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Abstract 

The Gallstone disease has become one of the major surgically related issues among the people; it is most likely 

associated with nutrition, particularly overeating meat. The formation of gallstones is comparatively high with 

the intake of nutrients that are rich in saturated fatty acids. Recently, the number of cases in Pakistan has been 

rising with each passing day. This present study has focused mostly on determining the gallstone composition 

removed by laparoscopic stone surgery from patients admitted to the department of surgery of Civil Hospital of 

Ghulam Mohammad Mahar Medical College Hospital Sukkur, Sindh, Pakistan. The analysis of the composition 

of the patient's gallstones is performed by the FTIR during 2018 to 2019. Fifty (50) stones specimens removed by 

laparoscopic stone surgery from patients were gathered and examined. Out of them eight (08) specimens were of 

males and forty two (42) of females. And 4% (2/50) of specimens were found to be calcium bilirubinate stones, 

6% (3/50) of pure calcium carbonate, 12% (6/50) of cholesterol + calcium carbonate, 12% (6/50) of cholesterol + 

bilirubin and 66% (33/50) of cholesterol stones. Investigation of gallstones using FTIR Spectroscopy showed 

that cholesterol was the dominant constituent in gallstones. 
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Introduction 

Gallstones, complex biomineralized deposits formed in 

the gallbladder (Kravets & Moskalenko, 2016; 

Wentrup‐Byrne et al., 1997), is yet a main health issue 

worldwide (Sharma et al., 2016). 20% to 30% 

population of western and about 10% population of 

non-western are suffering from gallstones disease 

(Harding, 1964; Kern, 1983). Recently, the number of 

cases in Pakistan has been rising with each passing day 

(Channa et al., 2008). The Gallstone disease has become 

one of the major surgically related issues among the 

people; it is most likely associated with nutrition, 

particularly overeating meat. The formation of gallstones 

is comparatively high with the intake of nutrients that 

are rich in saturated fatty acids (Jaraari et al., 2010; Tsai 

et al., 2004). It is unfortunate that the composition of 

Gallstone is heterogeneous and variable both within and 

between communities worldwide (Kalloo & Kantsevoy, 

2001; Kleiner et al., 2002; Kratzer et al., 1999). The 

main elements implicated in the creation of stones in the 

gallblader of humans are calcium, biliary pigment and 

cholesterol (Moosavi et al., 2006). Regarding chemical 

composition, most of the stones in human are pigment 

and cholesterol (Sahuquillo et al., 2000; Singh et al., 

2008). Gallstones of cholesterol are composed of over 

70% cholesterol and even a minor content of trace 

elements and pigment residues (Fauziah et al., 2016; 

Iqbal et al., 2019; Ravnborg et al., 1990). Pigment stones 

contain calcium bilirubinate as the main component and 

can further be divided into black and brown stones 

(Vítek & Carey, 2012). 

 
Stones in gallbladders may cause symptoms or they 

may remain asymptomatic. More than half of the 

cases have no symptoms, often seen on ultrasound of 

the abdomen (Roslyn et al., 1987). Epidemiology 

study states that 70-80% of gallstone disease remains 

asymptomatic and approximately 20% cause 

symptoms with complications that emerge in 5-20% 

years after diagnosis. Gallstone passes through 

gallbladder to the intestine is potential to cause ileus 

and require surgical procedure (Acalovschi, 2014; 

Fitzgerald et al., 2009). For the determination of 

gallstones' chemical composition, non-spectroscopic 

techniques, like calorimetric and enzymatic 

techniques, have been used. These methods have a 

low degree of specification, sensitivity and imprecise 

values. IR spectroscopy is the extensively employed 

technique due to its advantages over chemical 

analysis or any other technique.  

 

It requires a very low volume of sampling, the 

specificity of each constituent and gives quantitative 

outcomes with higher reproducibility (Yoo et al., 

2008). FT-IR spectroscopic method is a valid 

technique for evaluating the composition of gallstones 

(Ishida et al., 1987). Therefore in this current 

research work we analyzed the composition of 

gallstones by utilizing the FTIR spectroscopy. 

 

Materials and methods 

Patient population 

All Fifty (50) stone specimens removed by 

laparoscopic stone surgery from patients were 

gathered and examined. Out of them 08 specimens 

were of males and 42 of females. Their ages ranges 

from 15 to 63 years and their male to female ratio was 

1:5.25 as shown in Table 1 and Fig. 1. The analysis of 

the composition of the patient's gallstones is 

performed by the FTIR spectroscopy. 

 
Analysis of Stone specimens 

The gallstones, materials being studied, have been 

gathered from the infected persons by laparoscopic 

surgery. During 2018-2019, fifty subjects were assessed. 

The collected specimens have been dried using sterile 

gauze, bile and residues have been disposed of with de-

ionized H2O, and they have been left on silica gel to dry 

for one week. The stones were cut to four equally-sized 

parts and 1/4 of each was ground with a pestle and 

mortar entirely and later brought to a test tube and 

mixed with different solvents for their dissolution based 

on the nature of their components and finally examined 

using the FTIR spectroscopy. 

 
Results and discussion 

It was observed in current study that the females 84% 

(42/50) are at higher risk of formation of gallstones 

disease than males 16% (08/50), their age ranges 

from 15 to 63 years and their male to female ratio was 

1:5.25 as shown in Table 1 and Fig. 1.  
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The highest incidence of gallstone disease was 

observed in the age group 35-55 in 25/50 (50%) (05 

males + 20 females) patients followed by 10/50 

(20%) (01 male + 09 females) in the age group 15-34 

and 15/50 (30%) (02 males + 13 females) in the age 

group 56-63 as shown in Table 1 and Fig. 2.  

 

Table 1. Gender-wise distribution of patients and 

Age-wise prevalence of the gallstone disease. 

Gender-wise distribution of patients 
Gender Number of patients (%) 
Male  08 (16%) 
Female 42 (84%) 
Male: Female Ratio 1:5.25 
Age-wise prevalence of the gallstone disease 
Age group Sex Percentage% 
15- 34 01 male + 09 female = 10  (20%) 
35 – 55 05 male + 20 female = 25 (50%) 
56 – 63 02 male + 13 female = 15 (30%) 
Total 08 male + 42 female = 50 (100%) 

 

 

Fig. 1. Gender-wise distribution of patients. 

 
In the present work, the FTIR has been employed as a 

fundamental tool in the assessment of gallstones 

chemical composition, as it is a more accurate 

analytical technique. Among the main benefits of the 

FTIR in the analysis of gallstones is the capability to 

utilize just a minimum quantity of specimen for tests. 

For the identification of the compounds chemically, 

the wavenumbers got for the specimens were 

compared with the standards of cholesterol, pure 

bilirubin and CaCO3. The closest possible match has 

been assured to reduce interpretation errors. 

 

Fig. 2. Age-wise prevalence of the gallstone disease. 

 

In addition, the wave numbers obtained have been 

matched with data from literature available for 

improvement in accuracy. Bands for Cholesterol 

specimens were observed at 3439 cm-1 due to the 

large CH2 asymmetric stretching vibration, CH3 

asymmetric stretching at 2935.14 cm-1, CH2 bending 

at 1470.21 cm-1 and a sharp peak at 1060cm-1 can be 

attributable to ring deformation of cholesterol. FT-IR 

spectra of a cholesterol stones in combination with 

bilirubin comprising cholesterol characteristic bands 

for absorption at 3439, 2935.14 and 1060cm−1. 

Though, the absorption peaks of CH2 asymmetric 

bending for cholesterol at 1470.21cm−1. Moreover, the 

characteristics absorption peaks of bilirubin were at 

1681.97cm−1 for OC=O stretching band and 

1569.82cm−1 for C=C stretching. Band for Calcium 

bilirubinate specimens were observed at 3396.37cm-1 

due to the large CH2 and CH3 asymmetric stretching 

vibration, OC=O stretching band at 1630.10cm-1 and 

CH2 bending at 1470 cm-1. FT-IR spectra CaCO3 is 

recognized by having a wide peaks of absorption at 

1420cm-1 to 1480 cm-1, and also sharp peaks of 

absorption at 855cm-1 and 872cm-1. In this study a 

broad absorption peaks and sharp absorption peaks 

for pure calcium carbonate were at 1450.17cm-1 and 

865cm-1 respectively. FT-IR spectra of a cholesterol 

stones in combination with CaCO3 comprising 

cholesterol characteristic bands for absorption at 

3439, 2935.14 and 1060cm−1. 



J. Bio. & Env. Sci. 2020 

 

109 | Mirani et al. 

Though, the absorption peaks of CH2 asymmetric 

bending for cholesterol at 1470.21cm−1 was overlaid on 

wide band absorption of carbonate ions so resulting 

peak ensured a greater intensity as compared to 

gallstone of pure cholesterol. Absorption peaks of 

symmetric bending of CH2 for was at 1470.21cm−1 

seemed like a shoulder band for absorption of the 

carbonate at 1449.89cm−1. Moreover, the 

characteristics absorption peaks of CO3
-2 was detected 

at 863.42cm−1 for gallstones of cholesterol in 

combination with CaCO3 as shown in Table 2. The 

bands for the gallstones components were according to 

the literature reported as shown in Table 2. 

 

Table 2. Occurrence, percentage, type and principal 

FTIR bands of constituents of gallstones. 

Frequency 
of 
specimens 

Types of 
gallstones 

% 
age  

Principal 
FTIR 
bands 
examined 

Assingments 
(Ha et al., 2018; 
Kliener et al., 2002; 
Zhou et al., 1997) 

33  
Pure 
Cholesterol 

66%  

3439 
CH2 asymmetric 
stretching 

2935.14 
CH3 asymmetric 
stretching 

1470.21 CH2 bending 

1060 
ring deformation of 
cholesterol 

06 
Cholesterol 
+ bilirubin 

12% 

Similar 
bands as of 
pure 
cholesterol  

Similar assignments 
as of pure cholesterol 

1681.97 OC=O stretching 
1569.82 C=C stretching 

02  
Calcium 
bilirubinate 

04%  

3396.37 
CH2 & CH3 

asymmetric 
stretching 

1630.10 OC=O stretching 

1470 CH2 bending 

03  
Pure 
calcium 
carbonate 

06%  

1450.17 
carbonate absorption 
band (1420-1480cm-

1) 

865 
sharp absorption 
peaks of carbonate 
(872 and 855cm-1) 

06 
Cholesterol 
+ calcium 
carbonate 

12% 

3439 

Similar assignments 
as of pure cholesterol 

2935.14 

1470.21 

1060 

1449.89 
carbonate absorption 
band 

863.42 
sharp absorption 
peaks of carbonate 

4% (2/50) of specimens were found to be calcium 

bilirubinate stones, 6% (3/50) of pure calcium 

carbonate, 12% (6/50) of cholesterol + calcium 

carbonate, 12% (6/50) of cholesterol + bilirubin and 

66% (33/50) of cholesterol stones as shown in Table 2. 

This finding demonstrates that pure cholesterol 

gallstones were proportionally higher (66%) and also 

verifies the work already undertaken over it in 

Pakistan that gallstones of pure cholesterol are 

common compared to others (Channa et al., 2008; 

Khand, 1997). The Gallstone disease has become one 

of the major surgically related issues among the 

people; it is most likely associated with nutrition, 

particularly overeating meat. The formation of 

gallstones is comparatively high with the intake of 

nutrients that are rich in saturated fatty acids (Jaraari 

et al., 2010; Tsai et al., 2004). Previous researches 

have reported that gallstone formation risk was 

pleasantly related to meat, fat and saturated fat 

intake, whereas it was adversely related to plant and 

fibre intake in Asian and Western countries. 

Particularly, intakes of lot of flesh were found to be 

related to the risk of gallstone disorders, as eating of 

red meats suppressed the bile acid carriers of 

trimethylamine that were responsible for the 

induction of cholesterol gallstones (Park et al., 2017). 

 

Conclusion 

It is concluded from the findings of the present 

investigation that the most common gallstone removed 

by laparoscopic stone surgery from patients admitted to 

the department of surgery of Civil Hospital of Ghulam 

Mohammad Mahar Medical College Hospital Sukkur, 

Sindh, Pakistan was cholesterol stone and females 

suffered more from gallstone disease than males, with 

male to female ratio of 1:5.25.  

 

References  

Acalovschi M. 2014. Gallstones in patients with liver 

cirrhosis: incidence, etiology, clinical and therapeutical 

aspects. World Journal of Gastroenterology: 

WJG 20(23), 7277-7285. 

 

Channa NA, Khand FD, Bhanger MI. 2008. 

Analysis of Human Gallstones by FTIR. Malaysian 

Journal of Analytical Sciences 12(3), 552-560. 

 

Fauziah CI, Zaibunnisa AH, Osman H, Wan 

Aida WM. 2016. Physicochemical analysis of 

cholesterol-reduced egg yolk powder and its 

application in mayonnaise. International Food 

Research Journal 23(2), 575-582. 



J. Bio. & Env. Sci. 2020 

 

110 | Mirani et al. 

Fitzgerald JEF, Fitzgerald LA, Maxwell‐

Armstrong CA, Brooks AJ. 2009. Recurrent 

gallstone ileus: time to change our surgery? Journal 

of digestive diseases 10(2), 149-151. 

 

Ha BJ, Park S. 2018. Classification of gallstones 

using Fourier-transform infrared spectroscopy and 

photography. Biomaterials research 22(1), 18-25. 

 

Harding AJ. 1964. Gallstones: causes and treatments. 

In William Heinemann Medical Books, London. 

 

Iqbal MN, Iqbal MA, Javaid R, Abbas MW. 

2019. Gall stones: a fundamental clinical 

review. International Journal of Research in Medical 

Sciences 7(7), 2869. 

 

Ishida H, Kamoto R, Uchida S, Ishitani A, 

Ozaki Y, Iriyama K, Tsukie E, Shibata K, 

Ishihara F, Kameda H. 1987. Raman Microprobe 

and Fourier Transform-Infrared Microsampling 

Studies of the Microstructure of Gallstones. Applied 

Spectroscopy 41, 407-412. 

 

Jaraari A, Jagannadharao P, Patil T, Hai A, 

Awamy H, El Saeity S, Abdel Kafi E, El-Hemri 

M, Tayesh M. 2010. Quantitative analysis of 

gallstones in Libyan patients. Libyan Journal of 

Medicine 5(1), 4627-4632. 

 
Kalloo AN, Kantsevoy SV. 2001. Gallstones and 

biliary disease. Primary care 28(3), 591-606. 

 

Kern F. 1983. Epidemiology and natural history of 

gallstones. In Seminars in liver disease 3(2), 87-96. 

© 1983 by Thieme Medical Publishers, Inc. 

 

Khand FD. 1997. Cholelithiasis in southern 

Sindh. Pakistan: incidence and composition of 

gallstones, Specialist Q 13(3), 263-70. 

 

Kleiner O, Ramesh J, Huleihel M, Cohen B, 

Kantarovich K, Levi C, Polyak B, Marks RS, 

Mordehai J, Cohen Z, Mordechai S. 2002. A 

comparative study of gallstones from children and 

adults using FTIR spectroscopy and fluorescence 

microscopy. BMC gastroenterology 2(3), 1-14. 

Kratzer W, Mason RA, Kächele V. 1999. 

Prevalence of gallstones in sonographic surveys 

worldwide. Journal of clinical ultrasound 27(1), 1-7. 

 

Kravets OV, Moskalenko RA. 2016. 

Morphological analysis of porcelain gallbladder 

(Doctoral dissertation, «East West» Association for 

Advanced Studies and Higher Education GmbH). 

 

Moosavi K, Vatankhah S, Salimi J. 2006. 

Relative measurement of heavy elements in the bile, 

gallbladder and gallstone. Iranian Journal of 

Radiation Research 3(4), 195-196. 

 

Park Y, Kim D, Lee JS, Kim YN, Jeong YK, Lee 

KG, Choi D. 2017. Association between diet and 

gallstones of cholesterol and pigment among patients 

with cholecystectomy: a case-control study in 

Korea. Journal of Health, Population and 

Nutrition 36(1), 39-45. 

 

Ravnborg L, Teilum D, Pedersen LR. 1990. 

Gallbladder Stones Classified by Chemical Analysis of 

Cholesterol Content Frederiksberg, 1987-1988. Scandi 

navian Journal of gastroenterology 25(7), 720-724. 

 
Roslyn JJ, Conter RL, Julian E, Abedin MZ. 

1987. The role of dietary iron in pigment gallstone 

formation. Surgery 102(2), 327-333. 

 

Sahuquillo A, Rubio R, Ribo JM, Ros E, Vela 

M. 2000. Application of focused-microwave wet 

digestion to the determination of trace metals in 

human gallstones by ICP/AES. Journal of trace 

elements in medicine and biology 14(2), 96-99. 

 
Sharma RK, Sonkar K, Sinha N, Rebala P, 

Albani AE, Behari A, Reddy DN, Farooqui A, 

Kapoor VK. 2016. Gallstones: a worldwide 

multifaceted disease and its correlations with 

gallbladder carcinoma. PloS one 11(11), 1-14. 

 

Singh VK, Singh V, Rai AK, Thakur SN, Rai 

PK, Singh JP. 2008. Quantitative analysis of 

gallstones using laser-induced breakdown 

spectroscopy. Applied Optics 47(31), G38-G47. 



J. Bio. & Env. Sci. 2020 

 

111 | Mirani et al. 

Tsai CJ, Leitzmann MF, Hu FB, Willett WC, 

Giovannucci EL. 2004. A prospective cohort study of 

nut consumption and the risk of gallstone disease in men. 

American Journal of epidemiology 160(10), 961-968. 

 

Vítek L, Carey MC. 2012. New pathophysiological 

concepts underlying pathogenesis of pigment 

gallstones. Clinics and research in hepatology and 

gastroenterology 36(2), 122-129. 

 

Wentrup‐Byrne E, Chua-Anusorn W, St. 

Pierre TG, Webb J, Ramsay A, Rintoul L. 1997. 

A Spectroscopic study of Thalassemic Gallstones. 

Biospectroscopy 3(5), 409-416. 

Yoo EH, Oh HJ, Lee SY. 2008. Gallstone analysis 

using Fourier transform infrared spectroscopy (FT-IR). 

Clinical Chemical Laboratory Medicine 46(3), 376-381. 

 

Zhou XS, Shen GR, Wu JG, Li WH, Xu YZ, 

Weng SF, Soloway RD, Fu XB, Tian W, Xu Z, 

Shen T. 1997. A spectroscopic study of pigment 

gallstones in China. Biospectroscopy 3(5), 371-380.  

 

 

 

 

 

 

 

 


