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Abstract:

Normal haecmatological and biochemical parameters have been determined
in 3 breeds of Arabian camel (Camelus dromedaries) Both males and females
were included in the study. Statistical analysis showed non- significant breed or
sex effect. Compared to other farm animals haematological indices in the camel
characteristically showed that lymphocytes were the predominant leucocytes.
Packed cell volume was lower and mean corpuscular haemoglobin
concentrations were in excess. Albumin/globulin ratio exceeded 1 and y-globulin
was the predominant globulin.

Introduction :

Haematological and biochemical analysis of blood can often provide
valuable information regarding health and sickness of animals. Only limited
information on serum biochemistry and haematology of one humped camel is
available (Lakhotia ef a/ 1964, Barakat & Abdel-Fattah 1971, Ghosal et al
1975, Ghodsian er al 1978, Al-Ani ef al 1992, Rezakhani ef al 1997, Osman
and Al-Busadah, 2000), but in most of these studies, the number of animals
used were very low and the animals were from different climatic conditions.
Thus the values obtained in one country could not be taken as standard in other
countries having different climate. Since the camel is an adaptable species , the
standard haematological and serum biochemical values need to be determined
in a number of animals in variable environmental conditions. This study is
designed to investigate the haematological and biochemical indices in some
breeds of Arabian camel.

Materials and Methods
a. Animals :

This study was conducted in the Camel Research center of King Faisal
University in the city of Al-Ahsa, Eastern Region where the climate is
subtropical with mild winter and hot summer (Laben 1980). Twenty healthy
camels of each of Majaheem , Maghateer and Awarik breeds were used in this
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study. The selection of these breeds was based on the finding that they are the
most numerous and widely distributed camels in Saudi Arabia (Al-Eknah et al
1997) . Each breed of Animals were housed together . Animals were fed on
natural pasture . In addition each camel was offered craked barley, Berseem,
hay and free supply of mineral salt licks. Water was provided ad libitum.

b. Collection of blood samples :
Blood samples 10ml were collected from jugular vein in two sets. One
containing EDTA and the other without EDTA for serum seperation .

c. Determination of haematological parameters :

Erythorcyte sedimentation rate (ESR) was determined by westeregen
sedimentation tubes. Packed cell volume (PCV) was determined by
microhaematocrit method . Haemoglobin (Hb), number of red blood cells
(RBC) and Leucocytes (TLC) were determined by electronic counter (Model
ZB1, Coulter Electronics, Hialeah, USA) . Thin blood smears for differential
TLC were air dried, fixed in double distilled methanol and stained with
Giemsa. At least 200 cells were counted under light microscope. Mean
corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC) were calculated according to
formulae of Coles (1986) .

d. Determination of biochemical parameters :

The VETTEST 8008 biochemical analyzer (Sanofi Animal Health Ltd.,
England) was used to determine the serum concentration of total protein, blood
urea nitrogen, creatinine and cholesterol. Alanine aminotransferase (ALT),
aspartate aminotransferase (AST), lactic dehydrogenase (LDH) and Creatinine
kinase (CK) were determined using specific kits .

Serum calcium, copper, potassium, sodium and zinc levels were
determined by Shimadzu AA6800 Atomic Absorption Spectrophotometer.

Serum protein electrophoresis was performed on cellulose acetate plate
using the EA-4 electrophoresis apparatus (Shanghai Medical Apparatus and
Struments Factory, Shanghai, China) according to the method of Henry et al
(1974) .

Statistical analysis :

Data were analysed by one way ANOVA, using GLM procedure of SAS
(Goodnight et al 1986) and Duncan’s multiple range test was used to detect
significant differences among means.
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Table (1) Mean (£SD) and ranges of haematological values in dromedary camels

= Majaheem Camels (20) Maghateer Camels (20) Awarik Camels (20) Mean of All Risge
Males9) | Females(1l) | Males(10) | Female(10) | Males(10) | Female(i) | ™™ ©® )
WBC (10%uL) 201+044 | 195+032 | 189:031 | 1912041 | 2024038 | 196033 | 196051 | 12.1-253
Lymphocytes(%) | 50.316 502+ 17 496+ 1.5 494:13 50.1+1.5 51614 | 5013+17 | 41.2-564
Monocytes (%) | 6.87+051 | 7.2+0.50 6.7+ 0.49 714043 724048 69+044 | 699:062 3-8
Neutrophils (%) | 3721+18 | 38120 369+ 13 37115 38014 37.5¢13 | 3745:071 | 203-45.1
Eosinophils (%) 514050 | 41+051 | 619:041 | 589:043 | 4214051 | 3.884033 | 486+122 | 0.00-8.1
Basophils (%) 0524015 | 0494020 | 061:0.11 | 0512012 | 0494013 | 052:015 | 052£019 | 000-21
RBC (10%uL) 812:015 | 7132014 | 82:022 73+021 794017 77+016 | 772051 | S51-9.1
PCV (%) 250+023 | 2624021 | 249:027 | 252£025 | 2734027 | 2742026 | 2585+12 | 23.6-30.1
Hbg/dL 1324015 | 1264014 | 119:0.18 | 1242019 | 1314020 | 132015 | 127051 | 92-14.1
ESR (mm/8hr) 890018 | 792+020 | 81:021 774020 88+0.18 834018 814042 | 61-111
MCV(fL) 32314073 | 30114068 | 31.1:062 | 323066 | 3314063 | 301071 | 31.46:064 | 28.4-351
MCH (pg) 17514038 | 16902032 | 168:031 | 1592041 | 1614041 | 17.1£039 | 16714073 | 11.2+203
MCHC (g/dL) 5284160 | 489+151 | 47.7+15 492+ 1.4 479414 482414 49121 | 40.0-60.1

* Number of animals in parentheses, WBC , white blood cell count ; RBC , erythrocyte count ; PCV | packed cell volume ; Hb haemoglobin concentration ;
MCYV, mean corpuscular volume ; MCH , mean corpuscular haemoglobin ; MCHC , mean corpuscular haemoglobin concentration .
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Table (2) : Mean (£SD) and ranges of serm protein values in dromedary camels

Majaheem Camels (20) Maghateer Camels (20) Awarik Camels (20) Mean of ——
Item . All camels y 608)
Males (9) °("l“'l f‘ Males (10) | Female (10) | Males (10) | Female (10) (60)
Total protein (g/dL) 7754021 | 7.81£0.12 | 7.78=0.20 | 7.68+022 | 7.72+020 | 7.76+0.19 | 7.74+0.68 | 4.9-10.2
Albumin (g/dL) 420+0.12 | 4312011 | 4332012 | 4.28+0.11 | 430010 | 429+0.10 | 4.29+0.40 3.1-62
a-globulin (g/dL) 087+0.02 | 079001 | 073=0.03 | 0.68+0.02 | 0.73+0.03 | 0.76+0.03 | 0.76+0.08 | 0.45-0.96
B-gloublin (g/dl) 092006 | 093+003 | 092005 | 0.96+0.04 | 094005 | 093+0.03 | 093+004 | 051-1.1
y-globulin (g/dL) 1.76 + 0.03 1.78+0.02 | 177003 | 1.76£0.02 | 1.75+0.04 | 1.78+0.03 | 1.76£0.03 | 0.76-2.1
Total globulin (g/dK) 3554016 | 3.50£0.17 | 345015 | 3.40+0.16 | 342+0.16 | 3.47+0.15 | 3.46+0.18 1.5-54
A/G 1.18+0.02 | 123003 | 125002 | 1.26+003 | 1.25+0.03 | 1.23+0.02 | 1.2320.07 | 08-16

* Number of animals in parenthesed ; A/G , ALbumin / globulin ratio
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Table (3): Mean (+SD) and ranges of serum biochemical values in dromedary camels

. Majaheem Camels (20) Maghateer Camels (20) Awarik Camels (20) T Sange
Males (9) | Females(11) | Males(10) | Female (10) | Males (10) | Female (10) | camels (60) (60)
BUN (mmol/L) 53£0.22 5.4+0.23 494024 5.1£022 484023 49021 5.06 +0.61 39-62
Creatinine (mmoL/L) | 0.321+0.04 | 041+ 0.051 | 03540012 | 039+0.021 | 0.31+0.022 | 038+0.031 | 035%0.051 | 0.160-0.533
Cholesterol (mmoL/L) | 2.61+0.11 | 245022 | 2514011 | 231+0.12 | 2.65%0.13 | 255+0.14 | 2.50+0.21 191-42
Na (mmoL/L) 160.3 £ 16 140 = 20 155.1+19 162+ 14 16715 146 = 14 155.03 + 19 100 - 190
K (mmolL/L) 46+0.23 4.1+022 394023 43:033 44+031 4.5+034 43061 29-62
Ca (mg/dL) 10.1 £ 0.61 9.6 +0.51 112042 | 105£0.51 | 1122055 | 1032051 | 10482.1 76-13.1
Cu (ng/L) 6.5£0.22 624022 6.6+023 59021 62+0.24 644024 6311 42-85
Zn (ug/L) 414013 431016 442021 384022 394024 42:025 | 411£061 29-6.1
ALT (IwL) 102054 | 1124056 | 134+057 | 106+058 | 10.1£056 | 12.1:055 | 11.23%16 88-14.5
AST (IuL) 272+13 312+ 1.6 257 £2.1 30.1+2.4 31221 285+22 | 2898+3.1 24.1-35.1
LD (IwL) 250 £ 15 240+ 4 260 + 15 266 + 16 255+ 14 251+ 15 253 +26.1 225 - 280
CK (IwL) 253+ 16 249+ 14 25521 256+ 1.7 25.4+1.8 258+ 1.6 254+ 1.1 29.1-30.3

* Number of animals in parentheses, Bun , blood urea nitrogen ; Na , sodium ; K , potassium ; Ca, calcium ; Cu , copper ; Zn, zinc ; ALT, alanine amino

transferase ; AST , aspartate amino transferase ; LD, Lactic dehydrogenase ; CK , creatine kinase
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Results:

Results of erythrocytic indices and leucocytic series are shown in Tablel.
Statistical analysis showed non-significant breed or sex effect (P values varied
between 0.1 to 0.8 ). Therefore results for breed and sex for each parameter
were poled and one mean for all camel is given in Tablel. The lymphocytes
were the predominant cells of total leucocyte count (51.45 + 1.7%) followed by
the neutrophils (37.45 + 0.71%), few monocytes (6.99 + 0.65%) and
eosinophils (4.86 + 1.22%) and rarely basophils (0.82 + 0.19%) were the main
feature of leucocytic series. The PCV was 25.85 + 1.2%, RBC 7.72 £ 0.51 x
10%uL, Hb 12.7 + 0.514/dL and ESR 8.1+ 0.42 mm/8 hours.

Serum protein values are shown in Table2. There was no statistical
differences between either breeds or sexes (P values varied between 0.1 to 0.6).
Albumin was the predominant serum protein and y-globulin was the
predominant globulin . The A/G ratio was more than one.

Non-significant difference in blood urea nitrogen, creatinine, cholesterol,
enzymes and trace elements were shown among breeds and sexes (Table 3).

Discussion:

The haematological values presented in this study were within the
reference ranges to those reported elsewhere for the dromedary (Abdelgadir ef
al 1984, Mehrotra and Gupta 1997). Compared to other species like horse and
ruminants camels have more RBC but lower PCV (Schalm er a/ 1975).
Consequently the MCHC was also higher than in any other species as the PCV
is the denominator in the formula which determines MCHC (Jain 1986). The
finding that RBC count was higher and PCV value was lower in the camel
compared to other species is because of the smaller elliptical cells pack tighter
in the camel. The RBC count was inversely proportional to MCV, the
indicator of red cell size . This is in line with the belief that the smaller the size
of red cells the greater their number per unit volume of blood (Kerr 1989).

The values obtained in this study for WBC count is comparable to values
reported in other studies (Lakhotia er al 1964, Soliman and Shaker 1967, AL-
Ani ef al 1992) . However the most frequent white cells are not neutophils but
lymphocytes . In this study the percentage of lymphocytes was 50.13 + 1.7 and
neutrophils was 3745 £ 0.71. Corresponding values of lymphocyte and
neutrophil counts were 29 and 58% in Iranian camels (Ghodsian er a/ 1978),
45.9 and 48.11% in Turkmen camels (Rezakhari ef a/ 1997) 50 and 36.6% , in
Pakistani camels (Majeed ef a/ 1980) and 56 and 38% , respectively in kenyian
camels (Nyang, ao ef al 1997). These differences could be due to the different
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breeds of camels used . This in part confirms Majeed et a/ (1980) findings who
observed that lymphocytes and eosinophils appear together to reciprocate the
neutrophils in different seasons.

Similar values of serum proteins in this study were obtained by other
workers (Soliman and shaker 1967, Ghodsian e a/ 1978, Abdo ef al 1987 ,
Mehrotra and Gupta 1989, AL-Ani ef al 1992 , Nyang, ao 1997) . However the
mean serum albumin concentration and A/G ratio were significantly higher
than those in other ruminants (Sarwar ef a/ 1992) being more than one . This
probably makes it possible to maintain the high colloid osmotic pressure
needed for storing water in blood or regulating water balance . Furthermore , it
has been shown that the A/G ratio decreased by about 25% when camel was
taken from semi — desert pasture to artificial feeding (Ghosal er al 1975).

The blood urea nitrogen (BUN), creatinine, cholesterol and enzymes were
similar to the reference values for cattle (Zongping 2003) and the dromedary
camels (Abdelgadir er al 1984, Wahbi ef al 1984 | Eldiridiri  ef al 1987,
Bengoumi ef al 1999). The exceptionally high level BUN in camels in
comparison to other livestock is of interest in view of camel’s ability to utilize
urinary nitrogen at times of poor grazing or water deprivation.

Similar value of AST has been established by several workers (Boid ef a/
1980, Eldirdiri et al 1987). AST lacks organ specificity but is present in
skeletal muscle, cardiac muscle and liver of large animals and pathological
changes in these organs elevate the activity of AST in the blood (Kaneko
1989). Like other animals the serum level of ALT in conjunction with other
enzymes may be useful indicator for hepatic or muscular damage (Kaeneko
1989), but Kerr (1989) considers ALT as non specific index for liver
investigations.

The values of CK presented here was lower than values reported else
where (AL-Ali ef al 1988, Beaunoyer 1992, Nyang’ao et al 1997). Skeletal
muscle are the richest source of serum CK. Therefore it is the most widely used
serum enzyme determination in muscular disease of large animals (Kaneko
1989). Normal LD values reported here was similar to that reported by other
workers (Nyang’ao ef a/ 1997). LD is not organ — specific and may be of value
in conjunction with other enzymes (Coodley 1970). The sodium and potassium
concentration were similar to those obtained by Rezakhani ez a/ (1997) in
Turkmen camel but higher than those obtained by AL-Ani ef a/ (1992) in Iraqi
camels. The mean values of serum calcium in this study are in agreement with
those reported by soliman and Shaker (1967), AL-Ani ef al 1992 and
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Rezakhani ef al (1997). The values of copper reported in this study are similar
to those reported by Faye and Bengoumi (1997). These results confirmed the
low values observed on camels in comparisons to other ruminants. It is known
that camels graze more forage trees than grasses and leaves from trees are
generally richer in copper than other parts of the plant (Rutagwenda et a/ 1990)
. Zinc values are similar to those reported for camels (Berngoumi ef a/ 1995,
Faye and Bengoumi 1997), but lower than the deficiency threshold admitted to
ruminants which is 7.0ug/100ml (Faye and Bengoumi 1997). Therefore it
could be considered that zinc deficient threshold for camel is below 4.9ug/ml.

In Conclusion, there are few variation between the present findings and
those from previous workers that may be attributed to the breed differences,
nutrition, husbandry or assay methodology.

Acknowledgements:
The author is thankful to the Deanship of Scientific Research for financial

support.

138



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 8 No. 1 1428H (2007)

References:

1.

10.

11

¥ 3

13.

14.

Abdelgadir, S.E., Wahbi, A.G.A and Idris, O.F.,(1984). Some blood and
plasma constituents of the camel . In: W.R. Cockrill (ed.), The Camelid - An
All Purpose Animal, (Scandinavian Institute of African studies, Uppsala,
Sweden), 438-443.

Abdo MS, Hassanien MM, Manna ME and Hamed M (1987). Electrophoretic
pattern of serum protein in Arabian Camel. Indian Veterinary Journal 64: 841-
844.

Al-Ali AK, Husayni HA and Power DM (1988). A comprehensive
biochemical analysis of the blood of the camel (Camelus dromedarius).
Comparative Biochemistry and Physiology B 89: 35-37.

Al-Ani FK, Al-Azzawi WARA, Jermukly MS and Razzag KK (1992). Studies
on some haematological parameters of camel and llama in Iraq. Bulletin of
Animal Health and Production in Africa 40: 103-106 .

Al-Ani FK, Al-Azzawi WARA, Jermukly MS and Razzaq KK (1992). Studies
on some haematological parameters of camel and llama in Iraq. Bulletin of
Animal Health and Production in Africa 40: 103-106.

Al-Eknah MM, Galli ESE and Sadek MH (1997). Studies on the indigenous
camel breeds of Saudi Arabia. Final Report. King Abul-Aziz City of Science
and Technology, Riyadh, Saudi Arabia.

Barakat MZ and Abdel-Fatth M (1971). Seasonal and sexual variations of
certain constituents of normal camel blood. Zentralblatt for Veterinarmedizin
A 18: 174-178.

Beaunoyer DE (1992). Changes in serum enzyme activities after maximal
exercise. In Proceedings of First. International Camel Conference 2nd-6th
1992. (Eds. Allen WK, Higgins AJ, Mayhew LG, Snow DH and Wade JF,
R.W. Publlcations. Newmarket Ltd: 331-333.

Bengoumi M, Faye B, Le Kasmi K and Tressol JC (1995). Facterus de
variation des indicateurs plasmatiques du statut nutritionnel en oligo-clements
chez le dromadaire au Maroc. 1. Valeurs usuelles et variations physiologiques.
Rev. Elev. Med. Vet. Pays Trop 48: 271-276.

Bengoumi, M., Moutaoukil, F., Farge, F.D.L and Faye, B., (1999). Thyroidal
statun of the dromedary camel (Camelus dromediru). Effect of some
physiological factors. Journal of Camel Practice and Research. 6, 41-43.

Boid R, Mohamud MM and Gray AR (1980). Changes in the levels of some
serum enzymes in dromedary camels infected with Trypanosoma evansi.
Research in Veterinary Science. 28(3):  336-340.

Coles EH (1986). Veterinary Clinical Pathology 4" Ed. WB Saunders Co.
Philadelphia pp, 53-55.

Coodley , E.L., (1970). Diagnostic Enzymology, Lea and Febiger,
Philadelphia, USA .

Eldirdiri KL, Suliman HB and Shommein AM (1987). Normal serum activities

139



Some Biochemical and Haematological Indices ... Khaled A. AL-Busadah

15.

16.

17.

18.

19.
20.
21
i 8

23.

24,
25.

26.

27.
28.

29,

30.

31

of some diagnostic enzymes in dromedary camel in Sudan. Veterinary
Research Communication. 11: 201-203.

Faye B. and M. Bengouml (1997) . Comparative study of trace element status
in camel and cow. J. Camel, Pract. Res. 4, 213-215.

Ghodsian I, Nowrouzian I and Schels HF (1978). A study of some
haematological parameters in the Iranian camel. Tropical Animal Health and
Production 10: 109-110.

Ghosal AK, Dwarkanath PK, and Appanna TC (1975). A study on the changes
of the blood electrolyte of camel (Camelus dromedarius) during water
deprivation. Indian Journal of Animal Health 14: 113-115.

Ghosal AK, Dwarkanath PK, and Appanna Tc (1975). A study on the changes
of the blood electrolyte of camel ( Camelus dromedarius) during water
deprivation . Indian Journal of Animal Health 14: 113-115.

Goodnight J.H, Sal J.P. & Sarlc R.F. (1986). In SAS User’s Guide. Statistics.
SAS Institute Inc., Box 8000 CARY, North Carolina, USA.

Henry R.J Cannon D.C. and Winkelman JW. (1974) Clinical Chemistry :
Principals and Techniques, Harper and Raw, Hagerstown USA, P437.

Jain NC (1986). Essentials of Veterinary Haematology. Lea & Febiger,
Philadelphia pp 65-66.

Kaneko JJ (1989). Clinical Biochemistry of Domestlc Animals. 3 Ed. New
York, USA, Academic Press.

Kerr MG (1989). Veterinary Laboratory Medicine, Clinical Biochemistry and
Haematology. Oxford, London, Edinburgh, Boston, Melbourne, Blackwell
Scientific Publications.

Laban S (1990), Agriculture in the main oasis of eastern province of Saudi
Arabia. Arabian American oil Company .

Lakhotia, R.L., Bhargava, A K. and Mchrotra, P.N. (1964). Normal ranges for
some blood constituents of the Indian camel. Vet. Re., 76, 121-122.

Majeed, M., G. Hur, Z. Rahman and A. Ahmed. (1980). Effect of sex and
season on 10 haematological values of normal adult humped camels. Rev.
Elev. Med. Vet. Pays. Trop. 33: 135-141 .

Mehrotra V and Gupta ML (1989). Seasonal variations in certain blood
constituents in camel. Indian Journal of Animal Science 59: 1559-1561.
Nyang'ao JJM.N., W. Olaho-Mukani, J.M.Maribei and J K. Omuse (1997).
Joumal of Camel Practice and Researc4, 31-33 .

Osman T.E.A. and Al-Busadah K.A. (200). Effect of age and lactation as some
biochemical constituents of camel blood in Saudi Arabia. J. of Camel Practice
7, 149-152.

Rezakhani, A. Habibabadi S.N., Ghojogh M.M. (1997) Studies on normal
haematological and biochemical parameters of Tuurkmen camel in Iran .
Joumal of Camel Practice and Research 4, 41-44 .

Sarwar A, Khean IR, Hur G an Khan IR (1992). Studies on the serum

140



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 8 No. 1 1428H (2007)

32.
33.

34.

transferases and electrolytes of normal one humped camel in summer. Pakistan
Veterinary Journal 12: 178-182.

Schalm, O. W., N. ¢. Jain and W. J. Carrol. 1975. Veterinary Haematology
(3“. ed.), Lea and Febiger, Philadelphia, U.S.A.  pp. 807.

Soliman MK and Shaker M (1967). Cytological and biochemical studies on the
blood of adult she-camels. Indian Veterinary Journal 44: 989-995.

Wahbi, A.g.A., Abdelgadir, S.E., Awadelseid, N.A. and Idris, O.F., (1984). the
plasma electrolytes and minerals of norma camels in the Sudan. In: W.R.
Cockrill (ed.). The Camelid An All Purpose animal . (Scandinavian Institute of
African Studies, Uppsala, Sweden), 431-437.

141



Some Biochemical and Haematological Indices ... Khaled A. AL-Busadah

Alisg 94 dyilossgaally dagosll yuslaoll jany
dysqnanll deysall dalooll g Jloall Jilmi

sdai sl daal o LIS

L) gamndl 39,501 g g plaud) cdall Al — Ll ¢ Lyl s Line W) aSllog @uud
Lgacad) dupall 28nlel] — sl W) — Jiads Gl Zaols

tpaslelt
Jandl &by 5555 e Jiliad T a3 2. Lilesogadly Lpaddl jolall uld @5 ual
Slilge o L)Lty uind! ol Lbiadll Ll Lilias! GilBgys wags ¥ . Gapal!
legame 2 LILI LIS o glaadil LIS o] dlasdle @3 add g 3 Y1 eyl
e 1l Hladay daga k! LIS (e LB sue clllia Oy sl andl cilygys
Aty e i ondswslaell (e gtV Al Cilss wa) LA 2. sl Gilias a5
agmg lpugladt 3ol 5o cndpagla Ll ol

142





