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Osmolarity is a colligative property of solutions that depends on the number of 
dissolved particles. The three types of solutes most encountered in biological fluids 
are electrolytes, organic non-electrolyte molecules and colloids. The osmolarity of 
the extracellular fluid is about equal to that of the intracellular fluid, although there 
are significant differences in the ionic composition of the two compartments. Plasma 
osmolarity is a convenient and accurate guide to intracellular osmolarity. There are 
several different formulas for the calculation of human serum osmolarity. The goal 
of this study is to estimate the plasma osmolarity in chickens from the 
concentrations of the main electrolytes and the glucose and urea content, and to 
establish the contribution of each osmotic component. Linear regression analysis 
was carried out to determine the best predictors of serum osmolarity in chickens. 
Two equations were also deduced for calculating serum osmolarity using manual 
regression analysis.  
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Introduction 
 
Osmolarity is a colligative property of solutions that depends on the 

number of dissolved particles (Kill, 1989). The three types of solutes most often 
encountered in biological fluids are electrolytes (Na+, K+, Cl-, Ca2+ etc.), organic 
non-electrolyte molecules (glucose, urea) and colloids (proteins) (Wrenn, 1991).  

The plasma osmolarity mainly results from the inorganic ions and the 
small molecules and only in small extent from the protein ions. The living 
organism respects the electro neutrality law. The deficit of negative charges is 
compensated by the protein and organic acid anions. Na+ and Cl- represent more 
than 90% from the blood mineral composition, while the organic compounds 
participate only with ~ 4% to the osmolarity. The osmolarity represents the 
concentration in osmoles/L water, and the osmolality represents the concentration 
in osmoles/kg solvent.  

The osmotic pressure may be determined by cryoscopy or by calculation.  
There are several different formulas for the calculation of serum osmolarity 

(Dorwart, 1975; Mehdi, 2005). It has not been demonstrated which of the formulas 
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is most effective for serum from various animal species. The goal of this study is to 
estimate the plasma osmolarity in chickens from the concentrations of the main 
electrolytes and the small organic molecules, glucose and urea respectively, and to 
establish the contribution of each osmotic component. In the present investigation 
linear regression analysis was carried out to determine the best predictors of serum 
osmolarity in chickens. Two equations were also deduced for calculating serum 
osmolarity using manual regression analysis.  

 
Material and Methods 

 
Blood samples from 6 weeks old broiler chickens were analyzed for 

sodium, potassium, calcium, magnesium, phosphorus, chloride, glucose and urea 
content. Biochemical blood indices were determined by the standardized methods 
(Ghergariu, 2000; Căpriţă, 2001). Linear regression analysis was performed 
using Excel software to determine the best coefficients for slope m and intercept b. 

Results and Discussions 

 
 The results of the serum analysis are presented in Table 1. The percentage 
contributions of Na+, Cl-, K+ and glucose are 96.83 – 98.08% of the estimated 
plasma osmolarity. The contribution of Na+ is more stable in comparison with Cl-. 
The greatest variations were observed in the K+ (P0.001) and glucose 
concentrations (P0.001). The glucose contribution is greater in comparison with 
the urea, because the aviary glycemia is twice than the human one, and fourth time 
than the bovine one, while the urea is considerable reduced at this species. These 
observations lead us to the conclusion that for the osmolarity estimation the 
calculation formula must be different from that used in other species.   
 The concentrations of all solutes are expressed in mEq/L. Measured 
osmolarity was analysed vs. both [Na+] and [Na+ + K+]: 
 Osm = m [Na+] + [glucose + BUN] + b 
 Osm = m [Na+ + K+] + [glucose + BUN] + b 

The osmotic coefficient for sodium and potassium solutes was deduced to 
be 0.9353 and 0.9303 from the slope of the curves of osmolarity vs. [Na +] (Figure 
1) and [Na++K+], respectively (Figure 2). The inclusion of glucose and BUN (blood 
urea nitrogen) values in the equation for osmolarity increased the correlation 
coefficient to r = 0.9492 (Figure 3) and r = 0.9496 respectively (Figure 4). 
 The equations were rearranged to typical linear equations of the form y = 
mx + b. When the values of [Osm – (glucose + BUN)] are plotted against [Na+] 
(Figure 5) or [Na+ + K+] (Figure 6), linear regression analysis yields the slope m 
and the intercept b. 
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Table 1 
 Concentrations of inorganic ions, urea and glucose in mEq/L 

Nr. Na K Cl Ca P Mg Urea Glucose Total 
1. 147.9 4.9 126.97 1.80 2.03 1.46 0.91 8.47 294.45 
2. 147.9 4.8 115.0 1.65 2.32 1.15 0.78 8.37 282.01 
3. 144.4 3.8 117.5 1.95 1.98 1.32 0.85 10.90 282.83 
4. 156.6 3.8 120.1 1.80 2.79 1.25 0.77 7.50 294.68 
5. 144.4 4.1 119.2 1.95 2.23 1.23 0.69 10.22 284.13 
6. 137.4 4.1 118.4 1.65 2.54 1.25 0.47 10.51 276.42 
7. 152.2 4.8 126.1 1.80 2.77 1.35 0.61 8.47 298.21 
8. 135.7 6.1 120.1 1.95 2.29 1.23 0.38 8.96  276.81 
9. 135.7 6.4 114.1 2.02 2.32 1.15 0.31 7.11 269.30 

10. 137.4 5.7 112.4 2.09 2.52 1.23 0.53 7.96 269.99 
11. 135.7 4.9 111.9 1.50 2.27 0.99 0.31 7.50 265.10 
12. 135.7 5.1 113.3 1.80 2.23 1.23 0.39 8.86 268.66 
13. 144.4 3.8 129.1 2.02 2.61 1.15 0.46 8.57 292.19 
14. 130.5 5.3 109.0 2.02 2.81 0.67 0.31 7.94 258.63 
15. 113.1 6.1 117.5 2.32 2.28 1.25 0.38 8.96 242.01 
16. 137.4 5.7 107.3 2.24 2.57 1.15 0.31 8.28 265.10 
17. 137.4 6.1 110.7 2.24 2.65 1.07 0.15 8.76 269.24 
18. 135.7 5.3 115.0 2.32 2.13 1.08 0.47 9.74 271.81 
19. 135.7 4.1 123.5 2.32 1.98 1.07 0.23 11.20 280.17 
20. 144.4 6.9 125.2 2.28 2.32 1.23 0.15 11.68 294.23 
21. 104.4 5.32 111.2 2.32 2.03 1.23 0.41 9.25 236.25 

x  
SD 

137.4 
11.71 

5.1 
0.93 

117.7 
6.05 

2.00 
0.25 

2.36 
0.26 

1.17 
0.15 

0.49 
0.23 

9.01 
1.26 

275.74 
14.55 

 

y = 1.3102x + 94.284

R2 = 0.8748
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Figure 1. Osmolarity vs.[Na] concentration 
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y = 1.3394x + 83.397

R2 = 0.8655
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Figure 2. Osmolarity vs. [Na + K] concentration 

 

y = 1.3653x + 67.386

R2 = 0.901
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Figure 3. Osmolarity vs. [Na + K + glucose] concentration 

 

y = 1.3548x + 68.341

R2 = 0.9019
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Figure 4. Osmolarity vs. [Na + K + glucose + BUN] concentration 
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R2 = 0.8978
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Figure 5. The values of [Osm – (glucose + BUN)] plotted against [Na+] 

 
y = 1.895 Na + Urea + Glucose + 5.86 
 
 

y = 1.3363x + 74.353

R2 = 0.891
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Figure 6. The values of [Osm – (glucose + BUN)] plotted against [Na+ + K+] 

 
 y = 1.8878 (Na+K) + Urea + Glucose + 0.15 
 
 

Conclusions 
 

Glucose has a greater participation and urea has a lower participation in the 
chicken plasma osmolarity. The aviary glycemia is twice than the human one, and 
fourth time than the bovine one, while uremia is considerable reduced. Therefore, 
the calculation formula for the plasma osmolarity must be adapted for chickens. 
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Osmolaritatea este o proprietate coligativă a soluţiilor care depinde de numărul 
particulelor dizolvate. Tipurile de solviţi întâlniţi cel mai frecvent în lichidele 
biologice sunt electroliţii, moleculele organice neelectrolitice şi coloizii. 
Osmolaritatea lichidului extracelular este aproape egală cu cea intracelulară, cu 
toate că cele două compatimente diferă semnificativ în privinţa compoziţiei ionice. 
Osmolaritatea plasmei constituie un indicator exact şi convenabil pentru 
osmolalitatea intracelulară. Există diferite formule pentru calculul osmolarităţii 
serice umane. Scopul lucrării este de a estima osmolaritatea plasmei la pui pe baza 
concentraţiei principalilor electroliţi, a glucozei şi ureei şi de a stabili contribuţiua 
fiecărui component osmotic. S-a aplicat analiza de regresie lineară pentru 
determinarea celor mai buni predictori pentru osmolaritatea serică la pui. Au fost 
deduse două ecuaţii pentru calculul osmolalităţii serice.  
Cuvinte cheie: osmolaritate, coeficient osmotic, pui, analiza de regresie lineară 

 


