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ABSTRACT

Nine sheep were assigned into three groups to evaluate the effect of urea on their 
hematology and biochemistry. Sheep of first group received water without urea 
and served as control group whereas sheep of second and third groups received 
urea in drinking water at 0.1 and 0.2% respectively for four weeks. The present 
findings revealed that 0.2% of urea caused significant increase in body weight 
gain compare to control. Significant decrease was also observed in mean values of 
neutrophil percentage of sheep received 0.2 % urea (48.8 ± 4.1) compare to that of 
sheep received 0.1% urea (67.7 ± 1.0) and control group (63.3 ± 8.2), respectively. 
Moreover, percentage of lymphocyte of sheep received 0.2 % urea was increased 
significantly (50.7 ± 4.1) compare to that of sheep received 0.1% urea (31.9 ± 1.00) 
and control group (36.2 ± 8.2). Serum biochemistry indicated that, sheep received 
0.1% and 0.2% of urea dissolved in drinking water caused significant increase in 
the values of glucose (60 ± 1.1; 62 ± 2.1 mg/dl, respectively), ALT (17 ± 1.1; 18 ± 
2.1 U/l), AST (105 ± 1.2; 107 ± 2.1 U/l), creatinine (1.5 ± 0.1; 1.6 ± 0.1 mg/dl) and 
phosphorus (4.1 ± 1.9; 5.2 ± 0.1 mg/dl) compared to control (50 ± 2.1; 14 ± 1.1; 99 
± 2.1; 1.1 ± 0.1 and 2.0 ± 0.2, respectively). The present study concluded that, urea 
in drinking water improved body weight gain and blood picture in Somali sheep 
however, liver and kidney function was disturbed. 
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True protein supplements are expensive ingredients in diets for sheep. Therefore, 
partial or total substitution of a true protein supplement with a non protein 
nitrogenous source (NPN) can significantly reduce feeding cost. Urea is the 
most commonly used NPN source in sheep diets due to availability and low cost. 
However, the addition of urea to animal diet is under limitations to avoid the risk 
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of hyper ammonia. The biochemical understanding of urea metabolism by ruminal 
microbes is essential for nutritional planning and efficient utilization of urea. Urea 
dissolves quickly in water and is rapidly hydrolyzed to ammonia because of rumen 
microbial urease activity in ruminants (Helmer and Bartley, 1971). The rumen 
microorganisms hydrolyze urea into ammonium and ammonia to synthesize their 
own protein. The conversion of urea into ammonium and ammonia is increased at a 
pH 7.0 or higher (Visek, 1968). Most of produced ammonium is utilized by rumen 
micro flora, whereas small amount of ammonia produced is escaped into circulation 
due to its lipophilic properties (Bartley et al., 1976; Froslie, 1977). Detoxification 
of ammonia into urea occurs in the liver via urea cycle (Visek 1968). Elevated 
level of ammonia (hyper ammonia) overwhelm the detoxifying capacity of the 
liver (Chalmers et al., 1971) as reflected in higher level of ammonia in blood and 
cerebrospinal fluids inducing ammonia toxicity (Davidovich et al., 1977; Visek, 
1968). Higher level of ammonia in blood inhibits the tricarboxylic acid cycle 
with subsequent lower energy production and induction of metabolic acidosis 
(Haliburton and Morgan, 1989). Liver enzymes as Alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) and muscle leakage enzymes, creatin 
kinase are useful biochemical markers to diagnose ammonia toxicity (Thrall  
et al., 1996). Glucose and urea levels were elevated without any changes in total 
protein values in plasma of lambs fed diet mixed with urea (Eryavuz et al., 2003). 
Significant elevation of glucose, phosphorus, creatinine, ALT, PCV, lymphocytes 
and total leucocyte counts was observed in fattening suakin lambs fed diet mixed 
with urea doses of 0.5 and 1% of the concentrate feed (Al-Shami et al., 2012). 
Other studies (Mandour et al., 2012) demonstrated that 1.5% urea supplementation 
did not affect growth performance, hematological and biochemical indices of New 
Zealand rabbits. Based on pervious data, it is clear that, results regarding the effect 
of urea on hematology and blood biochemistry of sheep are scarce and conflicting. 
Therefore, the objective of this study is to evaluate the influence two levels of urea 
dissolved in drinking water (0.1 and 0.2%) on hematology and blood biochemistry 
of growing Somali lambs. 

MATERIALs AND METHODS

Location

The study was conducted in sheep farm of the collage of Veterinary Medicine and 
Animal Resources, King Faisal University, Al-Ahsa, Saudi Arabia.

Animals

Animal care and handling procedures were follow the committee of scientific 
research ethics, King Faisal University, Al-Ahsa, Saudi Arabia. Animals were 
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housed with constant fluorescent lighting and ventilation. The animal house was 
cleaned daily to maintain animal health and well-being. Water was available ad-
libitum throughout the experimental period. Sheep were maintained as a group of 
three in each room to prevent stress of isolation. Sheep were acclimatized for a 
week before the beginning of the experiment. 

Experimental Design

A total number of nine healthy sheep with an average body weight of 20 ± 5 kg 
were obtained from the local market, Al-Ahsa, Saudi Arabia. Sheep were divided 
into 3 groups. The standard diet was available for all groups. Sheep of the first 
group received normal water and served as a control. Sheep of the second and 
third groups received water mixed with urea at a dose of 0.1% (100mg/l) and 0.2% 
(200mg/l), respectively. 

Sampling and the Analytical Methods

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 
hematological techniques (Feldman et al., 2000). Haemoglobin percentage (Hb%) 
was assessed according to Drubkin (1947). The Mean corpuscular volume (MCV) 
was calculated ([hematocrite value × 10]/erythrocyte count) and expressed as 
(u3). Mean corpuscular hemoglobin (MCH) was calculated ([hemoglobin% × 10]/
erythrocyte counts) and expressed as pictogram (pg) whereas Mean corpuscular 
hemoglobin concentration (MCHC) was calculated ([hemoglobin × 100]/ 
hematocrite value) and expressed as a percent (%). Similarly, blood samples were 
collected without anticoagulant for serum separation. Serum was separated by 
centrifugation for 10 min at 1200×g 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, 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), 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 analyzer according to the 
manufacturer instructions.
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Statistical Analysis 

The obtained data on hematological and biochemical parameters were compared 
between groups by using one way analysis of variance (ANOVA). All data were 
presented as mean ± standard error of mean (SEM). All tests were performed using 
computer package of the statistical analysis system (SAS 1987).

RESULTS AND DISCUSSION

The data summarized in Table 1 indicated that, sheep received 0.2% urea drinking 
water showed significant increase in body weight (29.0 ± 0.5 kg) compare to sheep 
received 0.1% urea in drinking water (25.0 ± 0.5) and control group (25.0 ± 0.5). 
Similar results (Mandour et al., 2012) were obtained in rabbits fed 1.5% urea 
compare to other group fed 0.5% and 0% urea for 4 weeks. Previous findings 
(Yono et al., 1986; Isikwenu, 2010) support the significant increase in body weight 
in urea supplemented group compare to control group.

Table 1: Effect of oral administration of urea (0.5 and 1%) for six weeks on body weight 
gain (Kg). 

Groups
Body weight (Kg) Gain in body 

weight (Kg)Initial Sixth weeks
Control 25.0 ± 0.5b 27.0 ± 0.5b 2
Urea (0.1%) 25.0 ± 0.5b 27.0 ± 0.5b 2
Urea (0.2%) 29.0 ± 0.5a 32.0 ± 0.3a 3

Values are mean ± SD of 3 sheep; Means within the same column with different letters are 
significantly differed (P ≤ 0.05). 

The results of hematological examination are summarized in Table 2. The 
obtained results indicated that there are significant decrease in the mean values 
of neutrophil percentage in sheep received 0.2 % urea (48.8 ± 4.1) compare to 
that of sheep received 0.1% urea (67.7 ± 1.0) and control group (63.3 ± 8.2), 
respectively. However, the percentage of lymphocyte in sheep received 0.2 % urea 
was increased significantly (50.7 ± 4.1) compare to that of sheep received 0.1% 
urea (31.9 ± 1.00) and control group (36.2 ± 8.2), respectively. Meanwhile, the 
mean values of TEC, TLC, Hemoglobin, PCV, MCV, HCV and MCHC showed 
non significant variation in sheep received 0.1% (11.3 ± 2 1012/L; 11.5 ± 0.7 109/L; 
11.2 ± 2.0 g/dl; 34.3 ± 5.9 %; 30.5 ± 0.4 fl; 9.9 ± 0.0 pg; 32.6 ± 0.2 g/dl) and that 
received 0.2% urea (12.7 ± 1.0; 9.9 ± 2.3; 13.8 ± 0.8; 32.0 ± 1.6; 25.0 ± 0.7; 11.1 
± 1.6; 31.6 ± 4.8) compare to the control group (12.1 ± 1.2; 12.5 ± 0.4; 13.0 ± 0.9; 
33.6 ± 5.9; 27.0 ± 2.0; 10.7 ± 0.3; 33.4 ± 4.2), respectively. The significant increase 
in lymphocyte percentage and decrease in neutrophil percentage in lambs received 
either 0.1 or 0.2% urea come in accordance with previous work (Al-Shami et al., 
2012) reported the same effect on Suakin lambs supplemented by dietary 0.5 and 
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Table 2: Effect of oral administration of urea (0.1 and 0.2%) for six weeks on hematological 
parameters

Variables Control Urea (0.1%) Urea (0.2%)
TEC (1012/L) 12.1 ± 1.2 11.3 ± 2.0 12.7 ± 1.0
TLC (109/L) 12.5 ± 0.4 11.5 ± 0.7 9.9 ± 2.3
Neutrophils (%) 63.3 ± 8.2a 67.7 ± 1.0a 48.8 ± 4.1b

Lymphocytes (%) 36.2 ± 8.2b 31.9 ± 1.00b 50.7 ± 4.1a

Esinophils (%) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
Basophils (%) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
Monocytes (%) 0.5 ± 0.0 0.5 ± 0.0 0.5 ± 0.0
Hb (g/dl) 13.0 ± 0.9 11.2 ± 2.0 13.8 ± 0.8
PCV (%) 33.6 ± 5.9 34.3 ± 5.9 32.0 ± 1.6
MCV (fl) 27.0 ± 2.0 30.5 ± 0.4 25.0 ± 0.7
MCH (pg) 10.7 ± 0.3 9.9 ± 0.0 11.1 ± 1.6
MCHC (g/dl) 33.4 ± 4.2 32.6 ± 0.2 31.6 ± 4.8

Values are mean ± SD of 3 lamb; Means within the same row with different letters are 
significantly differed (P ≤ 0.05).

1% urea. However, earlier report in rabbits (Mandour et al., 2012) demonstrated 
that, 0.5 and 1% dietary urea did not change neither lymphocyte nor neutrophil 
percentages. The current study demonstrated that, the values of other hematological 
parameters in lambs received urea were comparable to control. All of these values 
were close to the range that reported earlier in Suakin lambs (Al-Shami et al., 
2012). PCV is a blood toxicity reduction index and its abnormal level point to the 
presence of a toxic factor which has a drastic effect on blood formation (Oyawoye 
and Ogunkunle, 1998). Therefore, the non-significant difference among treatment 
for PCV suggests good detoxification of urea. Because of hematological parameter 
especially PCV and hemoglobin were positively correlated with the nutritional 
status of the animal (Adejumo, 2004), the unchanged hemoglobin values of all 
lambs in the current study indicated that the provided diets contained good quality 
proteins that met lambs nutritional requirements. In addition the unchanged 
TEC in all treatments indicated that all lambs remained healthy throughout the 
experimental and being an indication of non-allergic condition, free parasitism 
and any foreign body in circulation (Hillyer, 1994).

The biochemical findings are presented in Table 3. The analysis of serum revealed 
that, sheep received 0.1% and 0.2% of urea dissolved in drinking water caused 
significant increase in the values of glucose (60 ± 1.1; 62 ± 2.1 mg/dl, respectively), 
ALT (17 ± 1.1; 18 ± 2.1 U/l), AST (105 ± 1.2; 107 ± 2.1 U/l), creatinine (1.5 ± 
0.1; 1.6 ± 0.1 mg/dl) and phosphorus (4.1 ± 1.9; 5.2 ± 0.1 mg/dl) compared to the 
control (50 ± 2.1; 14 ± 1.1; 99 ± 2.1; 1.1 ± 0.1 and 2.0 ± 0.2, respectively). 
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Table 3: Effect of oral administration of urea (0.5 and 1%) for six weeks on selected 
biochemical parameters.

Variables Control Urea (0.1%) Urea (0.2%)

Glucose (mg/dl) 50.0 ± 2.1b 60.0 ± 1.1a 62.0 ± 2.1a

Total Protein (g/l) 6.5 ± 0.2 6.4 ± 0.1 6.4 ± 0.2
Albumin (g/l) 3.6 ± 0.2 3.7 ± 0.1 3.8 ± 0.1
Globulin (g/l) 2.9 ± 0.2 2.7 ± 0.1 2.6 ± 0.1
A/G ratio 1.2 ± 0.1 1.3 ± 0.1 1.5 ± 0.2
Total cholesterol (mg/dl) 50 ± 2.2 52 ± 3.5 47 ± 2.1
TAG (mg/dl) 80 ± 4.1 78 ± 3.4 77 ± 4.1
ALT (U/l) 14 ± 1.1b 17 ± 1.1a 18 ± 2.1a

AST (U/l) 99 ± 2.1b 105 ± 1.2a 107 ± 2.1a

BUN (mg/dl) 23.1 ± 1.6 23.8 ± 2.1 22.3 ± 2.2
Creatinine (mg/dl) 1.1 ± 0.1b 1.5 ± 0.2a 1.6 ± 0.2a

Calcium (mg/dl) 10.4 ± 0.2 10.5 ± 0.8 10.3 ± 0.7
Phosphorus (mg/dl) 2.0 ± 0.2b 4.1 ± 1.9a 5.2 ± 0.1a

Magnesium (mg/dl) 1.5 ± 0.9 1.7 ± 0.2 1.6 ± 0.1

Values are mean ± SEM of 3 lamb; Means within the same row with different letters are 
significantly differed (P ≤ 0.05). 

Meanwhile, the mean values of Total protein, Albumin, globulin, A/G ratio, Total 
cholesterol, TAG, BUN, Calcium, Magnesium showed non-significant variation in 
sheep received 0.1% (6.4 ± 0.1; 3.7 ± 0.1; 2.7 ± 0.1; 1.3 ± 0.1; 52.0 ± 3.5; 78 ± 3.4; 
23.8 ± 2.1; 10.5 ± 0.8 and 1.7 ± 0.2) and that received 0.2% urea (6.4 ± 0.2; 3.8 ± 
0.1; 2.6 ± 0.1; 1.5 ± 0.2; 47.0 ± 2.1; 77 ± 4.1; 22.3 ± 2.2; 10.3 ± 0.7 and 1.6 ± 0.1) 
compared to the control group (6.5 ± 0.2; 3.6 ± 0.2; 2.9 ± 0.2; 1.2 ± 0.1; 50.0 ± 2.2; 
80 ± 4.1; 23.1 ± 1.6; 10.4 ± 0.2 and 1.5 ± 0.9). The significant increase of glucose, 
ALT, AST, creatinine and phosphorus in sheep received 0.1% and 0.2% of urea 
dissolved in drinking water compared with control as observed in the current study 
come in accordance with previous results (Tiwari et al., 2001) in buffalo calves, 
lambs (Eryavuz et al., 2003; Al-Shami et al., 2012), rabbits (Mandour et al., 2012) 
and goats (Jain et al., 2005). The increased level of glucose might be attributed to 
increased levels of volatile fatty acids in the rumen (Guyton and Hall, 1988; Jain et 
al., 2005), or due to increased hepatic gluconeogenesis via amino acids catabolism 
(Wilson 1988). The rapid hydrolysis of urea to ammonia caused hyper ammonia 
in the rumen and subsequently elevated the blood urea nitrogen (Eryavuz et al., 
2003; Jain et al., 2005) as observed in the current study. The significant elevation of 
ALT and AST in urea treated animals indicated hepatocellular damage and caution 
should be taken during urea administration to Somali sheep. The hepatocellular 
stress was confirmed by significant elevation of creatinine in urea treated animals 
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as a result of kidney affection. During stress, catabolism takes place in muscle and 
the stored phosphocreatinine converted into pyrophosphate which is utilized by 
the tissues as a source of energy, and creatine is excreted in the form of creatinine 
in the urine (Jain et al., 2005). The present study concluded that, urea in drinking 
water improved body weight gain and blood picture in Somali sheep however, 
liver and kidney function was disturbed. In addition, The hepatorenal dysfunction 
observed in urea treated animals encourages further investigations of this topic at 
cellular and molecular levels.

ACKNOWLEDGEMENTS

The authors thank Saudi Basic Industries Corporation (SABIC) and Deanship of 
Scientific Research, King Faisal University, Saudi Arabia for financial support.

REFERENCES

Adejumo, D.O., 2004. Performance, organ development and haematological indices of 
rats fed sole diets of graded levels of cassava flour and soybean flour (soygari) as 
substitutes for energy and protein concentrates. Trop. J. Anim. Sci., 7:57-63.

Al-Shami, S.A., Mandour, M.A. and Fouda, T.A. 2012. Effect of urea as non-protein 
nitrogenous substance on blood profile in fattening suakin lambs. J. Anim. Res., 2: 
29-37.

Bartley, E.E., Davidovich, A.D., Barr, G.W., Griffel, G.W., Dayton, A.D., Deyoe, C.W. 
and Bechtle, R.M. 1976. Ammonia toxicity in cattle. I. Rumen and blood changes 
associated with toxicity and treatment methods. J. Anim. Sci., 43:835–841.

Chalmers, M.I., Jaffray, A.E. and White, F. 1971. Movements of ammonia following 
intraruminal administration of urea or casein. Proc. of Nutrition Society, 30:7-17.

Coles, E.H., 1974. Veterinary Clinical Pathology. W.B. Saunders Company, Philadelphia 
and London, pp. 211-213.

Davidovich, A., Bartley, E.E., Bechtle, R. M. et al., 1977. Ammonia toxicity in cattle. III. 
Absorption of ammonia gas from the rumen and passage of urea and ammonia from 
rumen to the duodenum. J. Anim. Sci., 45:551-558.

Doumas, B.T., Bayson, D.D., Carter, R.J., Peters, T. and Schaffer, R., 1981. Estimation of 
total serum protein. Clin. Chem., 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. J. 
Biol. Chem., 164: 703–723.

Eryavuz, A.Y., Dündar, M., Ozdemir, R. A. and Tekerli, M. 2003. Effects of urea and sulfur 
on performance of faunate and defaunate Ramlic lambs, and some rumen and blood 
parameters. Anim. Feed Sci Tech., 109:35-46.



72	 Journal of Animal Research: v.4 n.1 p. 65-73. June 2014

Al-Sultan and El-Bahr

Feldman, B.F., Zinkl, J.G. and Jain, N.C., 2000. Schalm’s Veterinary Haematology, 5th ed. 
Lippincott Williams and Wilkins Publications, Canada. 1085-1088.

Froslie, A., 1977. Feed-related urea poisoning in ruminants. Folia Vet. Latina, 7:17-37.

Guyton, A. and Hall, J. E. 1988. Textbook of Medical Physiology 4th edn. Saunders 
company, Philadelphia.

Haliburton, J.C. and Morgan, S.E. 1989. Nonprotein nitrogen-induced ammonia toxicosis 
and ammoniated feed toxicity syndrome. Vet. Clin. North Am: Food Anim. Pract., 
5:237-249.

Helmer, L. G., and E. E. Bartley. 1971. Progress in the utilization of urea as a protein 
replacer for ruminants. A review. J. Dairy Sci., 54:25-51.

Henry, J.B., 1984. Clinical Diagnosis and management, 17th edition, Saunder Publisher.

Hillyer, E.V., 1994. Pet rabbits. Vet Clin North Am: Small Anim Pr., 24: 25-65.

Isikwenu, J.O., 2010. Response of weaner rabbits fed graded levels of urea-treated and 
fermented brewer’s dried grains in place of groundnut cake. Natur. Appl. Sci. J., 
11:188-195.

Jain, N., Tiwari, S.P. and Pushpraj, S. 2005. Effect of urea molasses mineral granules 
(UMMG) on rumen fermentation pattern and blood biochemical constituents in goat 
kids fed sola (Aeschonomene indica Linn) grass-based diet. Vet. Arhiv, 75(6):521-
530.

Mandour, MA, Al-Shami, SA. And Hussein, Y.A. 2012. Effect of feeding graded levels of 
urea on growing New Zealand white rabbit performance. Global Vet., 9:761-768.

Oyawoye, E.O. and M. Ogunkunle, 1998. Chemical analysis and biochemical effects of 
raw Jack beanson broiler. Proc. Nig. Soc. Anim. Prod., 23:141-142.

Reinhold, R.P., 1953. Determination of serum albumin. Clin. Chem., 21:1370–1372.

Reitman, S. and Frankel, S., 1957. A colorimetric method for determination of serum 
glutamate oxalo-acetic acid and pyruvic acid transaminases. Am. J. Clin. Path., 
29:56–63.

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

Sidney, P.G. and Bernard, R., 1973. Improved manual spectrophotometric procedure for 
determination of serum triglycerides. Clin. Chem., 19:1077–1078.

Tabacco, A.; Meiathini, F.; Moda, E. and Tarli, P., 1979. Simplified enzymic/ colorimetric 
serum urea nitrogen determination. Clin. Chem., 25:336-337.

Thrall, MA., Baker, DC., Campbell, TW., DeNicola, D., Fettman, MJ., Lassen, ED., Rebar, 
A. and Weiser, G., 1996. Veterinary Hematology and clinical chemistry. Blackwell, 
Iowa, USA.

Tiwari, C.M., Chandramoni, A.S, Jadhao, S.B., Gowda, S.K. and Khan, M.Y. 2001. Studies 
on blood biochemical constituents and rumen fermentation in growing buffalo calves 



Journal of Animal Research: v.4 n.1 p. 65-73. June 2014	 73

Effect of urea on hemato-biochemical of Somali lambs

fed ammoniated straw-based rations supplemented with different protein sources. 
Anim. Feed Sci. Tech., 89:119-130.

Trinder, P., 1969. Determination of glucose in blood using glucose oxidase with alternative 
oxygen acceptor. Ann. Clin. Biochem. 6: 24.

Visek, W.J. 1968. Some aspects of ammonia toxicity in animals cells. J. Dairy Sci., 51: 
286-295.

Wilson, R.C., Overton, T.R. and Clark, J.H. 1998. Effects of Yucca shidigera extract and 
soluble protein on performance of cows and concentrations of urea nitrogen in 
plasma and milk. J. Dairy Sci., 81:1002-1027.

Yono C. Raharjo, P.R. Cheeke and N.M. Patton, 1986. Growth and reproductive performance 
of rabbits ona moderately low crude protein diet with or without methionine or urea 
supplementation. J. Anim. Sci., 63: 795-803

Zak, B., Dickenman, R., Whitsee, E., Burnett, H. and Cherney, P., 1954. Rapid estimation 
of free and total cholesterol. Am. J. Clin. Path. 24:1307–1315.


