mg/kg.

Haematological, biochemical, and oxidative stress-related parameters were

examined at intervals of 0, 7, 14, and 21 days.

Results and Discussion .............&2°



89

In vivo experiments involved a comparison of the effectiveness of polyherbal
formulation with traditional anthelmintic drugs, specifically fenbendazole and
ivermectin, on the basis of reduction in EPG count after oral administration of all the
drugs. Collection of faecal samples directly from rectum for examination by modified
Mc Master technique & FECRT was done on faeces collected on day 0 (Pre-treatment)
and 7, 14 and 21% day (post treatment).

In vivo studies also included before and after treatment study of alterations in the
haematological and biochemical profiles including oxidative stress biomarkers of all blood

samples collected on 0 day (Pre-treatment) and 7, 14 and 21% day (post treatment).
4.6 EFFECTS ON HEMATOLOGICAL PARAMETERS

In the Gl Nematodosis infected goats there was significant increase in the mean
values of Hb, PCV and TEC after treatment with Polyherbal formulation & Ivermectin,
as compared to control group. A notable rise in Hemoglobin (Hb), Packed Cell VVolume
(PCV), and Total Erythrocyte Count (TEC) subsequent to treatment indicated its
positive effect on health of animals along with cessation of blood loss. The substantial
elevation in Hb, PCV, and TEC could also be attributed to the replenishment of iron
deficiency and the swift regeneration of erythrocytes. The present results are consistent
with the research outcomes of previous studies such as those conducted by Priyanka et
al. (2019, Amulya et al.(2016) Rajguru et al.(2003) Akhtar et al.(2014) Sharma
et al.(2014) Islam et al.(2003) Yadav et al.(2009)and Arunachalam et al.(2013).

Haematological investigations have unveiled intriguing findings in goats
afflicted by Haemonchus contortus parasitic infection. Specifically, these infected goats
exhibited decreased levels of Hb (hemoglobin), PCV (packed cell volume), and TEC
(total erythrocyte count). The notable reduction in these essential blood components
can be attributed to a dual impact. Firstly, the parasitic infestation leads to blood loss as
the Haemonchus worms pierce the mucosal lining, causing bleeding and anaemia in the
host. The adult and L4 (fourth larval stage) worms are known to be hematophagous,
meaning they feed on the host's blood, further exacerbating the blood loss. Researchers
have quantified the average blood loss caused by H. contortus infection to be
approximately 0.05 ml per day per worm, as reported in a study by Urquhart et al
(2000. This steady loss of blood over time contributes to the decline in Hb, PCV, and
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TEC counts observed in infected goats. Secondly, Haemonchus parasites can inflict
injuries on the abomasums (fourth compartment of the stomach) of the goats. These
injuries, described by Abdel in 1992 result from the action of the parasites while
feeding and contribute to the reduced values of Hb, PCV, and TEC counts in the
infected groups.

In conclusion, the haematological changes observed in goats with Haemonchus
contortus parasitic infection and other blood sucking GI nematodes can be attributed to
the dual effects of blood loss through mucosal piercing and hematophagy by the
parasites, along with injuries to the abomasum. Comprehending these mechanisms is
vital for devising effective management and treatment approaches aimed at mitigating

the adverse effects of this parasitic infection on goat well-being and productivity.

The notable decrease in mean Total Leukocyte Count (TLC) observed on the
14th and 21st days might be attributed to the anthelmintic effects of the polyherbal
formulation. It's possible that it also possesses an added antioxidant effect. (Farida and
Iswahyani, 2018).The current results are in accordance with the studies conducted by
Sena (2000) andRajkowa (2003. Similar observation was also made by Qamar and
Makbool (2012).

4.6.1. Hemoglobin

Haemoglobin is a molecule made up of proteins and is present within red blood
corpuscles where it works as a carrier of gases. It comprises of four protein molecules
(globulin chains), attached together. No statistically significant distinction was noted in
the mean haemoglobin values between groups G I, G II, G Ill and G IV on day 0

(before treatment).

In the present study it was revealed that in G | goats, the haemoglobin value of
day 21 was significantly different (P<0.05) with same day values of G Il goats and also
significantly different (P<0.01) with same day value of G Il goats. Among G Il goats
values of day 21, differed significantly (P<0.01) in comparison to the values of day O.
In case of G Il goats day 21 value was significantly different (P<0.01) with day 0
values of the same group. The day 14 value of G Ill goats were significantly different
(P<0.05) from G IV goats. However the mean haemoglobin concentration was

somewhat higher in the G Il and Ill goats in comparison to G | and IV goats. The
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study's findings are consistent with the research conducted by Mamta (2012)
Shashanket al. (2019) Biswaset al.(2017)and Rashaet al. (2020. Similar kinds of
improvement of these blood parameters after anthelmintic treatment have been

previously reported in sheep too by Aruwayo et al.(2011) and Rahman (200

Mean values along with SE of Hb (g/dL) of different treatment groups and
within the treatment group have been given in table 4.4 and fig. 4.3.
Table 44: Effect of Fenbendazolelvermectin and polyherbal drug administration

on Hb in goats suffering from GI nematodosis Normal range 812
(Schalms Hematology2010)

Duration 0 day 7th day 14th day 21st day
Group | 5.47 +0.2% 5.93+0.115%® 6.53 + 0.07¢° 8.62 + 0.09¢P
Group II 5.2 +£0.09% 6.25 + 0.04" 7.48+0.06%° | 10.12 +0.05%
Group 111 5.72 +0.13" 6.28 + 0.08" 8.33 + 0.06" 10.58 + 0.04%2
Group IV 6.07 £0.09" | 5.73+0.09% 5.63 + 0.08°¢ 6.53 + 0.08"™

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).

14.00
12.00
10.00
O 800 nGl
L 6.00 mGll
4.00 Gl
2.00 unGIv
0 Day 7 Day 14 Day 21 Day
Days

Fig. 4.3. Influence on Hb (g/dL) in Goatsafflicted with GI Nematodosis following
administration of Fenbendazolelvermectin, and Polyherbal formulation
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4.6.2. Total Erythrocyte Count (TEC)

On the 21st day following treatment, Group Il exhibited a notable rise in TEC
values. In contrast, the goats within group IV displayed insignificant impacts on
erythrocyte counts when compared to the remaining groups. Comparable results were
documented in studies conducted by Rasha et al. (2020) Biswas et al. (2017)
Contreras et al.(1976) Misra et al.(1996)and Moudgil et al.(2017).

The decrease in Hemoglobin (Hb), Packed Cell Volume (PCV), and Total
Erythrocyte Count (TEC) observed in goats infested with nematodes can be attributed
to the blood-sucking behaviour of the parasites and the consequent losses through
leakage, which results from extensive damage to the gastrointestinal mucosa. This is in
line with the findings reported by Urquhart et al. (1996) and Rajpootet al. (2022).
Mean values along with SE of TEC (x 10%/ul) of different treatment groups and within
the treatment group have been given in table 4.5 and fig. 4.4.

Table 45: Effect of Fenbendazolelvermectin and polyherbal drug administration

on TEC (x 10°%ul) in goats suffering from Gl nematodosis.Normal
range 818 (Schalms Hematology2010)

Drug/Duration 0 day 7th day 14th day 21st day
Group | 5.46 +0.14" | 583+0.128 | 7.03+0.06° 9.4 +0.145P
Group Il 446 +0.11% | 6.22+0.06" | 8.07+0.03% | 9.48+0.03%°
Group Il 5.23+0.06" | 5.68+0.028 | 8.53+0.05* | 10.55 + 0.05"
Group IV 5.6% +0.13" | 5.59+0.09% | 5.58 +0.09"° 6.18 + 0.09¢°

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).

14.00
12.00
O 10.00 TT I
L 8.00 Gl
e T
= igg ] L L mGll
2.00 - G Il
- mGIV
0 Day 7 Day 14 Day 21 Day
Days

Fig. 44: Influence on TEC (x 1C%/ul) in goats afflicted with GI Nematodosis
following administration of Fenbendazole Ivermectin, and Polyherbal
formulation
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4.6.3. Total leukocytes count (TLC)

For all groups (I, 11, 111, and V), TLC values generally decreased over time.
Group Il had the most significant decrease in TLC values compared to the other
groups. Group Il also showed a substantial decrease in TLC values over time. Group |
and IV demonstrated non-significant decrease in TLC values. Similar findings were
recorded by Qamar et al.(2012) Jaset al. (2008, Ahmed et al. (2015 and Shashank
et al.(2019.

Mean values along with SE of TLC (x 10%/ul) of different treatment groups and
within the treatment group have been given in table 4.6 and fig. 4.5.
Table 46: Effect of Fenbendazolelvermectin and polyherbal drug administration

on TLC (x 10% / pl) in goats suffering from Gl nematodosis. Normal
range 4-13 (Schalms Hematology2010)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 13.95+0.25" | 13.26 +0.26" | 12.55+0.23"* | 10.48 + 0.18*"
Group 1l 13.63+0.22" | 11.15+0.12% | 10.65+0.07%° | 9.12 + 0.055°
Group 11 14.25+0.38" | 11.52+0.23% | 9.97+0.118> | 8.93 +0.035¢
Group IV 11.67 £0.58% | 12.62 +0.45" | 13.98 +£0.33"% | 11.93 +0.28"

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).

20.00
15.00 I
(—l) 10.00 - mGl1
= mGll
5.00 - Gl
_ mGIVvV
0 Day 7 Day 14 Day 21 Day
Days

Fig. 45: Effect of Fenbendazole, lvermectin and polyherbal drug administration
on TLC (x 1C®/ pl) in goats suffering from Gl nematodosis.

Results and Discussion ..............&2



94

46.4. PCV (Packed cell Volume)

PCV values in Group I, Il and 111 showed a significant increase on day 21% after
treatment compared to the pre-treatment values of day 0- Group IV showed decrease in
PCV values which is obviously due to the persisting worm burden being the untreated
control group.

The rise in mean PCV after treatment might be associated with the increase of
Hb%, as these parameters are closely interrelated with each other. The improvement of
blood PCV level in the treated group could be due to the reduced EPG. The findings are
in agreement with Rahman et al. (2009) Mamta (2012, Biswas et al. (2017,
Shashanket al. (2019 and Rashaet al.(2020. Similar kinds of improvement of these
blood parameters after anthelmintic treatment were reported in sheep too by Aruwayo
et al.(2011) and Rahman (2002)

Mean values along with SE of PCV (%) of different treatment groups and
within the treatment group have been given in table 4.7 and fig. 4.6.

Table 4.7: Effect of Fenbendazolelvermectin and polyherbal drug administration

on PCV (%) in goats suffering from Gl nematodosis. Normal range 22
38 (SchalmsHematology, 2010

Drug/Duration 0 day 7th day 14th day 21st day
Group | 21.17 £0.13% | 23.23+0.28" | 24.33+£0.23° | 25.33 +0.14"
Group Il 24.33+£0.49° | 22.33+0.148 | 255+ 0.25°% 26 +0.242
Group 11 22.3+0.338 24 +0.34 26.33+0.27%% | 2558 +0.174
Group IV 23.67 £0.31* 22 +0.248 22 +0.248¢ 21.83 + 0.258°

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).

30.00
25.00
> 20.00
O 15.00 =Gl
o 10.00 nGll
5.00 Gl
GV
0 Day 7 Day 14 Day 21 Day
Days

Fig. 46: Effect of Fenbendazole lvermectin and polyherbal drug administration
on PCV (%) in goats suffering from Gl nematodosis
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4.6.5. Differential leukocyte count (DLC)

The haematological parameters of DLC (differential leukocyte count) were

measured before and after treatment. DLC provides valuable insights into the

distribution of various types of WBC, namely Neutrophils (N), Lymphocytes (L),

Monocytes (M), and Eosinophils (E), which are crucial for immune function.

The study revealed following changes in DLC values in response to the

treatment given to the groups;

Neutrophils (N): The percentage of Neutrophils increased in G | (from 48.83% to
61.17%). G IV had non-significant change, whereas decrease in the values was seen
in group 1l (56.17% to 41.33%) & Il (60.50% to 43.17%) suggesting that the
treatment might have had a positive effect on the neutrophil values in bringing them

back to normal range.

Lymphocytes (L): The percentage of Lymphocytes showed significant decrease in
the values in G | (44.83% to 34.50%) whereas significant increase in values was
seen in G 1l (37.50% to 55.00%) and G Il (33.67% to 53.17%). There was no
statistically significant change observed in the values within Group IV (34.50% to
35.00%). This finding indicates that the treatment might have had a positive effect

on the lymphocyte values in bringing them back to normal range.

Monocytes (M): The percentage of Monocytes increased slightly in G | and
decreased non significantly in G 11 & 111, suggesting that the values remained within

normal range during the course of treatment.

Eosinophils (E): The percentage of eosinophils remained relatively constant and fell
within the standard range in most groups after the treatment (21st Day), compared
to the levels before treatment (0 Day), indicating that the treatment may not have

had a substantial effect on Eosinophil populations.

Comparable results were documented by Rasha et al. (2020) Mean values

along with SE of DLC (%) of different treatment groups and within the treatment group

have been given in table 4.8 and fig. 4.7.
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Table 48: Effect of Fenbendazolelvermectin and polyherbal drug administration

on DLC (%) in goats suffering from Gl nematodosisNormal range as
per Schalms Hematology 2010 are; Neutrophil (30-48), Lymphocyte
(50-70), Monocytes(0-4), Eosinophils (18) and Basophils (61)

Haematological

Before Treatment (0 Day)

After Treatment (21% Day)

parameters
Gl Gl Gl GIV Gl Gl Gl GIV
DLC(%) |N 48.83 | 56.17 | 60.50 | 61.17 | 61.17 | 41.33 | 43.17 | 60.67
L 4483 | 3750 | 33.67 | 3450 | 3450 | 55.00 | 53.17 | 35.00
M 1.83 4.83 3.67 2.50 2.50 1.83 1.83 2.50
E 4.50 1.50 2.17 1.83 1.83 1.83 1.83 1.83
B 0 0 0 0 0 0 0 0
2
@) m N (%)
mL (%)
M (%)
Gl GuI Gl GIiv| GI GlII Gl GIV = E (%)
(0 Day) (21st Day) ‘
Before Treatment After Treatment ‘
Days

Fig. 4.7. Effect of Fenbendazole lvermectin and polyherbal drug administration
on DLC (%) in goatssuffering from Gl nematodosis

4.6.6.Platelet count

For all groups (1, 11, 111, and V), platelet count values generally decreased on 21%

day post treatment compared to the pre-treatment values on 0 day however the variation

was within normal range. Mean values along with SE of Platelet count (x 10% pl) of

different treatment groups and within the treatment group have been given in table 4.9

and fig. 4.8.
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Table 49: Effect of Fenbendazolelvermectin and polyherbal drug administration
on Platelet count(x 10% ul) in goats suffering from Gl nematodosis.
Normal range 300-600 (Schalms Hematology2010)

Drug/Duration 0 day 7th day 14th day 21st day
Group | 3595+ 13.63" | 326+ 12.72* |338.83 +11.91% | 339.17 + 8.53A
Group Il 391.83 +£8.97” | 338.67 +8.13" | 362 +5.63" 328 +3.12*
Group 111 399.67 + 10.61* | 368.17 + 6.95* | 360.33 +4.8%% | 329.83 + 1.46"
Group IV 367 + 17.42° 318 +10.6% | 285.83 +7.84%° | 3435+ 10.14*

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 48: Effect of Fenbendazole lvermectin and polyherbal drug administration
on Platelet count(x 103/ p) in goatssuffering from GI nematodosis

4.6.7. Erythrocytic indices (MCV, MCH & MCHC)

Erythrocytic indices provide valuable information about the size, content, and
concentration of red blood cells, which are essential for oxygen transport and overall

physiological function.
Based on the data obtained after treatment, we can infer the following:

» Mean Corpuscular Volume (MCV) - After treatment (21st Day), the MCV values in
G I, Il and 111 decreased significantly, reaching a level equal to the normal range of
healthy goat whereas values in the untreated control group did not have any

significant deviation.
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* Mean Corpuscular Hemoglobin (MCH) -

After treatment (21st Day), the MCH

values in G 1, Il and 11l decreased significantly and were close to the normal values

of a healthy goat whereas values of the untreated control group were devoid of any

significant variation.

» Mean Corpuscular Hemoglobin Concentration (MCHC) - The values after treatment

(21st Day), were devoid of any significant variation among the groups.

Similar outcomes were documented by both Rashaet al. (2020)and Shashank

et al.(2019).Table 4.10 and fig. 4.9. provides mean values and standard errors (SE) for

MCV, MCH and MCHC across various treatment groups as well as within the

treatment group.

Table 410:

Effect of Fenbendazole

Ivermectin

and polyherbal
administration on MCV (fL) , normal range 1625, MCH (pg), normal
range 5.28 and MCHC (g/dl), normal range 3036, in goats suffering
from Gl nematodosis.

drug

Erythrocytic Before Treatment (0 Day) After Treatment (215 Day)
indices Gl Gl Gl G IV Gl Gl Gl GIV
MCV(fL) 63.83+ | 7217+ | 73.17+ | 70.45+% | 52,17+ | 36.67 + | 35.67 = | 69.67
2.21B 0.45% 0.414 0.894 0.73B0 1.18¢ 0.57¢¢ 0.58%
MCH (pg) 245+ | 2617+ | 265 | 252+ 16 + 13.13+ | 1193+ | 28.17
0.42A 0.594 0.494 0.6 0.598° | 0.44CPc | 0.22°¢ | 0.64"
MCHC (g/dl) | 3245+ | 3217+ | 3293+ | 3245+ | 29.67% | 30.33+ | 31.33+ | 3233 %
0.27A 0.394 0.394 0.35% 0.42A 0.55% 0.27A 0.29%

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).

Erythrocyte Indices

(0 Day)

Before Treatment

Days

bbbk

GlI Gl Gl GIV‘ GI Gl Gl GIV‘

(21st Day)

After Treatment

m MCV
m MCH
MCHC

Fig. 49: Effect of Fenbendazole lvermectin and polyherbal drug administration
on MCV (fL), MCH (pg) and MCHC (pg) in goats suffering from Gl
nematodosis
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4.7. EFFECTS ON BIOCHEMICAL PARAMETERS

There was significant decrease in the values of ALP, SGOT (AST) and SGPT
(ALT) in goat serum after treatment with PHF and Ivermectin in comparison to control
group which indicated marked hepatic damage in goats infected with Gl nematodes.
This concurs with the findings presented by Waghmare et al. (2009) Sunandhadevi
et al.(2017) Ahmed et al.(2012)and Bhardwaj et al.(2015).

Values of blood glucose were also significantly higher in goats treated with
Polyherbal formulation and lvermectin in comparision to the control group. The low
level of glucose before treatment in goats suffering from GI Nematodosis could be
because of in appetence/anorexia, decreased intestinal absorption of glucose and
reduced rate of conversion of lactic acid to glucose. Goats afflicted with Haemonchosis
exhibited reduced blood glucose levels. Comparable findings regarding blood glucose
were reported by (Dasgupta and Bandyopadhyay 2000 and (Arora et al., 2001).
Following the treatment, a notable enhancement was observed, likely due to parasite

elimination and increased glucose absorption from the gastrointestinal tract.
4.7.1 Glucose

G 111 showed a significant rise in glucose values at 14 days, while G 1l showed a
continuous increase over the study duration. G | and G IV demonstrated relatively

stable glucose values however the values in G 1V on 21% day reduced significantly.

Glucose level was low in G | & IV on account of high EPG and high worm load
and the difference was statistically highly significant (P<0.01). Correlation between
EPG and glucose was inversely correlated. These findings could be associated with
decreased food consumption and impaired absorption of dietary components due to
disruptions in the gastrointestinal system resulting from parasitic infections. These
results align with findings of Bandhaiya et al. (2019) however they are contrary to
findings of Murad et al.(2018)who reported mild fluctuations in glucose levels which

were not deemed statistically significant.

Mean values along with SE of glucose of different treatment groups and within

the treatment group have been given in table 4.11 and fig. 4.10.

Results and Discussion ..............&2



100

Table 411: Effect of

Fenbendazole
administration on Glucose

Ivermectin

and polyherbal
level in goats suffering from Gl

drug

nematodosisNormal range 5080 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 4431 +1.96" | 44.83+1.465 | 45.17 +1.24% | 46.67 +£0.985°
Group Il 46.73 + 3.2 5358 +1.79" | 55.25+1.217% | 555+ 1.18™
Group 111 32.67 £2.05" | 43.64+1.18° 58.17 + 1.1"% | 56.33 + 0.56"
Group IV 40.25+2.01" | 38.78 £1.62% | 35.75+1.248¢ | 36.67 + 1.49%°

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.10: Effect of Fenbendazolelvermectin and polyherbal drug administration
on Glucose leve(mg/dl) in goatssuffering from GI nematodosis

47.2 Total Protein

Results suggest that Group Il protein values showed a decline, while Group IV

exhibited a notable decrease in protein values at the 14-day mark. Groups | & Il

showed relatively stable protein values throughout the experiment.

Examining the serum protein profile is crucial for evaluating nutritional status,

detecting potential metabolic changes, and aiding in the clinical diagnosis of various
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diseases. Numerous investigations have documented serum protein values in goats,
such as, Castro et al.(1977) and Sharmeet al.(2001) who also saw an average of 6.7
& 7.3 gm /dl for total protein, respectively. The same are in agreement with the present

study.

Mamta (2012) noted a significant decline in total proteins, total aloumin, and
globulin in bursate worm-infected goats. This indicates bursate worm-induced
hypoproteinemia and hypoalbuminemia as the disease progresses. Similar findings
were reported by Barowicz (1970) Shastry and Ahluwalia (1972) Uppal and Rai
(1978) and Arora et al. (2001). The drop in serum protein and albumin could stem
from gut injury, increased albumin catabolism, and pepsinogen leakage (Smith and
Sherman 1994).

Shashanket al. (2019) discovered notable decline (p<0.05) in serum protein
levels among goats afflicted with gastrointestinal nematodosis. Corresponding results
were found in studies by Hassanet al. (2012) Qamar et al. (2012)and Ahmed et al.
(2015). Hypoproteinaemia and hypoalbuminemia in affected animals can stem from
protein-losing gastro enteropathy associated with nematodiasis (Soulsby, 1982), as well
as compromised protein absorption due to intestinal mucosal damage during concurrent
gastrointestinal infections (Ahmed et al.,2015. A substantial amount of serum protein
is lost into the gut lumen, with affected animals excreting approximately 210-340 ml of

serum protein daily in their faeces (Bordoloi et al.,2012 and Dargieet al, 1975.

As per Rashaet al. (2020) total protein and albumin levels in serum decreased
significantly (P <0.05) in infected sheep and goats compared to control healthy
animals. According to Lakra et al. (2007) in cases of parasitic infection, a decline in
serum protein levels occurs due to protein loss in the damaged intestine. However, the
mean values of protein, albumin, globulin, and the A: G ratio under various treatments
remained within the normal physiological range. Mean values along with SE of Total
Protein of different treatment groups and within the treatment group have been given in
table 4.12 and fig. 4.11.

Results and Discussion ..............&2



102

Table 4.12: Effect of

Fenbendazole
administration on Total

Ivermectin
Protein

and polyherbal
in goats suffering from Gl

drug

nematodosisNormal range; 6.47 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 6.28 + 0.45" 6.72+0.17% | 6.83+0.14"* | 7.17+0.09"
Group II 7.1+0.278 7.4+018% | 753019 | 7.17+0.06"
Group Il 8.75 + 0.05" 8+0.13" 7.43 +0.08" 7.09 +0.14
Group IV 7.45 +0.28% 7.02 +0.16° 5.5+ (.1280 7.38 +£0.08"

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.11: Effect of Fenbendazole Ivermectin and polyherbal drug administration
on Total Protein (g/dL) in goatssuffering from Gl nematodosis

47.3 Serum Albumin

No significant variation among the groups was seen (P > 0.05). The serum
albumin content in all groups fell within the normal range for the goat species. (2.7-3.9
gm/dl). These results are in consonance with the results of Katiki et al.(2011) Brito et
al. (2020)also reported that no statistically significant variation existed amongst the
treated groups for total plasma protein (P > 0.05), This suggests that the animals did not
exhibit issues with dehydration or other factors that could lead to elevation, such as

antigenic stimulation. According to Rasha et al. (2020) Serum albumin levels
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significantly decreased (P <0.05) in infected sheep and goats compared to control
healthy animals. Jaheedet al. (2020, Stated that the decrease in serum albumin led to
a reduction in the A/G ratio, which is consistent with the observations of Qamar and
Magbool (2012)as well as Hosseiniet al. (2012) Comparable results of a decrease in
serum protein and albumin, coupled with an increase in serum globulin, were
documented by Bordoloi et al.(2012).Mean values along with SE of serum albumin of
different treatment groups and within the treatment group have been given in table 4.13
and fig. 4.12.

Table 4.13: Effect of Fenbendazole Ivermectin and polyherbal drug

administration on Serum Albumin in goats suffering from Gl
nematodosis. Normal range 2-8.9 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 3.14 + 0.094 3.05 +0.084 3.18 +0.0782 3.07 £ 0.044
Group Il 3.13 +0.06" 3.16 £0.06" | 3.62+0.08% 3.08 + 0.06”
Group 111 3.02 +0.024 3.05+0.074 3.62 + 0.06" 3.08 +0.024
Group IV 2.99 +0.034 3.15 +0.05% 2.48 + 0.06%P 3.34 +0.074

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.12: Effect of Fenbendazolelvermectin and polyherbal drug administration
on Serum Albumin (g/dL) in goatssuffering from Gl nematodosis
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4.7.4 Serum Globulin

The globulin values decreased significantly in Group Il and remained
consistent in Group | & Il without any significant variation. Group IV demonstrated

fluctuating values, however overall they remained within normal range for goats.

Mamta (2012 decrease in serum globulin in bursate worm infested goats as
compared to healthy goats. Chakratborty and Lodh (1994) reported increase in serum
globulin which could be due to initial immune response to infection and it was also
inferred by Shastry and Ahluwalia (1972). According to Rashaet al. (2020) serum
globulin level significantly decreased (P <0.05) amongst sheep and goats infected with
H. contortus, as opposed to the control. Contrary to this Shashank et al. (2019
reported, there was a significant rise (p < 0.05) in serum globulin levels among goats
infected with gastrointestinal nematodes when compared to healthy control goats. An
analogous elevation in globulin values was documented by Diogeneset al. (2010)and
Jaset al.(2010).The parasitic infestation was observed to stimulate the host's immune
system by augmenting the production of gamma globulins (Tarazona et al., 1982.
Table 4.14 and Figure 4.13 present the mean values and standard errors (SE) of
globulin levels across various treatment groups, as well as within the treatment group.
Table 4.14: Effect of Fenbendazole Ivermectin and polyherbal drug

administration on Serum Globulin in goats afflicted with Gl
nematodosisNormal range 2.74.1 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 3.26 +0.388 3.69+0.24 3.58 +0.194 3.43 +0.128P
Group Il 4,06 +0.278 4,03 +0.217 4.11+0.19” | 4.08 +0.097%®
Group Il 5.6 + 0.094 4,52 +0.07A 3.84 +0.124 4,18 +0.077
Group IV 4.35+0.228 4.38 +0.15% 3.6 +0.06" 4.48 +0.19%

Values (Mean £ SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.13: Effect of Fenbendazolelvermectin and polyherbal drug administration
on SerumGlobulin (g/dL) in goatssuffering from Gl nematodosis

4.7.5 Albumin Globulin ratio (A/G ratio)

Group | showed a consistent decrease, Group Il had minor fluctuations, Group
111 displayed significant changes with an initial increase and subsequent decrease, while
Group IV maintained relative stability. Nonetheless, the A/G ratio values for goats

remained within the normal range overall.

Castro et al. (1977) similarly noted an average of 1.1 gm/dl for gamma
globulin and 1.2 for the albumin/globulin (A/G) ratio. In a study by Qamar et al.
(2012) there was significant decrease in serum proteins and albumin globulin Ratio
(A/G Ratio) at (P<0.05) in Haemonchus infected animals. Jaheedetal. (2020 reported
a decrease in serum albumin levels, leading to a reduction in the A/G ratio, which was
consistent with the findings of Qamar and Maqgbool (2012), Hosseiniet al. (2012).
Mean values along with SE of A/G ratio of different treatment groups and within the

treatment group have been given in table 4.15 and fig. 4.14.
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Table 4.15: Effect of Fenbendazole, Ivermectin and polyherbal drug administration
on Albumin Globulin ratio in goats suffering from GI nematodosis.
Normal range 0.47- 0.94 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 1.59 + 0.234 0.93 +0.077 0.99 +0.07A 0.94 + 0.05"
Group I 0.84 +£0.05% | 0.83+0.03* | 0.92+0.03* | 0.77+0.03*
Group 111 0.55 +0.01°¢ 0.68 +0.02% 0.97 +0.04" 0.75 + 0.014
Group IV 0.73+0.03% | 0.73+0.02* | 0.69+0.01® | 0.78+0.03*

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.14: Effect of Fenbendazolelvermectin and polyherbal drug administration
on Albumin Globulin ratio in goats suffering from Gl nematodosis.

4.7.6 Alkaline phosphatase(ALP)

Group I, 11 and 111 showed significant decline in values of ALP, while Group IV
showed an increase in ALP levels. However, the values of ALP were found within the
standard range (93-387 1U /L) for goats which was in agreement with the findings of
Kaneko et al. (1997).Thus the drugs used for trial did not have any significant effect
on the hepatobiliary and/or bone function of the animals.

Chaurasiya et al. (2018) reported no significant variation on enzymatic

activity of ALT while AST and ALP were higher (P<0.05) in oak leaves fed groups of
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goats suffering from Haemonchus contortus infection. The level of ALT, AST and
ALP also increased with the advancement of period, but the values were found within
the standard range. He attributed this to the secretion of some toxins by Haemonchus
contortus causing dysfunction of liver cells resulting in increased activities of AST,
ALT and alkaline phosphatase. Contrary to these Brito et al. (2020) reported no

significant increase in serum ALP amongst the groups being treated.

Mean values along with SE of ALP of different treatment groups and within the

treatment group have been given in table 4.16 and fig. 4.15.

Table 4.16: Effect of Fenbendazole Ivermectin and polyherbal drug
administration on ALP in goats suffering from Gl nematodosis.
Normal range 93387 (MSDVeterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 27217+ 78 229 +8.965° | 220.5 +8.44BY |101.33 £ 0.435°

Group I 325.17 +19.82”| 231.17 + 15.1% | 211.67 +12.918°| 85+ 1.04%P

Group 111 241.17 +£9.948 | 285.83 + 7.27%% | 2175+ 13.515" | 87.83 + 0.59"

Group IV 352.67 + 19.27” | 355.67 + 16.38"% | 383.83 + 12.66"% | 363 + 15.43"2

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.15: Effect of Fenbendazolelvermectin and polyherbal drug administration
on ALP (U/L) ratio in goats suffering from Gl nematodosis.
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4.7.7 SGPT, Alanine amino transferase(ALT)

The values of ALT in Groups I, 1l and Group Il reduced significantly on
culmination of treatment on 21% day and were close to the normal range for a healthy
goat whereas the values in Group IV showed a steady rise with most significant
increase till 14™ day. The elevation in alanine aminotransferase values in afflicted
animals was a result of the parasites causing traumatic damage to the mucosa of the
abomasum and intestine. The nematode larvae were observed to induce damage to the
deep layers of the abomasal muscles (Sharma et al., 2001). The findings of present
study were in agreement with Jaheedet al. (2020) who also reported that AST and
ALT were elevated in goats suffering from Haemonchus contortus infection initially,
and started declining after 3rd week post treatment. Related results were reported by
Bordoloi et al. (2012) Sharma et al. (2001) and Rashid (2016)in sheep and goat
afflicted with H. contortus. The enhancement in serum enzyme values resulting from
the polyherbal formulation could be ascribed to its inclusion of diverse
phytoconstituents, total phenols, or flavonoids that mitigate lipid peroxidation and

exhibit antioxidant activity, as documented by Jaheedet al.(2020).

Mamta (2012 reported significant increase in AST and ALT values in bursate
worm infested goats in comparison to healthy control. The same was also reported by
Chakarborty and Lodh (1994) in goats suffering from H. contortus infection. They

attributed the increased level of ALT to the pathogenic impact of H. contortus.

Bandhaiyaet al.(2019)reported Significant increases in the values of ALT and
AST in H. contortus-infected goats, it was noted that the mean levels of ALT and AST
were increased in groups with higher worm loads, and a highly significant (P < 0.01)
difference was observed in the mean values of ALT and AST. The increase in ALT and
AST levels suggested the presence of disruptive activities or changes in membrane
permeability, (Sharma et al, 2001). Comparable results were also documented by

Bordoloi et al.(2012)in cases of sheep infected with H. contortus.

Shashank et al. (2019 reported increase in Alanine Aminotransferase
(ALT/SGPT) values in goats suffering from GI nematodosis, and the same were
consistent with the outcomes reported by Sharma et al. (2001) Hassanet al. (2012)
Ratneshet al. (2013) and Moudgil et al.(2017).
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Mean values along with SE of ALT of different treatment groups and within the

treatment group have been given in table 4.17 and fig. 4.16.

Table 4.17: Effect of

Fenbendazole

Ivermectin

and polyherbal

drug

administration on ALT in goats suffering from Gl nematodosis.
Normal range 619 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 28.22 + 1.7A 29 +0.954 21.82 +0.635° | 21.82 +0.365"
Group Il 28.07 + 0.45* 29 +0.28% 19.33 £0.23%0 | 22.03 +0.27B°
Group 11 28.17 +0.874 27.5+0.74% 17 + 0.56° 21.85 + 0.248°
Group IV 25.33 +0.84% 26.5+0.75% | 34.25+2.19% | 26.5+0.79"

Values (Mean £ SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.16: Effect of Fenbendazolelvermectin and polyherbal drug administration
on SGPT (ALT) (U/L) in goats suffering from Gl nematodosis.

4.7.8 SGOT/Aspartate amino transferase(AST)

Significant reduction in SGOT (AST) levels was seen over the 21day period,
with Group Il and 111 demonstrating the most pronounced effect. However, Group IV
had a less favourable impact, leading to increased SGOT levels. The results of the
current study aligned with those of Jaheedet al. (2020) who also reported that AST
and ALT were elevated in goats suffering from Haemonchus contortus infection
initially, and started declining after 3rd week post treatment. Parallel results were
reported by Bordoloi et al. (2012) Rashid (2016)and Sharma et al. (2001) in small
ruminants afflicted with H. contortus.
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Bandhaiya et al. (2019)noted significant increases in the activity of ALT and
AST in H. contortus-infected goats. It was observed that the mean levels of ALT and
AST were elevated in groups with a high worm load, and this difference was highly
significant (P<0.01). The increase in ALT and AST levels indicated the possibility of
disruptive activities or alterations in membrane permeability, as noted by Sharmaet al.
(2001). Comparable results were documented in studies conducted by Bordoloi et al.

(2012)concerning sheep afflicted with H. contortus infection.

Mean values along with SE of AST of different treatment groups and within the
treatment group have been given in table 4.18 and fig. 4.17.
Table 4.18: Effect of Fenbendazole Ivermectin and polyherbal drug

administration on AST in Gl nematodosis afflicted goats Normal
range 167513 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 135.67 £5.045%° | 117 +4.588 111.5 £ 4.25% | 77.33 £ 0.495°
Group Il 189.67 +12.417% | 143+ 7.14% | 160.67 +5.95** | 71.33 +0.48"
Group 111 11433 £2.34%° | 1155+ 2.248 145+5.81% | 69.33 +0.48%°
Group IV 113.83+1.67°° | 115.83+1.778% | 137.33+2.34"% | 115+ 2.81"

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.17: Effect of Fenbendazolelvermectin and polyherbal drug administration
on SGOT (AST)(U/L) in Gl nematodosisafflicted goats
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4.7.9 Urea

The values of urea in Groups I, Il and Group Il reduced significantly on 21%
day post treatment and were close to the normal range for a healthy goat. Most
pronounced reduction in urine values were seen in Groups Il followed by Group II.
However minor fluctuations were seen in Group IV showing initial reduction till 7% day
followed by steady rise till 21 day post treatment. Similar to the present investigation,
Brito, et al. (2020)reported that there were no statistically significant differences in the
urea values among the goats infected with gastrointestinal nematodes and those treated
with condensed tannins (P > 0.05). The values remained within the reference range for
goats, except for all groups on day 1. Elevated blood urea levels served as an indicator
of a reduction in the glomerular filtration rate. Gwazeet al. (2010)found that amongst
Trichostrongylus infected goats in South Africa, 61.4% of goats had urea
concentrations within the reference range, and 22.9% had creatinine concentrations
within the reference range. Therefore, gastrointestinal nematode infection does indeed
cause alterations in these biochemical variables in goats. Mean values along with SE of
urea of different treatment groups and within the treatment group have been given in

table 4.19 and fig. 4.18.
Table 4.19: Effect of Fenbendazole Ivermectin and polyherbal drug

administration on Urea in Gl nematodosisafflicted goats. Normal
range 1020 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 38.73+2.34" | 40.67+2.07" | 355+0.918> | 24.33 +0.2550
Group Il 40.83 + 1.25% 40.5+1.03* 31.33 £0.728° | 20.83 + 0.46"
Group Il 57.53 £6.43" | 32.35+0.61" | 32.83+0.835° | 20.67 + 0.42"
Group IV 58.27 +5.17% | 46.33+2.99% | 49.83+259”% | 51,17 +3.77/

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.18: Effect of Fenbendazolelvermectin and polyherbal drug administration
on Urea(mg/dL) in Gl nematodosisafflicted goats.

4.7.10 Uric Acid

A significant variation in uric acid levels within and between groups was seen.
Uric acid, a metabolic end product of purine metabolism, plays a crucial role in renal
and metabolic homeostasis. Perturbations in uric acid levels have been linked to various
pathological conditions. In the present research time-dependent fluctuations in uric acid
levels across the experimental groups was seen. At the O-day baseline, all groups
exhibited relatively comparable uric acid levels. However, by the 7th day, significant
decline was observed in Group | and Group Il, suggesting an early impact of
fenbendazole and ivermectin administration. In contrast, Group 11l exhibited a slight
increase in uric acid levels at the 14th day, which became more pronounced by the 21%
day (p < 0.05). Group IV displayed a non-significant change in the level of uric acid
values. The observed variations in uric acid concentrations suggest that the polyherbal
formulation may impact purine metabolism, although the exact mechanisms underlying
these effects require further investigation. Herbal compounds are known to possess
bioactive molecules that can interact with cellular processes, potentially affecting
enzyme activities and transport mechanisms related to uric acid production and

excretion.

Mean values along with SE of Uric acid of different treatment groups and

within the treatment group have been given in table 4.20 and fig. 4.19.
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drug

administration on uric acid in Gl nematodosisafflicted goats.Normal
range 0.130.33 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 0.33 +£0.03* 0.21 +0.018 0.23+0.01% | 0.63 +0.03"
Group Il 0.45 + 0.054 0.28 +0.028 0.24 £0.018 | 0.79 +0.01B°
Group Il 0.31 +0.03* 0.28 +0.03® 0.42 £0.06%% | 1.14 +0.07/
Group IV 0.45 + 0.044 0.42 +0.044 0.76 + 0.1 0.52 + 0.04°P

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.19: Effect of Fenbendazolelvermectin and polyherbal drug administration
on Uric acid (mg/dL) in Gl nematodosisafflicted goats

4.7.11 Serum creatinine

In this current investigation, Group Il and 111 exhibited a significant increase in
creatinine values at 14 days, while Group IV showed a substantial increase at 21 days.
Group | also experienced alterations in creatinine levels, although the impact was less
pronounced compared to other groups. However the serum creatinine values for all
groups were within the standard range for goat species. Similar to these Botura et al.
(2011)also reported that creatinine; values were all inside the normal range. Contrary

to these Biswaset al. (2017 reported decrease in values of creatinine in animals treated
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with herbal anthelmintics. Furthermore, he indicated that treatment with ivermectin,
and herbal extracts were not toxic to the liver and kidney. Similar results were reported
by Gupta et al. (2005). Brito, et al. (2020) observed that all groups exhibited
creatinine concentrations below the reference value. (1.0-1.8 mg/dl), with no statistical
difference among the groups (P > 0.05). Mean values along with SE of serum
creatinine of different treatment groups and within the treatment group have been given

in table 4.21 and fig. 4.20.

Table 421 Effect of Fenbendazole Ivermectin and polyherbal drug
administration on Serum creatinine in goats afflicted with Gl
nematodosisNormal range; 1-1.8 (MSD Veterinary Manual 2023)

Drug/Duration 0 day 7th day 14th day 21st day

Group | 1.08 +0.08”2 0.9 +0.074 1.03 + 0.042 1.37 +0.05*
Group Il 0.57 + 0.045P 0.71 +0.06" 1.16 + 0.0442 1.25 +0.03*
Group 11 0.57 +£0.015° 0.63 +0.014 1.12 +0.03% 1.27 +0.03*
Group IV 0.46 +0.04%° | 0.75+0.02* | 0.68+0.02%° | 1.47+0.05"

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 420 Effect of Fenbendazolelvermectin and polyherbal drug administration
on Serum creatinine(mg/dL) in goatsafflicted with Gl nematodosis.
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4.7.12 Serum electrolytesPotassium (K+) Sodium (Na+) and chloride(ClI 7)

Electrolytes are crucial for cellular metabolism, muscle contraction, nerve

transmission, and enzymatic reactions (Piccioneet al.2007).

Electrolytes play a crucial role in various essential metabolic functions within
the human body. Among these vital ions, sodium, potassium, and chloride stand out as
particularly important and are commonly measured electrolytes. These ions are
primarily obtained from the diet, absorbed in the GI tract, and eliminated through the
kidneys. Understanding and monitoring electrolyte levels, especially sodium,
potassium, and chloride, are crucial for maintaining proper physiological function and
overall health.

According to Kaneko et al. (1997)and Dakkak et al. (1981) Chloride (CI') is
a significant extracellular anion that plays a key role in regulating the balance of
extracellular fluid distribution. Disturbances in chloride levels can occur due to
multiple factors. Reduced chloride levels may result from insufficient dietary intake,
prolonged episodes of vomiting, decreased renal reabsorption, or certain forms of
acidosis and alkalosis. Conversely increased chloride values can be observed in
conditions such as dehydration, kidney failure, specific types of acidosis, excessive
dietary or parenteral chloride intake, and salicylate poisoning.

Sodium is the dominant cation in extracellular fluid which plays a pivotal role
in maintaining water balance and osmotic pressure within fluid compartments. A
decrease in serum sodium levels, known as hyponatremia, can be linked to various
conditions, including severe polyuria, metabolic acidosis, Addison's disease, diarrhoea,
and renal tubular disease. Conversely, an increase in serum sodium levels, termed
hypernatremia, can be associated with Cushing's syndrome, severe dehydration from
primary water loss, certain brain injuries, diabetic coma post-insulin therapy, and

excessive sodium salt treatment.

Potassium, the primary intracellular cation, is essential for maintaining cellular
function. Hypokalemia, characterized by low serum potassium levels, can result from
potassium deficiency, excessive potassium loss due to prolonged diarrhoea or vomiting,

and increased secretion of mineralocorticosteroids. Conversely, hyperkalemia, denoting
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elevated serum potassium levels, can lead to issues like oliguria, anuria, and urinary

obstruction.

In all the groups there was non-significant decrease in sodium and chloride
levels after 21 days of treatment compared to their initial values at O day while values
of potassium had a reverse course, though all the values of Serum electrolytes in goats

suffering from GI nematodosis were found in the normal range.

Therefore, it can be inferred that the medications, including the herbal
anthelmintics, fenbendazole, and ivermectin did not directly impact the electrolyte
balance of the goats. These medications primarily target parasites and may not have
affected the electrolyte levels. Also when medications are used within recommended
doses, the impact on electrolyte balance may be minimal and medications might not
have caused significant gastrointestinal disturbances, such as diarrhoea, which can lead

to electrolyte imbalance.

Mean values along with SE of Serum electrolytes of different treatment groups

and within the treatment group have been given in table 4.22 and fig. 4.21.

Table 4.2: Effect of Fenbendazole Ivermectin and polyherbal drug
administration on Serum electrolytes in goats afflicted with Gl
nematodosis. Normal ranges are; Sodium (14255), Potassium (3.5
6.7) and Chloride (99110.3)(MSD Veterinary Manual 2023).

Serum Before Treatment (0 Day) After Treatment (215 Day)
electrolytes

Gl Gl Gl GIv Gl Gl Gl GIv
Sodium 148.83 + |153.67 £|151.33+| 144 + | 133.83 +|144.67 +|150.33 £ |131.33

2.217 4.27A 2.4 217~ | 0.58% | 1.27A4 | 0.84% | 1.06%°

Potassium 412 401+ | 42+ |415%| 462+ | 474+ | 448+ | 423+
0.044 0.017 0.05* | 0.07% | 0.04% 0.04% 0.05% 0.08"8

Chloride 106.17+ | 106+ |103.83+| 104+ | 98.33+ |105.67 £| 96.33+ | 95.67
0.194 0.26" 1294 | 1714 | 1.128 0.344 0.88 1.62°8

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.21: Effect of Fenbendazolelvermectin and polyherbal drug administration
on serum electrolytes (Unit mmol/L) in goats afflicted with Gl
nematodosis.

48 EFFECTS ON OXIDATIVE STRESS RELATED PARAMETERS

Antioxidants play a crucial role in delaying or inhibiting the oxidation of
substances. The balance between the free radicals accumulation and their neutralization
by antioxidants is a natural process in the body. However, environmental stressors can
diminish the antioxidant capacity of the blood, resulting in oxidative stress. To
counteract cellular oxidants and prevent their accumulation, the body relies on

antioxidant enzymes (Kumar et al, 2011).

Cells continuously generate minute quantity of free radicals during their normal
metabolism (Simioni et al, 2018).Although, low levels of free radicals are essential in
many biochemical processes and involved in homeostasis but excessive production of
reactive oxygen species (ROS) like free radical results in oxidative stress. The crucial
reactive oxygen species (ROS) comprise hydroxyl radicals, superoxide anions, and
hydrogen peroxide, which are generated as by-products of oxidative metabolism.
Additional sources of ROS include NADPH oxidase and xanthine oxidase (Mahmood
et al., 2020). Highly reactive superoxide anion is the mediator in oxidative chain

reaction and precursor of most ROS (Belhad) Slimen et al, 2016). According to
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Verma et al. (2020) te superoxide anion is produced primarily in mitochondrial
electron transport chain in complex | and Ill. ROS are scavenged by antioxidant
enzymes like catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) (Celi, 2011; Kurutas, 2016 and Simioni et al, 2018). CAT (catalase)
functions to detoxify hydrogen peroxide (H202) generated during various metabolic
processes, as well as under stressful conditions, by catalyzing its reduction to water
(H20) and oxygen (O2), (Kalmath and Swamy, 2020).SOD (superoxide dismutase)
catalyses the dismutation of superoxide radicals into oxygen and hydrogen peroxide.
(Khan et al, 2020).

An increased generation of ROS and free radicals, along with decline in body's
antioxidant defence mechanisms results in oxidative stress (Trevisan et al., 2001;
Williams et al.,2004). Various external factors like exposure to oxygen, resuscitation,
heat, trauma, ultrasound, infections, radiation, and toxins, can trigger an upsurge in free
radicals and ROS, eventually leading to oxidative stress (Halliwell et al., 1992 and
Kumar et al.,2011)

Infections caused by helminths can also contribute to ROS generation and
heightened oxidative stress. The cellular antioxidant defence system functions under
both normal and pathological conditions, safeguarding against the deleterious effects of
ROS and maintaining cellular homeostasis (Urban C. et al.,2009) Key components of
this defence system include endogenously produced enzymatic antioxidants like SOD,
GSH-Px & CAT. Assessing the concentrations of GSH-Px, SOD, and CAT in the
bloodstream offers valuable insights into the antioxidant status of the body. (Bisla et
al., 2003). Excessive production of pro-oxidants due to oxidative stresses causes an
imbalance of antioxidant defence mechanism (Giorgio et al., 2020) and damages
biological molecules (Juan et al., 2021) Oxidative stress causes multiple diseases in

ruminants (Ayemeleet al, 2021, Huang et al.,2021)

Administering anthelmintics at the start of treatment could contribute to the

chemical stress encountered by the animals (Dimitrijevi'c et al, 2012).

In the current investigation there was significant increase in Superoxide

dismutase (SOD), Glutathione peroxidase (GSH-Px) and catalase and decrease in MDA
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in goats after treatment with Polyherbal formulation and Ivermectin. It is in agreement
with findings of Adenkola et al. (2018, and Jaheedet al. (2020 who stated that
decrease in oxidative stress related parameters during infection was associated with
stress caused by the disease. Also in the current investigation it has been revealed that
level of GSH-Px, SOD and CAT are low during stress caused by GI nematodosis
whereas MDA levels were high. The same are in agreement with findings of Hu et al.
(2016) who reported that activities of superoxide dismutase (SOD) along with
glutathione peroxidase (GSH-Px) decreased in serum; however, the concentration of
malonaldehyde (MDA) increased during stress. Alborzil et al. (2023) reported that
low levels of SOD and CAT activity in infected animals might be linked to oxidative

stress which caused a marked increase in lipid peroxidation and MDA levels.

Haematological values of GSH, SOD and CAT are the representative of
antioxidant status of body (Bisla et al., 2003). The excessive accumulation of ROS
enhances the function of nicotinamide adenine dinucleotide phosphate hydrogen
(NADPH) oxidase while inhibiting antioxidant enzymes such as glutathione
peroxidase, catalase, and superoxide dismutase. The addition of the polyherbal
formulation improved the total antioxidant capacity (TAC) by lowering the total
oxidant status (TOS) and malondialdehyde (MDA) levels in comparison to the control
group. The activities of SOD, GSH-Px and CAT activity were enhanced in
supplemented groups. Varadyova et al. (2018 indicated that herbal nutraceuticals
have the potential to offer natural antioxidants, thereby aiding in the reduction of

oxidative stress in lambs infected with nematodes.
4.8.1 Glutathione peroxidase (GSHPx)

Groups I, Il and 111 exhibited a significant increase), in GSH-Px levels after 21
days of treatment compared to their respective baseline levels at 0 day. However,
Group IV (control group) did not reveal significant change in GSH-Px levels over the

same treatment period.

Esmaeilnejadet al. (2012)reported that with increase in severity of infection in
goats afflicted with GI nemtodosis, a significant decrease (p<0.05) was seen in the

activity of GSH-Px, which is in accordance with the results of Degeret al. (2009)and
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Bicek et al. (2005) The same has been corroborated in this study. Jaheedet al (2020)
and Rashaet al. (2020, reported that the serum biochemistry of infected animals
demonstrated a notable decrease in total antioxidant capacity. Glutathione peroxidase
values exhibited a significant decrease in goats affected by GI nematodosis, while
malondialdehyde followed an opposing trend. Mean values along with SE of
Glutathione peroxidase of different treatment groups and within the treatment group
have been given in table 4.23 and fig. 4.22.

Table 4.23: Effect of Fenbendazole Ivermectin and polyherbal drug

administration on Glutathione peroxidase in serumof goatsafflicted
with Gl nematodosis.

Drug/Duration 0 day 7th day 14th day 21st day

Group | 42.83+0.79" | 40.42+0.86" | 47.17 +1.095" | 115.67 + 1.32¢¢
Group 11 42.83+1.24" | 4242+1" | 635£0.79" | 138.5+0.43%°
Group 111 42.33+0.96" | 40.58+1.07" | 63506 | 1455+0.77/
Group IV 40.25 +0.96" | 40.58 +1.15" 42 +1.280 44.33 + 0.66™

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.2: Effect of Fenbendazolelvermectin and polyherbal drug administration
on Glutathione peroxidase (u/ml) in serum of goats afflicted with Gl
nematodosis.
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4.8.2 Superoxidedismutase (SOD)

SOD which serves as main line of defence against ROS, plays a critical role in
detoxifying superoxide radicals (Gonzaleset al.,1984and Alborzil et al, 2023) SOD is
assumed as the first defence against pro-oxidants for its capacity to regulate peroxidation
(Halliwell and Chirico, 1993) A noteworthy increase (p < 0.05) in serum SOD levels was
noted in goats treated with the polyherbal formulation, Ivermectin, and Fenbendazole on
the 21st day following treatment. On the 21st day post-treatment, the control group
exhibited an insignificant alteration in SOD values when compared to the values observed
on the initial day (0 day).Group Il showed the most prominent effect on SOD values from
0 days to 21st day, showing a consistent increase over time probably because of the
synergistic activity of the phytochemicals of five extracts used in preparation of polyherbal
formulation rich in flavonoids which possess antioxidant properties that help mitigate
oxidative stress-related diseases (Spiegleret al, 2017; Davidet al.,2016; Barrau et al.,
2009. These flavonoids synergistically augment the activity of condensed tannins, as
supported by research (Klongsiriwet et al.,2015. Efficacy of polyherbal formulation as
seen in the current investigation is covenant with findings of Sunandhadeviet al. (2017,
Khanolkar et al.(2018 and Rahal et al.(2022.

Mean values along with SE of Superoxide dismutase of different treatment
groups and within the treatment group have been given in table 4.24 and fig. 4.23.
Table 4.24: Effect of Fenbendazole Ivermectin and polyherbal drug

administration on Superoxide dismutase in serunof goats afflicted
with Gl nematodosis.

Drug/Duration 0 day 7th day 14th day 21st day
Group | 33 +0.35% 32.9+0.47 34.67 +£0.25° | 84.67 +£0.25°
Group Il 33.5+0.35% 33.33+0.42" | 41.33+0.89" | 94.33 + 0.55"

Group 111 32.67 +0.42" | 30.67 £0.43B | 43.67 £1.09% | 9567 + 0.4
Group IV 32.83+0.29% | 33.25+0.43” | 32.33+0.39% | 34,17 + 0.4

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.23. Effect of Fenbendazolelvermectin and polyherbal drug administration
on SOD (u/ml) in serum of goatsafflicted with GI nematodosis.

4.8.3 CatalasgCAT)

Groups I, Il and 111 exhibited a significant increase), in CAT levels after 21 days
of treatment compared to their respective baseline levels at 0 day. However, Group IV
(control group) did not show any significant change in CAT levels over the same
treatment period. The findings of present study are in agreement with Bicek et al.
(2005) Rasha et al. (2020) Deger et al. (2009) and Jaheed et al (2020).
Esmaeilnejadet al. (2012)also reported that catalase activity in the infected goats was

inversely proportional to the gravity of parasitemia.

Mean values along with SE of Catalase of different treatment groups and within
the treatment group have been given in table 4.25 and fig. 4.24.
Table 4.5: Effect of Fenbendazole Ivermectin and polyherbal drug

administration on Catalase in serum of goats afflicted with Gl
nematodosis.

Drug/Duration 0 day 7th day 14th day 21st day
Group | 23.67 +0.6" | 23.33+0.465% | 25.83 £0.275" | 56.67 + 0.295°
Group Il 26.5 +0.66" | 23.83 +0.56° 32 +£0.62% 69.83 + 1.1

Group Il 24 +0.6" 22.25+0.34% | 34.33+0.66"% | 74.67 +0.82"%
Group IV 26.1 +0.634 26.5+0.57" | 23.92+0.64%" | 30.17 +0.55%

Values (Mean £ SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.24: Effect of Fenbendazolelvermectin and polyherbal drug administration
on Catalase(u/ml) in serum of goatsafflicted with GI nematodosis.

4.8.4 Malondialdehyde (MDA)

An important indicator of cellular and tissue oxidative stress is lipid
peroxidation, where lipid peroxides derived out of polyunsaturated fatty acids (PUFA)
break down to form compounds like malondialdehyde (MDA). The quantization of
MDA is a widely used method to assess lipid peroxidation levels (Simseket al.,2006).
MDA serves as an indicator of escalated oxidative stress, as it reflects the end result of

lipid peroxidation in body tissues or biological fluids (Halliwell and Chirico, 1993).

In the present study, a significant effect (p < 0.05) on the overall MDA values
was observed in all four treatment groups. Group Il exhibited the most prominent
effect on reducing MDA levels, whereas the control group 1V, showed increase in the
values of MDA post the treatment period of 21days. The results align with the study
conducted by Hu et al.(2016)

Charinya and Sunthamala (2023 also found that MDA values increased in
the blood of stressed goats. Oxidative damage increases manifold due to Stress
resulting in MDA and free radical generation, leading to oxidative stress. In contrast to
the control group, Rashaet al. (2020) found a significant reduction in serum SOD,
CAT, and GSH-Px levels during severe infection. On the other hand, a noteworthy
elevation in serum lipid peroxidation (MDA) levels was observed in infected sheep and

goats. This finding aligns with previous studies by Dede et al. (2000) who found an
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increase in the level of MDA in Akkaraman sheep afflicted with Fasciola spp.,
Trichostrongylidae, and Eimeria spp., while Simseket al. (2006)and Dimitrijevi'c et
al. (2012) discovered elevated MDA levels in sheep infested with Dicrocoelium

dendriticum and Strongyloides papillosus, respectively.

Jaheed et al. (2020 documented that infected animals exhibited a notable
reduction in total antioxidant capacity as observed in their serum biochemistry and values

of malondialdehyde increased significantly in goats afflicted with Gl nematodosis.

Mean values along with SE of malondialdehyde of different treatment groups
and within the treatment group have been given in table 4.26 and fig. 4.25.
Table 4.%6. Effect of Fenbendazole Ivermectin and polyherbal drug

administration on MDA in serum of goats afflicted with Gl
nematodosis.

Drug/Duration 0 day 7th day 14th day 21st day
Group | 11.25+0.36" | 11.58 +0.33" | 10.83 +0.348% | 8 +0.395P
Group 11 11.1+0.3* 11.1 +0.28* 9.9 +£0.2285° 4.8 +0.08%
Group 111 11.25+0.39” | 11.73+0.44~ | 9.75+0.228° 3.97 +0.2¢
Group IV 10.48 +0.3* 10.83 +0.26" | 12.83+0.39% | 12.5+0.15"

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Fig. 4.2%: Effect of Fenbendazolelvermectin and polyherbal drug administration
on MDA (nmol/ml) in serum ofgoatsafflicted with GI nematodosis
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49 THERAPEUTIC AND ANTHELMINTIC RESISTANCE STUDY

Based on history of regular deworming by the farmers and high EPG seen
during faecal examination, anthelmintic resistance (AR) to commonly used
anthelmintics was suspected in the goats selected for the research work. Numerous
parasites with veterinary significance possess genetic characteristics that facilitate the
emergence of anthelmintic resistance (AR). Global reports have indicated the
emergence of resistance among various nematode species against all major classes of
anthelmintic drugs (Wanyangu, 1996 Kaplan, 2004 Papadopoulos 2008
Makvana and Singh 2009 Penaet al.,2014 Adediran et al, 2019. The issue of
anthelmintic resistance has escalated into a significant concern within the field of
veterinary medicine, posing a dual threat to agricultural productivity and the well-

being of animals.

Sharmaet al.(2015 reported that, ivermectin treated group revealed 100% decline
in faecal egg count. Nevertheless, in the fenbendazole-treated group, a reduction
percentage of 57.44% and 70.87% on day 7 and 14 post treatment respectively in faecal
egg count were observed, suggesting the low efficacy of fenbendazole against strongyle
worms. Khajuria (2010), Boganet al.(1987) Yadav (1990) Hong et al.(1996) Singh et
al. (2002) Waruiru et al.(2003) Sissayet al. (2006) Saddiqui et al.(2006) and Rialch
et al. (2013) have collectively documented heightened resistance of H. contortus to
benzimidazole groups in comparison to other gastrointestinal nematodes. The development
of fenbendazole resistance in goats could potentially be attributed to its prolonged and
widespread usage against nematodes over many years (Meenakshisundaramet al, 2014;

Varadharajan and Vijayalakshmi, 2015).
49.1 Egg per gram(EPG)

The mean EPG of goats suffering from GI nematodosis were compared with
the control group IV. The mean EPG values on 0O day before treatment in Group |
(2016.67 + 32.77), Group 1l (2191.67 + 62.23), Group Il (2133.33 + 52.88) and
Group 1V (1941.67 + 65.28) showed no significant variation and difference amongst
them was less than EPG of 250. However on 21st day after treatment mean EPG
values in Group | (816.67 = 30.12), Group Il (308.33 + 6.27), Group 111 (200 + 9.13)
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and Group IV (1941.67 + 23.81) showed significant variation (P < 0.05) and
difference between the groups with highest and lowest EPG was more than EPG of
1740. Significant improvement in the mean EPG in both treatment groups G 11 (675 £
13.69) and G Il (641.67 + 12.27) were observed on 14th day post treatment
comparedto G I and G V.

A significant difference (P<0.01) in EPG values between the 0 day and the 71"
day after administering of polyherbal formulation (PHF) was evident in Group Il1. This
result suggests that the PHF exhibited its effectiveness from the 7" day itself. The EPG
values decreased significantly from 7th day to 14th day, and even until the 21% day,
indicating that the PHF had efficient anthelmintic activity. These results align with the
findings of Zacharias et al. (2008)and Biswaset d., (2017).

On the 14th day after treatment, the EPG counts in group Il showed a notable
and statistically significant reduction (641.67 + 12.27) compared to group |
(Fenbendazole), where the count remained higher (1550 + 25.28). The findings
regarding the polyherbal formulation are consistent with previous studies by Khan and
Kishor (2014), Garg et al.(2004) and Kumar et al.(2008).

Mean values along with SE of EPG of different treatment groups and within the

treatment group have been given in table no. 4.27 and fig. 4.26.

Table 4.2Z7: Effect of Fenbendazole Ivermectin and polyherbal formulation on
EPG in goatsafflicted with Gl nematodosis

g 0 day 7th day 14th day 21st day

Gl 2016.67 +32.77~ | 1783.33 +30.12" | 1550 + 25.285%° | 816.67 + 30.125°
Gll 2191.67 + 62.23” | 1741.67 +46.07" | 675+ 13.69°° | 308.33 + 6.27¢°
Gl 2133.33+52.88% | 1725+28.26" | 641.67 +12.27°° | 200 +9.13°°
GIV 1941.67 + 65.28" | 1958.33 + 68.6" | 2050 + 60.09"% [1941.67 + 23.81"2

Values (Mean + SE) that share a common superscript (capital letters in columns and small letters in
rows) indicate no significant differences (P < 0.05).
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Table 4.2: Anthelmintic efficacy of Fenbendazole, Ivermectin andpolyherbal
formulation against Gl nematodes in goats based on FECRT % at
215t day post treatment.

Drug Group-I Group-Il Group-lll Group -IV
(Fenbendazole] (lvermectin) (P.H.F) (Control)
No. of animals 6 6 6 6
Min & Max EPG (0 day) 1850-2400 1850-2800 1800-2600 1550-2600
Min & max EPG (21st day) 600-1100 250-350 100-250 1800-2200

M pre Tr. FEC (x SEM) 2,016.67+80.27 | 2,191.67+152.4|2,133.33+129.5|1,941.67+159.9

M post Tr. FEC (+ SEM) 8167+74 | 3083%153 | 2004223 | 1941.7 58

FECRT% (21* day) 59.05% 85.07% 90.62% -
95% CL 4759 -70.51 | 81.92-88.22 | 87.66 - 93.58
Interpretation Resistant & Sub optimal Effective

Least effective efficacy

410 COPROCULTURE AND IDENTIFICATION OF LARVAE

Goats commonly host single or multiple genera of helminths, with nematodes being
the most frequently found. This observation aligns with previous studies conducted by Arora
et al.(2010) Sutar et al.(2010) Sharmaet al.(2014) and Khan and Kishor (2014).

Coproculture on day 0 of pooled faecal samples of all groups revealed the
occurence of Haemonchus contortus (68-85%), Trichostrongylus spp. (8-20%),
oesophagostomum spp. (5-8%) and Strongyloides spp. (2-4%) in animals of all groups.
The results are similar to the findings of Manikkavasagan et al. (2013) Kanojiya et
al. (2015)and Sastya (2016)However, it was 94-95%, 2-4%, 1-3% and 0-1% on 7%
day post-treatment. Coproculture examination on 14" day post treatment revealed that
predominant species found were 97% H. contortus and 3% Trichostrongylus spp,
indicating that H. contortus is the primary cause of GI nematodosis in goats of tarai
region of Uttarakhand. Prevalence of infective larvae (L3) in coproculture pre and post

treatment is depicted in table no 4.30.

Table 4.30: Prevalence of infective larvae (L3) in coproculture pre and post

treatment.
LARVAL SPECIES 0 Day 7" Day 14" Day
Haemonchus contortus 68-85% 94-95% 0-97%
Trichostrongylus spp. 8-20% 2-4% 0-3%
Oesophagostomum spp. 5-8% 1-3% 0-1%
Strongyloides spp. 2-4% 0-1% -
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Plate 4.2: Depiction oflarvae (L3) of Gl nematodes in goats after coproculture

(A— Oesophagostomurapp, B- Haemonchusspp, C- Trichostrongylus
spp, D- infective larvae (Ls) seen after coproculture )
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411 PHYTOCHEMICAL ANALYSIS OF EXTRACTS USED IN
POLYHERBAL FORMULATION

Five indigenous herbs comprising of Vidanga dried fruits (Embelia ribes),
Palash seeds (Butea frondosa), Neem leaves (Azadirachta indica), Pumpkin seeds
(Cucurbita maxima) and Kali jeeri seeds (Centratherum anthelminticum) were taken
for use as anthelmintic preparation. Ethanolic extracts were prepared out of above
ingredients and they were mixed in following proportions to formulate a polyherbal
formulation: Vidanga dried fruits (1000 mg), Palash seeds (1000 mg), Neem leaves
(2000 mg), Pumpkin seeds (1500 mg) and Kali jeeri seeds (1000 mg). The mixture was
mixed with molten jaggery and wheat bran to form a bolus in order to make it palatable
for oral feeding to goats as an anthelmintic. All these extracts were examined
physically for their colour, consistency and percentage yield. After that they were
examined for the occurrence of various phytochemicals.

4.11.1 Percentyield and physical properties of different extracts

Out of the ethanolic extracts prepared from polyherbal ingredients, highest yield
was found in Kali jeeri seeds viz 5.78% followed by Neem leaves 5.56% and minimum
yield was there in Vadenga dry fruits 2.75 %. The difference in the percentage yield of
different extracts may be because of the solubility of various ingredients, method and
type of extraction used (Peachet al.,1955)

Physical properties and Percent yield of ethanolic extracts from polyherbal
ingredients is shown in table no 4.31 and fig. 4.27.

Table 4.31: Physical properties and Percent yield of ethanolic extractfrom
polyherbal ingredients

S. | Polyherbal | Colour Consistency| Dry weight |Weight of extract| % Yield
No. | ingredients for extraction | obtained (gm)
(gm)
1 Neem leaves | Greenish Sticky 380 21.12 5.56
black

2 Pumpkin Greenish Oily 530 20.3 3.83
seeds black

3 Kalijiri Black Sticky 850 49.1 5.78
seeds

4 Palash seeds | Dark brown | Semisolid 550 16.03 291

5 Vadenga Chocolate | Sticky 680 18.7 2.75
Dry fruits brown

Results and Discussion ..............&2




134

Yeild of extracts (%)

m Neem

m Pumpkin
m Kalijiri

m Palash

m Vadenga

Fig. 4.27. Comparative yield of ethanolic extractsfrom polyherbal ingredients (%)

4.11.2 Phytochemical analysis of extracts

Different extracts prepared from all five polyherbal ingredients were
phytochemically examined for the existence of major phytochemical groups viz total
phenols, total flavonoids, total antioxidant content, total tannin content and total
reducing sugars. The anthelmintic effect of the extract is likely attributed to a range of
natural compounds found in the plant, such as sterols, terpenes, polyphenols,
flavonoids, tannins, saponins, and alkaloids. These phytochemical constituents are
believed to possess potent properties that result in the observed anthelmintic activity of
the plant. Nevertheless, further in-depth phytochemical analysis is necessary to identify
and characterize each active compound responsible for this effect. Understanding the
exact mechanisms of action underlying this activity would require a more

comprehensive investigation.

Concentration of major phytochemical groups (Phytochemical assay) present in

the polyherbal ingredients is shown in table no 4.32 and fig. 4.28.
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Table 4.2: Concentration of major phytochemical groups presenin polyherbal

ingredients
Conc (mg/100g) Flavonoid Phenols | Antioxidant Tannin Reducing
Sugar
Neem 189.52+0.003 |210.89+0.001 | 167.39+0.022 | 453.4+0.021 | 608.36+0.005
Vidanga 195.63+0.002 |210.89+0.004 | 275.50+0.002 | 370.34+0.016 | 618.39+0.014
Kalijeeri 478.35+0.011 [442.46+0.001 |551.12+0.003 | 481.82+0.025 | 600.83+0.005
Pumpkin seeds | 234.46+0.008 |191.32+0.005| 563.23+0.01 |296.21+0.007 | 585.22+0.006
Palash seeds | 338.45+0.037 |228.83+0.002 | 547.18+0.006 | 647.93+0.008 | 621.73+0.005
800
£ 700
S m Neem
S 600 !
= I = Vidanga
< 500 I I
S ] caliicart
2 400 m Kalijeeri
= .
g 300 Pumpkin seeds
o
O 200 u Palash seeds
100
0
TPC TFC TAC TTC TRS
PHYTOCHEMICAL ASSAYS

Fig. 4.28. Phytochemical assay of the plant extracts.

(TPC: Total Phenol Content TFC: Total Flavonoid Content, TAC:
Total Antioxidant Content, TTC: Total Tannin Content, TRS: Total
Reducing Sugar)
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Chapter 5 SUMMARY AND CONCLUSION

The present study was conducted between Nov 2021 to Dec 2022. The research
was conducted at goat farms/herds of Tarai region around Pantnagar. Screening of
goats infected with gastro intestinal (GI) nematodes was done using "Faffa Malan
Chart" (FAMACHA) technique.

The effect of commonly used anthelmintics viz fenbendazole and ivermectin on
haematobiochemical parameters and biomarkers of oxidative stress in goats afflicted
with gastrointestinal nematodosis was carried out and their efficacy was compared with
the polyherbal formulation used in the trial. Based on history of regular deworming by
the farmers and high EPG seen during faecal examination, anthelmintic resistance (AR)
to commonly used anthelmintics was suspected in the goats selected for the research

work.

Phytomedicines exhibit a multifaceted therapeutic strategy, harnessing a
spectrum of bioactive compounds to synergistically address a range of health
conditions (Spiegler et al., 2017). The art of polyherbalism introduces a harmonious
interaction, affording distinctive benefits beyond those found in solitary herbal
preparations. These polyherbal concoctions have showcased remarkable efficacy in
managing diverse ailments, even when administered in elevated amounts without

compromising safety.

Total 146 goats exhibiting FAMACHA scores ranging from 3 to 5, were
examined to determine the prevalence of Gl nematodosis. Majority of the goats kept
under semi — intensive system of farming had FAMACHA score between 3 to 5 in the
Tarai region around pantnagar and the mucous membrane colour of goats varied from

whitish to light pinkish in colour.

The phytotherapeutic ingredients and quantities used in making Polyherbal drug

are outlined in Table 5.1.

Summary and Conclusion ............ L



137

Table 5.1 Phytotherapeutic ingredients and quantities used in making Polyherbal

drug.

Ser | Poly Herbal Ingredients Dose of ethanolic extracts
No of the plant materials used

1. | Vidanga dried fruits (Embelia ribes) 1000 mg

2. | Palash seeds (Butea frondosa) 1000 mg

3. | Neem leaves (Azadirachta indica) 2000 mg

4. | Pumpkin seeds (Cucurbita maxima) 1500 mg

5. | Kalijiri seeds (Centratherum anthelminticum) 1000 mg

A pilot study was conducted on three goats to rule out any adverse effects of the
PHF used in the experimental study. Initially in-vitro evaluation of polyherbal drug
using Adult Worm Motility Assay (AWMA) was carried out. Ethanolic extract of
polyherbal formulation (PHF) showed total mortality at 100 mg/ml at the exposure
time of 2 hrs. The concentrations of 50mg/ml and 25 mg/ml resulted in total mortality
at the exposure time of 4 hrs. The efficacy of the ethanolic extract of polyherbal
formulation (PHF) in different dose dependent concentrations revealed that it has good
efficacy at the concentrations of 100, 50 and 25 mg/ml at the exposure time of 2 hrs
and 4 hrs against the adult round worms of goat origin in the in vitro trials.

The selected 24 goats were divided randomly into four equal groups and
different coloured tags were placed around the neck for identification. Group I: (n=6)
was treated with fenbendazole @ 5mg/kg body weight orally (Plumb, 2008, Sharma et
al., 2015, Papich, 2016). Group II: (n=6) was treated with ivermectin @ 0.2mg/kg
body weight orally (Lespine et al., 2005, Sharma et al., 2015, Shakya et al., 2018,
Myers et al.,2020). Group IlI: (n=6) was treated with polyherbal formulation @ 6.5
gm/30 kg body wt. orally (Based on safety trial/pilot study, Parsani et al. ,2020,
Kalkal and Vohra 2021, Khanolkar et al., 2018). Group IV: (n=6) was kept as
control (untreated). The hematological, biochemical and oxidative stress related
parameters were investigated at intervals of 0, 7, 14, and 21 days. Faecal samples were
collected directly from rectum on 0 day (Pre-Treatment), 71" day, 14" day and 21% Day
(post-treatment) for calculation of EPG and FECRT.
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The data of egg count in faeces was analyzed by FECRT % for the anthelmintic
efficacy of the polyherbal extracts and conventional anthelmintics on a particular day

using the formula given by Dash et al., 1988.

(Pre-treatment EPG - Post - treatment EPG)
Pre - treatment EPG

% efficacy = 100 x

5.1  Haematological analysis

In the GI Nematodosis infected goats there was significant increase in the mean
values of Hb, PCV and TEC after treatment with Polyherbal formulation & Ivermectin,
as compared to group IV (control). A noteworthy rise in Hemoglobin (Hb), Packed Cell
Volume (PCV), and Total Erythrocyte Count (TEC) following treatment signified the
eradication of Gl Nematodes and the cessation of blood loss. Substantial elevation in
Hb, PCV, and TEC could also stem from the correction of iron deficiency and the swift
regeneration of erythrocytes. The mean hemoglobin concentration was somewhat
higher in the group Il and 111 goats in comparison to group | and IV goats. PCV values
in Group I, 11 and I11 showed a significant increase on day 21% after treatment compared
to the pre-treatment values of day 0- Group 1V showed decrease in PCV values which

was obviously due to the persisting worm burden being the untreated control group.

On 21st day post treatment, Group 111 had significant increase in values of TEC.
Conversely the Goats in group 1V showed non-significant effects on erythrocyte counts

compared to the other groups

For all groups (I, I1, 111, and IV), TLC values generally decreased over time.
Group Il had the most significant decrease in TLC values compared to the other
groups. Group Il also showed a substantial decrease in TLC values over time. Group |

and IV demonstrated non-significant decrease in TLC values.

The percentage of Neutrophils increased in G | (from 48.83% to 61.17%). G IV
had non-significant change, whereas decrease in the values was seen in group Il
(56.17% to 41.33%) & Il (60.50% to 43.17%). The percentage of Lymphocytes
showed significant decrease in the values in G | — (44.83% to 34.50%) whereas
significant increase in values was seen in G 1l (37.50% to 55.00%) and G 11l (33.67%

to 53.17%). No substantial alteration was noted in the values within Group IV.
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5.2  Biochemical analysis

There was significant decrease in the values of ALP, SGOT (AST) and SGPT
(ALT) in goat serum after treatment with PHF and Ivermectin in comparision to control
group which indicated marked hepatic damage in goats infected with GI nematodes. It
is in agreement with the reports of Waghmare et al. (2009), Bhardwaj et al. (2015),
Sunandhadevi et al. (2017) and Ahmed et al. (2012).

Values of blood glucose were also significantly higher in goats treated with
Polyherbal formulation and Ivermectin in comparision to group 1V(control). Glucose
level was low in Group | & IV on account of high EPG and high worm load and the
difference was highly significant statistically (P<0.01). Correlation between EPG and
glucose was inversely correlated The low level of glucose before treatment in goats
suffering from GI nematodosis could be because of anorexia, decreased intestinal
absorption of glucose and reduced rate of conversion of lactic acid to glucose.
Bandyopadhyay and Dasgupta (2000), as well as Arora et al. (2001), also reported
similar findings concerning blood glucose levels. Following treatment, a noteworthy
enhancement was observed, likely attributed to the eradication of parasites and

increased glucose absorption from the gastrointestinal tract.

The serum albumin levels in all groups were within the typical range for goats.
No significant variation among the groups was seen (P > 0.05). Globulin values
remained within normal range for goats and the overall values for A/G ratio also

remained within normal range for goats.

Group I, 11 and 111 showed significant decline in values of ALP, while Group IV
showed an increase in ALP levels. However the values of ALP were found within the
standard range (93-387 IU L-1) for goats. The values of ALT in Groups I, Il and Group
111 reduced significantly on culmination of treatment on 21% day and were close to the
normal range for a healthy goat whereas the values in Group IV showed a steady rise
with most significant increase till 14" day. The increase in values of alanine
aminotransferase in affected animals was due to traumatic damage of mucosa of
abomasum and intestine by the parasites. Significant reduction in SGOT (AST) levels

was seen over the 21day period, with Group Il and Il demonstrating the most
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pronounced effect. However, Group IV had a less favourable impact, leading to

increased SGOT levels.

The values of urea in Groups I, Il and Group Il reduced significantly on 21%
day post treatment and were close to the normal range for a healthy goat. The serum

creatinine values for all groups were within the standard range for goat species.

In all four groups there was non-significant decrease in sodium and chloride
levels after 21 days of treatment compared to their initial values at O day while values
of potassium had a reverse course, though all the values of Serum electrolytes in goats

suffering from GI nematodosis were found in the normal range.
5.3  Oxidative stress related parameters

A notable increase (p < 0.05) was noticed in the serum concentrations of GSH-
Px, SOD, and CAT in goats subjected to the polyhedral formulation treatment,
Ivermectin and Fenbendazole on the 21st day post treatment and decrease in MDA
levels after treatment was noticed. It has been revealed that level of GSH-Px, SOD and

CAT are low during stress caused by GI nematodosis whereas MDA levels were high.

Group Il showed the most prominent effect on Oxidative stress related
parameters from 0 days to 21st day, showing a consistent increase over time in the
values of GSH-Px, SOD and CAT probably because of the synergistic activity of the
phytochemicals of five extracts used in preparation of polyherbal drug rich in
flavonoids and other phytochemicals which possess antioxidant properties that help in

mitigating oxidative stress-related diseases.
5.4 Therapeutic and anthelmintic resistance study

The intensity of EPG of each faecal sample was determined by modified Mc
Master Technique (MAFF, 1971). The eggs per gram of faeces (EPG) were determined
by multiplying the count of nematode eggs in two squares of the McMaster slide by a

dilution factor of 50.
Egg per gram (EPG) = Total of eggs in both the chambers x 50

On 21% day after treatment mean EPG values in Group | (816.67 + 30.12),
Group 1l (308.33 + 6.27), Group Il (200 + 9.13) and Group IV (1941.67 + 23.81)
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showed significant variation (P < 0.05) and difference between the groups with highest
& lowest EPG was more than EPG of 1740. Significant improvement in the mean EPG
in both treatment groups G 11 (675 + 13.69) and G 11l (641.67 £ 12.27) were observed
on 14" day post treatment compared to G 1 and G IV.

Table 5.2 Anthelmintic efficacy of Fenbendazole, Ivermectin and polyherbal drug

against Gl nematodes in goats based on FECRT % at 14" day and 21t
day post treatment.

Drug Group-1 Group-II Group-I11 Group -1V

(Fenbendazole) | (lvermectin) (P.H.F) (Control)
FECRT% (14" day) 21.15% 68.88% 68.40% -
95% CL 13.72- 28.58% | 66.86 -70.89% | 60.36 -76.44%
Interpretation Resistant Sub optimal Sub optimal -

efficacy efficacy
FECRT% (21 day) 59.05% 85.07% 90.62% -
95% CL 4759 -70.51 81.92-88.22 | 87.66 -93.58
Interpretation Resistant & Sub optimal Effective
Least effective efficacy

The results showed a substantial reduction of EPG in the groups treated with
ivermectin and polyherbal drug on 21 day post treatment, with an efficacy rate of
85.07% and 90.62% respectively. In the current research resistance to fenbendazole

was noticed as depicted in Table 5.2.
5.5 Coproculture for larvae identification

Coproculture on day 0 of pooled faecal samples of all groups revealed the
occurence of Haemonchus contortus (68-85%), Trichostrongylus spp. (8-20%),
oesophagostomum spp. (5-8%) and Strongyloides spp. (2-4%) in animals of all groups. It
was found to be 94-95%, 2-4%, 1-3% and 0-1% respectively on 7" day post-treatment.
Coproculture examination on 14" day post treatment revealed that predominant species
found were 97% H. contortus and 3% Trichostrongylus spp, indicating that H. contortus

was the primary cause of Gl nematodosis in goats of tarai region of Uttarakhand.
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Phytochemical study of extracts

Qualitative chemical analysis of extracts of A. indica (leaves), B. frondosa

(seeds), E. ribes (berries), pumpkin seeds (Cucurbita maxima) and Kali Jeeri

(Centratheram anthelminticum) was done to detect total flavonoid, phenols,

antioxidants, tannins and reducing sugars by standard methods.

The plant material with the maximum concentration of flavonoids was Kalijeeri
(478.35 mg/100g), while the minimum was in Neem (189.52 mg/100g).

Kalijeeri also had the highest phenol concentration (442.46 mg/100g), while
Palash seeds had the lowest (228.83 mg/100g).

Pumpkin seeds contained the highest amount of antioxidants (563.23 mg/100g),
and Neem had the lowest (167.39 mg/100g).

Palash seeds had the highest tannin content (647.93 mg/100g), while Pumpkin
seeds had the lowest (296.21 mg/1009).

Palash seeds had the most reducing sugars (621.73 mg/100g), while Pumpkin
seeds had the least (585.22 mg/100g).

5.7 CONCLUSION

The polyherbal formulation employed in the current study demonstrated
effectiveness in both in vitro and in vivo trials. Due to the synergistic effects of
combining multiple herbs polyherbalism presents numerous advantages that are
lacking in single herbal formulations and it enhances the therapeutic effects

significantly.

Based on Haematobiochemical examination and FECRT it was seen that the
polyherbal formulation was effective in the cases of GI nematodosis in goats,
and can be a good alternative to chemical anthelmintics for controlling Gl
nematodosis in goats. The EPG was significantly reduced after treatment on day
21 with polyherbal drug and Ivermectin. Treatment with fenbendazole showed

resistance and thus it was the least effective in present trial.

In Groups treated with polyherbal drug and Ivermectin, there was noteworthy

improvement in the post treatment values of haematological parameters (Hb, PCV,
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TEC and TLC), serum biochemicals (total protein, ALP, AST, ALT, urea and
glucose), serum electrolytes (sodium, potassium, chloride) and Oxidative stress
related parameters of goats as compared to pre-treatment values. Post treatment
values of these haemato-biochemical, electrolyte & Oxidative stress related

parameters were almost comparable with values of healthy goats on day 21.

* Implementing planned grazing, utilizing early diagnosis through the
FAMACHA technique, and incorporating herbal anthelmintics can collectively
mitigate drug resistance and contribute to reducing mortality among goats

affected by gastrointestinal nematodosis.

» Haemonchus contortus is the primary cause of Gl nematodosis in goats of tarai
region of Uttarakhand.

» Excessive utilization of commonly employed anthelmintics could lead to the
emergence of drug resistance, giving rise to significant public health concerns
and causing economic losses within production industries. Deworming with
chemical anthelmintics should only be done when necessary and should be part
of a comprehensive parasite control program that promotes responsible use of
anthelmintics to prevent the emergence of drug resistance in parasites.

* The study on anthelmintic efficacy of various plant products in goat or sheep
remains insufficient and requires further research on various polyherbal

combinations to assess their efficacy as potent dewormers.
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Name : Ashok Singh Rathor Id. No. : 56971

Sem. & Year : 1% 2020-2021 Degree : Ph.D.

of admission

Major : Veterinary Medicine Department : Veterinary Medicine
Minor :  Veterinary Parasitology

Thesis title : “STUDIES ON CLINICO-HAEMATOBIOCHEMICAL AND

THERAPEUTIC EFFICACY OF POLYHERBAL FORMULATION
AGAINST RESISTANT GASTRO INTESTINAL NEMATODES IN
GOATS”

No. of pages ;143 Advisor . Dr. Prakash Bhatt

ABSTRACT

The present study was conducted at goat farms/herds of Tarai region around Pantnagar.
Total 146 goats exhibiting FAMACHA scores ranging from 3 to 5, were examined to determine
the prevalence of GI nematodosis. Out of 146 goats, 103 were diagnosed with Gl nematodosis.
From these 103 goats, 24 goats of either sex, aged between 9 months to 5 years, were selected with
egg counts exceeding 200. They were randomly assigned to four equal groups. Group | received
oral fenbendazole treatment at 5mg/kg body weight, Group Il received oral ivermectin at 0.2mg/kg
body weight, Group Il received an oral polyherbal formulation at 6.59/30 kg body weight, and
Group IV served as the untreated control. A pilot study was also conducted earlier on three goats
to rule out any adverse effects of the polyherbal formulation used in the experimental study.

The haematological, biochemical, and oxidative stress related parameters were
investigated at intervals of 0, 7, 14, and 21 days. Faecal samples were collected directly from
rectum on 0 day (Pre-Treatment), 7th day, 14th day and 21st Day (post-treatment) for calculation
of EPG and FECRT.

There was significant improvement in the mean values of Red Blood Cells, Haemoglobin,
and Packed Cell VVolume after treatment with polyherbal formulation and ivermectin, as compared
to control. ALP, AST, and ALT levels within Groups 1, Il, and 111 reduced significantly by the 21
day, aligning with the healthy goat's standard range. Whereas the values in Group IV showed a
steady rise. The increased enzyme activity in affected animals aligns with detrimental effects
caused by traumatic abomasal and intestinal damage, directly linked to parasitic infestation. Serum
concentrations of GSH-Px, SOD, and CAT were notably elevated on the 21st day post-treatment in
goats treated with the polyherbal formulation, ivermectin, and fenbendazole, along with decreased
MDA levels, indicating decreased oxidative stress after treatment. It was revealed that levels of
GSH-Px, SOD and CAT were low during stress caused by Gl nematodosis whereas MDA levels
were high.

Assessment of EPG and FECRT (%) values on the 21% day post-treatment revealed
efficacy rates of 85.07% for ivermectin, 90.62% for the polyherbal formulation, and 59.05% for
fenbendazole. Significant improvement in the mean EPG in both treatment groups G Il and G 1lI
was seen on 14" day post treatment compared to G | thus indicating resistance to fenbendazole.

Coproculture on the 14th day post-treatment indicated that 97% of identified species were
H. contortus, establishing it as the primary cause of GI nematodosis in goats from the Tarai region
of Uttarakhand.

—
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Advisor Author
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Abstract

A total of 146 goats having FAMACHA score from 3 to 5 were examined for estimating the occurrence
of gastrointestinal (GI) nematodosis in Tarai region around Pantnagar. Hundred and three goats were
found positive for Gl nematodosis. Out of these 103 goats, 18 goats were separated and divided randomly
in three groups. The animals of Group I: (n=6) were treated with fenbendazole @ 5 mg/kg body wt. po;
Group IlI: (n=6) were given ivermectin @ 0.2 mg/kg body wt. po. The animals of Group Ill: (n=6) were
the control without any treatment. Using standard procedures, the serum obtained were assayed for
estimation of antioxidant values and lipid peroxidation viz glutathione peroxidase (GSH-Px), catalase
(CAT) and superoxide dismutase (SOD). On 21% day post treatment, goats of group | & Il showed
significant reduction in lipid peroxidation however values of CAT, SOD & GSH-Px increased
significantly. Values of group 111 showed elevated values of malondialdehyde (MDA) & reduced levels
of GSH-Px, SOD and CAT.
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Introduction

Helminth infection of the gastrointestinal tract is a significant contributing factor to decreased
goat productivity on a global scale, especially under grazing conditions. Clinically,
gastrointestinal parasitic infections in goats present with symptoms such as enteritis, anemia,
emaciation, dehydration, and even death.

As per Tarig et al., (2010) 2%, gastrointestinal (GI) parasitism has emerged as primary
constraint and major threat to the small ruminant industry, leading to production losses and
death in severe cases. The host-parasite relationship with nematode parasites results in
substantial damage at the site of attachment, manifesting as enteritis, anaemia, emaciation,
dehydration, and death. These changes significantly impact the growth, body weight, yield,
and reproductive performance of the animals, resulting in economic losses for the farmers
(Sharma et al., 2014) 1, As per Brunsdon (1988) [, the GI nematodes cause severe losses in
pasture-based livestock farming.

In the sub-clinical form, worms continuously feed on blood (Maiti et al., 1999) 14, causing
anemia and hypoproteinemia. Haematological analysis and Serum biochemistry have proved
to be the reliable and essential indicators for ascertaining the health status of animals. It also
provides insight into the severity of infestation and extent of damage inside the host body,
(Otesile et al., 1991) 8, Imbalance between production of free radicals and antioxidant
defences of the body leads to oxidative stress and its estimation has become vital in animal
production and management. This assessment has become a supporting tool to evaluate
metabolic and nutritional status of infected animals, (Mohebbi-Fani et al., 2012) 5],

The body's antioxidant status plays a critical role in maintaining overall health by serving as an
essential defence mechanism against free radicals, which can cause damage to the biological
system (Padh, 1991) 81, Antioxidant enzymes like GSH-Px, SOD and CAT are vital in
combating the harmful free radicals (ROS: Reactive oxygen species). SOD changes superoxide
radicals into water & hydrogen peroxide, while CAT converts hydrogen peroxide into oxygen
and water and GSH-Px helps in destruction of organic peroxides and hydrogen peroxide.
Charinya and Sunthamala (2023) B, reported increase in MDA values in blood in stressed
goats. Stress can increase oxidative damage, which leads to MDA and free radical generation,
indicative of oxidative stress. Rasha et al., (2020) [*%, reported that serum SOD, catalase and
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GSH-Px level significantly decreased in heavy infection, in
comparison to control whereas significant increase in Serum
lipid peroxidation (MDA) level was seen in infected sheep
and goats.

Many physiological disturbances are caused by the gut
parasites in host body like weight loss, metabolic
disturbances, haematological alterations and increased
susceptibility to oxidative stress, Khan, et al., (2015) 4,

The Present research was planned in order to study the effect
of commonly used anthelmintics on oxidative stress
biomarkers in goats suffering from gastrointestinal
nematodosis.

Material and Methods

Screening and experimental group formation

A total of 146 goats having FAMACHA score from 3 to 5
were examined to determine the prevalence of helminthosis in
the Tarai region around Pantnagar through target selective
treatment (TST).Out of these 146 goats, 103 were found
positive for GI nematodosis. From these 103 goats 18 goats of
either sex (n = 18; 9 months to 5 yrs of age weighing between
10-30 kgs) having egg counts (>200) were separated and
divided randomly in three groups. The animals of Group I:
(n=6) were treated with fenbendazole @ 5 mg/kg body wt. po;
Group 1l: (n=6) were given ivermectin @ 0.2 mg/kg body wt.
po. The animals of Group Ill: (n=6) were the control without
any treatment. The FAMACHA system is an affordable and
validated method for evaluating the extent of anemia,
primarily attributed to H. contortus infection. Van Wyk and
Bath (2002) found that when farmers used and carried out
treatments based on FAMACHA score instead of PCV
determinations, there was 58% reduction in the number of
treatments required at 10 farms in comparison to previous
year.

The present study was conducted at the Dept. of Veterinary
Medicine, (CVASc) and Biochemistry Dept. (CBSH),
Pantnagar. Approval was taken from Institutional Animal
Ethical Committee of college vide proposal No
IAEC/C.V.A.Sc./VMD/487 dt 25/10/2021 & dt 28/09/2022.

Collection and analysis of biochemical parameters

Five millilitres of jugular vein blood was collected in serum
vacutainers with clot activators under aseptic condition from
each of the goats on 0 day (before treatment), and days 7, 14
and 21 (after treatment) using sterile syringe and needles.
Blood after collection was kept at room temperature to
facilitate clotting and was centrifuged for separation of serum.
Eppendorf tubes were used to transfer the serum samples
maintained at 4 °C till they reached the laboratory for
estimation of various antioxidant parameters.

Assessment of antioxidant status

The present investigation focused on the assessment of lipid
peroxidation (LPO) and enzymatic antioxidant indices,
including GSH-Px, CAT, and SOD, in the serum of goats. To
conduct the analysis, we utilized the Activity Assay kit from
Real Gene Labs, Ghaziabad, India, following the instructions
provided in the user manual. The measurements were taken
on day 0 and day 7, 14, and 21.

Estimation of malondialdehyde (MDA) in the blood serum
was done for assessment of lipid peroxidation. This marker
serves as an indicator of oxidative damage caused by lipid
peroxidation.
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Principles of Detection

a) Glutathione peroxidase (GSH-Px) is a crucial peroxidase
enzyme widely distributed in the body and its main role
is to change reduced glutathione (GSH) into oxidized
glutathione (GSSG), thereby converting harmful
hydrogen peroxide into non-toxic hydroxyl compounds.
The activity of GSH-Px was assessed based on the
decrease in absorbance at 412nm, resulting from the
formation of a characteristic compound when DTNB (5,
5’-dithiobis-2-nitrobenzoic acid) reacts with GSH.
Superoxide dismutase (SOD) is an omnipresent enzyme
found in animals, microorganisms, plants and cultured
cells. It catalyses the conversion of superoxide anions
into hydrogen peroxide (H.O2) and oxygen (O.), thus
playing a crucial role in the biological antioxidant
system. To evaluate SOD activity, we utilized the
xanthine and xanthine oxidase reaction system, where
superoxide anions (O,-.) are generated. These anions
reduce nitrogen blue tetrazolium to form blue formazan,
which absorbs light at 560nm. By measuring the intensity
of the blue colour, we can determine the SOD activity, as
higher activity leads to a lighter blue colour due to the
inhibition of formazan formation. The enzyme activity of
SOD in reaction system is defined as a unit of enzyme
activity (U/ml) when the inhibition percentage is 50% in
the above xanthine oxidase reaction system.

Catalase is a ubiquitous enzyme found in various
organisms, including animals, plants, microorganisms,
and cultured cells. Its primary function is to scavenge
hydrogen peroxide (H202), making it an essential
component of the reactive oxygen scavenging system.
H.O, exhibits a distinct absorption peak at 240nm. By
decomposing H2O-, catalase reduces the absorbance of
the reaction solution at 240nm over time. Catalase
activity can be determined by calculation of the rate of
change in absorbance. One unit of enzyme activity is
defined as the amount of enzyme which catalyses
degradation of one umol of H,O; in the reaction system
per minute every millilitre of serum (plasma).

Lipid peroxidase is produced when unsaturated fatty
acids of lipids gradually decompose into various complex
compounds like malondialdehyde (MDA) due to the
activity of oxygen free radicals. Lipid oxidation values
are often measured by detecting the level of MDA. A red
product with highest absorption peak of 532nm is formed
due to condensation of MDA with thiobarbituric acid
(TBA). Through colorimetry, lipid peroxide content in
the sample can be calculated. Concurrently absorbance at
600nm is measured, and difference in absorbance
between 532nm and 600nm is used to calculate the MDA
content.

b)

c)

d)

Statistical analysis

All results were expressed as mean + standard error of the
mean (S.E.M) for statistical analysis. Two-way ANOVA and
post-hoc Tukey's test were employed to determine any
significant differences among the groups at the same sampling
time. Statistical significance level for comparisons was set at
p<0.05, meaning that P values less than 0.05 were considered
significant.

Results & Discussion
Significant rise in the levels of serum GSH-Px, CAT and
SOD were observed in goats treated with Ivermectin and
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Fenbendazole on the 21st day post treatment. Conversely non-
significant change in values of GSH-Px, SOD, and CAT in
comparison to values on 0 day were seen in the untreated
control group on the 21st day post treatment. MDA indicates
increased oxidative stress as it represents the final outcome of
lipid peroxidation in body tissues or biological fluids
(Halliwell and Chirico, 1993) [, Previous studies by Dede et
al., (2000) ™ reported increased MDA levels in Akkaraman
sheep infected with Trichostrongylidae, Fasciola spp. and
Eimeria spp., while Simsek et al., (2006) 2?1 and Dimitrijevi'c
et al. (2012) ¥ found increased MDA levels with
Dicrocoelium dendriticum and Strongyloides Papillosus
infestations in sheep, respectively. However, the treatment
with Ivermectin and Fenbendazole resulted in a lower MDA
level compared to the positive control group, indicating
improved antioxidant status.

In goats suffering from Gl nematodosis, the level of lipid

https://www.thepharmajournal.com

peroxidation decreased significantly (p<0.05) on the 21st day
after treatment with fenbendazole and ivermectin, while it
showed a significant increase in the untreated control group
on same day.

Estimation of MDA allows the indirect detection of the level
of lipid peroxidation and free oxygen radicals. In this
experiment, the MDA levels exhibited an opposite trend to
those of GSH-Px, SOD, and CAT. Similarly, various studies
(Rashid, 2016; Heidarpour, et al., 2012; Kolodziejczyk, et al.,
2006) [20 9 13 have reported increased lipid peroxidation
during helminth infections. Jaheed et al., (2020) %, reported
that, significant decrease in total antioxidant capacity was
found in serum biochemistry of infected animals. Values of
GSH-Px decreased significantly in goats suffering from Gl
nematodosis whereas values of malondialdehyde increased
significantly.

Effect of Fenbendazole and Ivermectin drug administration on oxidative stress related parameters in goats suffering from GI nematodosis

Groups Days| Glutathione peroxidase (mu/ml) | Superoxide dismutase (U/ml) | Catalase (u/ml) | MDA (nmol/ml)

0 42.833 A 33.000 A 23.667 A 11.250 A

Group-1 (Fenbendazole) 7 40.417 A 32.900 A 23.333B 11.583 A
14 47.167 BP 34.667 BP 25.833 Bb 10.833 Bab

21 115.667 ¢°¢ 84.667 BP 56.667 BP 8.000 BP

0 42.833 A 33.500 A 26.500 A 11.100A

Group-11 (Ivermectin) 7 42.417 A 33.3334 23.833B 11.100 A
14 63.500 A2 41,333 A2 32.000 A2 9.900 Bb

21 138.500 B 94,333 A2 69.833 A2 4.800 ¢

0 40.250 A 32.833 A 26.100 A 10.483 A

Group-I11 7 40.583 A 33.250 A 26.500 A 10.833 4
(Control) 14 42.000 BP 32.333Bb 23,917 Bb 12.833 A2

21 44333 A 34.167 ¢ 30.167 C¢ 12.500 A2

Capital letter (A, B, C etc.) Indicates significant difference
among the drugs (p<0.05)

Small letter (a, b, c etc.)
among the days (p<0.05)

Indicates significant difference
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Fig 1: Effect of Fenbendazole and Ivermectin drug administration on Glutathione peroxidase in goats suffering from GI nematodosis.
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Fig 2: Effect of Fenbendazole and Ivermectin drug administration on Superoxide dismutase in goats suffering from GI nematodosis
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Fig 3: Effect of Fenbendazole and Ivermectin drug administration on Catalase in goats suffering from Gl nematodosis

14.00 I MDA (nmol

/ml)

12.00

10.00

8.00

6.00

4.00

2.00

0 Day 7 Day

1T

!

#MDAG!
EMDAG I
=MDAGIN

14 Day 21 Day

Fig 4: Effect of Fenbendazole and Ivermectin drug administration on malondialdehyde in goats suffering from GI nematodosis.

Conclusion

The present study reveals that nematodosis in goats leads to
protein oxidation and oxidative stress. However, treating the
infected goats with anthelmintics, reduces the worm load, and
improves their antioxidant status. Alteration in serum
biochemistry of the infected animal’s had strong correlation
with the amount of damage and infection severity,
Esmaeilnejad et al., (2012) 1,

These findings suggest that there is an increase in the level of
free radicals coupled with oxidative stress in goats infested

~gg

with  gastrointestinal ~ nematodes.  Additionally, the
administration of anthelmintics during the early stages of
treatment may add to the chemical stress experienced by the
animals, Dimitrijevi'c et al., (2012) 51,

Charinya and Sunthamala (2023) [, reported increase in
MDA values in blood in stressed goats. Stress increases the
oxidative damage, which leads to generation of MDA and free
radicals which is indicative of oxidative stress. Rasha et al.,
(2020) 9, reported that serum SOD, CAT and GSH-Px level
significantly decreased in heavy infection, compared to
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untreated control whereas MDA level increased significantly
in the infected sheep and goats.

After 21 days post-treatment, when the worm burden
decreased and the chemical stress from anthelmintics
subsided, the serum levels of GSH-Px, SOD, and CAT
showed significant increase in goats of both Group | and
Group 11, in comparison to the untreated control group (Group
I11). Furthermore, MDA values in Group | and Il revealed a
significant decrease, indicating that goats treated with
anthelmintics were able to achieve and maintain adequate
antioxidant compensation, thereby reducing MDA levels.
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