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Effect of Water Deprivation on the Elimination of Diminazene Aceturate from
Blood and Edible Tissues of Goats
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Abstract: The tissue distribution and serum kinstics profile of diminazene aceturate was investigated in non-water deprived and
water deprived goats. Water deprivation was observed to increase significantly (P< 0.05) the elimination half-life {t'2p),
distribution half-life (t/z«), area under the curve {AUC) and volume of distribution (V9B), and decreased the total body clearance
(CL), elimination rate constant () and distribution rate constant (). The drug was distributed to various organs and tissues
of the body with the highsst concentrations occurring in liver and kidnsy. Lower concentration of the drug in tissuss and
organs of water deprived goats at 2 days post injection when compared with those of non-water deprived goat may be due
to decreased delivery of the drug to the organs and tissues while the higher concentration noticed in the tissues of water
deprived animals later {15 days post treatment) could be due to decreased clearance of the drug from the organs and tissues.
Drug residues were still detectable in the tissues of the goats 15 days after drug administration.
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Introduction

Diminazene aceturate (Berenil) is the drug of choice in the
treatment of trypanosomosis and babesiosis in animals (Bauer,
1963; Fairclough, 1963; Pandey and Mishra, 1978). The
disposition kinetics of diminazene aceturate have been reported in
calves {(Kellner et ai, 1985), cattle (Klatt and Hadju, 1976), rabbits
(Gilbert and Newton, 1982), and dogs (Onyayili, 1989). Despite its
limited use in the treatment of trypanosomosis and babesiosis
limited kinetic studies have been carried out with the drug
especially in goats deprived of water. Water deprivation could
result in dehydration. In sahel region with limited rainfall, animals
at times stay for a long period without drinking water. This
condition can also occur when animals are sick and are off feed
and water. It therefore becomes important to determine the
elimination of diminazene aceturate from the blood and edible
tissues in water-deprived goats since this will simulate the diseased
state or long dry period when animals take little or not drinking
water,

The objective of the study therefore was to establish the serum
kinetics and extent of distribution of diminazene aceturate in edible
tissues of sahel goats. Such information is important in
establishing the withdrawal periods of the drug in goats in the
sahel region to avoid potsntial human health hazards following the
ingestion of diminazene-treated goats.

Materials and Methods

Experimental animals and treatments: Six healthy sahel goats (1.4
to 2 years old) of both sexes, weighing between 17 to 22 kg were
used for the serum kinetics study. They were fed concentrates
and hay, and water was provided ad libitum. The goats were
dosed with diminazene aceturate {Hoechst Farbuerke, Frankfurt,
Germany) at 3.5 mg kg™ body weight using the left jugular vein
and blood samples collected from the contralateral vein. The goats
were thereafter kept for a period of four weeks after which they
wera deprived of water for 36 h. The drug was then administered
to the animals at the same dose into the left jugular vein and blood
samples obtained from the right jugular vein.

Twenty-six goats weighing 18 to 23 kg were used for the tissue
study. Twenty-four of the animals were separated into two equal
groups. One group (non-water deprived) was injected
intravenously (1.V.) with the drug at 3.5 mg kg™ while the other
group was deprived of water for 36 hours and therefore treated
with diminazene at the same dose rate L.V., after which the
animals waere allowed limited water intake (600 ml per goat per
day). The non-treated goats were used for the preparation of
control tissues and tissue standards.

Sample collection and drug analysis: Three milliliter of blood was
collected from the right jugular vein of each of the six goats at 0.0

(15 min prior to drug administration), 0.08, 0.16, 0.25, 0.5, 0.75,
1,2, 3.6, 12, 24, 36, 48 and 72 hours after diminazene injection.
Blood samples were centrifuged to obtain the serum. Three goats
Trom sach group were sacrificed at days 2, b, 10 and 15 post drug
administration and tissues samples {liver, kidney, heart, skeletal
muscle and brain) collected. The experimental work area and all
utansils were clsaned thoroughly after each slaughter to prevent
contamination. All serum and tissue samples collected wera frozen
until analyzed.

Serum and tissue samples were analyzed for total diminazene
according to the calorimetric method of Klatt and Hadjau (1976);
the sensitivity of the method was 0.1 1g/g in our laboratory. The
colour development portion of the procedure was performed
using suitable reagents (Bratton and Marshall, 1939).

Pharmacokinetic analysis: The pharmacokinetic variables — zero
time intercept (A and B), concentration at zero time (Cp°), area
under the curve {AUC), rate constants of distribution (o) and
alimination (), total body clearance (CL), volume of distribution
{(V9B), and half lives of elimination (t¥=B) and distribution (tVz2o)
were calculated according to standard procedurss {(Baggot, 1977).

Statistical analysis: Regression analysis, and mean+ SD were
calculated by means of preprogrammed calculator. Tests for
significance between mean parameters in respect of non-water
deprived and water deprived goats were performed using the
Student’s “t” test and the “null™ hypothesis was rejected at b
parcent leval of probability.

Results

The treatment of goats (both non-water deprived and water-
deprived with diminazene intravenously (3.5 mg kg ') resulted in
measurable blood levels for 48 hours {(Fig. 1 and 2). Msan peak
serum concentrations of 8.1+ 0.8 (Fig. 1) and 9.2+ 0.7 ug/ml {Fig.
2) of the drug were obtained at 0.08 hr. post drug administration
raspectively in non-water deprived goats and those deprived of
water. The disposition kinetics of diminazene (3.5 mg kg™ ') in
sarum of non-water deprived and water deprived goats are shown
in Table 1. The pharmacokinetic evaluation of the drug indicates
that the data should fit a two-compartment open modsl {Fig. 1
and 2). The elimination half-life of 6.30=x 1.00 hr. obtained in non-
water deprived goats was significantly different from that
obtained from goats deprived of water (8.35+ 1.08 hours). Goats
that were not deprived of water were also observed in this study
to have significantly (P< 0.05) increased total body clearance (CL),
rate constant of elimination (P) and rate constant of distribution
{a) and decreased area under the curve (AUC), distribution
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Fig. 1:  Serum concentration-time curve for diminazene aceturate (3.5 mg kg™') following a single intravenous injection to non-water
deprived goat
10:0
P
7o
Jo
B3
4 _r‘)\o\
< Q 1 —
3 tTa—034iOO7h
T
— 2
> L g= +
3 t—- $=8.35£1.08 h
31:01
§ 3] °
O 74
6
.5
4
.34
24
0.1 T ) T T T T T T T T T T
4 8 12 16 20 24 28 32 36 40 44 48
Time (h)
Fig. 2:  Serum concentration-time curve for diminazene aceturate (3.5 mg kg™) following a single intravenous injection to water deprived

goats

half life (t¥2p) and volume of distribution (VB) compared with
goats deprived of water (Table 1).

The highsst concentrations of 58.28+ 4.21 and 48.54+ 5.27 1/g
were obtained in the liver of non-water deprived and water
deprived goats respectively 2 days after drug administration {Table
2). The concentrations in the liver decreased continuously and at
15 days post administration dropped to 5,51+ 0.82 and 28.28+
5.84 ug/g respectively in non-water deprived goats and those
deprived of water. The highest concentrations of 31.3bx 3.73
and 27.04x 2.11 pxy/g (Table 2) were obtained respectively in the
kidney of non-water deprived and water deprived goats.
Following continuous decrease the concentrations at 15 days after
injection of the drug were 1.756+ 0.08 and 2.93+ 0.44 ug/g in non-
water deprived and water deprived goats, respectively, The mean
concentrations in muscular tissues {heart and skeletal muscle) ware
markedly lower than those of the liver and kidney in both non-
water deprived and water deprived goats {Table 3).
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The skeletal muscle at 2 days had concentrations of 1.34+ 0,32
and 1.12x 0.46 /g in non-water deprived and watsr deprived
goats respectively and at 15 days post drug administration the
concentration was below detectable level in the non-water
deprived goats while in goats deprived of water the concentration
was 0.12x 0.04 g, Diminazene was only dstected in the brain
of non-water deprived goats {Table 3). The highest concentration
detected was 1.0x 0.0/ at ? days post drug injection, and at day
15, the drug was below detectable level in the brain.

Discussion

The kinstic bshaviours of diminazens aceturate in non-water
deprived and water deprived goats is best described by two-
compartment open modsl.  This agrees with the findings in calves
(Kellner et al., 1985), cattle (Klatt and Hadju, 1976), rabbits (Gilbert
and Newton, 1982), and dogs (Onyeyili, 1989). The apparent
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Table 1: Pharmacokinetic parameters for diminazene following
intravenous doses of the drug at 3.5 mg kg™ body weight to
non-water deprived and water deprived goats

Parameters Non-w ater deprived Water deprived
A {pg/ml) 7.0+ 1.21 7.4+ 1.03
B { pg/ml) 4.6+ 0.8 55+ 0.9
Cp° { pg/ml) 11.6+£1.2 129+ 1.0
AUC (h.pg./ml) 443+ 5.8 69.2+ 95
CL{l kg~'/h) 0.92+ 0.06 0.63+ 0.03
VB {lkg™) 0.27+0.03 0.75+ 0.04
T B (h) 6.30+ 1.00 8.35+ 1.08
(T (h) 0.25+ 0.05 0.34+ 0.07
B (hr) 0.110+ 0.02 0.083+ 0.008
o {hr ') 2.80+ 0.6 2.03+ 0.6
A = Zero time intercept for distribution

B = Zero time intercept for elimination

Cp® = Zerotime seum concentration

AUC = Area under the serum concentration curve
Cl = Total bady clearance

VB = Volume of distribution

t%2B = Elimination half-life

B = Elimination rate constart

tea = Distribution half-life

o = Distribution rate constant

volume of distribution (V°B) relates the drug level in the serum to
the total amount of drug in the body after the attainment of
distribution equilibrium. The volume of distribution in non-watsr
deprived goats (0.27+ 0.03 1 kg™') was significantly lower than
that of goats deprived of water {0.75x 0.04 1 kg™"). This is an
indication of more extensive distribution of the drug in goats
deprived watsr compared to thoss of non-water deprived goats.
The more extensive distribution in goats deprived of water may
be suggestive of slower elimination of the drug in water deprived
goats. It is a fact that the greater the volume of distribution, the
longer the half-life of elimination {t'/2p) and the slower will the drug
be eliminated from the body. Water deprivation is known to
decrsase ths total body water, blood and plasma volumes and
extracellular and intracellular fluid volumes (Macfarane et al, 1961;
Little et ai, 1976; Ummuna et al., 1981; Hassan, 1989; Meinfjes
and Engelbrecht, 1994). Total serum or plasma proteins and

albumin concentrations are also known to increase with water
deprivation {(Anganga et al, 1989; Hassan, 1989; Ighokwe and
Ajuzieogu, 1991). The increased serum albumin as a result of
water deprivation could enhance drug protein binding, and this
could be a factor in the differences in volume of distribution of
diminazens noticed in water deprived goats in the prasent study
as compared to that of non-water deprived animals. The mors
axtensive volume of distribution following water deprivation may
explain the higher elimination half-lifa {t/2p} and lower valuas of
elimination rate constant () and total body clearance (CL) obtained
in goats deprived of water (t/2p = 8.35+ 1.08 hr; p = 0.083 =
0.008 h™', CL = 0.63%0.03 | kg~"/hr) compared to non-water
deprived value of goats (tV2f = 6.30= 1.0 hr; = 0.110+ 0.02
h="; CL = 0.92+0.06 | kg~'/hr). The lower value of total body
clearance in water deprived goats may also have resulted from
decreased blood flow to the kidney and other organs of
elimination due to inadequate blood volume (Igbokwe, 1993).
Decreased blood volume as a result of water deprivation may also
axplain the lower value of distribution rate constant {«) and higher
value of distribution half-life {t'/2«) in goats deprived of water (o
= 2.03+ 0.6 h"; tY20t = 0.34= 0.07 h) compared to the animals
that were not deprived of water (@ = 2.8+ 0.6 h™'; tY2a = 0.2b
+ 0.05 hn. Howaver, despite the differences noticed with respect
to the othsar kinstic paramsters betwsen the water deprived and
non-watser dsprived goats, it is worthy of note that the
concentration of the drug at zero time (Cpo) which is the sum of
the zero time intercepts for distribution (A) and elimination (B}, in
non-water deprived goats did not differ significantly (P> 0.05)
from those of water deprived goats.

The results presented in this study also show that diminazens
aceturate is readily distributed to various organs and tissus of
goats. Highaest concentrations of the drug occursd in the
excretory organs {liver and kidneys). This is in agreement with the
observations in dogs (Onyeyili, 1989) and cattle (Klatt and Hadju,
1976). The high concentration obtained in the liver and kidneys
are not unexpected, the liver being the principal organ of bio-
transformation while the kidney is the main organ of slimination.
The contractions in the muscular tissues were lower than those of
the excretory organs in both the non-water deprived and
water deprived goats in this study. These lower concentrations

Table 2: Mean* diminazene concentrations (ug/g) in the liver and kidney of non-water deprived and water deprived goats treated
intravenously with the drug at the rate of 3.b mg kg™’
Concentrations {pg/g)
Liver Kidney
Time (days) Non-water deprived Water deprived Non-water deprived Water deprived
0 0.00 0.00 0.00 0.00
2 58.28x 4.21 48.54x 5.22 31.3bx 3.73 27.04x 2.1
5 34.68x 4.73 44.28x 4.03 27.43x= 2.53 25.88x 1.76
10 24,42+ 2.50 36.26+ 4.12 14,30+ 2.23 5.02+ 0.84
15 5.61+0.82 28.28+ 5.84 1.7+ 0.08 2.93+0.44
Table 3: Mean* diminazene concentrations (pg/g) in the heart, skelstal muscle and brain of non-water deprived and water deprived goats
treated intravenously with the drug at the rate of 3.5 mg kg™'.
Concentrations {jg/g)
Heart Skelstal Brain
Time (days) Non-water deprived Water deprived  Non-water deprived Water deprived  Non-water deprived Waterdeprived
0 0.00 0.00 0.00 0.00 0.00 0.00
2 0.42+0.20 0.37+=0.11 1.34= 0.32 1.12+0.46 1.0+ 0.07 0.00
5 0.27+ 0.06 0.55+0.11 0.45x 0.08 0.45x 0.06 0.50+ 0.03 0.00
10 0.14+ 0.05 0.34+ 0.04 0.22+ 0.06 0.36x 0.10 0.2+ 0.10 0.00
15 0.14+ 0.03 0.32+ 0.06 0.00x 0.00 0.12+ 0.04 0.00 0.00

*Mean + S.D. based on three observations.
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observed in the muscular tissuss appear to agres with the

observations in cattle and dogs (Klatt and Hadju, 1976; Onysyili,

1989). Substantial concentrations of diminazene was obsarved to
be present in some edible tissues at 15 days post drug
administration, with the concentrations in water deprived goats
being higher than those of non-water deprived goats at this time
period.  The initial lower concentrations noticed in water deprived
goats when comparsd with valuss in non-watsr deprived goats
may be due to decreased blood flow to the various organs and
tissuas because of water deprivation which may have reduced the
blood volume. The high tissue and organ concentrations of the

drug in water deprived goats later may bs dus to decrsased

clearance of the drug from the organs and tissuss as a rasult of
impaired circulatory Tunction dus to deceased water intaks.
Diminazene was observed to persist in some edible tissue of both
water deprived and non-water deprived goats for more than 15
days after intravenous injection. This should be given due
consideration in estimation of the withdrawal period for the drug
in this specie. In conclusion, water deprivation as in this study
influenced the various kinstic parameters and also affected the
extent of delivery and clearance of the drug from organs and
tissues of the body.
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