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ABSTRACT
Background and Objective: Secnidazole (SEC) has been successfully combined with DA in the treatment
of canine trypanosomosis without relapse parasitemia. However, the nature of the interaction between
SEC and DA is not known. This study evaluated the influence of SEC on the disposition kinetics of DA in
a healthy dog. Materials and Methods: Twelve dogs of both sexes were assigned to 2 groups A and B
(n = 6). Group A was pre-treated with SEC (100 mg kgG1) 30 min before administration of DA (3.5 mg kgG1)
IM. Group B received DA (3.5 mg kgG1) alone IM. Zero-time blood sample was obtained 15 min before DA
administration and blood samples were obtained from each at 0.25, 0.5, 1, 2, 3, 6, 9, 12, 24, 36, 48, 60 and
72 hrs post-administration. Serum samples harvested were analysed for DA using the spectrophotometric
method. Results: A double compartment model with a biphasic elimination best described the behaviour
of DA in the two groups. Pre-treatment with SEC significantly (p<0.05) altered the Cmax, elimination rate
constant, elimination half-life, total body clearance and area under the concentration-time curve of DA.
Conclusion: Results concluded that the observed effects of SEC on the pharmacokinetic profile of DA may
impact positively the efficacy of DA in trypanosome infected dogs.
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INTRODUCTION
Diminazene Aceturate (DA) is the most common agent used in the treatment of African animal
trypanosomosis and babesiosis1. Canine trypanosomosis is marked by high morbidity, while poorly
managed cases are usually fatal. Recurring infection, relapse parasitemia and drug resistance are the major
causes of treatment failures2. Treatment failures due to drug resistance and relapse parasitemia and the
unavailability of effective new trypanocides have encouraged the search for drug combinations in the
treatment of trypanosomosis3. Amiodarone and itraconazole have been combined in the treatment of the
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chagas disease in dogs4. Eflornithine and nifurtimox are effective in the second stage of human African
trypanosomosis5. However, toxicity concerns and ineffectiveness of some of these drugs have restricted
the use of these drug combinations in clinical practice. The pharmacokinetics of DA has been explored
in various animal species6-10. Although DA has been employed in the treatment of both canine
trypanosomosis and babesiosis, only a few kinetic studies have been carried out with the drug in dogs.
To the best of our knowledge, no kinetic work has been done on DA when combined with other drugs
in dogs. Recently the antitrypanosomal effect of SEC in vitro and in vivo was reported11. Further studies
have shown the efficacy of the combination therapy of SEC-DA in the canine model of trypanosomosis12.
However, the nature of this synergistic effect of SEC-DA is not known.

The objective of this study was to determine the effect of SEC on the disposition kinetics of DA in healthy
Nigerian indigenous breeds of dogs.

MATERIALS AND METHODS
Study area: The experimental animals were kept in the experimental kennels of the Department of
Veterinary Physiology and Pharmacology Animal House. The pharmacokinetic studies were carried out
at the World bank assisted by the Step B Drug Discovery Lab of the Department of Veterinary Physiology
and Pharmacology University of Nigeria, Nsukka. The studies were carried out between February and May,
2016.

Twelve dogs of both sexes were used in the experiment. They were between 8-10 months old and were
certified healthy. The dogs were kept in screened kennels in separate compartments. The dogs were fed
with standard dry dog food (Dog and Co.® for puppies and junior. Adragna, Pet Food Via Porta Palermo,
Italy). They were provided water ad libitum. Before the study fully commenced, they were clinically
examined, wormed and blood samples collected and examined for the presence of trypanosomes and
other blood parasites using Giemsa-stained blood smears. Four weeks of acclimatization were allowed
before the studies commenced.

Ethical statement: This study was approved by the Experimental Animal Ethics Committee of the Faculty
of Veterinary Medicine, University of Nigeria, Nsukka (Approval No: UNFVM/08/15/4). The protocol
complied with the European Community Council Directive of November 24, 1986 (86/609/EEC) and the
Federation of European Laboratory Animal Science Association.

Drugs:
C Secnidazole (Secwid®) May and Baker Nig. Ltd., Lagos Nigeria
C Diminazene aceturate (Veriben®) Ceva Sante Animale, Libourne Cedex, France
C Pure diminazene aceturate for preparation of standard (Cayman chemical, Michigan, U.S.A)

Chemicals: Trichloroacetic acid (TCA) (Sigma-Aldrich, Darmstadt Germany), N-HCl (New Bombay Acid and
Chemical Company, Bombay, India), sodium nitrite (Airedale Chemical Company Ltd, West Yorkshire, UK),
Ammonium    sulphamate    (Sigma-Aldrich,    Darmstadt    Germany).    Alpha-naptylethylenediamine
(Sigma-Aldrich, Damstadt Germany).

Experimental animals and treatments: The dogs were randomly assigned to 2 groups (n = 6). The first
group was treated with 100 mg kgG1 SEC orally followed by 3.5 mg kgG1 DA IM 30 min later. The DA alone
3.5 mg kgG1 IM was given to the second group.

Diminazene aceturate 7% solution was administered IM to the dogs in the left gluteal muscle, while blood
samples were collected from the right cephalic vein.
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Sample collection: About 15 min before drug administration zero-time (0 hr) samples were collected
from each dog. After drug administration, blood samples were collected at 0.25, 0.5, 1, 2, 3, 6, 9, 12, 24,
36, 48, 60 and 72 hrs. The samples were centrifuged at 4000 rpm immediately after collection for 5 min,
to obtain the serum. The serum samples were stored frozen until analysed.

Preparation of DA standard: Pure diminazene aceturate (2 mg mLG1) solution was prepared. From this
stock solution, 20 µg mLG1 was prepared. Two millilitres of this solution were further diluted with the
serum to obtain 4, 2, 1, 0.5, 0.25, 0.125 and 0.0625 µg mLG1. The optical density readings of the various
concentrations were obtained using a double beam UV-spectrophotometer (Jenway, Staffordshire, UK).
The standard curve was generated and the standard equation was derived using a Microsoft excel
package.

Analysis of DA in serum: Total DA was determined using the spectrophotometric method13. The
procedure  is  based  on  the  hydrolysis  of  DA  and  coupling  of  the  diazonium  salt  of  the  drug  with
N-1-naphthyl ethylenediamine to form a pink colour. Treatment of DA with HCl and sodium nitrite
solutions results in the formation of diazonium salt from the DA present. The excess nitrous acid was
destroyed using ammonium sulphamate, leaving the diazonium salt to be coupled with N-1-naphthyl
ethylenediamine. The colour change was measured with a UV spectrophotometer.

Protocol: To 1 mL of 10% TCA, 1 mL of serum was added. The sample was left to stand for 15 min after
thorough shaking. The sample was centrifuged for 10 min at 4000 rpm. Clear supernatant solution 1 mL
was added to 1 mL of 1N-HCl in a test tube. The mixture was diazotized with 0.2 mL of 0.5% sodium nitrite
solution. One millilitre of 1% ammonium sulphamate solution was added to the mixture after 3 min and
the mixture was shaken well. One millilitre of 1 mL of 0.2% alpha-naphtyl ethylene diamine solution was
added after an additional 3 min and the developed colour was measured at 540 nm using a double beam
UV-spectrophotometer (Jenway, Staffordshire, UK).

Calculation of DA concentrations: The concentrations of DA in the serum were calculated from the
standard curve which was obtained from the optical density readings of the standard.

Calculation of pharmacokinetic parameters: Pharmacokinetic analysis of data obtained was performed
using a mean value by standard procedure14-16. The following pharmacokinetic parameters were
determined.

DArea under the curve (AUC) = Cl

Where:
D = Dose of DA administered
Cl = Total body clearance

Elimination rate constant:

1 2

1 2

-(ln C - ln C )Ke = T - T

Where:
C1 T1 = First drug serum concentration and time pair
C2 T2 = Second drug serum concentration and time pair

https://doi.org/10.17311/tas.2022.95.102   |                  Page 97



Trends Agric. Sci., 1 (2): 95-102, 2022

Elimination half-life:

T1/2 Ke = Ln2/ke = 0.693/Ke

Total body clearance (Cl) = Dose/AUC

Volume of distribution (Vd) = Cl/Ke

C Absorption rate constant (Ka): Derived by method of Residuals16

C Absorption half-life (T1/2Ka) = Ln2/Ka = 0.693/Ka
C Tmax = Time of maximum drug concentration in the serum
C Cmax = Maximum drug concentration in the serum

Statistical analysis: The results were presented as Mean±SEM. Data obtained were analysed using an
independent sample T-test. Significance was accepted at p<0.05.

RESULTS
Figure 1 showed that DA concentration was significantly (p<0.05) higher in SEC pre-treated dogs at 0.25
and 0.5 hr. There was no significant variation in the DA concentration afterwards. The DA was rapidly
absorbed after intramuscular administration in the two groups of dogs as shown in Fig. 2. A double
compartment model, characterized by biphasic elimination best described the DA data presented in the
figure. The mean peak serum concentration of 1.40±0.2 µg mLG1 of DA achieved at 0.5 hr in SEC pre-
treated dogs was significantly (p<0.05) higher than that obtained in the DA alone treated dogs (1.2±0.05)
at 1 hr. Pre-treatment with SEC significantly (p<0.05) increased the Ke of DA when compared with DA
alone. There was a significantly (p<0.05) lower T1/2Ke of DA in the SEC pre-treated dogs compared to DA
alone. There was significantly (p<0.05) higher Cl and AUC of DA in SEC pre-treated dogs compared to DA
alone. There was no significant (p>0.05) variation in the Ka, T1/2Ka and Vd of DA in dogs in both treatment
groups (Table 1).

Fig. 1: Diminazene aceturate concentration in serum versus time in dogs treated with SEC-DA and DA
alone
SEC-DA: Secnidazole-diminazene aceturate and DA: Diminazene aceturate

https://doi.org/10.17311/tas.2022.95.102   |                  Page 98

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

D
A

co
n

ce
n

tr
at

io
n

 (
µ

g
 m

L
)

�
¹

0 0.25 0.5 1 2 3 6 9 12 24 36 48 60 72

Time (hrs)

SEC
DA



Trends Agric. Sci., 1 (2): 95-102, 2022

Fig. 2: Semilogarithmic plot of diminazene aceturate absorption and elimination in serum versus time in
dogs treated with SEC-DA and DA alone
There was rapid absorption and distribution of DA from the intramuscular injection site; non-linear and prolonged
elimination of DA in both groups. This elimination pattern of DA in each group is best described by a double compartment
model. SEC-DA: secnidazole-diminazene aceturate; DA: diminazene aceturate

Table 1: Pharmacokinetic parameters of DA in dogs following administration of SEC-DA and DA alone
Pharmacokinetic parameters SEC-DA (n = 6)a DA (n = 6)a

Tmax (hrs) 0.50±0.00 1.00±0.00
Cmax (µg mLG1) 1.40±0.20 1.20±0.05b

Elimination rate constant (Ke) (hrsG1) 0.04±0.01 0.01±0.03b

Elimination half-life (T1/2Ke) (hrs) 18.97±3.40 64.00±7.9b

Absorption rate constant (Ka) (hrsG1) 7.06±0.46 6.93±0.37
Absorption half-life (T1/2Ka) (hrs) 0.10±0.01 0.10±0.01
Volume of distribution (Vd) (L kgG1) 3.03±0.12 3.25±0.07
Total body clearance (Cl) (L hrsG1) 0.12±0.01 0.05±0.01b

Area under the curve (AUC) (hrs µg mLG1) 30.27±4.40 72.20±2.2b

aData represents Mean±SEM, bData significantly different from those of SEC-DA treatment (p<0.05)

DISCUSSION
The data obtained from this study indicated that DA was absorbed from the IM route. The disposition
kinetics of DA in the two treatment groups were similar. However, pre-treatment of dogs with SEC
increased the Cmax and decreased the Tmax of DA. Also, pre-treatment of dogs with SEC increased the
elimination rate constant and total body clearance and decreased the elimination half-life and AUC. A
double compartment model, characterized by biphasic elimination best described the disposition
characteristics of DA in both treatment groups.

The absorption rate constant is the fractional rate of drug absorption from the site of administration into
the systemic circulation14. Pre-treatment with SEC had no significant effect on the absorption of DA from
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the IM injection site. However, the absorption of DA from the injection site into the blood was very rapid
(0.1 hr) and was similar to the findings of previous researchers10. A biphasic elimination of DA was
observed for both treatments with a more prolonged elimination in the DA alone treated dogs. This
finding agrees with the findings of Miler et al.10 who reported that DA has rapid and slow terminal
elimination phases.

An elimination rate constant of 0.04 per hr was determined for dogs pre-treated with SEC as against 0.01
per hr for dogs treated with DA alone. The elimination half-life was also shorter for dogs pre-treated with
SEC (18.97 hrs) against 64.00 hrs for dogs treated with DA. The reason for this was not clear, but it could
be related to increased clearance of the serum of DA into organs and tissues. A previous study showed
that SEC pre-treated dogs have higher DA concentrations in the liver, kidney, brain and skeletal muscles13.
This has chemotherapeutic implications in the treatment of animal trypanosomosis. Relapse parasitemia
is due to sequestration of trypanosomes in sites like the brain where DA accumulation is below therapeutic
levels17,18. Increased accumulation of DA in these sites may lead to the elimination of relapse parasitemia13.
This may explain the reported greater efficacy of SEC-DA over DA alone in Trypanosoma brucei brucei
infected dogs12. The Volume of Distribution (Vd) is a factor that relates the amount of drug in the body
to the concentration of drug in the serum14. In the current study, pre-treatment of dogs with SEC did not
significantly alter the Vd of DA. Dogs pre-treated with SEC had a Vd of 3.03 L kgG1 against 3.25 L kgG1 for
dogs treated with DA alone. However, the results obtained showed that DA was distributed at least into
the interstitial fluid spaces and tissues in both groups19. Clearance reflects the elimination of drugs from
the body15. Thus, clearance is the coefficient of proportionality between serum drug concentration and
elimination. Total body clearance of DA was significantly (p<0.05) higher (0.12 L hrG1) in dogs pretreated
with SEC compared with 0.05 L hrG1 for dogs treated with DA alone. This explained the higher rate of
elimination of DA in the SEC pre-treated dogs. This will suggest lower toxicity20,21. The Area Under the
Concentration-Time Curve (AUC) is the integral of the serum drug concentration-time curve15. The AUC
reflects the actual body exposure to the drug after administration of a dose of the drug15. It is dependent
on the rate of elimination and dose administered and inversely proportional to the drug clearance22. In
the   current   study,   pre-treatment   with   SEC   decreased   the   AUC   (30.27   hrs   µg   mLG1)   against
72.20 hrs µg mLG1 for DA alone. This suggested that the body exposure to the  drug  was  lower  in  SEC
pre-treated dogs than in DA because of higher clearance and faster decline in the serum drug
concentration. In another study, Baker et al.23 showed that AUC was directly correlated to neutropenia in
640 patients receiving docetaxel. Clinically, the implication of decreased AUC in SEC pre-treated dogs
could be reduced risk of DA toxicity or no toxicity at all24. One of the important limitations of this study
is that it was conducted in healthy dogs and under controlled experimental conditions. What happens in
infected or natural field infection remains speculative. Thus, we, therefore, suggest that this work be
repeated in trypanosome infected dogs to get a complete overview of the pharmacokinetic interaction
of SEC and DA.

CONCLUSION
The SEC altered some pharmacokinetic profiles and elimination patterns of DA in treated dogs. The
shortened elimination half-life, increased clearance and lower AUC of DA observed in SEC pre-treated
dogs may be evidence that SEC pre-treatment could decrease DA toxicity in treated dogs. This is of clinical
significance since DA toxicity is a huge concern in chemotherapy of canine trypanosomosis. These effects
of SEC may impact positively on the efficacy of DA in the treatment of canine trypanosomosis.

SIGNIFICANCE STATEMENT
Previous studies had demonstrated the efficacy of combination therapy of SEC-DA in Trypanosoma brucei
brucei infected dogs. However, the possible mechanism of synergy between SEC and DA was speculative.
The current study provides substantial evidence of pharmacokinetic interaction between the two
combined agents. This study is one of the very few pharmacokinetic studies involving the combination
of other agents with diminazene aceturate and the first of such studies in dogs.
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