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ABSTRACT

The present study is the first of its kind conducted with an aim to assess the level of Erythrocyte Osmotic
Fragility as affected by various factors (varying levels of temperature and pH, age and gender) in apparently
healthy Cholistani breed of one-humped camels (n=27) being reared under intensive farming system. Blood
was aseptically collected and assessed for %age hemolysis (H%) as per prescribed protocols. Results
revealed that the H% decreased with increasing pH and with increasing temperatures, and values within
reference range were noticed at the pH of 7.4 and 8.5, and at the temperatures of 37°C and 50°C ranging
from 0.4+0.1% to 0.9+0.1%, at NaCl concentration of 0.85g/L. Regarding age, adult camels had significantly
(P<0.05) higher H% (1.0+0.2%) as compared to that in young camels (0.68+0.01%) at the NaCl
concentration of 0.85¢g/L. Gender, however, had a non-significant (P=0.05) effect on H% for male and female
camels. This preliminary study furnishes an insight into physiological adaptations of one-humped
camel/camel blood in differing environment and will enable to attain maximum productivity in times of stress
through appropriate management and feeding practices. We recommend using EOF as a routine
hematological attribute and also recommend further studies on H% in pathological conditions of camels.
Keywords: erythrocytic fragility, one-humped camels, hemolysis, hematology, gender.

RESUMEN
El presente estudio es el primero de su tipo, realizado con el objetivo de evaluar el nivel de fragilidad
osmotica de los eritrocitos (FOE) afectada por varios factores (niveles variables de temperatura y pH, edad
y género) en camellos de una joroba de la raza Cholistani aparentemente sananos (n =27) criados bajo un
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sistema de produccion intensivo. La sangre se obtuvo asépticamente y se evalué para determinar el
porcentaje de hemdlisis (%H) segun los protocolos prescritos. Los resultados revelaron que él %H
disminuy6 con el aumento del pH y con el aumento de la temperatura, y se notaron valores dentro del rango
de referencia al pH de 7.4y 8.5, y a las temperaturas de 37°C y 50°C que oscilaron entre 0.4 + 0.1% Yy 0.9
+0.1%, a una concentracion de NaCl de 0.85g/L. Con respecto a la edad, los camellos adultos tuvieron un
%H mas alto (1.0+0.2%) (P<0.05) en comparacion con los camellos jovenes (0.68+0.01%) a la
concentracion de NaCl de 0.85g/L. Sin embargo, el género no tuvo un efecto significativo (P=0.05) en él
%H para camellos machos y hembras. Este estudio preliminar proporciona una idea de las adaptaciones
fisioldgicas del camello de una joroba en diferentes entornos y permite alcanzar la maxima productividad
en momentos de estrés a través de practicas adecuadas de manejo y alimentacion. Recomendamos usar
FOE como un atributo hematologico de rutina y también recomendamos mas estudios sobre %H en
condiciones patologicas de camellos.

Palabras clave: fragilidad eritrocitica, camellos de una joroba, hemdlisis, hematologia, género.

INTRODUCTION

Since last decade or so, hematology and its associated aspects such as hemato-oncology
and hematochemistry have gained a strong footing in veterinary clinical practice as
reliable diagnostic and management tools throughout the world. The physiological,
pathological, nutritional and metabolic status of an animal is well verified through these
tools. Furthermore, hematology also provides the difference between normal state of an
animal from stressed state arising due to stressors which may be physical, psychological,
nutritional, or environmental (Farooq et al., 2011). Interpretation of hematological results
is quite complicated in animals (especially camels) owing to extreme physiological
variations with gender, age, breed, reproductive stats and various physiological
conditions. Amongst hematological attributes, the erythrocytic variables viz. hemoglobin
concentration (Hb), packed cell volume, total erythrocyte count, mean corpuscular
volume, mean corpuscular hemoglobin, and mean corpuscular hemoglobin concentration)
are considered more potent in detection of various pathological conditions of an animal.

The osmotic fragility of the membrane of erythrocyte (EOF) is, in fact, a measure of degree
of resistance of erythrocytic membranes to osmotic swelling/lysis in salt solutions and is
a reliable hematological test which provides level of integrity and elasticity of erythrocytic
membrane. It provides information of pathophysiological and pharmaco-toxicological
insight of erythrocyte membrane (Igbokwe, 2018; Igbokwe et al., 2016). Various intrinsic
(species, breed, genetics, age, sexual dimorphism, pregnancy and lactation, and
membrane composition) and extrinsic factors (pH, temperature, season, type of media,
method of sampling, handling and preservation) affecting EOF have been reviewed
extensively (Igbokwe, 2018; Oywale et al., 2011).
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The Cholistan desert of Pakistan, its indigenous livestock, and its prevailing livestock
production systems have been reviewed earlier (Ali et al., 2009; Farooq et al., 2010).
Briefly, the barren but fascinating desert is an extension of Great Indian Desert sprawling
at an area of 26000 km?. Transhumaie and nomadic pastoralism are the two main
livestock production/rearing systems. The total livestock population of the desert as per
Livestock Census, 2018 has been reported as 12,32,546 heads, out of which the camel
population is 16037 heads. The two main breeds of camels are reared here on the basis
of their utility, locality, bodily conformity and size i.e. Marrecha or Mahra (riding and
dancing camel) and Barela (milch breed) (Farooq et al., 2011; Ali et al., 2009).

Literature review reveals that a hefty research work has been conducted on various
aspects and associations of EOF in goats (Igbokwe et al., 2016; Bello et al.,2020), horses
(Yaqub et al., 2014), chicken (Ogbuagu et al., 2018; Yagil et al., 1976), cattle (Ayres et al,
2014; Pati et al., 2017), rats (Mijares et al., 2010) and camels (Abdalmula et al., 2019;
Ghoke et al., 2013; Lektib et al., 2016 ) from various parts of the world. There still is a
paucity of similar research for one-humped camels being reared in Pakistan. The present
study is hence the first of its kind which was conducted with an aim to assess the level of
EOF as affected by various factors (varying levels of temperature and pH, age and
gender) in apparently healthy Cholistani breed of one-humped camels (Marrecha) being
reared under intensive farming system. This preliminary study will furnish an insight into
physiological adaptations of one-humped camel/camel blood in differing environment and
will enable to attain maximum productivity in times of stress through appropriate
management and feeding practices.

MATERIALS AND METHODS

Study Site and Animals. The study was carried out in the Livestock Farm, of the
university, Pakistan in May and June, 2022. The Cholistani one-humped camels (n=27)
of Marrecha breed being reared under intensive farming system of the Livestock Farm of
the university were incorporated in this study. All the animals were provided shaded and
open area within a fenced compound. Stall feeding was being carried out for these animals
with no grazing. They were well fed, clinically healthy and free from internal/external
parasites. Routine treatment for parasitic infestation was carried out twice in a year and
their health was regularly monitored by qualified veterinarians. Animals had free access
to salt lick, 2 times water in winter and 3 times in summer.

The camels consisted of 13 males and 14 females, and 11 young (<1 year) and 16 adults
(=1 year and up till 9 years) as per dentition and farm records. Pregnancy and lactational
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state of the adult females was confirmed through the farm records allied with physical
examination.

Blood Collection. Blood (5mL) was aseptically collected through jugular vein of the
animals under appropriate restraining and was transferred into blood collection
vacutainers (Becton Dickinson and Company®, NJ, USA) containing 3.2% buffered
sodium citrate solution as coagulant. Same technique of restraining, same time of blood
collection and same personnel were used in order to minimize stress to the animals.
Collected blood samples were transported in ice box to the Physiology Laboratory of the
university and were analyzed for EOF within 1 hour.

Osmotic Fragility. For each of the study samples, a 200 mL of NaCl solution was
prepared in a concentration of 0.1 to 0.85%, and a pH of 7.4 as prescribed by Faulkner
and King (Faulkner & King 1970). From these solutions, set of ten test tubes were
prepared in such a manner that each test tube contained 5mL with a concentration from
0.1 to 0.85%. They were arranged serially in test tube racks. For each study sample, a
separate set of these test tubes was utilized. Regarding the protocol of the test, a drop of
blood was put in each test tube, mixed through gentle mixing, and were allowed to rest
for 30 mins at pH of 7.4, under room temperature. Later, centrifugation of the tubes was
carried out at 1500G for 20 mins. Supernatant was extracted and Hb was determined
spectrophotometrically at 540nm. Following formula was used for determining level of
hemolysis in percentage (Faulkner & King 1970):
Optical density of solute

%age Hemolysis: = x 100

Optical density of distilled water

Statistical Analysis. Statistical Package for Social Sciences (SPSS for Windows Version
12, SPSS Inc., Chicago, IL, USA) was utilized for the purpose of data analyses. Data was
presented as mean (£SE) values for EOF. Effect of different independent factors such as
pH, temperature, age and gender was calculated through GLM using multivariate
analysis. The LSD was implied as a post-hoc test where applicable. Significance was kept
at P<0.05.

RESULTS

The overall mean (£SE) values for H% as affected by varying levels of pH (6.5, 7.4, and
8.5) and temperatures (4°C, 37°C, and 50°C) are given in Table 1 and 2, respectively.
Similar trends were revealed regarding H% both for pH and temperature. The H%
decreased with increasing pH and with increasing temperatures, and values within
reference range were noticed at the pH of 7.4 and 8.5, and at the temperatures of 37°C
and 50°C ranging from 0.4+0.1% to 0.9+0.1%, at NaCl concentration of 0.85g/L.
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The results regarding effect of age and gender are presented in Figure 1 and 2,
respectively. Regarding age, adult camels had significantly (P<0.05) higher H%
(1.0£0.2%) as compared to that in young camels (0.68+0.01%) at the NaCl concentration
of 0.85¢g/L. Gender, however, had a non-significant (P=0.05) effect on H% for male and
female camels.

Table 1. Overall mean (xSE) values for percentage hemolysis in Cholistani camels (n=27) as affected
by varying levels of pH

Concentrations pH
Overall
(NaCl g/L) 6.5 7.4 8.5

0.05 96.5+0.32 94.3+0.4° 92.2+0.5° 94.3+0.3
0.1 91.9+0.52 89.5+1.02 78.6+0.3° 86.7+0.9
0.2 81.4+0.42 77.6+0.5P 72.8+0.4° 77.2+0.6
0.3 48.2+0.72 28.2+0.4° 17.1+0.3¢ 31.2+2.0
0.4 20.5+0.72 15.9+0.5° 13.0+0.2¢ 16.5+0.5
0.5 15.1+0.62 12.5+0.5° 9.7+0.3¢ 12.4+0.4
0.6 7.2+0.22 5.8+0.2° 4.0£0.1° 5.7+0.2
0.7 4.4+0.28 3.1+0.2° 2.3+0.1° 3.310.1
0.8 2.7+0.12 2.1+0.22 1.4+0.1° 2.1+0.1
0.85 1.2+0.12 0.940.12 0.4+0.1° 0.840.1

Different superscripts within rows differ at P<0.05.

Table 2. Overall mean (+SE) values for percentage hemolysis in Cholistani camels (n=27) as affected
by varying levels of temperature

Concentrations Temperature
Overall
(NaCl g/L) 4°C 37°C 50°C

0.05 96.3+0.52 95.1+0.3° 97.2+0.32 96.2+0.2
0.1 96.3+0.32 92.6+0.4° 9.6+0.7° 94.2+0.4
0.2 83.6+0.42 52.3+0.5° 84.9+0.42 73.612.3
0.3 54.2+0.42 28.6+0.3° 56.2+0.6° 46.3+1.8
0.4 42.6+0.4?2 20.9+0.2° 43.7+0.52 35.8+1.6
0.5 31.8+0.42 11.0+0.1° 31.5+0.22 24.7+1.5
0.6 21.3+0.32 7.5+0.2° 26.0+0.3° 18.3+1.2
0.7 16.3+0.32 6.2+0.1° 17.9+0.3¢ 13.5+0.8
0.8 7.8£0.22 2.4+0.1° 8.2+0.22 6.2+0.4
0.85 0.4+0.022 0.3+0.02° 0.4+0.042 0.4+0.02

Different superscripts within rows differ at P<0.05.
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DISCUSSION

It has been well established that various environmental and physiological factors play a
vital role in creating variability in values of EOF. In general, all the tests which involve the
study of osmotic fragility in membranes are sensitive and tedious methods which present
an estimate of morphological abnormalities and the level of relationship between red cell
volume and cell surface area. Resultantly, the use of such tests has brought the
researchers with change in isotonic shape of red cells and their flow properties which are
in fact, dependent upon shape (Bowdler et al., 1981; Schroter et al., 1990). Considering
the correlation of cell surface area and osmotic fragility of RBCs, an increased surface
area leads to higher cell density causing an increase in EOF as well (Ballas et al., 1984).

The present study is apparently first of its kind being reported with an aim of presenting
effect of different temperatures (4°C, 37°C and 50°C), pH (6.5, 7.4 and 8.5), age and
gender on erythrocytic membrane of Cholistani camels being reared under intensive
farming system through assessment of H%. In the present study, our results show that
H% for one-humped camels is higher at very high temperature (50°C) and at very low
temperature (4°C) when it was compared at 37°C temperature. The results correlate with
earlier studies (Igbokwe, 2018).

120.00 ~

Young (n=11
100.00 - el )
= Adult (n=16)

80.00 -

60.00 -

% Hemolysis

20.00 -

0.00

0.050.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.85
Concentration (NaCl g/L)

Figure 1. The % hemolysis in Cholistani camel (n=27) erythrocytes as affected by age. Different letters
(a,b,c) indicate significant difference at P<0.05
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Figure 2. The % hemolysis in Cholistani camel (n=27) erythrocytes as affected by gender

Our results correlate with those by Lektib et al. (Lektib et al., 2016) in which H% in camels
was very high at 50 °C and at very low temperature of 0°C. According to another study
(Yagil et al., 1974) the resistance of erythrocytic membrane to hypotonic saline solution in
a dehydrated camel is higher as compared to hydrated animals. Considering, similar
studies conducted on human RBCs, similar has been concluded that high temperature
affects deformability of erythrocytic membranes causing damage at 50°C (Poder et al.,
2015). According to a previous study conducted on assessing EOF as a marker of
pesticide-elicited membrane damage (Sharma et al., 2010) it was concluded that the vital
processes of an organismal body such as growth, metabolism, reproduction, production
etc are altogether altered during thermal stress owing to redistribution of body nutrients
such as proteins and energy. Resultant lipid peroxidation causes enhanced fragility of
erythrocytic membranes.

The results of the present study regarding the effect of pH indicated that at pH of 8.5 the
hemolysis decreased whereas it tended to increase at the pH of 7.4 and 6.5. These results
correlate with earlier study by Igbokwe (Igbokwe, 2018). Similar results have been
reported earlier for other breeds of camels (Lektib et al., 2016). The RBCs are the
structural and functional units of a mammalian blood which are responsible for
transporting oxygen and COz2, removing wastes, and maintaining pH through binding
acids/alkalis. Enhanced metabolism in the body results in production of endogenous toxic
metabolites which cause acidification of blood. This acidosis results in metalloproteins of
the body removing their metals and initiation of Fenton Haber-Weiss reactions.
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Resultantly, reactive oxygen species are produced which alter the fragility of RBCs
inducing elevated hemolysis (Lektib et al., 2016; Bowdler et al., 1981; Schroter et al.,
1990).

Regarding the effect of age in our study, a decreased osmotic resistance of RBCs in young
camels was noticed in comparison to those for old ones. This is in contrast of certain
earlier studies in which EOF in adult was greater in older than in young ones. This may
be due to breed variations or seasonal variations. However, our results correlate with
those of many other earlier studies (Lektib et al., 2016; Perk, 1966) in which EOF in young
camels was reported to be higher than in older ones. According to another work on human
RBCs (Walls et al., 1976) young RBCs were not as susceptible to thyroxine-peroxide-
induced hemolysis as compared to older RBCs. Aging RBCs has a decreased activity in
their G-6-PD which causes enhanced fragility of erythrocytic membranes (Seeman et al.,
1969). A decreased glutathione concentration has plausibly been put forth for this
reduction. In older RBCs, such as in the instances of blood disorders or due to
physiological ageing, amorphous Hb and production of methemoglobin causes increased
EOF (Keitt et al., 1966). Another study conducted on rat RBCs has also reported that an
increase in membrane-associated dolichol causes fragility of erythrocytic membranes in
older rats, which ultimately results in a 50% reduction in life of RBCs in older rats (Dini et
al., 2001).

Regarding gender-wise study, our results show a decreased H% in female camels than
in males. Our findings correlate with earlier studies (Lektib et al., 2016; Amin et al., 2012)
in which EOF in males was higher in camels than in females. Similar gender-based results
have earlier been reported for domestic fowl, WAD sheep, (Ferreira et al., 2007) and
camels (Abdamula et al., 2019) and it has been concluded that male RBCs have higher
EOF and a higher susceptibility to H%. In contrast to these results of ours, other finding
has reported a lower EOF in males as compared to that in females. Such findings have
been reported in African giant rats (Oyewale et al., 1998), dogs (Yaqub et al., 2014)
turkeys (An & Mohandas 2011) and goats (Habibu et al., 2013). On the other hand, in
camel, the osmotic resistance increased significantly during the green season and
decreased in winter (Amin et al., 2007). The exceptional structural configuration of the
lipoprotein and phospholipids in the camel erythrocytes has yet to be further defined and
characterized. It may account for the specific particular osmotic stability of the camel
erythrocytes.

CONCLUSION AND RECOMMENDATIONS

In a nutshell, the results of the present study reveal that the Cholistani camel blood show
physiological levels of hemolysis at the pH of 7.4 and 8.5, and at the temperatures of 37°C
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and 50°C, at NaCl concentration of 0.85g/L. Furthermore, the adult camels had higher
hemolysis as compared to young ones in the present study. We recommend that EOF,
though laborious, yet it may be incorporated in routine hematological tests. We also
recommend level of hemolysis in camel population under various pathological conditions.

Data Availability

The data supporting these findings are available upon request from the corresponding
author.
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