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ABSTARACT 

D 
ipetalonema evansi (D. evansi) is an important filarial nematode 
especially in camels and represents a significant health problem. 
This study aimed to determine the effect of natural infection with D. 

evansi on the oxidative status in plasma and erythrocytes of camels 
(Camelus dromedarius). In this study, 22 female dromedaries were classi-
fied according to blood parasitological examinations into infected group (n = 
10) and healthy control one (n = 12). Compared to values of the control 
group, a significant reduction in red blood cell count (P < 0.05), hemoglobin 
concentration (P < 0.01) and packed cell volume (P < 0.01) was noticed in 
the infected camels. Plasma total oxidant status (TOS) was significantly in-
creased (P < 0.05) in the infected camel group compared to the control one. 
Plasma total antioxidant capacity (TAC) was significantly decreased (P < 
0.05) whereas the erythrocytic activity of the antioxidant superoxide dis-
mutase and erythrocytic lipid peroxidation as denoted by malondialdehyde 
concentration were increased (P < 0.05) in the infected group when com-
pared to the corresponding control values. In  conclusion, erythrocyte of 
camels infected by D. evansi is a subject of peroxidation, which may con-
tribute to pathogenesis of the disease. 

INTRODUCTION 
Camels (Camelus dromedarius) are multi-

purpose animals used for milk and meat pro-
duction in addition to working, racing, trans-
portation and tourism. They are well adapted to 
harsh environments in arid regions. According 
to the FAO official statistical data for live ani-
mals (FAOSTAT), the worldwide camel popu-
lation is ~37.5 million heads (FAO, 2021). 

 
Dipetalonema evansi (D. evansi) was first 

discovered in the blood of Indian dromedaries 
by Evans under the name of Filaria evansi. Lat-
er also detected in Egyptian camels (Mason, 
1906, 1911 and Nagaty, 1947). D. evansi is a 
nematode parasite transmitted by mosquitoes. 
The mature worm inhibits the blood vessels of 
the epididymis, testicles, lungs and heart caus-
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ing pathological damages whereas the sheathed 
microfilariae circulate in the peripheral blood 
stream (Mason, 1906 and Nagaty, 1947). D. 
evansi is an endemic disease affecting camels 
in several countries all over the world and rep-
resents a significant health problem, impaired 
working capacity and lowered productivity of 
camels (Sazmand and Joachim, 2017).  

 
Inflammatory response and immunological 

disorders are evident as a host defense mecha-
nism against the parasitic infections 
(Chakraborti et al. 2019). Unfortunately, 
these mechanisms in the host can enhance free 
radical production and impair the antioxidative 
potential (Halliwell and Gutteridge, 2015). The 
discrepancy between radical-generating and 
scavenging activities can result in an oxidative 
stress (OS) response, formation of oxidative by
-products and modification of the disease out-
come (Abd Ellah, 2018). The group of lipid 
peroxides are of these by-products. The most 
prevalent of this group is the malondialdehyde 
(MDA) macromolecules. Lipid peroxides are 
formed by peroxidation of lipids specially pol-
yunsaturated fatty acids (Halliwell and Gutter-
idge, 2015). 

 
Previous reports showed that OS plays an 

important role in host defense against filarial 
infection (Mukherjee et al. 2019). Increased 
pro-oxidants, decreased antioxidant defense 
and enhanced an OS state are reported during 
filarial infection in ruminants (Nasr Eldeen, 
2015) and humans (Mukherjee et al. 2019).  

 
The erythrocytes had an efficient antioxidant 

system that scavenges free radicals and modi-
fies prooxidants into substantially less reactive 
intermediates (Podsiedlik et al. 2020). The cor-
puscular antioxidant system primarily consists 
of the enzymatic and non-enzymatic potential 
that act together in harmony against the en-
hanced prooxidants (Fujii et al. 2021). Redox 
imbalance and oxidative stress causes oxida-
tive injury to erythrocytes and results in mem-
brane lipids and proteins damage, cell destruc-
tion and cytotoxisity and hemolysis (Fujii et 
al. 2021). 

 
The present work aimed to study proxidants, 

antioxidant status and erythrocytic lipid peroxi-
dation levels in camels (Camelus dromedarius) 
naturally infected by microfilariae of D.evansi. 

 
MATERIALS and MWETHODS 
Animals  

This study was carried out in El-Wdi El-
Gadid governorate in Upper Egypt. Twenty-
two non-pregnant non-lactating female camels 
(Camelus dromedarius, 8–10 years) were se-
lected in this study. According to clinical and 
laboratory diagnosis, these animals were clas-
sified into two groups. The first group (n = 10) 
was infected with D. evansi (microfilariae in-
fected group). The second group (n = 12) was 
apparently healthy and parasite free (negative 
control group). 

 
Blood sampling: 
Blood was sampled from each camel by jugu-
lar vein puncture into 10ml heparinized sterile 
vacuum tubes in the early morning. Samples 
were sent immediately in ice box to the labora-
tory. Two-ml of blood was separated for im-
mediate hematological investigations and prep-
aration of erythrocyte hemolysate for determi-
nation of erythrocytic lipid peroxides concen-
trations and superoxide dismutase (SOD) activ-
ity. The remaining blood samples were centri-
fuged at 1500 rpm for 15 min at 4°C. Plasma 
was separated and stored at -20 ºC until used 
for determination of total oxidant status (TOS) 
and total antioxidant capacity (TAC). 
 
Parasitological examination: 

Microhematocrit centrifugation technique, 
wet blood film and Giemsa-stained thin and 
thick blood smears were prepared according to 
standard procedures for microflaria detection 
and reject cases with other hemoparasites.  

 
Microfilarae are sometimes not easily de-

tected, so Knott’s procedure (Knott 1939) was 
applied to detect rare infections. It was per-
formed by adding 9ml of 2% formalin on 1ml 
blood in a 15ml conical tube. The mixture was 
properly mixed and moderately centrifuged for 
10 min at 650 ×g. Methylene blue (2 drops) 
were mixed with the sediment and examined 
microscopically.  
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Hematological investigations 
Standard methods of hematology were used 

for estimation of red blood cell count (RBC), 
hemoglobin concentration (Hb) and packed 
cell volume (PCV) according to Jain (1986).  

 
Erythrocytic hemolysate was prepared by 

centrifugation of one-ml of blood sample at 
650 ×g for 15 min at 4°C. The packed erythro-
cytes were washed several times in isotonic 
phosphate-buffered saline. Then they were 
lysed by nine-ml of cold bi-distilled water as a 
hypotonic shock to prepare 10% hemolysate. 

 
Biochemical analysis 

Total oxidant status (TOS) 

Plasma TOS was measured as total perox-
ides concentration after the method of Erel 
(2005). In this method, the oxidative molecules 
oxidize Fe+2-o-dianisidine complex to Fe+3 
forming a colored complex with xylenol or-
ange, which can be read at 560 nm. TOS was 
expressed as µmol H2O2 Equiv/L. 

 
Total antioxidant capacity (TAC) 

Plasma TAC was measured after the method 
of Miller et al. (1993). Colorimetric ABTS as-
say kit (Beyotime Institute of Biotechnology, 
Haimen, China) was used. TAC was expressed 
as mmol Trolox equiv/L. 

 
Erythrocytic superoxide dismutase (SOD) 

Corpuscular superoxide dismutase (SOD) 
activity was estimated in the hemolysate ac-
cording to the method described by Misra and 
Fridovich (1972). This method depends on the 
ability of SOD to inhibit the autoxidation of 
epinephrine to adrenochrome in an alkaline 
medium (pH 10.2). OD was measured at 480 
nm. SOD activity was expressed as U/mg Hb. 

 
Erythrocytic lipid peroxides 

Erythrocytic lipid peroxides was determined 
in the hemolysate after Placer et al. (1966). 
The method is based on forming a colour com-
plex between the products of lipid peroxidation 
and thiobarbituric acid, which can be read at 
548 nm and expressed as nmol MDA/g Hb. 

 
Statistical Analysis 
The packaged SPSS program for windows ver-

sion 20.0.1 (SPSS, Chicago, IL, USA) was 
used for the statistical procedures. Data were 
analyzed by using Student t-test and expressed 
as mean ± standard error (SE). The level of 
significance was set at P < 0.05. 
 
RESULTS  

Clinical and parasitological findings: 

Infected camels showed pale mucous mem-
branes of the eye and oral cavity indicating 
signs of anemia. These signs were accompa-
nied by debilitation, dullness and loss of appe-
tite. The rectal temperature of the infected ani-
mals was higher (38.4-39.9 °C) than the con-
trol group within (38 °C). Sometimes animals 
showed loss of coordination and sternal recum-
bency. Sheathed microfilaria was shown in 
Giemsa-stained thin blood smears (Fig. 1). 
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Fig 1. Sheathed microfilaria, Giemsa-stained thin blood smear (x 400) 

Hematological findings: 
Results of the hematological indices are pre-

sented in table (1). A significant reduction in 
the mean values of red blood cell count (P < 

0.05), hemoglobin concentration (P < 0.01) 
and packed cell volume (P < 0.01) was noticed 
in the infected camels group compared to val-
ues of the control one. 

Table 1. Mean values (± SE) of hematological indices in D. evansi infected camels group and control one.  

Parameter Control (n = 12) Infected (n = 10) 

RBC (1012/L) 9.12 ± 0.34 7.89 ± 0.361 * 

Hb (g/L) 101.7 ± 3.811 89.09 ± 3.401 * 

PCV (L/L) 0.314 ± 0.006 0.291± 0.007 ** 

*, ** difference between means of control and infected groups is significant at P<0.05 and P<0.01, respectively.  
RBC: red blood cell count, Hb: hemoglobin concentration, PCV: packed cell volume. 

Redox biomarkers findings  
The results of the redox indices including 

plasma concentrations of total oxidant status 
(TOS), total antioxidant capacity (TAC), eryth-
rocytic superoxide dismutase (SOD) activity 
and erythrocytic lipid peroxides concentration 
as indicated by malondialdehyde (MDA) in the 
infected and control camels are presented in 
table 2. The mean value of TOS significantly 
increased (P < 0.05) in the infected camels 
compared to the control value. On the contrary, 

the mean value of the TAC was significantly 
decreased (P < 0.05) in the infected camels 
when compared to the control results.   The 
erythrocytic activity of SOD significantly in-
creased (P < 0.05) in the infected camels com-
pared to the control value. Similarly, there was 
a significant increase in erythrocytic MDA (P 
< 0.01) in the infected camels compared to the 
control result.  

Table 2. Mean values (± SE) of pro-oxidants and antioxidants in plasma (p) and erythrocytes (e) control 
and infected camels 

Parameter Control (n = 12) Infected (n = 10) 

p TOS (µmol H2O2 Equiv/L) 16.23 ± 0.693 18.5 ± 0.712 * 
p TAC (mmol Trolox equiv/L) 1.223 ± 0.061 1.049 ± 0.054 * 

e SOD (U/mg Hb) 4.26 ± 0.26 5.04 ± 0.39 * 
e MDA (nmol MDA/g Hb) 143.9 ± 9.871 198.1 ± 14.11** 

TOS: total oxidant status, TAC: total antioxidant capacity, SOD: superoxide dismutase, MDA: malondialdehyde.  
*, **, difference between means of healthy and infected camels is significant at P<0.05 and P<0.01 respectively. 
p: plasma     e: erythrocytes 
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DISCUSSION 

The present study showed that erythrocytes 
of camels infected with microfilarae of D. ev-
ansi are subjected to oxidation as indicated by 
increased erythrocytic lipid peroxide concen-
tration. Blood of infected camels had increased 
prooxidant substances coupled with inhibited 
antioxidant potential. 

Infected camels in the current study showed 
clinical signs similar to those observed earlier 
in the Egyptian camels (Mason 1906, 1911). 
The increased body temperature during the 
parasitemia in camels come in agreement with 
the findings of several studies (Elamin et al. 
1993 and Abou El-Ela, 2003). 

 

Pale mucus membranes of the eye and oral 
cavity in addition to declined values of RBCs, 
Hb and PCV suggest that infected camels were 
suffering from anemia. These results agreed 
with the findings of Mason (1906).  This ane-
mia may be attributed to filarial antigen-
induced immuno-pathological disorders 
(Muhammad et al. 2004). 

 

In the course of pathogenesis originating 
from host–parasite interaction, the circulating 
microfilaria interact with immune cells 
(Pionnier et al. 2016). Accordingly, proin-
flammatory cytokines are triggered and en-
hance the production of ROS to fight the para-
site (Mukherjee, et al. 2019). ROS including 
superoxide anion radical, hydrogen peroxide 
and hydroxyl radical play an important role in 
the normal function of biomolecules including 
nucleic acids, cell membrane phospholipids 
and proteins (Mavangira and Sordillo, 2018). 
Excessive production of free radicals results in 
cytotoxicity and irreversible damage to the cell 
(Mavangira and Sordillo, 2018). ROS have 
been implicated in the pathogenesis of a varie-
ty of parasitic diseases (Abd Ellah, 2013 and 
Chakraborti, et al. 2019). In the present work, 
the increased circulating peroxides in infected 
camels suggest augmentation of free radical 
production during the course of microfilaria 
circulation. Previous reports showed that ROS 
increased in human filariasis (Mukherjee, et al. 
2019).  

 

As a protection, the body has adequate en-
zymatic and non-enzymatic antioxidant range 
that counteract the continuous production of 

prooxidants (Halliwell and Gutteridege, 2015). 
Measurement of the total antioxidant capacity 
(TAC) is considered as a collective action of 
all antioxidants and gives relevant descriptive 
information on the dynamic equilibrium be-
tween pro-oxidants and antioxidant (Erel, 
2005). Although highly effective, the antioxi-
dant defenses have restricted capacity and can 
be crushed by free radical attacks. The de-
creased TAC in the present study is similar to 
the findings in buffalo filariasis (Nasr Eldeen, 
2015) and suggests impaired antioxidant de-
fenses in plasma of camels infected with D. 
evansi. However, the present results showed 
increased erythrocytic SOD activity in infected 
camels. These results contradict the findings 
observed by Nasr Eldeen (2015) who found 
decreased serum SOD in filarial infection in 
buffalo. This might be related to the virulence 
of the invading parasite, the nature of the enzy-
matic antioxidants and species susceptibility 
(Abd Ellah, 2013). 

 

When free radical generation exceeds anti-
oxidant defenses, oxidative stress (OS) condi-
tion is enhanced (Halliwell and Gutteridege, 
2015). In the present work, TOS was higher 
and TAC was lower in the infected camels 
group than the healthy one, suggesting a crea-
tion of OS condition in filarial infection with 
subsequent peroxidation of macromolecules 
like proteins, lipids and nucleic acids resulting 
in cytotoxicity and pathology.  

 

Lipids are main targets of oxidation and 
toxicity by the chain reactions of free radical to 
give a diverse scale of the highly reactive toxic 
by-products, lipid peroxides of which MDA is 
the most obvious (Mavangira and Sordillo, 
2018). Enhanced lipid peroxide was reported in 
buffalo filariasis (Nasr Eldeen, 2015). The en-
hanced erythrocytic MDA observed in this 
study is an indicator of corpuscular membrane 
lipid peroxidation. Oxidation of the erythro-
cytes induces membrane lipid injury, cytotoxi-
city and destruction of the cell (Fujii et al. 
2021). The enhanced OS and accumulation of 
lipid peroxides in the erythrocytes can result 
erythrocytic damage and anemia (Fujii et al. 
2021). So that further researches are required 
to study if the infection with D. evansi is con-
sidered as a hemolytic agent in the camel. In 
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conclusion, erythrocytes of camels infected 
with D. evansi is a subject of peroxidation. 
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