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This study evaluated the efficacy of combination therapy of secnidazole-diminazene aceturate (SEC-DA)
in late treatment of dogs experimentally infected with relapsing strain of Trypanosoma brucei brucei.
Fifteen dogs were randomly assigned to 5 groups (A —E) of 3 per group. Group A (uninfected untreated),
B (infected untreated), C (infected and treated with DA (3.5 mg/kg) IM stat), D (infected and treated with
secnidazole (SEC) (100 mg/kg) orally for 5 days and DA (3.5 mg/kg) IM stat), E (infected and treated with
SEC (200 mg/kg) orally for 5 days and DA (3.5 mg/kg) IM stat). Dogs were infected intraperitoneally with
5 x 10° trypanosomes and treatment started 14 days post-infection. Data on parasitaemia, hematology and
rectal temperature were recorded. Parasitaemia cleared within 3 days in all the SEC-DA treated dogs and
there was no relapse parasitaemia. Parasitaemia did not clear in DA monotherapy dogs. All the SEC-DA
treated dogs showed significantly (P < 0.05) higher leucocyte counts, red blood cell count, packed cell
volume, hemoglobin concentration and lower rectal temperature than DA monotherapy. It was, therefore,
concluded that SEC-DA combination is therapeutically more efficacious than DA monotherapy in the
late treatment of 7.b. brucei infection in dogs.
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INTRODUCTION

Canine trypanosomosis is a protozoan disease
characterized by intermittent fever, progressive anemia,
cachexia, anorexia, enlarged superficial lymph nodes,
edema of the face and corneal opacity. Untreated cases
usually end in death (Eloy, Lucheis, 2009). The disease
is caused by Trypanosoma brucei brucei, T. congolense
and 7. evansi in Africa, T. cruzi and T. evansi in South
America and T. evansi in Asia (Eloy, Lucheis, 2009).
Trypanosoma evansi and T. Cruzi are zoonotic to man
(Gomes et al., 2007). Trypanosoma cruzi is the causative
organism of the human disease (Chagas disease) in South
America (Rosypal et al., 2007). The drug of choice for
canine trypanosomosis is diminazene aceturate (DA)

*Correspondence: I. G. Eke. Department of Veterinary Physiology and
Pharmacology, Faculty of Veterinary Medicine, University of Nigeria Nsukka,
Enugu State Nigeria. Phone: +2348037494699. E-mail:ifeanyi.eke@unn.edu.ng

Braz. J. Pharm. Sci. 2020;56:¢18042

(Peregrine, Mamman, 1993). However, treatment failures
have led to increase in canine patient mortalities in
endemic areas (Onyeyili, Egwu, 1995). Relapse infection
or parasitaemia after treatment has been attributed to late
treatment, drug resistance, under-dosage or the acquisition
of new infections (Onyeyili, Egwu, 1995). Evidence
has shown that relapse parasitaemia can occur in dogs
that have been treated with adequate doses of DA where
re-infection has been precluded (Onyeyili, Anika, 1989;
Jibike, Anika, 1991). This relapse of infections is an
indication of involvement of the CNS in the progress of
the disease.Trypanosomes in the brain evade the effects
of DA, as the drug is ionized and the molecules are too
large to penetrate the blood brain barrier in therapeutic
concentrations (Murray, Jennings, 1982; Onyeyili, Anika
1990). Development of new drugs is expensive and in
recent times, no new trypanocide has been introduced into
the market. Drug combination has been proposed as a way
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of increasing treatment success in cases of trypanosomosis
because of its potential to reduce incidence of adverse
drug reaction and relapse infections. However, effective
drug combinations with ability to prevent relapse infection
and with minimal toxicity have not been successful in
dogs. Thus, the need for further research works in the
development of effective therapeutic regimen for treatment
of canine trypanosomosis. Drug repurposing has been
suggested as a solution to the decrease in the rate of
introduction of new drugs into the market. Drug repurposing
is the process of discovering new uses for a drug patented
for a particular disease (Daniel, 2014). Secnidazole is a
5-nitroimidazole used for the treatment of some protozoan
diseases like giardiasis, trichomoniasis and amoebiasis.
Eke et al., (2017a) reported the antitrypanosomal effects of
SEC in rats and therapeutic efficacy of the combination of
SEC and DA in murine trypanosomosis (Eke ez al., 2017b).
Thus, it appears that SEC has the potential to be repurposed
for treatment of trypanosomosis in higher animal species
like dogs. The objective of the present study, therefore, was
to evaluate the therapeutic efficacy of SEC-DA combination
therapy in the late treatment of Trypanosoma b. brucei
infection in dogs.

MATERIAL AND METHODS

Fifteen Nigerian indigenous breed of dogs aged
8 — 10 months were used for the study. Both male and
female dogs were used in the study. They were kept in
a fly-proof dog kennel in separate cages and fed with
standard commercial pelletized dry dog food. Water was
provided ad libitum. Prior to the commencement of the
study, the dogs were physically examined, and dewormed
with prazisam® (fenbendazole, praziquantel and pyrantel
pamoate) and screened for the presence of trypanosomes
and other hemoprotozoan parasites using Giemsa-stained
blood smear and hematocrit buffy coat technique (OIE,
2008). They were vaccinated with distemper, hepatitis,
leptospirosis, parainfluenza and parvo-virus polyvalent
vaccine (DHLPP) and anti-rabies vaccine (ARV) (Bioveta
a.s. Czech Republic).They were acclimatized for 4 weeks.

Ethical standards

The animal experimental protocol was approved by
the Experimental Animal Ethics Committee of the Faculty
of Veterinary Medicine, University of Nigeria, Nsukka
(approval no: UNFVM/08/15/4) and in compliance with
the Federation of European Laboratory Animal Science
Association and the European Community Council
Directive of November 24, 1986 (86/609/EEC).
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Trypanosome stock

Trypanosoma b. brucei (FedereStrain) used in the
study was obtained from the Department of Veterinary
Parasitology and Entomology, University of Nigeria,
Nsukka. The experimental animals were infected
intraperitoneally with 5 x 10° trypanosomes in 1 ml of
phosphate buffered saline (PBS). Trypanosomes were
quantified using the method of Herbert and Lumsden
(1976)

Experimental groups

The dogs were randomly assigned to 5 groups of
3 dogs per group. They were treated as follows:
Group A: uninfected untreated control
Group B: infected untreated control.
Group C: infected and treated with a single dose of DA
(3.5 mg/kg) IM, (standard drug).
Group D: infected and treated with SEC (100 mg/kg)
orally once daily for 5 days and a single dose of DA
(3.5 mg/kg) IM, subsequently referred to as (SEC-DA
100/3.5 mg/kg).
Group E: infected and treated with SEC (200 mg/kg) orally
once daily for 5 days and a single dose of DA (3.5 mg/kg)
IM, subsequently referred to as (SEC-DA 200/3.5 mg/kg).

Treatment was initiated on the 14" day post-
infection (d.p.i.), when parasitaemia was well established
on assessment of wet blood films (Jennings, Whitelaw,
Urquhart, 1977; Onyeyili,Anika, 1989).The choice of
doses used in this study was based on the findings of
Eke et al., (2017Db).

Parameters for assessment of therapeutic
efficacy

Parasitaemia

The dogs were examined daily for establishment of
the trypanosomes. Active infection with the trypanosomes
was determined by examination every two days using the
blood obtained from the cephalic vein using EDTA as
anticoagulant. Wet blood films were used for the detection
of the trypanosomes. Parasitaemia was quantified using
the rapid matching technique of Herbert and Lumsden
(1976). Parasitaemia was monitored daily for the first
6 days post-treatment (d.p.t.) and then every 3 days, up
till 40 d.p.t. to determine the time of relapse of infection.
Parasite clearance was confirmed by microscopic
examination of Giemsa stained thin smears and hematocrit
buffy coat (OIE, 2008). Dogs were monitored for 40 d.p.t.
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for reappearance of trypanosomes in the blood (relapse
parasitaemia).

Temperature

Rectal temperatures of the dogs were determined
before infection and monitored every other day before
treatment with a digital thermometer. After treatment, the
rectal temperatures were monitored every day for 6 d.p.t.,
then every three days for 40 d.p.t.

Hematology

Blood samples for hematological parameters were
collected ondays 0, 7, 14, 21 and 28, through the cephalic
vein into EDTA sample bottles for full blood count using
the method of Schalm, Jain and Carroll (1975), while the
microhematocrit method was used to determine the PCV
(Coles, 1980) every 3 days. Haemoglobin concentration
was determined using the cyanomethaemoglobin method
(Coles, 1980).

Statistical analyses

Statistical analysis was conducted using SPSS
version 15 for Windows. Repeated measures in general
linear model (GLM) was used to analyse the data
generated from the study. Variant means were separated
using least significant difference (LSD). Significance was
accepted at p < 0.05. The results were presented as mean
+ SEM in figures and tables.

10

mean log Parasitaemia + SEM
(9]

—o—infected untreated

RESULTS
Parasitological findings

Parasitaemia was established in most of the dogs
5 d.p.i. and by 14 d.p.i.; all the infected dogs showed high
level of parasitaemia, but there was no significant (p > 0.05)
difference in their level of parasitaemia. However, there was
significant (p <0.05) reduction in parasitaemia in all treated
dogs 15 - 19 d.p.i. The percentage reduction in parasitaemia
for group C was 97.5 — 99.8%, group D was 98 — 100%,
while group E was 98.4—100% from day 15— 19. However,
parasitaemia increased from 49.9 — 74.9% within the same
period in the untreated. All untreated dogs died before 22
d.p.i. Parasites were completely cleared from the blood of
all the SEC-DA treated dogs by17 d.p.i. and confirmed by
examination of the hematocrit buffy coats of the blood of
the dogs, while DA monotherapy (group C) maintained
a low grade parasitaemia from day 19 until day 30. On
day 31, there was a surge in parasitaemia in the DA-treated
dogs. Relapse of infection did not occur in all the SEC-DA
treated dogs throughout the period of this study (40 d.p.t.)
(Figure 1).

Rectal temperature
There was no significant variation in the rectal

temperatures of the dogs before infection. But 14 d.p.i.,
significant (p < 0.05) increase in rectal temperature

14 15 16 17 18 19 22 25 28 31 34 37 40 43 46 49 51

dpi

—i—DA (3.5 mg/kg)

i SEC-DA (100/3.5 mg/kg) === SEC-DA (200/3.5 mg/kg)

FIGURE 1 - Mean log parasitaemia in dogs infected with 7 b brucei and treated with combinations of SEC-DA and DA monotherapy.
Dogs were infected on day 0 and treatment started 14 d.p.i. All infected untreated dogs died before 22 d.p.i. Data collection on
parasitaemia was terminated for a group as soon as relapse was recorded for that group.
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(2.1-3.6%) was recorded in all the infected dogs which
persisted in the infected untreated dogs when compared with
uninfected untreated. One day post-treatment, a significant
(p <0.05) decline in rectal temperature (1.8%) was recorded
in group E compared with groups D and C.Two days post-
treatment, there was no significant variation in the rectal
temperatures of dogs in groups C, D and E. However, there
was a significant rise in the rectal temperatures (5.4% and
4.5% respectively) of dogs in group C on 22 and 31 d.p.i.
compared with groups A, D and E (Figure 2).

Hematology

Total leucocyte count

The leucocyte count in the dogs in group E was
significantly lower than those of the uninfected untreated
control on day 0. There was no significant (p > 0.05)
difference in the total leucocyte count between the groups
14 d.p.i. Seven days post-treatment (day 21), there was
significantly (p < 0.05) higher leucocyte counts in groups
D and E compared with groups A and B. Fourteen days
post-treatment (day 28), total leucocyte was significantly (p
< 0.05) higher in group A compared with groups C, D and
E. However, groups D and E had significantly (p < 0.05)
higher total leucocyte count than those of group C (Table I).

41

mean rectal temp  sem (°C)
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Lymphocytes

The mean lymphocyte count of group B dogs was
significantly (p < 0.05) higher than those of group C
14 d.p.i. At 21 d.p.i. (7 d.p.t.), the lymphocyte counts of
all dogs in groups C, D and E were significantly (p <0.05)
higher than that of group B, while the lymphocyte counts
of those in groups D and Ewere significantly (p < 0.05)
higher than those of group A. Nevertheless, 14 d.p.t.
(28 d.p.i.), the lymphocyte counts of the group A dogs
were significantly (p <0.05) higher than those of group C,
while there was no significant (p > 0.05) variation between
groups A, D and E (Table I).

Neutrophils

Significantly (p < 0.05) higher neutrophil count
was recorded in the uninfected untreated dogs 14
d.p.i. compared with groups D and E. Seven days
post-treatment, there was no significant variation in
the neutrophil count between groups A, C, D and E.
Meanwhile significant increase in the neutrophil count
was recorded in the group D dogs compared with group
B. Fourteen days post-treatment, significantly (p <0.05)
higher neutrophil count was recorded in group A dogs
compared with groups C, D and E dogs (Table I).

o 14 15 16 19 22 25 28 31 34 37 40 43 46 49 51
days Pl
—¢— uninfected untreated ~i— infected untreated —4—DA (3.5 mg/kg)
= SEC-DA (100/3.5 mg/kg) = SEC-DA (200/3.5 mg/kg)

FIGURE 2 - Mean rectal temperatures of dogs infected with 7. b. brucei and treated with combinations of SEC-DA and DA
monotherapy. Dogs were infected on day 0 and treatment started 14 d.p.i. All infected untreated dogs died before 22 d.p.i. Data
collection on rectal temperature for a group was terminated as soon as relapse was recorded for that group.
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TABLE I - Mean total leucocyte, lymphocyte and neutrophil counts in dogs infected with 7. b. brucei and treated with combinations

of SEC-DA and DA alone

Days post-infection

Total leucocyte (/nL) x103 0 14 21 28
A 22.00£6.54 20.07+0.33 19.43+4.80° 17.07+2.332
B 21.10+£3.25 15.43+0.08 17.03+0.33¢ AD
C 21.32+4.41 9.32+0.83 25.25+2.23 6.36:0.97
D 20.72+3.98 9.32+42.67 43.08+10.72° 9.02:+4.49
E 13.48+1.02° 14.17£1.42 41.78+10.63° 8.55+1.25M
Lymphocytes (/uL) x 10°
A 7.20+0.70 6.60+4.27 7.80+0.89% 5.50+1.01°
B 6.50+1.80 10.10+4.87° 4.60+0.09° AD
C 6.40+1.42 3.20+0.82° 18.30+£3.51° 3.30+0.62°
D 6.80+1.70 5.00£1.57 23.30+1.41% 4.20+1.39
E 4.00+0.64 6.00+1.14 25.40+6.48% 4.61+1.11
Neutrophils (/uL) x 10°
A 14.11+3.83 12.91+4.242 11.30+0.01 10.10+0.172
B 13.78+1.06 9.48+3.35 4.60+0.09° AD
C 13.46+2.41 5.70+0.33 6.27+1.52 2.80+0.53°
D 12.93£2.71 4.63£0.88° 18.04+7.13% 4.58+0.24°
E 8.74+0.40 4.63+0.87° 9.04+2.56 3.83£0.35°

Values on the same row with different superscripts vary significantly (p < 0.05). Dogs were infected on day 0 and treatment started
on day 14 post-infection. AD: all dogs in this group died before day 28. A: uninfected untreated, B: infected untreated, C: infected
and treated with DA (3.5 mg/kg), D: infected and treated with SEC-DA (100/3.5 mg/kg), E: infected and treated with SEC-DA

(200/3.5 mg/kg).

Red Blood Cell (RBC) counts

There was significant (p < 0.05) reduction (< 50%)
in RBC counts of all the infected dogs 14 d.p.i. compared
with uninfected untreated. However, there was a
significant rise (25%) in the RBC count in the dogs in
group E compared with group B, 7 d.p.t. But, the RBC
counts in the group A dogs were significantly (p < 0.05)
higher than all the other experimental groups except those
of dogs in group E. Meanwhile, 28d.p.i., the RBC counts
of the group A dogs were significantly (p < 0.05) higher
than those of dogs in group C (Table II).

Hemoglobin (Hb) concentrations

There was a significant reduction in the Hb
concentration (< 21.5%) in the entire infected dogs
14 d.p.i. Seven days after treatment (21d.p.i.), there
was significantly(p < 0.05) higher Hb concentration in
dogs in groups D and E compared with group C dogs.
At 28 d.p.i., the Hb concentration of group A was only
significantly (p <0.05) higher than those of groups Cand E
(Table II).
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Packed Cell Volume (PCV)

There was no significant difference in the PCV
of the dogs in groups C, D and E from 14 — 16 d.p.i.;
though the PCV values of dogs in groups C, D and E
were significantly (p < 0.05) higher than those of group
B dogs within this period. Nevertheless, significantly (p
< 0.05) higher PCV values were recorded in the dogs in
groups D and E over those of group C from 1931 d.p.i.
when group C dogs relapsed. There was no significant
variation between the PCV of dogs in groups D and E
all through the period of the study except at 19 d.p.i.
where the PCV of group E dogs were significantly (p
<0.05) higher. The PCV values of the group A dogs were
significantly (p < 0.05) higher than those of the groups
B and C from 14 d.p.i. to the end of the study. Between
the group A dogs and groups D and E dogs, significantly
(p < 0.05) higher PCV values were recorded at 14 — 34
d.p.i. and days 43 —49. By 51d.p.i. (40 d.p.t.), there was
no significant variation between the group A dogs and
groups D and E dogs (Figure 3).
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TABLE Il - Mean RBC counts and Hemoglobin concentrations in dogs infected with 7. b. brucei and treated with combinations of
SEC-DA and DA alone

Days post-infection

RBC (/nL) x10° 0 14 21 28
A 6.19£1.15 7.62+0.46* 7.47+0.32° 7.30+0.15°
B 6.19+1.06 3.05+0.01° 2.134£0.01° AD
C 6.31+0.56 3.88+0.05° 3.69+0.54° 3.46+0.01°
D 7.47+1.44 4.40+0.17° 4.54+0.29° 4.71+0.42
E 5.82+0.21 4.77+0.52° 6.44+1.56° 5.88+0.86

Hemoglobin (Hb) (g/dl)

A 13.4042.48 18.90+0.45% 17.77+0.69* 17.63+0.26*
B 13.67+0.37 10.63+0.32° 8.20+0.17° AD
C 16.53+£3.38 12.30+0.64° 9.90+1.50° 12.60+0.17°
D 18.60+0.42 14.60+1.16° 12.27+0.322 15.07+1.01
E 15.07+£3.04 13.73+0.98" 13.10+0.40° 13.70+1.70°

Values on the same row with different superscripts vary significantly (p <0.05). Dogs were infected on day 0 and treatment started
on day 14 post-infection. AD: all dogs in this group died before day 28. A: uninfected untreated, B: infected untreated, C: infected
and treated with DA (3.5 mg/kg), D: infected and treated with SEC-DA (100/3.5 mg/kg), E: infected and treated with SEC-DA
(200/3.5 mg/kg), RBC: red blood cells.

mean PCV £ sem (%)

10 -

[ 14 15 16 19 22 25 28 31 34 37 40 43 46 49 51
days

—o— uninfected i —@—infected d —#—~DA(3.5mghkg) ——SECDA(100/3.5mg/kg) ——SEC-DA(200/3.5mg/kg)

FIGURE 3 - Mean PCV in dogs infected with 7. b. brucei and treated with combinations of SEC-DA and DA monotherapy. Dogs
were infected on day 0 and treatment started 14 d.p.i. All infected untreated dogs died before 22 d.p.i. Data collection on PCV was
terminated for a group as soon as relapse was recorded for that group.
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DISCUSSION

The SEC-DA combination therapy in dogs was
more effective than DA monotherapy at the two different
doses tested. There was an earlier and total clearance of
parasitaemia in dogs treated with SEC-DA combinations as
confirmed by examination of the hematocrit buffy coat and
stained thin smears. Also, there was no relapse of infection
in all the combined treatment groups up till 40 d.p.t. when
the experiment was terminated. However, parasitaemia
was not cleared in DA monotherapy group throughout
the period of study as parasites were detectable in stained
thin smears of blood of the treated dogs. There was also
presence of parasites in wet blood films of the dogs treated
with monotherapy of DA, 17 d.p.t. (31 d.p.i.). The failure
of DA monotherapy to eliminate parasites completely from
the blood of treated dogs could be attributed to some of the
cardiovascular anomalies associated with trypanosomosis,
the molecular size of DA and drug resistance (Losos,
Ikede, 1972). The resurgence of parasites in the blood
of DA monotherapy dogs reported in this study are in
agreement with the findings of Jennings, Whitelaw and
Urquhart (1977) and Onyeyili and Anika (1989), who
observed that treatment of 7. b.brucei infection 14 d.p.i.,
resulted in relapse of infection. The relapse of infection
may have occurred because the DA could not cross the
blood-brain barrier in sufficient amounts to bring about
cure. Only a very small amount of DA is known to cross
the blood-brain barrier, although this small amount may
be enough to act synergistically with SEC, through their
combined antitrypanosomal effects (Eke et al., 2017b)
to eliminate the parasites present within the central
nervous system. This may explain the absence of relapse
infection in the SEC-DA treated dogs. Undulating fever
is one of the cardinal signs of trypanosomosis in dogs
and is related to the jig-saw nature of the parasitaemia in
animals (Radostits, Blood, Gay, 1994). This was evident
in all infected dogs in the present study. Nevertheless,
there was more effective and earlier control of fever in
SEC-DA treated dogs than in DA monotherapy. Also, fever
was observed in DA monotherapy group, 31 d.p.i., which
corresponded to the day parasites were detected in wet
blood films of treated dogs. The earlier and more effective
control of fever in the SEC-DA combined treatments could
be related to faster parasite clearance, thereby preventing
further release of pyrogens by the parasites (Radosttits,
Blood, Gay, 1994). Trypanosomosis is known to alter
hematological parameters of infected dogs (Allam et al.,
2011). There is usually pancytopenia (Abenga, Ode,
Agishi, 2016), associated with immunosuppression and
anemia. In the present study, decrease in the leucocyte

Braz. J. Pharm. Sci. 2020;56:¢18042

count was observed 14 d.p.i. in all infected dogs. Although,
following treatment with either combinations of SEC-
DA or DA monotherapy, there was increase in the total
leucocytes in all the treated dogs. The WBC counts of all
dogs in groups D and Ewere significantly (p < 0.05) higher
than those of group C. Very high levels of leucocytes
were observed at 21 d.p.i., in groups D and E (SEC-DA
100/3.5 and 200/3.5 mg/kg), compared to group C
(DA 3.5 mg/kg). On the other hand, all infected untreated
dogs died before 28 d.p.i., while there was resurgence of
parasites in the blood of DA monotherapy group 17 d.p.t.
(31d.p.i.). Interestingly, there was no relapse of infection in
all the SEC-DA combination treatments. The combination
therapy of SEC-DA could be responsible for the very
high levels of leucocytes observed in groups D and E and
this may be protective. Thus, it could be inferred that the
therapeutic efficacy of combination therapy of SEC-DA
was mediated by a combination of immunomodulatory
mechanisms and synergistic effects of both drugs. The
differential counts showed that the leucocytosis observed
21 d.p.i. in group D (SEC-DA 100/3.5 mg/kg) was due to
elevated lymphocyte and neutrophil counts, while that of
group E (SEC-DA 200/3.5 mg/kg) was due to elevated
lymphocytes. Anemia is one of the cardinal signs of
trypanosomosis (Anosa, 1983). This is mainly due to RBC
destruction, leading to drop in PCV and Hb concentration.
In the present study, anemia was observed in infected dogs
from 14 d.p.i., as there was significant (p < 0.05) decrease
in RBC counts, PCV and Hb concentrations of infected
dogs. Nevertheless, treatment with SEC-DA combinations
ameliorated these anomalies; while there was continuous
decline in the red cell count of the DA monotherapy dogs.
The RBC counts, PCV and Hb concentrations of the groups
treated with SEC-DA combination were higher than that
of DA monotherapy after treatment and up to the end of
the experiment. The effects of the combination therapy
on the RBC counts, PCV values and Hb concentrations
could be related to the faster clearance of parasitaemia
and inhibition of relapse of infection.

It was, therefore, concluded that SEC-DA
combination therapy was more efficacious and, therefore,
a better treatment regimen than DA monotherapy in late
treatment of 7. b. brucei infection in dogs.
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