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INTRODUCTION
Ivermectin is an active substance from the macrocyclic lactone family, extremely effective in the therapy of endo- and ectoparasitosis. In very low doses, Ivermectin is particularly active against larvae and adult forms of parasitic nematodes and arthropods in various animal species (KAYA et al., 2010; GONZÁLEZ et al., 2009). The action mechanism of Ivermectin consists of interfering with neurotransmission in GABA receptors and sensitive glutamate channels of chlorine, which causes flaccid paralysis, death and elimination of parasites (TAYLOR, 2001). Bioavailability and bioequivalence studies are currently an accessible procedure for testing and authorizing generic pharmaceuticals in the field of veterinary medicine. In principle, these studies consist of comparing the pharmacokinetic profile of the test and reference products, aiming the evaluation of the therapeutic equivalence and the establishment of their possibility of therapeutic exchange (DAVIT et al., 2013; OGNEAN et al., 2019). Currently, bioavailability and bioequivalence testing have gained particular relevance, as they provide results that allow the evaluation of the quality of newly manufactured products along with their other characteristics, such as pharmacokinetic variability or therapeutic index (JUAREZ et al., 2018). The testing of medical-veterinary products benefits from a wide European and national legislation, which also includes express provisions, regarding the evaluation of bioavailability and bioequivalence, based on the use of pharmacological, preclinical and clinical standards. We also mention that the bioequivalence testing is performed exclusively on animals of the target species, in order to evaluate the bioequivalence and therapeutic efficacy, tolerance and adverse reactions, respectively (OGNEAN et al., 2019). In mammals, the selectivity of the pharmacological action of Ivermectin is known, due to the lack of target receptors for glutamate and the limitation of GABA-type brain receptors. However, dogs can show neurointoxication effects by stimulating GABA receptors and the concentration of Ivermentin in the brain could increase enormously compared to that in liver and plasma (McKELLAR and GOKBULUT; 2012; ROY S. and ROY M., 2010).

PURPOSE AND OBJECTIVES OF THE THESIS

The main purpose of this paper is to monitor the health of a sheep sample during the bioequivalence testing of two oral suspensions with Ivermectin, in order to assess their tolerance and interchange in ovine therapy.

The general objectives of this research could be summarized as:

· Analysis of the legislative framework and the standards of good practice, regarding the testing of veterinary products on animals from target species;

· Optimizing the sampling and processing procedures of serial blood samples in sheep, during drug bioequivalence studies;
· Analysis of clinical, haemato-biochemical, pharmacokinetic and statistical indices relevance in bioequivalence testing of antiparasitic products in sheep;
· Correlation of plasma concentrations with pharmacokinetic parameters required for the formulation and implementation of a new generic product in ovine therapy;

· Evaluation of the possibility of the reference product substitution, existing on the market, with the tested generic product, in ovine antiparasitic therapy;

· Tolerance and side effects evaluation of the anthelmintic products introduced in the bioequivalence testing on sheep.

THESIS STRUCTURE 

The first part includes the current state of knowledge which summarizes, in the first 4 chapters, the news in the field of production, testing and regulation of medicinal products. The second part is intended for personal contribution, grouped in 9 chapters, presenting the elements of originality and innovative contributions of the thesis, and the list of consulted bibliographies, respectively (197 titles).

Current state of knowledge
The synthetic analysis of the information contained in this bibliographic ensemble revealed the grouping in chapter 1 of some data and procedures of current relevance regarding the testing of the veterinary drug and the legislation in the field, with references to the study of drug bioavailability and bioequivalence. Chapter 2 presents a genuine synthesis of the conduct in assessing the eligibility of animals for bioequivalence studies, focusing on the relevance of the selection criteria and the clinical and paraclinical analyzes used for this purpose. The bibliographic study is completed in chapter 3, with information on pharmacokinetic and statistical analysis in testing drug bioavailability and bioequivalence. Chapter 4 completes the current state of knowledge, through a synthetic analysis of current data on the use of Ivermectin products in veterinary therapy.

Personal contribution and the research results
Chapter 5 contains a set of information and data which outline the working hypothesis applied in assessing the sheep health, in compiling the sample, as well as in testing the bioequivalence of the Trimectin generic antiparasitic product with the Fasimec duo reference product. In accordance with current legislation and scientific arguments, the beneficiary proposed an unicentric, randomized, crossover study with two sequences, two treatments and a 14-day break between them, on a batch consisting of at least 36 healthy sheep. According to this protocol, the algorithm for collecting serial blood samples (no=30) was established before and after the administration of the products in order to compare the plasma concentrations and evaluate the bioequivalence of the two products. 

Chapter 6 summarizes the main particularities in which the studies were carried out, focusing on the current legislation and the rules of good practice, the animals introduced in the testing and the methods of statistical analysis which have been used. Throughout the research, the investigations were carried out in compliance with the provisions of the current legislation and the rules of good practice, thus minimizing the suffering of the animals. We also recall that it is currently mandatory to use subjects of the target species in the drug testing in general and implicitly, of veterinary use.  The animals subjected to the present study were represented by Ţurcană breed sheep, originating from a private microfarm in Romos-Orăștie area. In accordance with the inclusion/exclusion criteria, a sample of clinically healthy sheep (no = 36), one year old, non-pregnant and non-lactating, composed of 26 females and 10 males, was selected. The animals were selected 7 days before the start of the research, based on their inclusion in the physiological ranges regarding the clinical and hemato-biochemical health indices, as well as in the requirements of the experimental protocol. The statistical analysis of the obtained data was focused on the comparative evaluation of the pharmacokinetic parameters (primary, secondary and additional), with proven relevance in the bioequivalence and drug bioavailability studies. The ANOVA system (KINETICA software 4.4.1.), the non-compartmental pharmacokinetic method, the Kruskal-Wallis and Friedman tests were used for the statistical analyzes. The performed statistical analyzes included three sets of pharmacokinetic parameters. Primary parameters, represented by the area under the integrated curve (ASC0-t) and the maximum concentration of the active substance (Cmax). Secondary parameters, represented by the time of reaching the maximum concentration (Tmax) and the area under the integrated curve of plasma concentration curve (ASC0-inf). Additional parameters, including extrapolated AUC %, half-life of plasma concentration (T1/2) and average waiting time (TMR). Another essential analysis was represented by the calculation of the 90% confidence interval (CI) for the Test/Reference ratio. Statistical calculations have resorted to the predominant use of logarithmically transformed data, the reference values for 90% CI being set in the spectrum 0.8-1.25 (GONZÁLEZ et al., 2009). In addition, other summary statistics were performed, such as: arithmetic mean, harmonic mean, geometric mean, mean squared error, standard deviation, median. The Kruskal-Wallis and Friedman nonparametric tests have been used for the comparison of the Tmax index values. 

Chapter 7 groups the information and objectives that formed the basis of the elaboration of the implemented protocol in the present bioequivalence study, as well as the analysis of the estimated results. The developed protocol was characterized by a structure suitable for testing the bioequivalence of pharmaceutical formulas with active molecules against pathogenic parasites, being unicentric, randomized, cross-linked, with two sequences, two treatments and a 14-day break between them. During the two phases, the serial blood sampling was provided at different time intervals, totaling 30, during each phase, of which 16 in the first 24 hours (Fig. 1.). The determination of plasma concentrations (CP) of active substances required the prior validation of the HPLC method with UV detection, which ensures a good assessment of the bioavailability and bioequivalence of drug products (LENARD et al., 2019). The testing included the following chronology of the activities carried out in phase I and II, separated by a 14 days break (Fig. 1): day 0 - organizing the study and equipping and arranging the shelter, respectively; day 1- testing initiation, including fixation of venous catheters, clinical examination, first blood sampling, administration of Test/Reference products (according to the randomization list) and collection of the first set of 15 serial blood samples; days 2-20 - continuation of blood sampling and clinical evaluations at the next 15 time intervals. After the completion of phase II, the clinical and paraclinical examinations will be repeated.
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Fig.1. Scheme of the protocol used in the bioequivalence testing of Trimectin generic product 

The analysis of blood samples includes two sets of investigations: the first - intended for clinical and hemato-biochemical examinations, performed at the beginning and end of testing, and the second - the determination of CP of active substances of the test and reference formulas. The data statistical analysis was based on the use of the tests presented in the previous chapter and had the following variables: treatments, sequences, subjects, periods of administration. 
Chapter 8 includes clinical evaluations of sheep during testing, which were performed: initially (for the selection of healthy animals), pre-dose (before administration of the products), post-dose (on the day of administration of the products) and at the end of the test. The clinical examinations were based on the use of the usual semiotic methods, consisting of the rectal temperature measurement, the evaluation of the general condition, the evolution of the major functions, and the detailed examination on systems and devices, respectively. Clinical evaluations were also the basis for the detection and characterization of possible side effects. The results of the clinical assessment of the animals health status were centralized in the Pharma Quest grid, and at the end of the study, they were included in the individual type I reports, which were finally correlated with those of type II (paraclinical examinations).

 Following the therapeutic doses of Trimectin and Fasumac duo administration, during the two phases of testing, we did not find any adverse reactions. The lack of clinical manifestations was also correlated with statistically insignificant oscillations of the investigated hemato-biochemical parameters and their evolution will be presented in the next two chapters. When analyzing the data recorded at the clinical examinations performed at the initiation, during and at the end of the testing, we also found some cases with slight deviations from the physiological limits of the values recorded at some clinical parameters. Each deviation of the clinical values was analyzed in the general context of the physiological intervals oscillations and in correlation with the medical history of the subject, and with the overall evolution of the major functions, respectively. We also mention that, in sheep with slight deviations of the hemato-biochemical indices, no clinical manifestations were reported. Based on the obtained clinical results, we appreciate that the two products present a good tolerance and safety regarding the doses which have been used, justifying the bioequivalence testing in order to evaluate their exchange in veterinary practice. 

Chapter 9 focuses on the haematological profile analysis in the investigated sheep, which were performed during the initial screening, designed to select the healthy sheep batch and the final examinations, focused on reassessing the health status  and detecting any possible adverse reactions. Upon completion of the bioequivalence test, the results of the hematological investigations were correlated with clinical and metabolic evaluations, making a relevant set for monitoring the evolution of health status and possible adverse effects. Blood samples were collected on EDTA and hematological tests were performed with the automatic analyzer Abacus junior Vet and by cytomorphological examinations on Panoptic stained smears (Dia – Quick Panoptic). The obtained data were statistically processed, using biostatistical tests (Tukey and Dunn), which allowed the calculation of: mean, median, standard deviation, standard error, 95% CI and probability index "p" (Tab.1). 

Table 1.

Values ​​of the main haematological parameters recorded in the ovine batch 
during Trimectin bioequivalence test
	Parameter
	Screening
	Final examen 

	
	Average
	St. Dev.
	Min.
	Max.
	Average
	St. Dev.
	Min.
	Max.

	Haematocrit (%)
	30.55
	3.05
	25.64
	41.34
	28.90
	3.89
	21.03
	41.34

	Hb (g/dL)
	10.5
	1.1
	8.9
	15.1
	10.05
	1.55
	6.80
	15.10

	RBC (T/L)
	10.11
	0.85
	8.13
	12.80
	9.56
	1.23
	6.53
	12.80

	MCV(fl)
	30.22
	1.94
	25.00
	33.00
	30.25
	2.37
	25.00
	36.00

	MCH (pg)
	10.4
	0.6
	9.0
	11.8
	10.5
	0.7
	9.0
	12.0

	MCHC (g/dL)
	34.5
	1.5
	32.1
	38.2
	34.7
	1.7
	31.5
	38.7

	Leukocytes (G/L)
	10.95
	0.85
	8.07
	12.19
	11.50
	1.77
	8.07
	17.02

	Lymphocytes (%)
	65
	8
	45
	75
	61
	9
	43
	73

	Monocytes(%)
	2
	2
	1
	8
	3
	1
	1
	6

	Neutrophils(%)
	33
	8
	20
	49
	33
	8
	22
	48

	Eosinophils(%)
	0
	1
	0
	4
	3
	2
	0
	6

	Basophils (%)
	0
	0
	0
	0
	0
	0
	0
	0

	Platelets (T/L) (103/uL)


	317
	94
	196
	628
	377
	106
	229
	676


Briefly analyzed, they reveal the maintenance of a high level of erythrocyte and leukocyte homeostasis, as well as the main erythrocyte and leukocyte functions, the registered deviations being sporadic and lacking of clinical and pharmacological importance. The haematological profile analysis showed insignificant oscillations of the total number of red blood cells (6.53-12.8 T/L), haematocrit (21.03-41.34%) and haemoglobin concentration (6.53-12.80 g/dL),  revealing the lack of negative effects of the tested products or of the serial blood samples on the volume, hematopoiesis and erythrocyte function in the tested sheep. The evolution of leukograms highlighted several cases of leukocytosis at the end of the study (with a maximum of 17.02 G/L), which were, however, devoid of pathological significance, probably due to the adaptation of animals to experimental conditions. The evolution of the total number of platelets indicated oscillations without importance and pathological significance, the microlesions generated by the frequency of venous punctures explaining the installation of a slight thrombocytosis at the end of the test. The correlative analysis of the individual and average values ​​of erythrocyte, leukocyte and platelet indices revealed the lack of negative influences of the tested pharmaceutical formulas, of the serial blood sampling or the generated stress, on the haematological profile of sheep.

Chapter 10 grouped the metabolic profile analyzes performed on the sheep batch during the bioequivalence study. Blood biochemical tests were performed with the VetScan automated analyzer, using the Large Animal Profil kits, which were the basis for determining the following parameters: ALP (alkaline phosphatase; U/L), AST (aspartate aminotransferase; U/L), GGT (gamma-glumatil transferase; U/L), BUN (blood urea nitrogen; mmol/L), TP (total protein; g/L), ALB (albumin; g/L), GLOB (globulin; g/L), Ca (calcium; mmol/L), P (phosphorus; mmol/L), Mg (magnesium; mmol/L). The obtained values were statistically and comparatively analyzed (Tab. 2). The analysis of the enzymatic profile indices revealed important oscillations, consisting in the increase of the average values of ALP, at the beginning (169.19 U/L) and the end (181.86 U/L) of the testing, reaching a maximum of 274.00 U/L (Tab. 2). The AST values were within the physiological intervals, except for one case that reached the maximum levels in both tests (139 and 151 U/L, respectively). We mention that elevated AST values can be found in cardiomyopathies, myodystrophies or muscle traumas. We have also noticed the GGT values (46-47 U / L) slightly above the physiological limits and such evolutions can be correlated with the presence of a mild parasitic infestation (TOLOMEIU et al., 2018; ZEYNEP et al., 2019). The analysis of the hepatic profile indices revealed their predominant ranking in normal range, with slight deviations of the albuminemia (38-43 g/L), representing possible cases of pseudoalbuminemia. The initial and final analysis of the ionogram values revealed the evolution within the physiological limits of serum calcium (2.49 and 2.42 mmol/L, respectively), serum phosphate (2.53 and 2.33 mmol/L, respectively) and serum magnesium (1.0 and 1.1 mmol/L, respectively). The final conclusion derived from all biochemical analyzes outlines their major impact in monitoring the health of animals that were used in testing the drugs bioavailability and bioequivalence (TOLOMEIU et al., 2019).
Table 2.

Values ​​of the main blood biochemical parameters recorded in the ovine batch 
during Trimectin bioequivalence test
	Parameter
	Screening
	Final examen

	
	Mean
	Dev. St.
	Min.
	Max.
	Mean
	Dev. St.
	Min.
	Max.

	ALP (UI/L)
	169
	38
	103
	274
	182
	54
	98
	349

	AST (UI/L)
	111
	19
	55
	139
	110
	25
	55
	151

	GGT (UI/L)
	47
	7
	31
	66
	46
	12
	31
	90

	BUN(mmol/l)
	6.3
	1.6
	2.9
	8.8
	4.5
	1.6
	1.0
	8.0

	TP (g/L)
	74
	4
	67
	82
	74
	8
	44
	85

	ALB (g/L)
	43
	3
	32
	48
	38
	6
	25
	49

	GLOB (g/L)
	32
	5
	24
	49
	34
	6
	19
	49

	Ca (mmol/l)
	2.49
	0.15
	2.05
	2.73
	2.42
	0.25
	1.50
	2.73

	P (mmol/l)
	2.53
	0.41
	1.99
	3.67
	2.33
	0.42
	1.45
	3.23

	Mg (mmol/l)
	1.00
	0.07
	0.86
	1.13
	1.10
	0.23
	0.53
	1.79


Chapter 11 brings together pharmacokinetic and statistical analyzes to assess the bioequivalence of the investigated products. These investigations also provide useful information regarding the analysis of safety parameters and therapeutic efficacy of the new generic product. The analysis of the average values of Cmax, Tmax, AUC and the values of the 90% confidence intervals represented, in the end, the basis for assessing the level of bioequivalence of the tested products. Among the results obtained from these analyzes, the minor differences between the plasma concentrations recorded at the initial and final evaluations, whose individual values were not higher than 20%, compared to the average, in 84% of the Ivermectin samples, proved to be relevant (Fig. 2). The evolution of Cmax values was also significant and revealed the achievement of close levels for the test and reference product in the case of Ivermectin (41.2 ± 8.7 ng/mL and 42.2 ± 10.5 ng/mL, respectively). The determination of bioequivalence was based, however, on the 90% CI values of the Test /Reference ratio, in the intervals with the maximum level of eligibility (0.8-1.25), which in the case of Ivermectin was 0.92-1.04 for Cmax, 0.87-1.067 for ASClast and 0,85-1.05 for ASCtot.

The data analysis shows that the performed bioequivalence test meets the standards of current legislation regarding the validation of bioanalytical methods (LIFSCHITZ et al., 2019; TOLOMEIU et al., 2020). The evolution of the pharmacokinetic profiles revealed a good therapeutic efficacy of Trimectin product, given the correlation of a slow absorption rate with a long persistence of Ivermectin in the sheep gastrointestinal system. Based on the values of pharmacokinetic parameters within the range of 80–125%, we support the investigated products bioequivalence and exchange in the ovine clinic.
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Fig. 2. Ivermectin plasma concentration curves (mean ± Dev. St.) 

after the administration of Test and Reference products
Chapter 12 is intended for general conclusions and recommendations.

Chapter 13 groups the elements of originality and the innovative contributions of the thesis. A first element of originality of the thesis is given by the approach of a topic focused on the formulation, testing and implementation in sheep therapy of the first generic product containing Ivermectin, in the form of oral suspension. Some original contributions are also made by the implemented protocol, which allows the correlation of the analyzes for the evaluation of bioequivalence, with those for the investigation of Ivermectin tolerance and therapeutic efficacy against parasitic nematodes, contained in the investigated formulas. The oral administration of the two suspensions with Ivermectin is a novelty for our country and other EU countries, because such products are mainly administered parenterally. Another innovative contribution of the new generic product implementation consists in reducing the number of therapeutic applications and implicitly, the level of stress generated by animals handling, specific to these actions. The dose-CP-effect approach in characterizing the Ivermectin pharmacokinetics is also an innovative contribution. We also attribute an innovative character to the tolerance and possible adverse reactions investigation of Ivermectin oral administration in sheep of indigenous breeds, raised in the traditional conditions in our country. The opportunity for therapeutic exchange of Fasimec duo product, existing on the market, with the novel Trimectin generic product represents the main innovative contribution of the thesis.
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