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The serum osmolarity mainly results from the inorganic ions and the small 
molecules and only in small extent from the protein ions. In serum sodium, 
potassium, chloride, bicarbonate, urea and glucose are the only components 
present in high enough concentrations to individually affect the osmolality. There 
are several different formulas for the calculation of human serum osmolarity. It has 
not been demonstrated which of the formulas is most effective for serum from 
various animal species. The goal of this study is to estimate the serum osmolarity in 
pigs 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: y = 1.8117 Na + Urea + Glucose + 
26.05 and y = 1.8933 (Na+K) + Urea + Glucose + 4.93 
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Introduction 
 
Osmolality is a count of the total number of osmotically active particles in 

a solution and is equal to the sum of the molalities of all the solutes present in that 
solution. For most biological systems the molarity and the molality of a solution 
are nearly exactly equal because the density of water is 1 kg/L. There is a slight 
difference between molality and molarity in plasma because of the non-aqueous 
components present such as proteins and lipids which make up about 6% of the 
total volume. Thus serum is only 94% water and the molality of a substance in 
serum is about 6% higher than its molarity. Except in unusual circumstances this 
difference is unimportant and the terms molarity to the molarity are often used 
interchangeably. 

Osmolarity is a colligative property of solutions that depends on the 
number of dissolved particles (Kill, 1989).  
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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 serum osmolarity mainly results 
from the inorganic ions and the small molecules and only in small extent from the 
protein ions. In serum sodium, potassium, chloride, bicarbonate, urea and glucose 
are the only components present in high enough concentrations to individually 
affect the osmolality (Iriki, 2000). Together these make up over 95% of total 
osmolality of serum. Large serum components contribute little to the overall 
osmolality.  For example the molar concentration of albumin, the most abundant 
serum protein, is only about 0.6 mmol/L. 

The osmolality of a solution can be measured using an osmometer. The 
most commonly used instrument in modern laboratories is a freezing point 
depression osmometer. This instrument measures the change in freezing point that 
occurs in a solution with increasing osmolality. 

Serum osmolality can also be calculated from the measured components.  
There are several different formulas for the calculation of serum osmolarity 

(Dorwart, 1975; Mehdi, 2005). It has not been demonstrated which of the formulas 
is most effective for serum from various animal species. The goal of this study is to 
estimate the serum osmolarity in pigs 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 pigs. Two equations were also deduced for calculating serum 
osmolarity using manual regression analysis.  

 
Material and Methods 

 
Blood samples drawn from 20 fattening pigs were allowed to clot at room 

temperature, the clotted blood was then centrifuged and the serum was removed 
and 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 Discussion 

 
 The results of the serum analysis are presented in Table 1. The total mEq 
represent the sum of the analyzed parameters and the bicarbonate concentration, 25 
mEq/L.The percentage contributions of Na+, Cl-, K+ and glucose are 86.43 – 
87.64% of the estimated plasma osmolarity. The greatest variations were observed 
in the glucose concentrations (P0.001). In pigs the glucose contribution is almost 
the same with the urea. 
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 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 0.8671 and 0.8461 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 = 0.9002 (Figure 3) and r = 0.8843 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 (Căpriţă, 2007). 
 

Table 1 
 Concentrations of inorganic ions, urea and glucose in mEq/L 

Nr. Na K Cl Ca P Mg Urea Glucose Total  
1. 142.50 5.54 99.70 2.09 2.68 1.27 5.92 5.59 290.30 
2. 139.01 5.36 106.82 2.00 2.70 1.23 6.40 8.22 296.74 
3. 140.98 5.01 96.14 2.20 2.61 1.30 4.80 5.59 283.63 
4. 135.03 5.73 101.48 2.30 2.69 1.34 6.40 4.93 284.90 
5. 139.01 5.36 103.26 2.20 2.67 1.27 4.96 8.39 292.12 
6. 131.07 5.73 99.70 2.30 3.00 1.30 5.28 4.93 278.31 
7. 133.04 5.73 96.14 2.20 3.10 1.34 5.28 5.10 276.93 
8. 133.04 5.36 97.92 2.30 3.05 1.34 4.48 7.39 279.88 
9. 137.02 5.01 99.70 2.30 3.03 1.30 6.82 3.95 284.13 

10. 139.01 5.01 103.26 2.20 2.79 1.27 6.40 5.26 290.20 
11. 135.03 5.01 97.92 2.25 3.00 1.30 5.60 4.76 279.87 
12. 137.02 5.36 97.92 2.40 2.68 1.23 5.28 5.10 281.99 
13. 135.03 5.01 96.14 2.40 2.67 1.27 6.72 6.41 280.65 
14. 135.03 5.36 97.92 2.50 2.94 1.23 5.28 4.76 280.02 
15. 139.01 5.01 106.75 2.40 2.43 1.27 5.76 5.92 293.55 
16. 135.03 5.01 99.70 2.50 2.31 1.23 3.84 4.93 279.55 
17. 137.02 5.36 101.48 2.40 3.01 1.23 6.08 4.61 286.19 
18. 139.01 5.01 105.04 2.60 2.63 1.20 4.96 6.08 291.53 
19. 135.03 5.01 97.92 2.50 2.26 1.16 6.08 7.94 282.90 
20. 133.04 5.36 99.70 2.60 2.90 1.27 4.48 7.07 281.42 

x  
SD 

136.50 
2.96 

 

5.27 
0.27 

 

100.23
3.32 

2.33
0.16 

2.76
0.25 

1.27
0.05 

5.54
0.82 

5.85 
1.30 

 

284.74 
5.73 
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y = 2.0015x + 11.337

R2 = 0.7519
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Figure 1. Osmolarity vs.[Na] concentration 
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Figure 2. Osmolarity vs. [Na + K] concentration 

 

y = 1.8457x + 2.4741

R2 = 0.8105
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Figure 3. Osmolarity vs. [Na + K + glucose] concentration 
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y = 2.0158x - 33.426

R2 = 0.782
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Figure 4. Osmolarity vs. [Na + K + glucose + BUN] concentration 

 

R2 = 0.8206

y = 1.6885x + 43.372
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Figure 5. The values of [Osm – (glucose + BUN)] plotted against [Na+] 

 
y = 1.8117 Na + Urea + Glucose + 26.05 
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Figure 6. The values of [Osm – (glucose + BUN)] plotted against [Na+ + K+] 
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 y = 1.8933 (Na+K) + Urea + Glucose + 4.93 
 

Conclusions 
 

The greatest variations were observed in the glucose concentrations. 
Therefore, the inclusion of glucose values in the equation for osmolarity increased 
the correlation coefficient to r = 0.9002.  

The experimentally-derived formula for computing serum osmolarity in 
pigs is: y = 1.8117 Na + Urea + Glucose + 26.05 
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