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ABSTRACT
Six mature healthy camels were divided into two equal groups, where camels of first group served as control 

and kept on basal diet without feed additives and camels of second group were kept on oral L-carnitine (3g/day) 
for three weeks. At the end of the experiment, body weight gained was calculated and whole blood was used for 
determination of haematological parameters and harvested sera were used for estimation of serum biochemistry. 
The present findings revealed that, the body weight gain in L-carnitine treated camel was comparable to the control 
untreated group. There were significant increase in the mean values of total leucocyte count (TLC) (18.1 ± 1.0 109/L) 
and neutrophils per cent  (11.0 ± 1.0%) in L-carnitine treated camels as compared to that of control group where these 
values were 15.0 ± 0.5 109/L and 7.9 ± 0.1%, respectively. Biochemical analysis of serum revealed non-significant 
changes of all examined parameters. The examined oral dose of L-carnitine was immune-supportive and did not 
affect weight gain and biochemistry of dromedary camels. Unlike other animal species, this  dose of L-carnitine did 
not affect lipid profile of dromedary camels.

Key words: Biochemistry, camels, haematology, L-carnitine, metabolism

L-carnitine plays an important role in 
mitochondrial β-oxidation of fatty acids as acyl 
carrier through the inner mitochondrial membrane 
in addition to its second function as a buffer for 
excess acyl residues (Murray et al, 2012). L-carnitine 
(3-hydroxy-4-N-trimethylaminobutirate) is a water-
soluble quaternary amine that is synthesised mainly 
in liver from lysine and methionine of all mammals. 
About 80% of L-carnitine is present in muscle and 
about 5 to 10% in the gastrointestinal tract whereas 
the liver and blood contains only about 3% and 0.25% 
of the body’s L-carnitine, respectively (Flores et al, 
1996). L-carnitine is metabolically essential for the 
transport of long chain fatty acids from the cytosol 
into the mitochondrial matrix for β-oxidation. The 
activity of fatty acid β-oxidation enzyme, carnitine 
palmitoyl transferase (CPT) is increased significantly 
by L-carnitine supplementation (Arslan et al, 2003). 
Carnivores (cats and dogs) are unable to meet 
their L-carnitine requirement through endogenous 
synthesis in the long term since these animals have 
become adapted to an L-carnitine-rich diet in meat. As 
a consequence, the liver has probably lost its capacity 

for sufficient endogenous synthesis of L-carnitine 
(Harmeyer, 2002). In humans, 75% of the carnitine 
used by the body comes from the diet and the liver 
and the kidneys synthesise the remaining 25% 
from the immediate precursor gamma butyrobetain 
(Maritza et al, 2006). Dietary supplementation of 
L-carnitine reduces plasma very low-density 
lipoprotein cholesterol (VLDL-c) and triglycerides 
(TAG) levels in hyperlipidemic rabbits (Rajasekar et 
al, 2005). In another study on New Zealand rabbits, 
dietary L-carnitine reduced serum cholesterol, TAG, 
VLDL-c, low-density lipoprotein cholesterol (LDL-c) 
and increases glucose and high-density lipoprotein 
cholesterol (HDL-c) levels (Elgazzar et al, 2012). It 
has been postulated that, carnitine supplementation 
elevated urea concentration in growing steer 
(Greenwood et al, 2001). The effect of L-carnitine on 
lipid metabolism has been investigated in human 
(Delas et al, 2008), fish (Sang et al, 2012) and different 
animals (horse, cattle, sheep and pigs), birds (poultry, 
pigeon) and rodents (Harmeyer, 2003). However, the 
effect of L-carnitine in lipid metabolism is less known 
in camels. Therefore, the present study is aimed 
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to investigate the effect of dietary L-carnitine on 
haematological and selected biochemical parameters 
in dromedary camels.

Materials and Methods

Location
A total of six mature healthy camels (450 ± 5 kg 

body weight; 4-7 years old) were kept in a wide, well 
ventilated and sunny stable with sand floor. These 
were fed approximately 3kg of barseem, 3kg cracked 
barley and 3kg concentrates in the morning and 3kg 
of barseem plus 3kg barley and 3 kg concentrates in 
the evening with free supply of mineral salt licks. 
Water was provided ad libitum. Camels were divided 
into 2 groups, three animals each. Camels of first 
group served as control and were kept on basal diet 
without feed additives. Camels of the second group 
were kept on L-carnitine tablets (CarnikingTM, Lonza, 
Fair Lown, NJ) at a dose of 3g/day given orally for 
three weeks. CarnikingTM (commercial product used 
in animal feed) contained 50% L-carnitine, 35% silica 
and 15% water.

At the end of the experiment, blood samples 
were collected from the jugular vein of all groups 
for estimation of total erythrocytic count (TEC), 
total leucocytic count (TLC), packed cell volume 
(PCV) and differential leucocytic count using 
standard haematological techniques (Drubkin, 1947; 
Feldman et al, 2000). Haemoglobin, Mean corpuscular 
volume (MCV), Mean corpuscular haemoglobin 
(MCH) and Mean corpuscular haemoglobin 
concentration (MCHC) were also estimated. Serum 
was separated by centrifu-gation of collected 
blood for 10 min at 1200g and was immediately 
frozen at –20ºC until the time of analysis. The sera 
were used for spectrophotometric determination 
of the activities of Aspartate Transaminase (AST) 
and Alanine Transaminase (ALT) as directed by 
Reitman & Frankle (1957). In addition, serum glucose, 
total protein, albumin and globulin values were 
determined spectrophotometrically as implied by 
the methods of Trinder (1969), Doumas et al (1981), 
Reinhold (1953) and Coles (1974), respectively. Serum 
blood urea nitrogen, uric acid and creatinine were 
determined according to the method described by 
Tabacco et al (1979) and Henry (1984), respectively. 
Furthermore, the obtained sera were used for 
spectrophotometric analysis of serum triacylglycerol 
(TAG) and total cholesterol by using of enzymatic 
method of spin react kits according to the methods 
of Sidney & Bernard (1973) and Zak et al (1954), 
respectively. Calcium, phosphorus and magnesium 

were determined by using commercial kits on 
chemistry analyser according to the manufacturer 
instructions.

Data were analysed by repeated measurements 
analysis of variance (ANOVA) and the statistical 
significance between means was compared using 
Student’s t-test; p<0.05 was considered significant. All 
tests were performed using computer package of the 
statistical analysis system (SAS, 1987).

Results and Discussion
The data presented in Table 1 indicated that the 

body weight gain in L-carnitine treated camel was 
comparable to the control untreated group. Parallel to 
the current study, the addition of L-carnitine had no 
effect on average daily gain in ruminants (Greenwood 
et al, 2001). In addition, L-carnitine supplementation 
for 49 days exerted no effect on feed intake or live 
weight gain in merino lambs (Petek and Diniz, 2000). 
It must be taken into account that, under current 
experimental condition, the ruminal escape of the 
administered L-carnitine might have been low and 
the amount of L-carnitine available to camels might 
have been too small to affect performance parameters. 

The results of haematological examination 

Table 1. Effect of oral administration of L-carnitine (3g/day) 
for three weeks on body weight gain (Kg).

Groups
Body weight (Kg) Gain in body 

weight (Kg)Initial third weeks
Control 506 ± 100 509 ± 100 3 ± 1
L-carnitine treated 546 ± 50 550 ± 40  3 ± 1

Values are mean ± SEM of 3 camels.

Table 2. Effect of oral administration of L-carnitine (3g/day) 
for three weeks on haematological parameters.

Variables Control L-carnitine treated
TEC (1012/L) 10.5 ± 2.0 10.6 ± 1.8
TLC (109/L) 15.0 ± 0.5 18.1 ± 1.0*
Neutrophils (%) 7.9 ± 0.1 11.0 ± 1.0*
Lymphocytes (%) 39.0 ± 5.1 31.5 ± 3.0
Esinophils (%) 4.5 ± 0.1 5.2 ± 1.0       
Basophils (%) 0.7 ± 0.2 0.5 ± 0.2
Monocytes (%) 3.1 ± 0.2 3.6 ± 0.3
Hb (g/dl) 13.7 ± 1.5 13.8 ± 0.8
PCV (%) 27.6 ± 3.1 28.1 ± 1.0
MCV (fl) 27.0 ± 2.0 27.0 ± 2.0
MCH (pg) 13.2 ± 1.0 13.1 ± 1.0
MCHC (g/dl) 50.0 ± 2.0 49.1 ± 2.0

Values are mean ± SEM of 3 camels
*statistically significant when compared to control (group I) 
at p< 0.05



Journal of Camel Practice and Research June 2014 / 53

2003; Maritza et al, 2006; Elgazzar et al, 2012) reported 
a significant increase in TAG and total cholesterol 
levels on different animal species supplemented with 
L-carnitine. The reduction on TAG was postulated 
to removal of VLDL-c by lipoprotein lipase and 
beta oxidation (Tanaka et al, 2004) whereas, the 
reduction in cholesterol levels was attributed to 
conversion of cholesterol  to bile acids (Seccombe 
et al, 1987). Conversely to the current study, it was 
documented that oral administration of L-carnitine 
reduced ALT and AST activities (Ahmed et al, 2010; 
Elgazzar et al, 2012; Sanjay and Singh, 2010). The 
results regarding the effect of L-carnitine on glucose 
levels are contradictory. Although previous reports 
(Greenwood et al, 2001; Elgazzar et al, 2012) indicated 
that, administration of oral L-carnitine induced an 
elevation of glucose levels on growing steer, Earlier 
work (Buyse et al, 2001) reported  a reduction of 
glucose level in broiler chickens supplemented with 
L-carnitine. Currently, our findings indicated that 
oral administration of L-carnitine did not affect 
serum glucose level of dromedary camels. Earlier 
works (Greenwood et al, 2001; Salvatore et al, 2001; 
Elgazzar et al, 2012) described the nephrotoxic effect 
of L-carnitine on administered animals as reflected 
on their elevated levels of urea, creatinine, sodium 
potassium and chloride. However, the examined dose 
of the current study was safe to the kidney and liver 
function of dromedary camels. The present study 
concluded that the examined oral dose of L-carnitine 
was immune-supportive and did not affect weight 
gain and biochemistry of dromedary camels. Unlike 

(Table 2) indicated that there were significant increase 
in the mean values of TLC in camels received 3g/day 
L-carnitine (18.1 ± 1.0 109/L) compare to the control 
group (15.0 ± 0.5). In addition, significant increase in 
the mean values of neutrophils was also observed in 
L-carnitine treated camels (11.0 ± 1.0%) compared 
to that of control group (7.9 ± 0.1%). Meanwhile, 
the mean values of TEC, lymphocytes, Eosinophil, 
Basophils, Monocytes, haemoglobin, PCV, MCV, 
HCV and MCHC showed non-significant variation 
in L-carnitine treated group (10.6 ± 1.8 1012/L;  31.5 ± 
3%; 5.2 ±  1%; 0.5 ± 0.2%; 3.6 ± 0.3%; 13.8 ± 0.8 g/dl; 
28.1 ± 1.0 %; 27.0 ± 2.0 fl; 13.1 ± 1.0 pg; 49.1 ± 2.0 g/dl) 
compare to the control group (10.5 ± 2.0 1012/L;  39.0 
± 5.1%; 4.5 ±  0.1%; 0.7 ± 0.2%; 3.1 ± 0.2%; 13.7 ± 1.5 g/
dl; 27.6 ± 3.1 %; 27.0 ± 2.0 fl; 13.2 ± 1.0 pg; 50.0 ± 2.0 g/
dl), respectively. The significant increase of TLC and 
neutrophil percentages in L-carnitine treated camels 
as compared to control was in accordance to the 
results of Famularo and De-Simone (1995) indicating 
the immune supportive effect of L-carnitine. In 
addition L-carnitine was postulated to enhance the 
phagocytic index in Nile tilapia (Abo-ghaneama et 
al, 2005). Moreover, L-carnitine is known to improve 
the neutrophil and macrophage function in aged 
rats at lower concentrations (Izgul-Uysal et al, 2004). 
Regarding the non-significant effect of L-carnitine 
on the rest of haematological parameters, similar 
findings (Rezaei et al, 2008) indicated that L-carnitine 
did not change the haematological parameters in 
laying hen fed 250mg of L-carnitine for every kg diet. 
Moreover, L-carnitine did not affect the haemoglobin 
content and TEC in broiler chickens (Asadi et al, 
2013). Contrary by, it was found that L-carnitine 
caused leucopenia, decreased haemoglobin content 
and lowered the TEC with subsequent anemia in 
orally administered male albino rats (Qadir et al, 
2008). Biochemical analysis (Table 3) indicated that 
glucose, total protein, albumin, globulin, A/G ratio, 
total cholesterol, triacylglycerol, ALT, AST, BUN, 
creatinine, calcium, phosphorus and magnesium 
showed non-significant variation in L-carnitine 
treated group (72 ± 3.0 mg/dl; 6.9 ± 1.12 g/l; 4.82 ± 0.1 
g/l; 2.08 ± 0.3 g/l; 2.3 ± 0.2; 26.43 ± 1.5 mg/dl; 104.98 
± 1.7 mg/dl; 18.7 ± 1.07 U/l; 47.70 ± 2.0 U/l; 21.5 ± 1.2 
mg/dl; 1.2 ± 0.1 mg/dl; 10.5 ± 0.03 mg/dl; 3.22 ± 0.70 
mg/dl; 1.05 ± 0.01 mg/dl) compared to the control 
group (69.33 ± 1.0 mg/dl; 7.0 ± 1.11 g/l; 4.90 ± 0.1 g/l; 
2.10 ± 0.2 g/l; 2.3 ± 0.39; 24.76 ± 1.3 mg/dl; 106.22 ± 1.1 
mg/dl; 17.44 ± 1.13 U/l; 50.21 ± 0.76 U/l; 20.7 ± 1.34 
mg/dl; 1.1 ± 0.2 mg/dl; 10.5 ± 0.05 mg/dl; 3.00 ± 0.60 
mg/dl; 1.02 ± 0.00 mg/dl), respectively. Conversely 
to the current findings, previous reports (Arslan, 

Table 3. Effect of oral administration of L-carnitine (3g/day) 
for three weeks on biochemical parameters.

Parameters Control L-carnitine 
treated

Glucose (mg/dl) 69.33 ± 1.00 72 ± 3.00
Total Protein (g/l) 7.00 ± 1.11 6.90 ± 1.12
Albumin (g/l) 4.90 ± 0.1 4.82 ± 0.1
Globulin (g/l) 2.10 ± 0.20 2.08 ± 0.30
A/G ratio 2.3 ± 0.39 2.3 ± 0.20
Total cholesterol (mg/dl) 24.76 ± 1.3 26.43 ± 1.5
TAG (mg/dl) 106.22 ± 1.1 104.98 ± 1.7
ALT (U/l) 17.44 ± 1.13 18.7 ± 1.07
AST (U/l) 50.21 ± 0.76 47.70 ± 2.00
BUN (mg/dl) 20.70 ± 1.34 21.5 ± 1.2
Creatinine (mg/dl) 1.10 ± 0.2 1.2 ± 0.1
Calcium (mg/dl) 10.5 ± 0.05 10.5 ± 0.03
Phosphorus (mg/dl) 3.00 ± 0.60 3.22 ± 0.70
Magnesium (mg/dl) 1.02 ± 0.00 1.05 ± 0.01

Values are mean ± SEM of 3 camels
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other animal species, this  dose of L-carnitine did 
not affect lipid profile of dromedary camels. Future 
planning for further investigations are required to 
confirm the current results at molecular levels.

Acknowledgements
The authors thank the Deanship of Scientific 

Research, King Faisal University, Saudi Arabia 
for financial support. Thanks are extended to staff 
member of Camel Research Centre, King Faisal 
University, Saudi Arabia for technical assistance 
during the study.

References
Abo-ganeama II, El-Seady Y and Fayed A (2005). Effect of 

L-carnitine on haematological and lipid profile of 
Nile tilapia (Orechromas niloticus). The Third Scientific 
Conference of Society of Physiological Sciences and 
their Applications, Ras Sidre, South Sinai Governorate,  
28-31 August.

Ahmed MG, Heba EY and Hala HI (2010). Protective effect of 
mushroom and their ethyl extract on aging compared 
with L-carnitine. International Journal of Nutrition and 
Metabolism 2:63-69.

Arslan C, Citil M and Saatci M (2003). Effect of L-carnitine 
administration on growth performance, carcass traits, 
Blood serum parameters and abdominal fatty acid 
composition of ducks. Archives of Animal Nutrition 
57:381-388.

Asadi H, Sadeghi AA, Eila N and Aminafshar M (2013). The 
effect of Ractopamine, coenzyme Q10 and L-carnitine 
supplementation, individual or in combination on the 
haematological parameters of broiler chickens. World 
Applied Sciences Journal 21:69-72.

Buyse J, Janssens GPJ and Decuypere E (2001). The effect 
of dietary L-carnitine supplementation on the 
performance, organ weights and circulating hormone 
and metabolite concentrations of broiler chickens reared 
under a normal or low temperature schedule. British 
Poultry Science 42:230-241.

Coles EH (1974). Veterinary Clinical Pathology. W.B. Saunders 
Company, Philadelphia and London. pp 211-213. 

Delas I, Drazic T, Hribljan M and Sankovic K (2008). Effect 
of L-Carnitine Supplementation on Some Biochemical 
Parameters in Blood Serum of Sedentary Population. 
Croatica Chemica Acta 81:163-168.

Doumas BT, Bayson DD, Carter RJ, Peters T and Schaffer 
R (1981). Estimation of total serum protein. Clinical 
Chemistry 27:1642-1643.

Drubkin D (1947). Spectrophotometric methods XIV. 
The crystographic and optical properities of the 
haemoglobin of man in comparison with those of other 
species. Journal of Biological Chemistry 164:703–723.

Elgazzar UB, Ghanema IA and Kalaba ZM (2012). Effect 
of Dietary L-carnitine supplementation on the 
concentration of circulating serum metabolites in 
growing new zealand rabbits. Australian Journal of 
Basic and Applied Sciences 6:80-84.

Famularo G and De Simone C (1995). Anewera for carnitine? 
Immunol. Today 16:211-213.

Feldman BF, Zinkl JG and Jain NC (2000). Schalm’s Veterinary 
Haematology, 5th ed. Lippincott Williams and Wilkins 
Publications. Canada. pp 1085-1088.

Flores CA, Hu C, Edmond J and Koldovsky O (1996). Milk 
carnitine affects organ carnitine concentration in 
newborn rats. Canadian Journal of Physiology and 
Pharmacology 63:571-576.

Greenwood RH, Titgemeyer EC, Stokka GL, Drouillard JS 
and Loest CA (2001). Effect of L-carnitine on nitrogen 
retention and blood metabolites of growing steers and 
performance of finishing steers. Journal of Animal 
Science 254-260.

Harmeyer J (2002). The physiological role of L-Carnitine. 
Lohman Information 27:1-8

Harmeyer J (2003). Uses of L-Carnitine addition in domestic 
animal feeds. Lohman information 28:1-9.

Henry JB (1984). Clinical Diagnosis and Management, 17th 
edition, Saunder Publisher.

Izgul-Uysal VN, Agac A, Karadogan I and Denn N (2004). 
Peritoneal macrophages function modulation 
by L-carnitine in aging rats. Aging Clinical and 
Experimental Research 16:337-341.

Maritza FD, Julio AU, Flor L and Frank HR (2006). L-carnitine-
induced modulation of plasma fatty acids metabolism 
in hyperlipidemic rabbits. Rev Electron Biomed/
Electron Biomed 1:33-41.

Murray RK, Bender DA, Botham KM, Kennelly PJ, Rodwell VW 
and Weil PA (2012). Harper's Illustrated Biochemistry 
(Harper's Biochemistry). 28th ed., McGgraw-Hill. 

Petek M and Deniz A (2000). The effect of L-carnitine on 
lamb performance and main carcass traits. Lalahan 
Hayvancilik Arastirma Enstitusu Dergisi 40:57-63. 

Qadir AB, Maulood IM and Majeed ZR (2008). Effects of 
omega-3 and L-carnitine on some haematological 
parameters in sucrose treated male albino rats. The 
2nd Kurdstan conference on biological science. Journal 
of University of Duhok 12:125-128.

Rajasekar P, Ravichandran MK and Anuradha CV (2005). 
Interaperitoneal L-carnitine regulates lipid metabolism 
and reduces oxidative stress in fructose-induced 
hyperlipidemic rats. Diabetologia Croatica 34:87-95.

Reinhold RP (1953). Determination of serum albumin. Clinical 
Chemistry 21:1370-1372.

Reitman S and Frankel S (1957). A colorimetric method for 
determination of serum glutamate oxalo-acetic acid 
and pyruvic acid transaminases. American Journal of 
Clinical Pathology 29:56-63.

Rezaei M, Dehghani S, Ghaffari JA and Haghnazar A (2008) 
The effects of different levels of L-carnitine and fat 
on performance and egg quality of laying hens. 
Agricultural and Food Science 17:360-366.

Salvatore B, Rosaria M, Antonia R, Daniela L, Alfredo C 
and Francesco T (2001). Usefulness of L-carnitine, A 
Naturally Occurring Peripheral Antagonist of thyroid 
Hormone Action, in Iatrogenic Hyperthyroidism: A 
Randomized, Double-Blind, Placebo-Controlled Clinical 



Journal of Camel Practice and Research June 2014 / 55

Trial. Journal of Clinical Endocrinology and Metabolism 
86:3579-3594.

Sang W, Deng S, Shentu J, Wang L and Duan Q (2012). 
Effects of Dietary L-carnitine and Betaine on Serum 
Biochemical Indices of Large Yellow Croaker 
(Pseudosciaena crocea) Cultured in Floating Net Cages. 
Advance Journal of Food Science and Technology 4: 
304-308.

Sanjay M and Singh RB (2010). Effect of Mushroom on lipid 
profile, Lipid peroxidation and Liver function of Aging 
Swiss Albino Rats. The Open Nutraceuticals Journal. 
3:248-253.

SAS (1987) Statistical Analysis System, Users Guide: Statistics, 
SAS Institute Cary, North Carolina.

Seccombe DW, James L, Hahn P and Jones E (1987). L-carnitine 
treatment in the hyperlipidemic rabbits. Metabolism 
36:1192-1196.

Sidney PG and Bernard R (1973). Improved manual 
spectrophotometric procedure for determination of 
serum triglycerides. Clinical Chemistry 19:1077-1078.

Tabacco A, Meiathini F, Moda E and Tarli P (1979). 
Simplified enzymic/colorimetric serum urea nitrogen 
determination. Clinical Chemistry 25:336-337.

Tanaka Y, Rorie S, Fumiko F, Hatsue W, Terue K, Mitsuyo 
O, Kyoko H and Susumu A (2004). Acetyl-L-carnitine 
supplementation restores decreased tissue carnitine 
levels and impaired lipid metabolism in aged rats. 
Journal of Lipid Research 45:729-735.

Trinder P (1969). Determination of glucose in blood using 
glucose oxidase with alternative oxygen acceptor. 
Annals of Clinical Biochemistry 6:24.

Zak B, Dickenman R, Whitsee E, Burnett H and Cherney P 
(1954). Rapid estimation of free and total cholesterol. 
American Journal of Clinical Pathology 24:1307-1315.


