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ABSTRACT

It is the first one had been conducted in Egypt to evaluate the antitrypanosomal activity of human plasma proteins
compared with diminazene aceturate (DA) using Albino rats as a biological model. It was also carried out to assess
the behavior, hematological, biochemical, and histopathological changes that may be associated with the
administration of plasmas of four blood groups (O+, AB+, B+, A+) at a dose of 0.5 mI/200 gm. b. wt., two times
along the experiment, for a period of 42 days against Trypanosoma evansi infection. The in vitro test for
antitrypanosomal activity revealed that all the tested plasmas cause the disappearance of the Trypanosoma parasite
at a very low concentration (0.001%). Results also revealed that treated groups with the plasma proteins of O+ and
B+ human blood groups exhibited the highest in vitro and in vivo antitrypanosomal effect against T. evansi
followed by A+ and AB+ groups, and could be useful in the management of trypanosomiasis. Histopathological
examination evidenced and confirmed that O+ treated animals followed by B+ did not suffer from abnormalities in
contrast to A+ and AB+ treated animals.
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INTRODUCTION

Trypanosoma evansi is the most pathogenic
trypanosome to most domestic and many wild
mammals, causing Surra disease that varies according
to the virulence of the strain of trypanosome, the
species of the host, unspecific factors affecting the
animal such as other infections and general stress, and
the local epizootiological conditions.™™? Trypanocidal
drugs constitute the principal method of control, as the
development of vaccines, immunotherapy and the herbal
preparations against trypanosomiasis is still in
progress.®*  The existing drugs as veterinary
trypanocides: isometamidium chloride, diminazene
aceturate, quinapyramine and cymelarsan treatments of
trypanosomiasis are challenged with  problems
comprising drug resistance, toxicity and
expensive/limited drugs.®® Thus, there is an urgent need
for new antitrypanosomal drugs that are more effective
and safer.

Humans were considered refractory to infection by T.

evansi, but a case of human infection was reported in an
Indian farmer in 2005.1") After that, about 22% of the
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population in an Indian village were positive for the par-
asite using blood smears, serology and molecular
techniques.® This highlighted how can T. evansi infect a
human, especially humans have innate immunity against
T. brucei. This immunity against T. b. brucei is due to the
trypanolytic activity of a human-specific apolipoprotein
bound to high-density  lipoproteins, termed
apolipoprotein L-1 (APOL1). Researchers attributed this
condition due to the presence of apolipoprotein L-1
(APOL1) in human blood, and this protein would have a
trypanocidal factor since it has the ability to lyse T.
brucei (Pérez-Morga et al., 2005).°! Later, they were
found an APOL1 deficiency in the blood of these Indian
people, which could have contributed to the development
of the disease.!"”

APOL1 is one of the 2 primate-specific proteins,
however, TLF-1 also contains haptoglobin (Hp)-related
protein (Hpr), as well as apolipoprotein A-1 (APOAL)
which are both, directly and indirectly, related to the
toxicity to trypanosomes. Another related protein
complex, TLF-2, although poorly characterized, is also
likely to contribute to trypanosome killing. Recently, a
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research group found that mice infected with T. evansi
when treated with human plasma and blood can
eliminate the parasite from circulation.*] The objective
of present study was to determine the activity of human
plasma proteins against T. evansi experimental infection,
and its effect on clinical parameters.

MATERIALS AND METHODS

Experimental animals

Adult female albino Wistar rats, aged 16 weeks, with
body weights of 150-200 g, were obtained from the
National Research Center, Giza, Egypt. The animals
were housed in small groups (n=6 each), inside
propylene cages. The temperature in the experimental
animal room was maintained at 25+2°C with 12 h dark:
light cycle and 70+10% humidity. The animals were
provided with commercial pelleted rodent food and
drinking water ad libitum. The animals were allowed to
acclimatize to the laboratory conditions for 10 days prior
to the start of the study.

Treatment

The experimental animals were divided into seven
groups of ten adult males each. Groups from 1 to 6 were
infected with 0.1 mL of blood from mice containing 3 x
10° trypanosomes. The T. evansi strain was originally
isolated from a naturally infected camel at El-Bassatein
abattoir, Cairo, Egypt! and maintained by passages
through mice. At a 5-day post-infection, after the
parasites were detected in the bloodstream, animals of
the groups from 1 to 4 were intraperitoneally
administered with human plasma from four adult females
clinically healthy with different blood groups (O+, AB+,
B+, A+) at a dose of 0.5 ml/200 gm. b. wt., two times
along the experiment, for a period of 42 days. For
comparison, three encoded parallel groups from 5 to 7
were used: one group containing only T. evansi and the
second group was given intraperitoneally diminazene
aceturate® as reference values, whereas the third group
maintained an uninfected untreated control. On the
seven-day post-infection and after two days of plasma
administrations, the parasitaemia level of rats in the
control and plasma groups were checked three times a
week by wet blood film prepared from tail blood at x40
magnification. Clinical signs including weight loss,
edema of the face, prepatent period, longevity and
animal mortality were also observed. The number of
parasites seen per field under the microscope was
counted and treatment efficacy was determined by the
number of rats that did not show clinical signs post-
treatment against T. evansi infection.

Hematological, biochemical
changes

Blood was collected once a week along the experiment
from each group by heart puncture in two parts with and
without heparin for haematological and biochemical
estimation, for a period of 42 days. All sera samples
were stored at 4°C until used. The hematology analysis
was done manually whereas, the biochemical analysis

and histopathological
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was done with fully automated analyzed using
commercial kits (Spectrum, Egypt) according to
manufacturer's instructions. Suitable pieces of liver,
kidney, lung, spleen, brain and heart were removed,
washed in saline and fixed in Bouin’s fluid for
histoPathoIogicaI examinations as the method described
by™ The sections were stained with Haematoxylin and
Eosin (H & E) stains!**], observed under the microscope,
and lesions were recorded.

Statistical analysis

Data obtained were expressed as mean standard error of
the mean. It was analyzed using SPSS version 20.0
(IBM SPSS Statics 20, USA). Significant differences in
measurement traits were analyzed using one-way
analysis of variance (ANOVA) and the post-hoc test was
applied for multiple comparisons. Values of P< 0.05 and
P< 0.001 were regarded as statistically significant and
highly significant, respectively.

RESULTS AND DISCUSSION

Screening for antitrypanosomal properties

The in vitro test for antitrypanosomal activity revealed
that all the tested plasma proteins at a very low
concentration  (0.001%) cause disappearance of
Trypanosoma. Regarding safe dose and acute toxicity,
the healthy rats were injected with serial of doses (0.1- 3
ml) to evaluate their safety for the rats showed that all of
them are safe. According to™, 1 ml of each plasma
protein was selected for processing in vivo study.

Plasma proteins administration (in vivo experiment)

The in vivo studies showed that all T. evansi
experimentally infected groups gave parasitaemia of
approximately 10% parasites/ml with no significant
differences between infected groups at day-3 post-
infection (day O for treatment). DA and plasma proteins
showed parasite clearance at 1% -day post-treatment in
compared with T group. The second treatments were
administrated for all groups in day-14 post-treatment. At
24 hr. after the second treatment (15" -day post-
treatment), parasites were disappeared from DA, O+, B+,
A+ and AB+ groups compared to T group. There was no
a recrudescence of parasitaemia at day 21 post-treatment
of the infected animals in DA, O+ and B+ groups, while
the parasite reappeared in animals of A+ and AB+
groups. Nevertheless, comparison of parasitaemia with
the animals of T revealed that the treatment with plasma
protein in A+ and AB+ groups were kept parasitaemia at
low level on day-21 post-treatment. At day-28 post-
treatment, there was recrudescence of parasitaemia of the
infected animals treated with DA drug. Whereas, the
animals treated with plasma protein in O+ and B+ groups
still showed parasite clearance in the T. evansi infected
rats at 28"-day post-treatment. The parasite reappeared
in animals of all treated groups at 35"-day post-treatment
with the exception of O+ group where the animals of this
group still clear from the parasite. At day-42 post-
treatment, T. evansi detected in all treated groups and the
lowest level reported in case of O+ group animals.
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Comparison among all treated groups indicated that the
plasma protein (O+ and B+ groups) exhibited the highest
antitrypanosomal effect against T. evansi followed by A+
and AB+ groups. However, the Neg. group (not infected
not treated) was healthy until the end of the experiment.

In the present study, the mean longevity of T group rats
was of 25+4.95 days, while it was 420 days of the Neg.
group and no rats from Neg., O+ and B+ groups died
within 42 days. The treatments with plasma proteins
have significantly increased the longevity of rats
compared to the non-treated group (Table 1). This in
agrees with the results of two recent studies by!**** who
investigated the susceptibility of T. evansi to therapy
using human blood and plasma in experimentally
infected mice and rats, respectively. On the other hand,
T. evansi infected rats in T group showed 83.33%
mortality percentage during 42 days post-infection
(Table 1). However, after the recrudescence, the animals
may die due to the high level of parasitaemia.™™

The explanation for the increased longevity and
elimination of the circulating parasite 24 h after
therapy with the plasma protein in the present
results may due to the passive immunity resulting
from APOL1 and/or haptoglobin proteins have
proven to play an important role in Trypanolysis in
human blood administered to rats. This explanation
is in agreement with®®') who discuss the effect of
human plasma containing different concentrations of
apolipoprotein L-1 (APOL1) on the infected mice with T.
evansi. It leads to an increase in longevity compared to
the control group was 90%, 0% and 60% for the treated
groups. They believed that this difference in the
treatment efficiency is related to the level of APOLL1 in
plasmas. On the other hand,™™*! concluded that human
plasma was capable of eliminating or control
parasitaemia to low levels, thus increasing the longevity
of the animals, and added, the proteins found in human
fluids might be responsible for the trypanolytic activity
determining differences between rodents of the treated
and non-treated groups.

Changes

treatment
The haematological characteristics of tested parameters
in the different groups involved in the study are
summarized in Table (2). Red blood-corpuscles (RBCs)
and Hemoglobin (Hb) value decreased significantly in
case of T group. The same conclusion as in case of Hb
values was attained through changes of packed cell
volume (PCV %). In contrast to the previous parameters,
both mean cell volume (MCV) and mean corpuscular
hemoglobin (MCH) increased significantly in untreated
animals as compared with the negative control group. In
the same contest,*® indicated that the erythrocyte count
(RBCs), PCV and Hb concentrations of T. evansi
infected animals were decreased compared with those of
the healthy rats. In infected rats, the increase in MCV
values and the decrease in MCHC values indicated

in  hematological parameters due to
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macrocytic hypochromic anaemia. However, this
reduction in RBCs and PCV has been attributed to the
release of hemolytic factors into the animal's blood by
dead trypanosomes causing a destruction of erythrocytes
and hence, reduction in PCV.™! Also,?” indicated that
anaemia is a constant feature of trypanosome infections
whose severity is linked to the level of parasitaemia.

The interplay of several factors acting either individually
or synergistically contributes to the development of
haemolytic anaemia in  human and animal
trypanosomiasis. Most common among these factors are
erythrocyte injury caused by lashing action of
trypanosome flagella, undulating pyrexia, platelet
aggregation, toxins and metabolites from trypanosomes,
lipid peroxidation and malnutrition.”! No significant
differences among the rats of T, Neg. and the other
treated groups in RDW in the current study. The
treatment with plasma proteins seemed to give highly
significant increase in mean platelet volume MPV (in
AB+ and A+ groups) and white blood cells WBCs (in A+
and O+ groups) as compared to DA and the negative
control animals. Of these groups, animals in Neg., T, and
the other treated groups didn't show statistically a
significant difference in the tested values of platelets
PLT. This coincides with the in vitro and in vivo results
shown by!*??l who showed that after the treatment with
Rosemarinus officinalis extract, the  tested
haematological parameters of T. evansi infected animals
were improved.

Biochemical parameters due to treatment

Changes in blood lipids

The mean levels of the tested blood lipids were
summarized in Table (3). The present results indicated
that the tested lipids cholesterol (Chol), triglyceride
(TG), high density lipoproteins (HDL), low density
lipoproteins (LDL) and very low density lipoproteins
(VLDL) generally tended to increase in response to the
treatments with the two plasma proteins (AB, O) as
compared with the negative control animals. In contrast,
the tested Chol, TG, HDL and LDL and VLDL generally
tended to reduce in the untreated animals and in response
to the other tested treatments including the DA treated
rats. The present findings are in conformity with?® who
demonstrated that the infection with T. brucei causes a
significant decrease in the serum levels of Chol, HDL,
TG, and LDL. On the other hand, the lowering of the
serum lipids and Chol as observed in the present study
could, partly, be the result of trypanosomal utilization of
the molecules, and the continuous utilization of these
molecules from the bloodstream could be a contributory
factor to lowering of the serum levels of lipids and Chol.

Changes in Glucose and Calcium total

The mean values of serum Glucose and Calcium total in
the infected, uninfected and treated animals are presented
in Table (3). There were highly significant differences in
the Calcium total values between the rates in Neg.,
untreated and other treated groups (F= 31.19). It is
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known that blood-stream trypanosomes scavenge blood
glucose for energy™!, which could cause hypoglycemia
in the trypanosome-infected animal. Hypoglycemia can
undoubtedly result in increased catabolism of lipids and
Chol. in order to meet some strategic energy needs in the
body of the host animal.?® Consequently, this could lead
to decrease in serum levels of these molecules as
observed in the present study. Also, studies have
demonstrated that low feed intake associated with
trypanosomiasisi?®! may affect blood levels of TG, HDL,
and Chol. in infected animals.

Changes in blood proteins and kidney functions
Changes in rat plasma proteins affected by different
tested treatments are presented in Table (4). The mean
values of total protein and globulin were decreased
significantly in case of rats treated with B+ as compared
with the untreated rats. The obtained data showed that
animals received DA drug as a treatment were suffering
from the significant reduction in total protein and
albumin as compared with the untreated animals. In
support,? have been reported that in the infected control
group there was a decrease in serum levels of ALP and
albumin. This could be due to possible hepatic damage
caused by the hemato-parasite induced in these animals.
Unlike, the level of globulin was high. This could be
described as possible antibody production. In the
infected control group, hyperglobulinemia accompanied
by hypoalbuminemia were observed and are similar to
the observations made in a variety of mammal hosts
infected by T. evansi.”! In trypanosome infections,
decreased serum albumin level has been reported.?®]

Changes in blood urea (BU), blood urea nitrogen (BUN)
and creatinine (CR) in response to different tested
treatments are presented in Table (4). In the present
study, the kidney function in A, B, AB, O and DA groups
(excepted DA group) did not show statistically
significant differences when compared to the control
group (Neg.). The decrease in CR levels when rats were
given those treatments may be due to the ability of those
treatments to provide some degree of protection to the
kidneys during the course of the disease.?”

Changes in liver enzymes

The evaluation of liver function was investigated in the
experimental animals through the measurements of the
liver enzymes including alanine transferase (ALT),
aspartate transferase (AST); gamma-glutamyl transferase
(GGT), alkaline phosphatase (ALP), Bilirubin total,
Bilirubin direct and Bilirubin indirect as shown in Table
(5). The activities of these enzymes are of clinical
interest in the diagnosis of certain muscle and liver
disorders.®% In general, the present results showed that
different enzymes levels in the animals are increased
significantly by the infection with T. evansi parasite (T
group) as compared with the uninfected animals (Neg.
group). This agrees with other studies that reported
elevated serum enzymes in trypanosomal infected
animals.”! The elevation of these enzymes is usually
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indicative of liver damage, being the major liver maker
enzymes; or partly to cellular damage caused by lysis or
destruction of the trypanosomes.*? The results presented
in Table (5) showed no significant differences of hepatic
enzymes in A, B+, AB+, O+ and DA groups, excepted
ALP which was statistically significantly decreased in
DA, AB+, and O+ groups when compared to the control

group (Neg.).

In general, the obtained data showed that the treatment
with AB+ and O+ plasma proteins lead to the reduction
in hepatic enzymes although that reduction was not
statistically significant in most cases compared to
negative animals. Also, similar results were obtained
by who found that although the serum levels of AST
did not show a significant increase in treated animals
compared to negative animals, they observed a decrease
of AST in infected animals treated with the highest
concentration of Curcumin. The reduction in the activity
of liver enzymes, mainly ALT, indicates a better response
of hepatocytes when facing the infection since the serum
transaminase activities returns near to normal when the
regeneration of the liver parenchyma occurs.*4 The
present results revealed that there was a significant
increase in the liver enzymes (except ALP), Bilirubin
total, Bilirubin direct and Bilirubin indirect in the
infected animals as compared with the healthy control
rats. The high levels of total bilirubin in infected rats in
the present study supports earlier observations in several
trypanosome-infected animals.**! It is suggestive of
haemolytic anaemia which may be due to the activity of
proliferating parasites and could also be associated with
the inability of the liver to conjugate bilirubin.

Histopathological changes after treatment

Brain

Histopathological examination of rat infected with T.
evansi revealed demyelination of the brain, vacuolation,
chromatolysis of neurons which appears as a ghost
neuron and sever gliosis which clearly appear with
neuronal phagia (Figure 1). The severity of lesion
decreased during the treatment with different types of
plasma protein, there was slight chromatolysis noted in
rats of O+ and B+ groups, and appearance of neuronal
oedema surrounding congested blood vessel in rats of
AB+ group. These changes in the brain might be due to
toxic substances released by the parasite and the
pathological changes in the brain are due to constant
irritation caused by the presence of parasites.*”! In
addition, the other lesion including focal malacia of the
brain, sever gliosis, neuronal phagia, chromatolysis of
neurons and vacuolation of the brain may be the cause of
nervous manifestation recorded in rat infected by T.
evansi due to take a longitudinal section of the brain,
dogs, and goats in T. evansi infection.[83%40!

Spleen

The histopathology of heart in different rat groups was
illustrated in Figure 2. It is considered the most organ
affected which characterized macroscopically by
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splenomegaly. Microscopical examination revealed the
clear appearance of splenic haemorrhage, depletion of
white pulp and clear appearance of megakaryocyte (giant
cells). Macroscopically, the lesion decreased only in case
of treatment by O+ and beginning to the normal
panoramic view of spleen with only slight depletion
while other types of treatment from my point of view of
no importance. As the clear appearance of
haemosiderosis of spleen in case of AB+. The spleen is
the most important organ that serves as the first line of
defense mechanism.[*Y Initial changes in spleen in rats of
T group or the other tested groups may be due to
immediate hypersensitivity to T. evansi, as described
earlier.[*] Additionally, stimulation by the presence of T.
evansi or their toxic metabolites results in varying
degrees of anemic anoxia, which may induce splenic
damage as observed by in donkeys experimentally
infected with T. evansi. During the progression of the
disease, some histological changes such as hemorrhages,
congestion and absence of germinal centers,
haemosiderosis, increasing in follicular cells, focal
necrosis and the formation of giant cells due to
aggregation of histiocytes were also developed. 4

Heart

The histopathology of heart in different rat groups was
illustrated in Figure 3. Heart in the rat Neg. group
showing cardiac muscles and coronary fat. It is clearly
affected by trypanosome with the clear appearance of
severing haemorrhage, cloudy swelling and necrosis of
muscles with clear pyknotic nuclei as shown as in group
AB with granulation of cytoplasm, and slightly in B+
group. Myocardiolysis was noticed in rats of A+ group.
In addition, congestion was observed in rats of B+ group.
Rat's heart of DA group showing severs hemorrhage and
beginning of degenerative changes in cardiac muscles. In
the present study, Myocardium revealed mild
degenerative changes, interstitial oedema, degenerative
changes in the heart may be due to anemia and
hypoglycemia ~ which also  reported  by™! in
experimentally infected rats with T. evansi. A mild to
moderate interstitial myocarditis, in T. congolense
infection in cattle®, as well as which was observed in T.
brucei infection in cattle and rabbits.”*®! Also, mild to
severe interstitial myocarditis, a large multifocal area of
haemorrhage and mononuclear cells were observed in the
epicardium of T. evansi infected buffalo.*8 Mild
degenerative changes, interstitial oedema in myocardium
were observed in mice infected with T. evansi.*"]

Liver

The histopathology of the liver in different rat groups
was illustrated in Figure 4. Liver in the rat of Neg. group
showing liver plates of hepatic cells and slight
hemorrhage, also those of B+ group showing normal
liver like healthy rats. Sever infiltration of inflammatory
cells in DA and A+ groups. The presence of apoptotic
cells was also observed in rats of A+ and AB+ groups.
Liver congestion was observed in rats of AB+ and A+
groups. A newly formed bile duct was noted in rats of
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DA group. There was hepatic sinusoid dilatation in O+
group. However, Liver revealed necrosis, chronic
inflammatory cells, with clear proteinaceous exudate in
rats of T group. These results have partial agreement
with that revealed congestion and haemorrhages of
hepatocytes may be due to hypoglycemia leading to
starvation of the cells and anoxia due to anaemia in T.
evansi infected animals."® Similar to the obtained data,
congestion in liver was observed in buffalo and in
rats*®“8] infected with T. evansi. Also, congestion and
necrosis of liver were observed in T. brucei and T.
congolense infected sheep.[*%

Lung

The histopathology of the lung in different rat groups
was illustrated in Figure 5. Alveolar emphysema was
noted in the rat' lungs of Neg., DA, B+ and A+ groups
with characteristic giant alveoli in DA and A+ groups
only. Rats in DA, B+ and A+ groups suffering from
interstitial pneumonia. Rats in T group suffering from
suppurative  bronchopneumonia. There was slight
bronchitis, edema in rats of B+ group and catarrhal
bronchitis desquamated epithelial cells inside the lumen
were noticed in rats of O+ group. Rats in AB+ group
suffering from peribronchial fibrosis and lymphocytic
granuloma of the lung, respectively. Rats in DA group
showed interstitial pneumonia, pre-bronchial
lymphocytic  aggregates and pneumoconiosis. In
addition, all type of tested treatment failed to return lung
to normal. Interstitial pneumonia found in the current
study was also observed.!*®! Histopathological changes in
lungs were detected by who observed marked cellular
infiltration in lungs of T. evansi infected small African
goats.

Kidney

The histopathology of the kidney in different rat groups
was illustrated in Figure 6. Kidney of the rat in Neg.
group showed normal appearance glomeruli and slight
swelling of distal convoluted tubules. Rats in T group
showed proteinaceous and edematous fluid in the cortex,
while those in DA group showed hyalinization of
glomeruli, atrophy of glomerular tuft. Microscopically,
there was hydropic degeneration of distal convoluted
tubules and necrosis (O+ group) which was clearly
appeared in all groups as well as the negative group,
slight congestion (A+ group). The obtained results
showed that kidneys revealed tubular degeneration,
congestion and cellular infiltration in most of the mice
sacrificed and glomeruli were shrunken and degenerated.
Also, Kkidneys in other cases characterized by
hypercellularity and decrease in Bowman space, cloudy
swelling of proximal and distal convoluted tubules and
appear of hyaline and cellular cast inside tubules. It has
been reported that changes in kidneys are mainly due to
toxins produced by the parasite and accumulation of
immune complexes which impair the structure and
function of the kidney.[*+5051]
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Figure 1: A photomicrograph of the brain tissues of Wistar rats after treatment against trypanosomiasis with
diminazene aceturate (1/DA), and four plasma proteins (1/O+, 1/B+, 1/AB+ and 1/A+, respectively). U/T
represent infected but not treated rat group (H&E, X1000).

Figure 2: A photomicrograph of the spleen tissues of Wistar rats after treatment against trypanbsomiasis with
diminazene aceturate (2/DA), and four plasma proteins (2/O+, 2/B+, 2/AB+ and 2/A+, respectively). 2/T

represent infected but not treated rat group (H&E, X1000).

Figure 3: A photomicrograph of the heart tissue of Wistar rats after treatment against trypanosomiasis with
diminazene aceturate (3/DA), and four plasma proteins (3/0+, 3/B+, 3/AB+ and 3/A+, respectively). 3/T
represent infected but not treated rat group (H&E, X1000).
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Figure 4: A photomicrogrph '

1

trypanosomiasis with

diminazene aceturate (4/DA), and four plasma proteins (4/0O+, 4/B+, 4/AB+ and 4/A+, respectively). 4/T
represent infected but not treated rat group (H&E, X1000).

Figure 5: A photomicrograph of the lung tissues of Wistar rats after treatment against trypanosomiasis with
diminazene aceturate (5/DA), and four plasma proteins (5/0+, 5/B+, 5/AB+ and 5/A+, respectively), whereas 5/T
represent infected but not treated rat group (H&E, X,1000).

Figure 6: A photomicrograph of the kidney tissues of Wistar rats after treatment against trypanosomiasis with
diminazene aceturate (6/DA), and four plasma proteins (6/O+, 6/B+, 6/A+, and 6/AB+, respectively), whereas 6/T
represent infected but not treated rat group (H&E, X,1000).

Table 1: Means (+SE) of the longevity, mortality and therapeutic success rate (%) using treatment with plasmas
of different blood groups and diminazene aceturate in rats experimentally infected with T. evansi.

Groups Longevity (Mean * SE). Mortality Success of treatment
Neg. (uninfected untreated) 42+0° 0% -

T (infected untreated) 25+4.946° 83.33% -

DA (treated with diminazene aceturate 40.83+1.167° 16.66% 83.34%

O+ (infected and treated with O+ plasma) 42.00+0° 0% 100%
B+(infected and treated with B+ plasma) 42.00+0° 0% 100%
A+(infected and treated with A+ plasma) 34.33+1.406™ 33.33% 66.67%
AB+(infected and treated with AB+ plasma) 31.67+0.989" 33.33% 66.67%
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Table 2: Changes in hematological parameters due to treatment.

Groups RBCs HB PCV MCH MCHC WBCs PLT
Mean £SE Mean £SE Mean £SE Mean £SE Mean £SE Mean £SE Mean £SE
Neg. 7.72+0.27% | 15.37+0.53" | 47.10+1.58™ 19.96+0.59% 32.62+0.23% 8.52+1.05® 743.33+74.70°
T 5.85+0.36% 11.31+0.73° 34.92+2.20° 25.21+1.76° 32.36+0.05% 6.68+0.78° 615.40+264.70°
DA 6.59+0.67™ | 13.34+1.24® | 41.02+3.73%" 20.35+0.56% 32.50+0.07% 6.41+0.89° 565.10+99.55%
A+ 8.35+0.27° 15.54+0.70° | 47.61+2.11" 18.65+0.83? 32.63+0.03“ 18.85+1.85° 755.25+70.09
AB+ 6.63+0.57™ 16.46+0.74° 50.39+2.22° 19.34+0.43% 32.67+0.03° 8.84+1.32%® 776.50+35.53
O+ 7.0240.57°% | 13.80+0.88™° | 42.41+2.64™° 20.00+1.41% 32.53+0.06° 10.12+1.6% 612.33+44.77°
B+ 6.14+0.34%° 13.740.92%° | 42.16+2.76%° 22.32+0.86" 32.53+0.55" 10.87+0.85® 498.00+23.51%
Table 3: Changes in lipid contents and salts due to treatment.
Lipid contents Glucose and Calcium
Groups CHOL. T.G HDL LDL VLDL Glucose Calcium total
Mean +SE Mean +SE Mean +SE Mean +SE Mean +SE Mean +SE Mean +SE
Neg. | 41.17#1.11° | 39.83+5.88" | 4.83+0.31° | 28.37+1.91°% | 7.97+1.18° | 122.67+5.86° 9.77+0.09¢
T 21.80+2.71° | 1550+2.0° | 2.40+0.51® | 16.30+1.84° 3.10+0.40° 66.20+8.73" 9.32+0.04°
DA 30.60+3.37° | 21.60+2.48° | 3.20+0.37" | 23.08+2.75°® | 4.32+0.50° 86.60+4.85" 9.46+0.02™
A+ 31.50+1.44° | 22.041.22% | 4.50+0.21° | 22.60+1.00°® | 4.40+0.245% | 86.25+5.56" 9.55+0.03°
AB+ | 43.25+1.49° | 81.50+1.19° | 4.75+0.25° | 22.20+1.07°% | 16.30+0.24° | 94.50+1.94° 10.08+0.10°
O+ 56.0+2.50% | 81.83+1.08° 5.0+0.0° 34.63+2.54" | 16.37+0.216° | 97.33+3.81° 10.37+0.13"
B+ 31.33+2.14° | 42.83+6.09° | 3.30+0.44" | 19.47+1.105%° | 8.57+1.217° | 85.50+3.91° 9.53+0.02°
Table 4: Changes in total proteins and Kidney functions due to treatment.
Total Proteins kidney function
Groups | Total protein Albumin Globulin AJ/G Ratio BU BUN CR UA
Mean +SE Mean £SE Mean +SE Mean +SE Mean £SE Mean £SE Mean £SE Mean £SE
Neg. 5.82+0.096” | 3.72+0.048"" [ 2.10+0.053% | 1.77+0.029%° | 20.67+0.80™ | 9.67+0.38" | 0.36+0.01* | 2.75+0.21®
T 4.82+0.23" 2.66+0.12° 2.16+0.12° 1.24+0.01° | 47.20+10.29° | 22.07+4.81° | 1.18+0.29"° | 4.06+0.14°
DA 5.24+0.25™ 3.22+0.220° | 2.02+0.05™" | 1.59+0.09° | 26.60+3.14™ | 12.44+1.47°° | 0.57+0.05%° | 3.26+0.23°
A+ 6.03+0.24 3.98+0.18" | 2.05+0.07°9 | 1.94+0.04% 15.0+1.25% 7.13+0.59° | 0.38+0.042° | 2.55+0.05"
AB+ 6.03+0.10" | 4.10+0.09129" | 1.93+0.025™ | 2.13+0.05® | 15.36+0.97° 7.11+0.45° | 0.35+0.02* | 2.50+0.0°
O+ 6.08+0.10 4.14+0.12" | 1.94+0.042°° | 2.14+0.10™ | 17.40+0.91® | 8.03+0.42® | 0.38+0.02° | 2.50+0.0°
B+ 5.32+0.25% 3.47+0.17°® | 1.85+0.10™ | 1.88+0.06% | 24.75+1.50%° | 11.14+0.70®° | 0.50+0.04* | 2.79+0.13%®
Table 5: Changes in Liver enzymes due to treatment.
Groups ALT AST GGT Bilirubin total Bilirubin direct | Bilirubin indirect ALP
Mean +SE Mean +SE Mean +SE Mean +SE Mean +SE Mean +SE Mean +SE
Neg. 30.33+1.98° 92.00£10.15® | 1.00+0.00® | 0.20+0.00333% 0.07+0.00% 0.13+0.00** 36.83+0.40°
T 112.40+35.91° | 474.00+133.69° | 1.64+0.35° | 0.28+0.03473 0.10+0.01° 0.18+0.02% 31.60+0.51°
DA 55.80+8.78% 174.60+25.89°° | 1.12+0.08" | 0.23+0.01860* 0.08+0.01"¢ 0.15+0.01"¢ 33.00+1.23%"
A+ 43.5045.56% 122.50+26.26™ | 1.00+0.00® | 0.19+0.00913% 0.06+0.01%° 0.13+0.01** 37.00+0.41°
AB+ 30.50+1.04° 89.50+1.26% 0.85+0.05° | 0.17+0.00645" 0.05+0.01° 0.11+0.00° 34.50+0.87™
O+ 31.17+2.90° 91.67+5.34% 0.92+0.04%° | 0.18+0.00667% 0.06+0.00%° 0.12+0.00*° 34.33+0.58™
B+ 45.83+5.70® 174.50+20.49®° | 1.03+0.03" | 0.23+0.01797* 0.07+0.00% 0.16+0.01% 36.00+0.37
CONCLUSION to DA and the negative control animals. For Biochemical

The in vitro test for antitrypanosomal activity revealed
that all the tested plasma proteins at 0.001% cause
disappearance of Trypanosoma. Treated groups with the
plasma proteins (O+ and B+ groups) exhibited the
highest antitrypanosomal
followed by A+ and AB+ groups and the mean longevity
of T group rats was of 25+4.95 days. For hematology
parameters, RBCs, Hb and PCV% values decreased
significantly, in contrast to both MCV and MCH that
increased significantly and MPV (in AB+ and A+
groups) and WBC (in A+ and O+ groups) T as compared
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analysis, Chol, TG, HDL, LDL and VLDL generally
tended to increase in response to the treatments with the
two plasma proteins (AB+, O+). Highly significant
differences in the Calcium total values between untreated
and treated groups and blood-stream trypanosomes
glucose
hypoglycemia. The mean values of total protein and
globulin were decreased significantly in treated group
B+. DA drug caused a significant reduction in total
protein and albumin as compared with the untreated
animals. Results revealed changes in BU, BUN and CR

causing
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levels in response to different tested treatments. Enzymes
levels in the animals are increased significantly by the
infection, whereas ALP was significantly decreased in
DA, AB+ and O+ groups when compared to the control
group (Neg.). Histopathological examination evidenced
that O+ treated animals followed by B+ did not suffer
from abnormalities in contrast to A+ and AB+ treated
animals.

ACKNOWLEDGMENT

The authors gratefully acknowledge the financial support
from the Animal Health Department, Desert Research
Center (DRC), Cairo, Egypt. It also supported from
Natural Resources Department, African Researches and
Studies Institute, Cairo University, Egypt.

REFERENCES

1.

Hoare C. The Trypanosomes of mammals. A
Zoological  Monograph  Blackwell  Scientific
Publications: Oxford., 1972.

El-Naga TR, Barghash SM. Blood Parasites in
Camels (Camelus dromedarius) in Northern West
Coast of Egypt. Journal of Bacteriology&
Parasitology, 2016; 7: 258.

Shaba, P., Pandey, N.N., Sharma, O.P., Rao, J.R.,
Singh, R.K. 2012. Antitrypanosomal activity of
Piper ~ NigrumL  (Black  pepper)  Against
Trypanosoma evansi. Journal of Veterinary
Advances, 2(4): 161-167.

Barghash SMA. Evaluation of in vitro and in vivo
activities of some medicinal plants extracts against
trypanosomiasis. International Journal of Advanced
Research, 2016; 4(8): 1169-1178.

Atawodi S, Ameh D, Ibrahim S, Andrew J, Nzelibe
H, Onyike E, Njoku, G. Indigenous knowledge
system for treatment of trypanosomiasis in Kaduna
state of Nigeria. Journal of ethnopharmacology,
2002; 79: 279-282.

Legros D, Ollivier G, Gastellu-Etchegorry M,
Paquet C, Burri C, Jannin J, Bischer P. Treatment
of human African trypanosomiasis—present
situation and needs for research and development.
The Lancet Infectious Diseases, 2002; 2: 437-440.
Joshi PP, Shegokar VR, Powar RM, Herder S, Katti
R, Salkar HR, Truc P. Human trypanosomiasis
caused by Trypanosoma evansi in India: the first
case report. The American Journal of Tropical
Medicine and Hygiene, 2005; 73: 491-495.
Shegokar VR, Powar RM, Joshi PP, Bhargava A,
Dani VS, Katti R, Truc P. Human trypanosomiasis
caused by Trypanosoma evansi in a village in India:
preliminary serologic survey of the local population.
The American Journal of Tropical Medicine and
Hygiene, 2006; 75: 869-870.

Pérez-Morga D, Vanhollebeke B, Paturiaux-Hanocq
F, Nolan DP, Lins L, Homble F, Poelvoorde P.
Apolipoprotein LI promotes trypanosome lysis by
forming pores in lysosomal membranes. Science,
2005; 309: 469-472.

www.ejbps.com

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

European Journal of Biomedical and Pharmaceutical Sciences

Van Hellemond JJ, Tielens AG. Adaptations in the
lipid metabolism of the protozoan parasite
Trypanosoma brucei. FEBS letters, 2006; 580:
5552-5558.

Otto MA, Silva ASD, Gressler LT, Farret MH,
Tavares KCS, Zanette RA, Monteiro SG.
Susceptibility of Trypanosoma evansi to human
blood and plasma in infected mice. Veterinary
Parasitology, 2010; 168: 1-4.

Culling CFA. Handbook of histopathological and
histochemical techniques Ed. 3. Butterworth,
London, UK. 1974.

Luna LG. Manual of histologic staining methods of
the armed forces institute of pathology, 3rd edn.
McGraw Hill, New York, NY 1968.

Otto MA, da Silva AS, Gressler LT, Dall’Agnol LP,
Bottam J, Zanette RA, Monteiro SG. Trypanosoma
evansi: therapy with human plasma in infected rats.
Comparative Clinical Pathology, 2011; 20: 139-141.
Ene A, Edeh N, Bonny-Okoli C, Ojiako O,
Ujowundu C, Igwe C. In vitro and in vivo
antitrypanosomal effects of methanol and aqueous
extracts of Picralima nitida. British Journal of
Pharmaceutical Research, 2014; 4: 644-653.

Da Silva AS, Fanfa VR, Otto MA, Gressler LT,
Tavares K, Lazzarotto CR, Monteiro SG.
Susceptibility of mice to Trypanosoma evansi
treated with human plasma containing different
concentrations of apolipoprotein L-1. The Korean
journal of parasitology, 2011; 49: 427-430.

Pays E, Vanhollebeke B, Vanhamme L, Paturiaux-
Hanocq F, Nolan D P, Pérez-Morga D. The
trypanolytic factor of human serum. Nature Reviews
Microbiology, 2006; 4: 477-486.

Omer O, Mousa H, Al-Wabel N. Study on the
antioxidant status of rats experimentally infected
with Trypanosoma evansi. Veterinary Parasitology,
2007; 145: 142-145.

Atawodi SE, BulusT, Mamman M. Bioassay guided
fractionation and antitrypanosomal effect of
fractions and crude aqueous and methanolic extracts
of Terminalia  avicennioides (Guill. &  Perr.)
Parts. International Journal of Biology, 2011; 3(3):
19-30.

Coustou V, Plazolles N, Guegan F, Baltz T.
Sialidases play a key role in infection and anaemia
in Trypanosoma congolense animal
trypanosomiasis. Cellular microbiology, 2012; 14:
431-445.

Mbaya A, Nwosu CO, Kumshe H. The mechanisms
of anaemia in trypanosomosis: a
review: Intechopen.com, 2012; 17: 269-282.

Awad FMA, Mohamed MA, Osman AY, Abu-
Hassan, ZA, lbrahim N. In vivo assessment of anti-
trypanosomal effect of rosemary (Rosmarinus
officinalis) in rabbits. Journal of Agriculture and
Veterinary Sciences, 2014; 7: 45-54.

Abimbola AM, Baba IA, Yenusa EZ, Omanibe SJ,
Oladimeji  IH.  Antitrypanosomal effect of
Peristrophe bicalyculata extract on Trypanosoma

95



Barghash et al.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

brucei brucei infected rats. Asian Pacific journal of
tropical biomedicine, 2013; 3: 523-531.
Vanhollebeke B, Truc P, Poelvoorde P, Pays A,
Joshi PP, Katti R, Pays E. Human Trypanosoma
evansi infection linked to a lack of apolipoprotein
LI. New England Journal of Medicine, 2006; 355:
2752-2756.

Vigueira PA, Ray SS, Martin BA, Ligon MM, Paul
KS. Effects of the green tea catechin (—)-
epigallocatechin gallate on Trypanosoma brucei.
International Journal for Parasitology: Drugs and
Drug Resistance, 2012; 2: 225-229.

Adamu S I.A, Jatau ID, Neils JS, Useh NM, Bisalla
M, Ibrahim NDG, Nok AJ, Esievo KAN. Changes in
the serum profiles of lipids and cholesterol in sheep
experimental model of acute African
trypanosomosis. African Journal of Biotechnology,
2008; 7: 2090-2098.

Soodan J, Sood N, Khahra S, Singh K, Juyal P.
Clinico-pathological studies in donkeys
experimentally infected with Trypanosoma evansi.
Indian journal of animal sciences, 1996; 66:
443-448.

Do Carmo GM, Baldissera MD, Vaucher RA, Rech
VC, Oliveira CB, Sagrillob MR, Franca RT. Effect
of the treatment with Achyrocline satureioides (free
and nanocapsules essential oil) and diminazene
aceturate  on hematological and biochemical
parameters in rats infected by Trypanosoma evansi.
Experimental parasitology, 2015; 149: 39-46.

Umar IA, Toma I, Akombum CA, Nnadi CJ, Mahdi
MA, Gidado A, Buratai LB. The role of
intraperitoneally administered vitamin C during
Trypanosoma congolense infection of rabbits.
African Journal of Biotechnology, 2010; 9:
5224-5228.

Lessard P, Wilson W, Olander H, Rogers Q, Mendel
V. Clinicopathologic study of horses surviving
pyrrolizidine alkaloid (Senecio vulgar is) toxicosis.
American Journal of Veterinary Research, 1986; 47:
1776-1780.

Abd El-Baky AA, Salem SI. Clinicopathological and
cytological studies on naturally infected camels and
experimentally infected rats with Trypanosoma
evansi. World Applied Science, 2011; 14(1): 42-50.
Yusuf AB, Umar IA, Nok AJ. Effects of methanol
extract of Vernonia amygdalina leaf on survival and
some biochemical parameters in acute Trypanosoma
brucei  brucei infection. African  Journal  of
Biochemistry Research, 2012; 6(12): 150-158.
Singh R, Sharma P. Hepatoprotective effect of
curcumin on lindane-induced oxidative stress in
male Wistar rats. Toxicology International, 2011,
18: 124-129.

Shahidi F, Janitha P, Wanasundara P. Phenolic
antioxidants. Critical reviews in food science and
nutrition, 1992; 32: 67-103.

Ezeokonkwo R, Ezeh I, Onunkwo J, Onyenwe I,
Iheagwam C, Agu W. Comparative serum
biochemical changes in mongrel dogs following

www.ejbps.com

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

European Journal of Biomedical and Pharmaceutical Sciences

single and mixed infections of Trypanosoma
congolense and Trypanosoma brucei brucei.
Veterinary Parasitology, 2012; 190: 56-61.

Adeyemi O, Akanji MA, Ekanem JT. Ethanolic
extract of Psidium guajava influences protein and
bilirubin levels in Trypanosoma brucei brucei
infected rats. Journal of Biological Sciences, 2012;
12:111-116.

Bal MS, Singla L. Pathological studies on
experimental Trypanosoma evansi infection in Swiss
albino mice. Journal of Parasitic Diseases, 2012; 36:
260-264.

Damayanti RR, Graydon E. The pathology of
experimental Trypanosoma evansi infection in the
Indonesian buffalo Bubalus bubalis. Journal of
comparative pathology, 1994; 110: 237-252.

Aquino LPC, Machado RZ, Alessi AC, Santana AE,
Castro MB, Marques LC, Malheiros EB.
Hematological, biochemical and
anatomopathological aspects of the experimental
infection with Trypanosoma evansi in dogs. Arquivo
Brasileiro de Medicina Veterindria e Zootecnia,
2002; 54: 8-18.

Darganetes AP, Compbell RSF, Copeman DB, Reid
SA. Experimental Trypanosoma evansi infection in
the goat. Journal of comparative pathology, 2005;
133: 267-276.

Sivajothi S, Rayulu V, Sujatha K, Reddy SB,
Amaravathi P. Histopathological observations in
rabbits experimentally infected with Trypanosoma
evansi. Journal of Advanced Veterinary Research,
2013; 3: 122-126.

Uche UE, Jones TW. Early events following
challenge of rabbits with Trypanosoma evansi and
T. evansi components. Journal Comparative
Pathology, 1993; 109: 1-11.

Suryanarayana C, Gupta SL, Singh RP, Sadana JR.
Pathological changes in donkeys (Equus asinus)
experimentally infected with T. evansi. Indian
Veterinary Medicine Journal, 1986; 6: 57-59.
Biswas DA, Choudhury E. Histopathology of
Trypanosoma (Trypanozoon) evansi Infection in
Bandicoot Rat. I. Visceral Organs. Experimental
parasitology, 2001; 99: 148-159.

Losos GJ, lkede BO. Review of pathology of
diseases in domestic and laboratory animals caused
by T. congolense, T. brucei, T. rhodesiense, T.
gambiense. Veterinary Pathology, 1972; 9: 1-71.
Moulton JE, Sollod AE. Clinical, serological and
pathologic changes in calves with experimentally
induced Trypanosoma brucei infection. American
Journal of Veterinary Research, 1976; 37: 791-802.
Patel, N.M., Avastthi, B.L., Prajapati, K.S., Kathiria,
L.G., Heranjal, D.D. 1982. Histopathological lesions
in experimental trypanosomiasis in rats and mice.
Indian Journal of Parasitology, 6: 107-109.

Virmani N, Sengupta PP, Panisup AS.
Pathomorphological changes in rats following
infection with Trypanosoma evansi isolated from a

96



Barghash et al. European Journal of Biomedical and Pharmaceutical Sciences

heterologous host. Indian Journal of animal
Research, 2004; 38: 29-32.

49. Taiwo VO, Olaniyi MO, Ogunsami AO.
Comparative plasma biochemical changes and
susceptibility of erythrocytes to in vitro peroxidation
plasma bio-chemical changes T. congolense and T.
brucei infections in sheep. Isr. Veterinary Medical
Association, 2003; 58: 112 - 117.

50. Ngeranwa JJ, Gathumbi PK, Mutiga ER, Agumbah
GJ. Pathogenesis of Trypanosoma (brucei) evansi in
small east African goats. Research in Veterinary
Sciences, 1993; 54: 283-289.

51. Morrison WIM, MecLntyre WIM. Bovine
trypanosomiasis in Diseases of Cattle in the Tropics.
In M. R. a. M. Ristic, W.I (Ed.), The Hague,
Martinus Nijhoff. 1981; (pp. 469-497).

www.ejbps.com 97



