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Eimeria infection is one of the protozoal diseases of animals caused by various species of Eimeria and causes reduced productivity
and raised mortality in ruminants, especially in young ones. To study the effect of anti-emeriosis drugs on the morphological and bio-
chemical parameters of lambs’ blood infected with Eimeria, 3 groups of Romanov breed animals, two months old, affected by the Eime-
ria pathogen were formed. The first group of animals was treated with a drug containing the active ingredient decoquinate; the second
group of animals with a drug containing the active ingredient toltrazuril; the third group of lambs were given a combined drug containing
80 mg of norsulfazole, 70 mg of sulgin, 30 mg of trimethoprim, 45 mg of oxytetracycline hydrochloride and 25 mg of tylosin tartrate per 1
); the fourth group of lambs was the control group, the animals were free from the Eimeria pathogen and were kept separately. The blood
of the animals was analysed on days 7 and 14 of treatment. In the blood of the experimental lambs, an increase in the number of red blood
cells, neutrophils, lymphocytes, and monocytes was noted. There was also a decrease in the total number of leukocytes, eosinophils,
young and segmented neutrophils. According to the results of the treatment, there was an increase in the content of total, albumin, hemog-
lobin and glucose, as well as the activity of gamma-glutamate transferase. At the same time, there was a decrease in the content of globu-
lins and the activity of aspartate aminotransferase and alanine aminotransferase compared to the biochemical parameters of healthy lamb
blood serum of the control group. According to treatment results, the restoration of sick lambs’ blood parameters to those of healthy ani-
mals was noted; however, the most stable effect was using the combined drug.
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Introduction

Sheep are regarded as being one type of potential livestock that are
widely raised in various regions around the world for both purposes of
producing meat and wool (Gondipon & Malaka, 2021). Parasitic diseases
of sheep are prevalent worldwide and cause significant economic losses,
consisting of reduced productivity, deterioration in the quality of livestock
products, and animal mortality. At the same time, the most common cause
of digestive tract disease in lambs is protozoan parasites of the genus Ei-
meria (Emst & Benz, 1986; Silva et al., 2014; Mohamaden et al., 2018;
Gutyj et al., 2019; Bangoura & Bardsley, 2020; Boyko et al., 2021). This
type of parasite localizes and develops in the small and large intestines of
infected animals. Eimeria are characterized by a strict species affiliation to
the hosts they parasitize. Animals become infected by ingestion of food or
water contaminated with sporulated oocysts. In the sheep's body, sporo-
zoites leave the oocysts and enter the cells of the intestinal mucosa — ente-
rocytes — and undergo numerous binary divisions. The exogenous stage of
development takes place in the external environment and requires proper
conditions: temperature, humidity, and oxygen (Kareem & Yiicel, 2015;
Sujani et al. 2023). There are also researchers who say that the optimum
temperature for sporulation is 20-25 °C. The time required to sporulate to
the infective stage is a special trait of each coccidia species, so this trait is
used in identification. Under conditions of oxygen and appropriate humid-
ity and optimum temperature, oocysts can sporulate (Felici et al., 2021).

This parasitosis is characterized by pronounced clinical symptoms:
oppression of the animal, lack of appetite, abdominal pain, and diarrhea.
The genus Eimeria causes the death of a large number of host intestinal
cells and enterocytes leading to reduced absorbance of the critical electro-
lytes and nutrients (Jacobson et al., 2020; Ahmadi et al., 2021). Feces
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acquire a watery consistency with blood impurities and a significant amo-
unt of mucus. Subsequently, anemia, emaciation, dehydration, and death
are observed in such animals (Andrade et al., 2012; Roeber et al., 2013;
Keeton & Navarre, 2018). The highest mortality rate in young animals is
recorded for diarthea with a significant amount of blood (Kareem &
Yiicel, 2015). Eimeria can occur in clinical and hidden forms (Lagares,
2008).

Eimeria most often affect young animals under the age of 4 months.
Clinical signs can also occur in adult animals. However, adult animals are
more likely to act as parasite carriers. In the case of coccidiosis, a parasitic
infestation of the intestines, wet weather is known to promote incidences
in livestock (Lopes et al., 2013). The analysis of risk factors showed that
intensive rearing, no rotation of pasture, dirt, and slatted floors, and age up
to 12 months were associated with infection (Carneiro et al., 2022).

Eimeria are associated with significant economic costs of animal
treatment, loss of body weight gain, and death of lambs, especially at the
age of less than three months (Reeg et al., 2005; Elmadawy & Elkhaiat,
2014; Ramadan et al., 2018).

Traditionally, the fight against Eimeria in sheep is achieved through
careful observance of zoohygienic requirements, as well as the introduc-
tion of coccidiostatic drugs into the feed or vaccination with live or wea-
kened parasites (Mohamed et al., 2022). Necropsied sheep showed mild
mesenteric lymphadenomegaly, diffuse proliferative enteritis in the small
and large intestines, and mucosal thickening. Histopathological studies
exhibited diffuse proliferative enteritis and presence of structures compati-
ble with intracellular coccidia at different stages of development (Olmos
etal., 2020).

At the same time, when pronounced clinical signs of ovine Eimeria
are registered, treatment is mostly ineffective, but the severity of the dise-
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ase can be reduced by early use of some coccidiostats, in particular, toltra-
zuril, diclazuril, and sulfaquinoxaline (Kareem & Yiicel, 2015). However,
in recent years, there has been a rapid increase and spread of resistance of
parasitic pathogens to chemotherapeutic drugs worldwide (Vlasenko &
Stybel, 2012). Also, the recent emergence of ovine Eimeria spp. resistance
to toltrazuril highlights the urgent need for the development of alternative
control strategies (Odden et al., 2018).

That is why this work aimed to determine changes in the morphologi-
cal and biochemical parameters of the peripheral blood of lambs with
Eimeria after the use of the studied chemotherapeutic drugs with an eime-
riostatic effect.

Material and methods

The research was carried out on two-month-old Romanov sheep kept
on farms in Cherkasy region, Ukraine. The animals were selected accor-
ding to the principle of analogy: they had approximately the same weight,
sex (male lambs), severity of clinical manifestations, and keeping and
feeding conditions.

According to our previous studies, we found that lambs in these farms
were infected with four taxa of Eimeria: E. arloingi Marotel, (1905) (pre-
valence — 41%), E. crandallis Schneider, (1985) (prevalence — 29%),
E. intricate Spiegel, (1925) (prevalence — 15%), and E. faurei Moussu and
Marotel, (1902) (prevalence — 15%). The level of damage caused by the
Eimeria pathogen among experimental lambs of one month of age was
95%, with an amplitude of infection intensity of 587-10,000 oocysts
(Soroka & Filipenko, 2022).

To study the effect of eimeriostatics on the morphological and bio-
chemical parameters of lambs’ blood, four groups (three experimental and
control) of animals were formed, each consisting of 10 Romanov sheep.
The animals were given drugs per os, individually, daily for two four-day
treatment courses with a break of three days. The first group of lambs was
administered ““Quinosan” (containing the active ingredient decoquinate) at
adose 0f 0.33 g of the drug per 10 kg of body weight per day. The second
group of animals was administered “Baycox 5% (containing the active
ingredient toltrazuril) at a dose of 3 mL of suspension per 10 kg of body
weight. The third group of lambs was administered ‘“Brovaseptol” (a com-
bined preparation containing 80 mg of norsulfazole, 70 mg of sulgin,
30mg of trimethoprim, 45 mg of oxytetracycline hydrochloride and
25 mg of tylosin tartrate per 1 g) at a dose of 2 g per 10 kg of animal body
weight. The fourth group of lambs was the control group, the animals
were free from the Eimeria pathogen and were kept separately.

For the study, blood was collected from lambs by puncture of the ju-
gular vein in the moring before feeding, in two tubes: one tube with an
anticoagulant (heparin) for morphological studies and the second tube
without a stabilizer for biochemical studies. Blood samples were taken on
days 7 and 14 from the start of treatment. Separately, blood was taken
from sick lambs at the beginning of treatment for further study and com-
parison.

Determination of hematological parameters of blood (number of red
blood cells and leukocytes) was carried out by counting blood cells in the
Goryaev chamber. The leukocyte formula was determined by counting
leukocytes in a Romanowsky-Gimza stained smear. Hemoglobin content
was determined using the hemoglobin cyanide method (Vlizlo et al.,
2012). Serum biochemical parameters were determined using an automa-
tic biochemical analyzer DS-261 (Sinnowa, China, 2021) of closed type
with a flow cuvette and a photoelectrocolorimeter Apel AP-120 (Japan,
2021). The total protein content was determined by the biuret reaction, and
the ratio was determined by polyacrylamide gel electrophoresis.

All studies were conducted in accordance with the Council of Europe
Convention for the Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes of March 18, 1986, Directive
2010/63/EU of the European Parliament and of the Council of September
22,2010, on the protection of animals used for scientific purposes and the
Law of Ukraine of February 21, 2006, No. 3447-1V (as amended on June
22,2017, No. 2120-VIII) “On the Protection of Animals from Cruelty”.

The development of this protocol was approved by the Bioethics
Committee of the National University of Life and Environmental Scien-

ces of Ukraine (conclusion of the Bioethics Committee No. 21/22 of
September 18, 2022).

Descriptive statistics were calculated and presented as mean =+ stan-
dard error of mean (x = SE). All sample distributions were assessed for
normality using the Shapiro-Wilk test. (REF) For normally distributed va-
riables, the comparison between control and infected groups was perfor-
med using one way ANOVA. For the three treatment groups, the compa-
rison between infected pre-treatment groups and treatment on days 7 and
14 was made using repeated-measures ANOVA followed by post hoc
pairwise comparison with Bonferroni correction. We used an alpha level
of 0.05 for all statistical tests. The statistical processing of the data was
performed using SAS version 9.X for Mass (SAS Institute Inc., USA).

Results

Morphological studies of blood make it possible to describe qualitati-
ve and quantitative characteristics of blood cells, which can help evaluate
the course of the main disease and predict its outcome. Hematological stu-
dies also provide invaluable information regarding the pathogenesis of the
disease and help in understanding the mechanisms of participation of indi-
vidual organs and systems in this process.

According to the results of the determination of morphological indica-
tors of blood in lambs that were sick with eimeriosis, a significant decrease
in the number of erythrocytes by 29.6% was established compared to ani-
mals that were free of Eimeria oocysts and had no clinical signs according
to laboratory studies. Erythropenia indicates blood loss associated with da-
mage to the intestinal wall by single-celled parasites and the development
of hemorrhagic enteritis. At the same time, sick animals had a significant
leukocytosis: the total number of leukocytes increased by 47.1% compa-
red to healthy lambs.

General leukocytosis obviously indicates a syndrome of the general
inflammatory reaction of the body to the penetration of parasites into the
internal environment and massive damage to the lamb’s digestive tract.
Eosinophilia against the background of eimeriosis of lambs is also note-
worthy: the number of eosinophils increased by 55.4% compared to heal-
thy animals, which may indicate significant sensitization for this parasito-
sis. The increase in the number of young neutrophils in peripheral blood
by 75% indicates a violation of neutrophilopoiesis. A slight decrease in
rod neutrophils (by 8.7%) and an increase in segmented (by 29.5%) neu-
trophils may indicate degenerative displacement of the nucleus to the
right. Such a reaction is a response of the body as an element of the physi-
ological compensatory mechanism to the stimulation of exchange prod-
ucts that are formed as a result of Eimeria parasitism.

The appearance of young neutrophils in the hematological profile
may indicate a violation of neutrophilopoiesis, which led to the appearan-
ce of young cell forms in the bloodstream. The number of lymphocytes in
the blood of sick lambs also changes, in particular, a sharp decrease in
lymphocytes by 31.6% and monocytes by 12.4% compared to animals
that were not sick with eimeriosis. Such changes may indicate an acute
course of the disease (Table 1).

Table 1
Morphological parameters of the blood of lambs
with and without Eimeria (x £ SE, n=40)

Hematological Lambs free from  Lambs with Eimeria,
ciors Eimeria oocysts — before treatment
param control (n= 10) (n=30)

Erythrocytes, 10”/L 11.83 £0.19 8.32+£032%*
Leukocytes, 10°/L 9214027 17.41 +£0.98**
Basophils, % 0 0
Eosinophils, % 2.54+0.36 573 £ 1.59%*

young 024+007 0.81+0.14*
Neutrophils, %  stick-nucleated 465+021 425+048

segmented nuclear 34.68+2.17 4929 +£2.78**
Lymphocytes, % 5548+1.88 3794 +£343%*
Monocytes, % 2.53+021 223+0.54

Notes: * —P <0.05; ** — P <0.01 —relative to the control group of lambs; two groups
were compared using one way ANOVA.
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In determining the effectiveness of anti-eimeriosis agents, the effect of
chemotherapy drugs on the morphological indicators of lambs sick with
eimeriosis was also studied, in particular, the rate of restoration of the
hematological profile to the indicators of healthy animals after their use.

It was established that on the 7th day of the use of decoquinate (1 ex-
perimental group) in sick lambs, the indicators of peripheral blood im-
proved, in particular, a slight increase in the number of erythrocytes by
19.3%, a decrease in the total number of leukocytes by 24.4%, and eosi-
nophils by 8.7%, an increase in the number of rod-shaped and a decrease

Table 2

in the number of segmented neutrophils by 10.6% and 35.1%, respective-
ly. It is worth noting the appearance of basophils, which were not obser-
ved with the use of other chemotherapy agents. At the same time, the use
of toltrazuril (experimental group 2) for the treatment of experimental
lambs increased the number of red blood cells by 22.7%, rod neutrophils,
lymphocytes and monocytes by 4.5%, 28.3% and 19.7%, respectively.
There was also a decrease in the total number of leukocytes by 38.5%,
eosinophils by more than two times — by 52.1%, young and segmented
neutrophils by 37.5% and 27.7%, respectively (Table 2).

Morphological parameters of the blood of lambs with Eimeria before and after treatment with three chemotherapy drugs on days 7 and 14 (x = SE, n=30)

Hematological Treatment 1 (n=10) Treatment 2 (n=10) Treatment 3 (n=10)
parameters day 0 day 7 day 14 day 0 day 7 day 14 day 0 day 7 day 14

Erythrocytes, 10/L 833+£032%* 9.16+061 1083+£029 794+0.17** 10.74+£045 1121£056 8.12+£044** 11.15+048 11.63+0.14
Leukocytes, 10°/L 1741£098** 1284+0.63 10.73£095 17.08+1.14** 10.74+036 1034+2.16 17.63+1.19** 10.13+£061  9.62+036
Basophils, % 0 0.23+0.07 0 0 0 0 0 0 0
Eosinophils, % 573£1.59%*  527+1.11  505+083 544+£132* 273+024  269+034 5.12+£137% 263096  2.59+0064
Neutr young 0.83+0.14*  0.77+0.53 124+£042 086+023*  052+008 064+0.13 082+021* 041+013  044=+0.18
ophils, stick-nucleated 424+048%  473+1.16  415+£182 441+097*  446+087  439+£064 432+057* 435+051  456+022

% segmentednuclear 4927+2.78 44.14+391 34224232 4884+346** 3653+343 36.14+348 4901+£3.11*% 3647+£228 3575+1.71
Lymphocytes, % 37.934£343%% 4245+£247  53.1843.13 3838+4.12** 53124282 5385+£296 3851+£289%*F 5392+3.12 54.82+247
Monocytes, % 224+£004%%  265+039 244+037 236+009* 274+£027 247+021 228+023** 2464069 242+043

Notes: * —P < 0.05; ** —P <0.01 — pairwise comparison with respective pre-treatment group (day 0) with Bonferroni correction; Treatment 1 group was administered “Quino-
san” (contains the active ingredient decoquinate), Treatment 2 group was administered *“Baycox” 5% (contains the active ingredient toltrazuril), Treatment 3 group was adminis-
tered “Brovaseptol” (contains norsulfazole, sulgin, trimethoprim, oxytetracycline hydrochloride and tylosin tartrate).

The use of a combined preparation containing norsulfazole, sulgin,
trimethoprim, oxytetracycline hydrochloride and tylosin tartrate (study
group 3) resulted in an increase in the number of red blood cells by 25.2%,
a decrease in the total number of leukocytes and eosinophils by 41.9% and
52.1%, respectively. The number of agranulocytes also changes, in parti-
cular, the number of young neutrophils decreased by half — by 50.2%; the
number of rod neutrophils increased by 2.3%, and segmented neutrophils,
on the contrary, significantly increased by 26.8%. Also, the number of
lymphocytes and monocytes increased by 29.6% and 8.3%, respectively,
compared with the results of the study of lambs with Eimeria before
treatment.

Analyzing the results of morphological studies of the blood of lambs
with Eimeria treated with various chemotherapeutic agents, the following
was found. On the 14th day of treatment in the 1st experimental group
(treatment was carried out with decoquinate), a significant increase in the
number of red blood cells by 22.4%, the number of young neutrophils by
38.3%, lymphocytes and monocytes by 28.6% and 8.6%, respectively,
was detected. At the same time, there was a decrease in the total number
of leukocytes by 38.3%, eosinophils by 12.2%, and rods and segmented
neutrophils by 2.3% and 30.5%, respectively, compared with the pre-
treatment values.

The following changes in the hematological profile of blood were ob-
served in lambs treated with toltrazuril (experimental group 2) in appropri-
ate doses. In particular, a significant increase in the number of red blood
cells by 25.9%, neutrophils by 2.3%, as well as lymphocytes and mono-
cytes by 29.5% and 10.9%, respectively, was recorded. At the same time,
normalization of leukocyte counts was also noted. Thus, the total number
of leukocytes decreased by 40.8% compared to the beginning of treat-
ment, the number of eosinophils by 52.8%, the number of young and seg-
mented neutrophils decreased by 25% and 26.5%, respectively.

The most significant and significant changes in the morphological pa-
rameters of the blood of lambs with Eimeria were noted during their
treatment with a combined preparation containing norsulfazole, sulgin, tri-
methoprim, oxytetracycline hydrochloride and tylosin tartrate (experimen-
tal group 3). In particular, there was an increase in the number of red blood
cells by 28.4%, the number of neutrophils by 6.6%, and an increase in the
number of lymphocytes and monocytes by 30.8% and 9.1%, respectively.
There were also significant changes in other leukocyte subpopulations:
adecrease in the number of eosinophils by 54.5%, young and segmented
neutrophils by 50.0% and 27.3% was noted. The total number of leuko-
cytes also significantly decreased compared to the beginning of treat-
ment— by 44.8%.

Analyzing the effect of antiemeria drugs on the morphological state
of the peripheral blood of sick lambs, it should be noted that the fastest

recovery of blood parameters to the level of healthy animals was recorded
when using the combined drug "Brovaseptol". The least effective was the
drug based on decoquinate — "Quinosan".

Biochemical changes in the blood serum of sick animals directly de-
pend on the pathogen, the place of its parasitization, the method of fee-
ding, the peculiarities of its effect on the host and the course of the under-
lying disease, which is the basis of the evolutionary strategy of parasite-
host interaction (Karapehlivan et al., 2007).

According to the results of biochemical tests of the blood serum of
lambs with Eimeria, a decrease in the content of total protein by 36.1%
and albumin by 13.1% was found compared to biochemical studies of
biological material from healthy lambs. A decrease in the level of total
protein and albumin may indicate a violation of the protein-synthesizing
function of the liver, as well as being due to insufficient intake of proteins
with feed due to damage to the digestive tract and impaired absorption of
nutrients. At the same time, an increase in the content of globulins in the
blood serum of diseased lambs by 11.9% was noted. Hyperglobulinemia
may indicate an increased synthesis of globulins in the body against the
background of Eimeria damage, as an immunological reaction of the
body to the presence of protozoan parasites in the digestive tract. The albu-
min-globulin ratio or de Ritis coefficient was reduced, indicating dyspro-
teinemia and dystrophic changes in the liver.

The hemoglobin content also decreased in the serum of diseased ani-
mals by 32.2%, indicating significant blood loss due to impaired vascular
integrity of the digestive tract. A decrease in glucose content by 27.8%
was observed, which is the cause of impaired absorption and intake of
nutrients from the intestines.

According to the results of the study of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), there was an increase by
43.4% and 33.1% respectively in the activity of these enzymes in the
blood of lambs affected by Eimeria. The increase in the activity of these
enzymes is evidence of the reaction of the central detoxification organ —
the liver — to the products of inflammation and metabolism of Eimeria,
which enter the internal environment of the body of sick lambs. A statisti-
cally insignificant decrease in the level of gamma-glutamyl transferase
(GGT) was also noticed (Table 3).

Determining the effect of antiemeriosis drugs on the biochemical para-
meters of the blood of sick lambs, it was found that on the 7th day of treat-
ment, with the use of decoquinate, an increase in total protein by 15.7%,
hemoglobin by 11 %, albumin by 3.2%, glucose by 5.6% and GGT activity
by 6.1% was noted. A decrease in globulin content by 13.7%, as well as the
activity of ALT and AST enzymes by 17.3% and 16.3%, respectively, was
also recorded in comparison with the biochemical parameters of blood se-
rum of lambs free of the Eimeria pathogen (Table 4).
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Table 3
Biochemical parameters of the blood of lambs
with and without Eimeria (x £ SE, n=40)

Hematological Lambs free from Eimeria Lambs with Eimeria,
parameters oocysts —control (n= 10) before treatment (n=30)
Total protein, g/L 65.52+0.96 62.39+0.57%*
Hemoglobin, g/L 124.03+2.74 84.06+0.69*
Albumin, g/L 31.67+035 2723+1.13*
Globulins, g/L 33.96+228 3513 £2.14%*
De Ritis coefficient 1.01+0.15 0.77+0.19*
Glucose, mmol/L 3.86+0.72 2.84+023%*
ALT, UL 2847+1.71 5024 +2.85*
AST, UL 54624374 81.68+£3.62+*
GGT, UL 42.18+2.03 36.18 £2.73%*

Notes: see table 1; ALT — aminotransferase, AST — aminotransferase, GGT — gam-
ma-glutamy! transferase.

The following biochemical changes in the blood serum were ob-
served during the treatment with toltrazuril of sick lambs affected by Ei-

Table 4

meria: an increase in the content of total protein, albumin and hemoglobin
by 23.1%, 2.5% and 19.4%, respectively; glucose content and GGT acti-
vity by 3.4% and 4.7%, respectively. At the same time, a decrease in
globulin content by 3.1%, as well as ALT and AST activity by 6.7% and
15.9%, respectively, was recorded.

The use of a combined antiemeriosis drug based on sulfonilamides
and antibiotics for the treatment of lambs was reflected in the biochemical
state of the latter as follows: the content of total protein, albumin and he-
moglobin increased by 29.3%, 7.2% and 17.4%, respectively, the content
of glucose by 9.8%, and the activity of GGT by 7.1%. A decrease in se-
rum globulin content by 2.5% was also recorded, and ALT and AST
activity decreased by 23.1% and 20.1%, respectively.

Determining the biochemical parameters of the blood serum of lambs
with Eimeria on the 14th day of treatment with decoquinate, a significant
increase in the content of total protein, albumin and hemoglobin by
22.5%, 7.1% and 17%, respectively, was found. There was also an in-
crease in glucose content by 11.5% and GGT activity by 7.1%. The con-
tent of globulins decreased by 5.4%, similarly, the activity of ALT and
AST by 22.1% and 19.6%, respectively.

Biochemical parameters of the blood of lambs with Eimeria before and after treatment with three chemotherapy drugs on days 7 and 14 (x £+ SE, n=30)

Biochemical Treatment 1 (n=10) Treatment 2 (n=10) Treatment 3 (n= 10)

parameters day 0 day 7 day 14 day 0 day 7 day 14 day 0 day 7 day 14
Total protein, g/L 623£06%*  619+06 625+1.7 63.0£2.1%* 619+15 548+14 623+ 1.1%* 63.0+03 623+09
Hemoglobin, g/L 84.0+2.7* 944+32 1012+2.8 858+2.5% 1043+2.6 1187+3.1 90.3+£3.2% 116.1+£36  1203+32
Albumin, g/l 272+1.1* 28.1+12 293+15 284 +2.1%* 279+1.6 290+15 289+1.8* 285+2.1 305+12
Globulins, g/L 351+£2.1%*  338+19 332+£29 34.6+24% 340+2.38 333+£23 33.5£2.5%* 342+21 31.8+1.7
De Ritis coefficient ~ 0.812+0.094** 0958+0.192 0.923+0.161 0.836+0.156** 0.812+£0213 0.954+0.121 0.867+0.273** 0(')8211; 0.929+0.141
Glucose, mmol/L 282+£023**  316+0.17  323£057  286+£036** 291+046 324+066 295+£022%*% 3124069  343+097
ALT,UL 502+£2.8%* 415421 392+£29 51.9+4.1% 46.8+22 43.1+3.1 48.6+3.1* 386+3.8 335+28
AST,ULL 81.7+£3.6%*  684+22 657+42 82.1 £4.8%* 68.6+3.8 585+36 792+£3.6%* 653+3.7 60.5+22
GGT, UL 362+£2.7%*  385+18 389+£25 38.5£3.1%* 379+1.38 386+1.8 37.8+1.6%* 375+12 395+12

Notes: see Tables 2 and 3.

The treatment of the experimental group of lambs with toltrazuril re-
vealed an increase in total protein by 23.5%, albumin by 6.2%, hemoglo-
bin by 29.2%, glucose by 10.8%, and GGT activity by 6.4%. The level of
globulin content was reduced by 5.1%, as well as the activity of AST and
ALT enzymes by 14.7% and 28.4%, respectively, compared to the bio-
chemical parameters of blood serum of healthy lambs of the control
group. Studying the effect of the combined drug "Brovaseptol”" on the
biochemical parameters of blood serum of Eimeria-affected lambs, an
increase in the content of total protein, albumin and hemoglobin by
33.7%, 10.8% and 30.2%, respectively, glucose content by 15.7% and
GQT activity by 8.4% was found. A decrease in globulin levels by 9.2%
and ALT and AST activity by 33.2% and 26.2%, respectively, was found.

It is worth noting that the restoration of biochemical parameters of the
blood serum of lambs with Eimeria to the level of blood serum of healthy
animals was fastest when treated with the combined drug "Brovaseptol.
The lowest effect on the biochemical parameters of blood serum of Eime-
ria-affected animals was produced by the drug based on decoquinate —

"Quinosan"
Discussion

The most common and significant parasites of the sheep digestive
tract are Eimeria (Bartels et al., 2010). These parasitic protozoa are the
cause of diarrhea, anemia, dehydration, and growth retardation, and are
characterized by high morbidity and mortality (Ghanem & El-Raof,
2005). In Eimeria, significant hematological changes in the morphological
parameters of the blood are noted, in particular, a decrease in the number
of red blood cells and hemoglobin is recorded (Ghanem & El-Raof, 2005;
Anumol et al.,, 2012). In addition, the parasitization of unicellular parasites
leads to damage to the intestinal wall, its inflammation and, as a result,
inflammatory processes characterized by significant changes in the hema-
tological profile, in particular, a sharp increase in the total number of leu-
kocytes (Salem, 2017). In the study, total erythrocyte count and hemoglo-
bin concentration were significantly decreased in heavy Eimeria spp. in-
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fection. Total leucocyte count and granulocyte percentage were signifi-
cantly elevated in mildly infected sheep while, lymphocyte percentage
was increased in cases of heavy infection. Total proteins significantly de-
creased in case of heavy infection (Abdulmageed et al., 2022). The results
of our studies of the morphological parameters of the blood of lambs with
Eimeria are consistent with the studies of scientists who have studied this
issue. Due to the results of biochemical studies, a decrease in the content
of total protein and albumin, an increase in the number of globulins, as
well as an increase in the activity of serum enzymes in diseased animals
were noticed (Zajac & Conboy, 2006). Changes in these parameters can
be explained by a decrease in appetite and in the intestinal wall's ability to
absorb nutrients, as Eimeria causes the loss of intestinal epithelial cells,
which exfoliate, leading to bloody diarrhea (Sheikh et al., 2005). The abo-
ve studies are also consistent with our results. Various chemotherapeutic
agents are used to control Eimeria in small ruminants, including sulfona-
mides, monensin, lasalocide ionophore, antibiotics, amprolium, toltrazuril
and diclazuril (Taylor et al., 2003; Platzer et al., 2005).

According to the results of research, Mahmoud et al. (2005) found
that different antieimerosal agents affect the morphological and biochemi-
cal parameters of the blood of diseased lambs in different ways. The most
effective were sulfonamides and amprolium: an increase in the number of
red blood cells, hemoglobin content and a significant decrease in the total
number of leukocytes were found during the treatment of animals. Treat-
ment with toltrazuril was less effective. Such changes in the hematological
profile, according to the authors, reflect changes in the body and are har-
bingers of animal recovery.

In particular, the results of treatment of Eimeria in lambs with aproli-
um and sulfadimethoxine showed satisfactory treatment results. Thus, ac-
cording to the results of three weeks of therapy, the changed parameters of
blood parameters almost returned to those of healthy animals. However,
the highest and most stable results were obtained with sulphadimethoxine
treatment than with aprolium (Ghanem & El-Raof; 2005).

Due to the results of our research, it was found that the applied prepa-
rations based on decoquinate, toltrazuril and a combined preparation con-
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sisting of norsulfazole, sulgin, trimethoprim, oxytetracycline hydrochlori-
de and tylosin tartrate had a therapeutic effect, which was reflected in
changes in the morphological and biochemical parameters of the blood of
lambs with Eimeria. However, a more stable result, which was closest to
the results of blood tests of healthy animals, was observed with the use of
a combined preparation based on sulfonamides and antibiotics. Thus, the
results of our studies are fully consistent with the findings of previous stu-
dies. In our opinion, the therapeutic effect of sulfonamides is enhanced by
the antibacterial effect of antibiotics which suppress the secondary micro-
flora of the digestive tract since the secondary microflora plays a leading
role in the development of complications of Eimeria in lambs (Catchpole
& Gregory 1985).

Conclusion

When lambs were affected by the Eimeria pathogen, significant
changes in morphological and biochemical blood parameters were obser-
ved, which were associated with the effect of unicellular parasites on the
intestinal wall, damage to the mucous membrane of the digestive tract,
dehydration, and the effect of inflammation and metabolic products of
Eimeria on the animals’ body. Chemotherapeutic drugs based on deco-
quinate, toltrasuril, and a combined drug containing norsulfazole, sulgin,
trimethoprim, oxytetracycline hydrochloride, and tylosin tartrate were
used to treat Eimeria. It was noted that the therapeutic effect was reflected
in the morphological parameters of the blood: an increase in the number of
red blood cells, stick neutrophils, tymphocytes and monocytes; a decrease
in the total number of leukocytes, eosinophils, young and segmented
neutrophils. Also, changes were noted in the biochemical composition of
the blood serum of diseased animals: an increase in the content of total,
albumin, hemoglobin, glucose, as well as the activity of gamma-glutamate
transferase; a decrease in the content of globulins and the activity of aspar-
tate aminotransferase and alanine aminotransferase, compared with the
biochemical parameters of the blood serum of lambs that were free of
Eimeria. It was found that all applied Eimeria treatment regimens were
quite effective. However, the most stable effect on the restoration of blood
parameters to those of healthy animals was observed with the use of the
combined drug "Brovaseptol", which contains sulfonamides and antibio-
tics. Obviously, due to this combination of chemotherapeutic substances, it
is possible to affect the Eimeria and secondary microflora, which has a
significant impact on the development of the pathological condition of
animals.

No potential conflict of interest was reported by the authors.
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