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Forty-four human gallstone samples either of pure cholesterol or cholesterol and bilirubin were randomly selected and 
analyzed by capillary gas liquid chromatography for the relative percentage composition of free and total fatty acids. The 
results showed that bound fatty acids were present in higher amounts than the free fatty acids. Amongst the bound fatty 
acids the percentage occurrence for palmitic acid was highest followed by stearic, oleic, linoleic and myristic acids. Fatty 
acids myristic, palmitic and linoleic were present in higher amounts in cholesterol gallstones, whereas stearic acid in 
cholesterol and bilirubin gallstones. When compared, no significant difference (p < 0.05) in the levels of free and bound 
fatty acids were seen in gallstones of males and females. The results suggest that bound fatty acids have a role to play 
in the structure of gallstones.  
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1. Introduction 
Lipids, particularly cholesterol and free fatty 

acids, are present, at different levels in human 
gallbladder bile and mucosa [1]. According to 
Mingrone et al. [2 - 4] increased amounts of mucin 
and free fatty acids are found in the bile of patients 
with gallstone disease. 

Free fatty acids are reported to stimulate the 
hypersecretion of mucin, a well-known nucleating 
factor in bile [5 – 7]. Further to clarify the role, if 
any, of free and bound fatty acids in the structure 
and/or in the formation mechanism of gallstones, 
present study was planned to measure the 
amounts of free- and total-fatty acids in gallstone 
samples.  For this purpose forty four gallstone 
samples were randomly selected and analyzed for 
fatty acid contents by capillary gas liquid 
chromatography. 

2. Materials and Methods 
2.1. Experimental 

Forty four gallstone samples (36 pure 
cholesterol and 8 cholesterol and bilirubin) 
surgically recovered from as many patients (36 

females and 8 males) were analyzed for the 
amounts of free and bound fatty acids by capillary 
gas chromatography. The gas chromatography 
was performed on a Perkin Elmer Model 8700. 
Capillary gas chromatography equipped with flame 
ionisation detector and fused silica capillary 
column DB-1, 2.5m × 0.25mm and 0.2µm film 
thickness. Other conditions were as follows: Oven 
temperature 170°C, increased 7°C per minute, 
Final temperature 270°C and iso time 4 minutes. 
Nitrogen was used as a carrier gas with a flow rate 
3.5/min and split ratio 1:18. The injector 
temperature was 260°C and detector temperature 
was 270°C. A 1µl sample of methyl ester was 
injected each time. The fatty acids were identified 
by comparison of their retention time with those of 
standard samples obtained from Fluka, Germany. 
All chromatograms were recorded on an EPSON 
LX-300 printer. 

For each human gallstone sample lipid extract 
was prepared and then the methyl esters of free 
and total fatty acids were prepared. 
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Figure 1. Capillary gas chromatogram of standard fatty acids; (a) C-8, (b) C-10, (c) C-12, (d) C – 14, (e) C – 16, 
(f), C -18:2, (g) C – 18: 1, (h) C – 18:0. 
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2.1.1. Preparation of lipid extract from gallstone 
sample: 

Samples were prepared as reported by Folch et 
al. [8]. One gram of stone powder was dissolved in 
20 ml of a mixture of chloroform-methanol, 2:1(v/v) 
and filtered. The filtrate after mixing with 200 ml 
0.1N NaCl solution was shaken and left for few 
hours to separate into two layers. After discarding 

the upper alcoholic phase by siphoning, the 
surface of the remainder was rinsed away by 
washing three times with small portions of a 
mixture of chloroform-methanol-water, 3:48:47 (by 
volume). The residual wash fluid and the lower 
phase were homogenized with methanol. After 
getting clear mixture the solvent was evaporated 
with N2 gas at 50°C. Finally the mixture of 
chloroform-methanol, 50:50 (v/v) was added to 

Figure 2.    Capillary gas chromatogram of fatty acids in a human gallstone sample. 
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residual material to get clear lipid extract of human 
gallstone samples.  

2.1.2. Sample preparation for the free fatty acids 
in gallstone samples 

Samples for the free fatty acid measurements in 
gallstones were prepared with slight modification in 
the procedure as reported by Liebich et al. [9]. 3 ml 
lipid extract was concentrated by slow evaporation 
under nitrogen. This was then dissolved in 12 ml 
mixture of methanol-toluene, 4:1 (v/v). Added 1.2 
ml acetyl chloride and the mixture after heating at 
100°C for 60 min. on the heating stirring module, 
was neutralized by shaking with 30 ml 6% of 
potassium carbonate and centrifuged. The 
supernatants thus obtained were directly applied to 
capillary gas liquid chromatography for free fatty 
acid analysis. 

2.1.3. Sample preparation for the total fatty acids 
in gallstone samples 

Samples were prepared as described by 
Liebich et al. [9] with slight modification. 3 ml lipid 
extract concentrated by slow evaporation under 
nitrogen was dissolved in 30 ml methanol followed 
by the addition of 0.6 ml acetyl chloride and stirred 
at 25°C for 45 min. The contents after 
neutralization with 18 ml of 6% potassium 
carbonate were well mixed with 3 ml n-hexane, 
and centrifuged (1800 rpm for 10 min). The 
supernatants obtained were then analyzed by 
capillary gas liquid chromatography. 

3. Results and Discussion 
Figures 1 and 2 respectively represent the 

typical capillary gas chromatograms of standard 
fatty acids and of fatty acids in a human gallstone 
sample. 

Percentage compositions of bound and free 
fatty acids are shown in Figures 3 and 4 
respectively. Amongst the bound fatty acids the 
relative percentage composition for palmitic acid 
was highest followed by stearic, oleic, linoleic and 
myristic acids. Similarly, amongst the free fatty 
acids the relative percentage composition for oleic 
acid was the highest followed by palmitic, linoleic, 
stearic and myristic acids. The variations seen in 
the levels of both free and bound fatty acids in 
human gallstones might be owing to difference in 
the dietary habits and dietary content of fatty acids, 
as these have an effect on the fatty acid levels of 
bile and / or plasma [10 - 13]. The finding that the 
bound and free fatty acids palmitic and oleic acids 
respectively, occurred in highest amounts in 
human gallstones suggest that both the fatty acids 
have a role to play in the structure of and / or in the 
formation mechanism of gallstone. 

Figure 5 shows comparison of bound and free 
fatty acids levels in human gallstones. The 
presence of higher amounts of bound than free 
fatty acids in human gallstones suggest that fatty 
acids especially palmitic acid is involved in the 
structure of gallstones. 
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Figure 3. Percentage composition of bound fatty acids in human gallstone 
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Figure 4.    Percentage composition of free fatty acids in human gallstones. 
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Table 1. Statistical comparison of bound and free fatty acids in two types of gallstones. 

Fatty Acids Stone Type p value 

Myristic Acid Free 

Bound 

Cholesterol > Cholesterol and Bilirubin 

Cholesterol > Cholesterol and Bilirubin 

0.94 

0.19 

Palmitic Acid Free 

Bound 

Cholesterol > Cholesterol and Bilirubin 

Cholesterol > Cholesterol and Bilirubin 

0.13 

0.75 

Stearic Acid Free 

Bound 

Cholesterol and Bilirubin > Cholesterol  

Cholesterol and Bilirubin >Cholesterol 

0.24 

0.54 

Oleic Acid Free 

Bound 

Cholesterol and Bilirubin >Cholesterol 

Cholesterol > Cholesterol and Bilirubin 

0.58 

0.51 

Linoleic Acid  

 

Free 

Bound 

Cholesterol > Cholesterol and Bilirubin 

Cholesterol > Cholesterol and Bilirubin 

0.72 

0.35 

 
Table 2. Sex-wise comparison of fatty acids in human gallstones 

Fatty Acids 
Female 
(N = 36) 

Mean ± SEM 

Male 
(N = 8) 

Mean ± SEM 
p Value 

Myristic Acid Free 

Bound 

0.16 ± 0.05 

4.53 ± 1.10 

0.17 ± 0.10 

3.30 ± 2.00 

0.94 

0.62 

Palmitic Acid Free 

Bound 

0.47 ± 0.15 

9.77 ± 1.80 

0.18 ± 0.10 

7.84 ± 3.20 

0.13 

0.62 

Stearic Acid Free 

Bound 

0.32 ± 0.10 

7.80 ± 2.50 

0.14 ± 0.10 

4.50 ± 2.20 

0.24 

0.34 

Oleic Acid Free 

Bound 

0.65 ± 0.34 

6.94 ± 1.80 

0.04 ± 0.26 

4.19 ± 2.90 

0.51 

0.46 

Linoleic Acid Free 

Bound 

0.38 ± 0.08 

5.08 ± 0.97 

0.22 ± 0.13 

4.08 ± 2.40 

0.35 

0.72 

 
Interestingly, oleic acid was the only fatty acid, 

which showed reverse trend in bound and in free 
forms. We offer no explanation at this stage as to 
why oleic acid in bound and free form occurred in 
highest amounts in pure cholesterol and in 
cholesterol and bilirubin gallstones respectively. 

Comparison for both free and bound fatty acid 
levels found in pure cholesterol and cholesterol 
and bilirubin gallstones (Table 2) revealed no 
significant difference (p>0.05) between the males 
and females. This indicates that gender has no 
effect on the amounts of free and bound fatty acids 
measured in human gallstones. 

4. Conclusions 
The results suggest that fatty acids namely 

palmitic, myristic and linoleic acids are involved in 
the structure of cholesterol gallstones, whereas 
stearic acid in cholesterol and bilirubin gallstones. 
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