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Abstracts: Background And Objectives: In India, it has been recognised that gallstones and gallbladder cancer
are common in the Gangetic belt comprising of Uttar Pradesh, Bihar, West Bengal, and Assam. States in South
India do not have a high incidence of these diseases. Aim: The present study was done to describe an extensive
guantitative chemical analysis of gallstones and to find the association of gallstones with age distribution and
also to compare this finding with previous workers. In this study we analysis the cholesterol, triglycerides,
phospholipids, bilirubin, bile acids, calcium, phosphorus, magnesium,and oxalates in 3 different types of
gallstones. Methods: Total 43 gallstones were collected from surgical operation and quantative analysis of
these gallstones was done in the department of Biochemistry. The stones were classified into cholesterol (CS),
pigment (PS), and mixed stones (MS). Total cholesterol was estimated by CHOD-PAP, total bilirubin by Diazo
method, triglycerides by GPO-PAP method, oxalate by the method described by Satyapal and Pundir based on
colorimetric enzymatic method (21), calcium by O-Cresolphthalein-Complexone method, Phospholipid and
inorganic phosphate were determined according to Fiske and Subba Rao. Magnesium was measured by
Calmagite method. Results: In our study, the incidence of gallstones was highest in age group of 37-46 years
and Male : Female ratio was 1: 3.8. Out of 43 gallstones, 16 were pigment stones, 15 were mixed stones and
12 were cholesterol stones. Total cholesterol was a major component of all gall stones and triglycerides, total
bilirubin, phospholipids, bile acids, calcium, magnesium, inorganic phosphate and oxalate were found in all
types of gallstones. The cholesterol stones had higher content of total cholesterol, phospholipids, inorganic
phosphate as compared to mixed and pigment stones. The mixed stones had higher content of triglycerides
than to cholesterol and pigment stones. The pigment stones were richer in total bilirubin, bile acids, calcium,
oxalate, and magnesium compared to cholesterol and mixed stones. Interpretation And Conclusion : Pigment
stone was the most common type of gallstones in our studies and common age group for gallstone
development was 37-46 years. The content of the total cholesterol and other metabolites in different gall
stones indicating their different mechanism of formation. High cholesterol and triglyceride content in CS and
MS suggests that dyslipidemic changes contribute to etiology. [Das B NJIRM 2014; 5(4) :4-12]
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Introduction: Gallstone is a crystalline concretion
Formed within the gall-bladder by accretion of bile
component. Presence of stones in the gallbladder
is referred to as cholelithiasis. Migration of gall
stones into the ducts of the biliary tract, the
condition is referred to as choledocholithiasis.
Choledocholithiasis is frequently associated with
obstruction of the biliary tree, leading to
acute ascending cholangitis. Gallstones within the
ampulla of Vater can obstruct the exocrine system
of the pancreas, resulting in pancreatitis *. The Gall
bladder is a slate blue, pyrifom sac sunken in fossa
in the right hepatic lobe s inferior surface. It is 7-8
cm long, 3 cm broad at the widest and 30-50 ml in
capacity °. Its job is to store and slowly release bile

into the digestive system for the digestion of fats.
When we eat fat, both the liver and the gall
bladder excrete bile to the duodenum for
digestion®.

Gallstones may occur as one large stone or
hundreds of tiny stones almost in any combination.
The two main substances involved in gallstone
formation are  cholesterol and  calcium
bilirubinate®. Gallstones found in the gall bladder
are classified as cholesterol, pigmented or mixed
stones based on their chemical composition.

Cholesterol Stones: Cholesterol stones have been
noted in Egyptian mummies indicating that the

NJIRM 2014; Vol. 5(4).July-August

elSSN: 0975-9840

pISSN: 2230 - 9969 4



mailto:biswajitdas1971@gmail.com
http://en.wikipedia.org/wiki/Crystal
http://en.wikipedia.org/wiki/Enterolith
http://en.wikipedia.org/wiki/Gallbladder
http://en.wikipedia.org/wiki/Bile
http://en.wikipedia.org/wiki/Ascending_cholangitis
http://en.wikipedia.org/wiki/Exocrine_gland
http://en.wikipedia.org/wiki/Pancreas

Quantitative Analysis Of Chemical Composition Of Gallstones

disease have existed for more than 35 centuries °.
Cholesterol stones chiefly consist of cholesterol
plus bile salts. They are usually green, but are
sometimes white or yellow in color. Approximately
80% of the gallstones are cholesterol gallstones.
These are divided into two sub type as pure (90-
100% cholesterol) or mixed (50-90% cholesterol).
Cholesterol gallstones develop when bile contains
too much cholesterol and not enough bile salts.
Pure stones often are solitary, whitish, and larger
than 2.5 cm in diameter °.

Pigment Stones: Pigmented gallstone chiefly
consists of bilirubin (the pigment) and calcium salts
such as calcium carbonate. These occur in two sub
types: brown and black. Brown stones are usually
made up of calcium bilirubinate. Black stones
typically form in the gall bladder result when
excess bilirubin enters the bile and polymerizes
into calcium bilirubinate. Pigment stones tend to
develop in people who have cirrhosis, biliary tract
infections and hereditary blood disorders such as
sickle cell anemia *®.

Mixed Stones: Mixed gallstones typically contain
20-80% cholesterol (or 30-70%, according to the
Japanese- classification system). Other common
constituents are calcium carbonate, palmitate
Phosphate, bilirubin and other bile pigments.
Because of their calcium content, they are often
radiographically visible. Mixed and pigment stones
are common in northern India .

Gallstone disease is one of the most common and
costly of all digestive diseases. Removal of the gall
bladder by surgical method is the only solution
available to the gallstone disease today % A
Fat,Fertile, Flatulent, Female of 50 years is classic
sufferer of Gall Bladder stones °. Epidemiological
studies show that gallstones formation is a
complex multifactorial disease. The prevalence
varies with age, sex, and ethnic group . The
estimated prevalence of gallstone disease in India
has been reported as 2% to 29%. In India, this
disease is seven times more common in the North
(stone belt) than in South India. Dietary
differences in the two regions are suspected to be
responsible for the difference in the prevalence

rate. The average age of these patients in India, is a
decade younger than those in the West.***3.
Chemical analysis of gallstone gives important
evidences for the aetiology, origin and the
metabolic basis of its formation, and helps in the
identification of risk factors that predispose certain
individuals to the stone formation. Very little
reports on gallstone disease are available from
Rohilkhand region of Uttar Pradesh and the disease
prevalence at the country level is increasing, but no
thorough study has been conducted. The present
study was done to describe an extensive
guantitative chemical analysis of gallstones
removed from patients receiving treatment in
Rohilkhand Medical College and Hospital, Bareilly,
Uttar Pradesh, India and to find the association of
gallstones with age distribution and also to
compare this finding with previous workers. In
this study we analysis the cholesterol,
triglycerides, phospholipids, bilirubin, bile acids,
calcium, phosphorus, magnesium, and oxalates in 3
different types of gallstones.

Material And Methods: Quantitative chemical
analyses of 43 gallstones were conducted in
Rohilkhand Medical College and Hospital (RMCH),
Bareilly at Biochemistry Department. These stones
were removed surgically from June 2012 to May
2014. All the procedures reported here in the study
have followed the guidelines approved by the
locally appointed ethical committee. In all, 43
gallstones were collected from 34 females and 09
male.

The patient’s information regarding, name, age,
sex, chief complaints, present, past and family
history of cholelithiasis, and also number of
gallstones were obtained from hospitals’ records.
The physical parameters of the gallstones, such as
colour, number, shape, texture, and cross section,
were noted. The gallstones were classified into
three groups on the basis of their morphology
(Table 1). Out of 43 gallstones, cholesterol stones
(CS), pigment stones (PS), and mixed stones (MS)
were collected as 12 (28%), 16 (37.2%) and 15
(34.8%).  The stones were powdered using a
mortar and dissolved in different solvents
depending on the type of chemical constituent to
be analyzed. To determine total cholesterol and
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total bilirubin, 30 mg stone powder was dissolved
in 3 ml chloroform in a test tube. The tube was
kept in boiling water bath for 2 min. Aliquots from
these samples were used for determination of total
cholesterol and total bilirubin. To determine
calcium, oxalate, inorganic phosphate, magnesium
and triglycerides 30 mg of the powdered stone was
dissolved in 3 ml of HCl in a graduated 10-ml tube
and the volume was made up to 10 ml with
distilled water. The tubes were kept in a boiling
water bath for one hour. To analyze phospholipids,
20 mg of powdered stone was dissolved in 15 ml of
a 2:1 mixture of chloroform and methanol
containing 1 N HCl. To measure bile acids, the
stones were dissolved in chloroform-methanol
(2:1) mixture. The solutions were preserved at 4 C
until they were used.

Total cholesterol was estimated by CHOD-PAP, end
point (manufactured by: Transasia biomedical LTD)
. Total bilirubin by Diazo method, end point™,
triglycerides by GPO-trinder method *°, oxalate by
the method described by Satyapal and Pundir
based on colorimetric enzymatic method"’,
calcium by O-Cresolphthalein-Complexone
method 2, bile acids were estimated by
colorimetric method of Carey *° . Phospholipid and
inorganic phosphate were determined according to
Fiske and Subba Rao®®. Magnesium was measured
spectrophotometrically at 530 nm. (Wavelength
range: 500-550 nm) using Calmagite method”* .
Statistical analysis of the data was carried out by
ANOVA Test.

Result: Table -1and Figure 1 & 2 represents the
physical features of some studied stones, such as
size, shape, surface and color. The size of
cholesterol stone was in the range 0.2-2.6 cm and
0.5- 3.5 cm with an average of 1.3 cm and 2.1 cm,
while for pigment stone it was 0.1-1.85 cm and 0.2-
2.0 cm with an average of 0.71 cm and 0.82 cm and
for mixed stone it was in the range of 0.1-2.3 cm
and 0.1-2.8 cm with an average of 0.80 cm and
1.00 cm. The shapes of the collected gallstones
were irregular (26) and round (17). Smooth and
rough surface gallstones were found in 28 and 15
out of 43 gallstones. The colors of the studied
gallstones were whitish yellow, black, brown,
greenish brown and green.

The age of the patients ranged 17-66 years. Out of
43 gallstones of 43 patients, 34 (79 %) stones
belonged to females while 09 (21 %) stones
belonged to male; male to female ratio was 1: 3.8.
The incidence of gallstones was highest in age
group of 37-46 years (Table 1).

Table 1: (A), (B). Physical Properties And Incidence
Of Various Types Of Gallstones According To Age
(A)

Cholester | Pigment | Mixed Total
ol stones | stones stones
Irregular- | Irregula | Irregula | Irregula
Shape | 07 r-11 r-08 r-26
Round-05 | Round- | Round- | Round-
05 07 17
Surfac | Rough-03 | Rough- | Rough- | Rough-
e Smooth- | 07 05 15
09 Smooth | Smooth | Smooth
-09 -10 -28
Size 13X21 0.71X 0.80X
(cm, 0.82 1.00
mean)
Colour | Yellow-07 | Black- Green-
Whitish- | 07 11
05 Brown- | Greenis
09 h
brown-
04
(B)
Sex CS PS MS M: F
Female 10 12 12
Male 02 04 03 1:3.8
Age group Total
(Years)
17-26 00 01 02 03
27-36 02 04 02 08
37-46 06 06 07 19
47-56 02 03 03 08
57-66 02 01 02 05
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The quantitative analysis of 43 gallstones revealed
that cholesterol was higher in cholesterol stones
than in the other two type of stones but difference

pigment stones as compared to cholesterol stones
(p=0.001) and mixed stones (p= 0.009) [table 2 & 3;
figure 3b]. Calcium content in mixed stones were
also statistically significant in comparison to
cholesterol stones (p=0.009). The magnesium
content was highest in pigment stones. It was
significantly higher than cholesterol stones (p=
0.016).The difference of magnesium content of
cholesterol stones and mixed stones (p=0.605) and
between pigment stones and cholesterol stones
(p=0.074) was however insignificant. The oxalate
content was significantly higher in pigment stone
as compared to mixed stones (p=0.003) and in
cholesterol stones compared to mixed stones (p=
0.023). Insignificant difference was found between
cholesterol stones and pigment stones (p=
0.094).The inorganic phosphorus content was
highest in cholesterol stones (11.1 mg/gm). There
was a significant difference between cholesterol
stones and pigment stones (p=0.001) and
cholesterol stones and mixed stones (p=0.026) but
no significant difference between mixed stones
and pigment stones (p=0.17).

Table 2: Contents of Metabolites In Different
Types Of Gallstones (Mg/ Gm)

Metabolites | Cholesterol | Pigment | Mixed
was significant compared to pigment stones stones stones stones
(p= 0.007) and in mixed stones as compared to Cholesterol 545 19 + 42136 | 498.0 +
pigment stones (p= 0.022) [Table 2 & 3; figure 61.8 + 794 64.04
3(a)]. Total bilirubin content was significantly Bilirubin 110+028 | 163+ 148 +
higher in pigment stones compared to cholesterol 0.50 0.38
§toqes (p=0.008). Trlgly./cerldes. co.njcent was.Iowest Triglycerides 361+56 280+ 108+
in pigment stones but it was significantly different 57 71
as compared cho!esterol stones and mlxgd stone.s. Phospholipids | 6.40%0.73 | 504+ 49 +
The phospholipids content was highest in 1.05 0.78
cholesterol stones and there YV?S a significant Bile acids 1105:23 | 156+ 147+
difference between phospholipid content of 39 19

holesterol st d mixed st =0.009) and - .
C. olesterol stones and mixe s'onfe.s (P . ) an Calcium 5.4+0.81 |9.7+3.1| 800 +
pigment stones (p= 0.001). Insignificant difference 58
was observed between pigment stones and mixed - .

_ . . L . Magnesium 5.9+1.09 7.0+ 6.05+
stones (p=0.73). Bile acids were significantly higher 0.94 3.0
in pigment stones as compared to cholesterol o c8 112 '3 N c 3_; 5
stones (0.039). Bile acids contents in cholesterol xalate 8 1. 734 31

S . . . 0.93
stones also significantly different in comparisons to . " " "
mixed stones (0.026) [Table 2 & 3; Figure 3(c)]. Inorganicphos | 11.19+2.3 | 8.03+4 9.02+
phate 1.2 1.06

The mean calcium content was highest in pigment
stones (9.7 mg/gm) and lowest in cholesterol
stones (5.4 mg/gm). It was significantly higher in
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Table 3: P-Values for Differences In Chemical
Composition Of Gall Stones

Oxalate 0.094 0.023 0.003
Inorganic 0.001 0.026 0.173
phosphate

Metabolites | Cholesterol | Cholesterol | Pigment
stones vs stonesvs | stonesvs
Pigment Mixed Mixed
stones stones stones
Cholesterol 0.007 0.076 0.022
Bilirubin 0.008 0.59 0.225
Triglycerides 0.026 0.160 0.001
Phospholipids 0.009 0.001 0.73
Bile acids 0.039 0.026 0.192
Calcium 0.001 0.009 0.009
Magnesium 0.016 0.605 0.074

Discussion: An interesting finding in this study is
that out of the 43 collected stones , 16 were
pigment stones, 15 were mixed stones and 12 were
cholesterol stones indicating, the incidence of
gallstones in the studied population follows :
pigment stones (37.2 %) > Mixed stones ( 34.8
%)>cholesterol stones (28.0 %). Similar finding
observed of some authors from Haryana 2
Kanpur®?® , Aligarh regions**. But different in some
regions like Japan **> and Assam?® .This may be due
to different dietary conditions and habitats and
different socio-economic status of the people in
these areas™ .

On analyzing the results of our study (Table-1;
Figure 1), we observed that the size of cholesterol
stones were bigger as compared to mixed stones
and pigment stones. This is in agreement with
studies conducted by Raha P.K. et al *’. and Pundir
C. S, et al ®. The shape and surface of the collected
gallstones specimens were of variable, out of 43
gallstones irregular and round shape gallstones
were observed 26 and 17, smooth and rough
surface gallstones were collected 28 and 15.

From table 1; Figure 2 we have been observed that
gallstone disease was predominantly seen in
females (79.0%) as compared to males (21.0%), in a
ratio of female: male was (3.8:1). This is in
agreement with studies conducted by other
authors > %. The exact cause of increase tendency
to formation of gallstones in female was not
identified. Some authors believes that under the
influence of female sex hormones, the muscle may
relax which causes to dilate biliary passage and
duodenal content of pancreatic secretion
regurgitates into gallbladder and promote
conditions which favour the formation of
gallstones *°. Another study suggested that the
female are at higher risk of cholelithiasis
development than male because of high
percentage of female with high risk factors such as
multiparty, use of oral contraceptives and obesity
31 It has also been observed that the commonest
age group for the development of cholelithiasis in
our study was 37-46 years.
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Chemical Analysis of Gallstones: The cholesterol,
bilirubin, triglycerides, phospholipids, bile acids,
calcium, magnesium, oxalate and inorganic
phosphate present in all the 3 type of gallstones
were analyzed. The results of quantitative analysis
of the constituents of 43 gallstones are expressed
as mg/gm dry wt. of stone powder (Table- 2 & 3;
figure: 3 a,b,c).

Cholesterol stones (CS): Cholesterol content was
found to be highest in CS. This is because the
cholesterol saturation index is more than one
between cholesterol and bile salts > . In our study,
the total cholesterol was significantly higher in
cholesterol stones, compared to pigment stones
(p= 0.007). However, there was an insignificant
difference between total cholesterol content of
cholesterol stones and mixed stones (p= 0.076)
[Table 1 & 2; figure: 3(a)]. Similar results observed
by P.Chandran et al.??, Pundir CS %. Several studies
suggests that formation of cholesterol stones have
been related to high carbohydrate diet, which lead
to cholesterol supersaturation in the bile**?".
Atherosclerosis, hyperlipidaemia, and
hyperinsulinism®> and also gallbladder hypomotility
and mucus hyper secretion have been encountered
as risk factors for cholesterol gallstone disease®.
From table-1 it has also been observed that
cholesterol containing stones were more frequent
in female than in male. This is in line reports from

other countries, such as Saudi Arabia ** and Korea
37

Phospholipid content was also highest in CS. There
were significantly more phospholipids in CS than in
MS (p=0.001) and PS (p=0.009).The difference was
insignificant between pigment stones and mixed
stones (p>0.05). This might be due to accumulation
of phospholipids along with cholesterol during CS
formation. The accumulation of phospholipids
could either be due to their enhanced biosynthesis
or decreased utilization. These results are
comparable to reports from Rohtak **.

The inorganic phosphate content was highest in
cholesterol stones and lowest in pigment stone.
However, there was a significant difference
between cholesterol stone and mixed stone (p =
0.02) and cholesterol stone and pigment stone

(p=0.001).It is likely that phosphorus may play a
more important role than calcium in CS formation
by forming a salt with calcium, which might be
responsible for the hardness of the CS *.

Bile acids, calcium and oxalate content in
cholesterol stone was significantly different than
mixed stone (p = 0.026, p=0.009, p=0.02). But there
was no significant difference (p>0.05) between
magnesium content of Cholesterol stones vs Mixed
stones (p= 0.6). The other component of
cholesterol stones likes bilirubin; bile acids,
calcium, magnesium and oxalate contain less
amount than pigment stones. The triglyceride
content was also lowest in cholesterol stones in
comparison to mixed stones [Table 2 & 3; figure
3(b) & 3 (c)].

Pigment stones: The bilirubin content was highest
in pigment stone as compared to cholesterol stone
and mixed stones. Other authors from Haryana
Delhi *, and Kanpur *° also reported similar
observation. Decreased secretion of biliary acids,
increased secretion of unconjugated bilirubin into
the bile, and infection of the biliary tract are the
most important causative factors 1 In addition,
beta glucuronidase of bacterial origin of
conjugated bilirubin, forming free bilirubin in the
form of calcium bilirubinate salt *.

The bile acid content in pigment stones was
significantly higher than that in cholesterol stone
(p= 0.039). But the difference was insignificant
between mixed stone versus pigment stone
(p=0.192).

The calcium content in various gallstones was in
the following order. Pigment stone > Mixed stone >
Cholesterol stone. The mean calcium content was
significantly higher in pigment stone as compared
to cholesterol stone (p = 0.001) and mixed stone (p
= 0.009). This is in conformity with observations
made by others ** **. It is known that bilirubin
combines with calcium to form a precipitate of
calcium bilirubinate. Since PS has excess bilirubin,
calcium forms calcium bilirubinate ** .

As like calcium, the magnesium content in various
gallstones in the following order; Pigment stone >
Mixed stone > Cholesterol stone. But there was no
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significant difference (p>0.05) between magnesium
content of pigment stones vs Mixed stones (p=
0.07). However, the difference was significant
between mixed stone versus pigment stone (p=
0.01). This is in conformity with observations made
by Chandran et al **.

The oxalate content was highest in pigment stone
and lowest in mixed stone. There was no significant
difference of oxalate content between cholesterol
stone and pigment stone (p = 0.09) However, there
was a significant difference between pigment
stone and mixed stone (p = 0.003). Since the
higher oxalate content in PS is likely to be
associated with higher magnesium content, the
formation of magnesium oxalate may be
responsible for the hardness of PS. The triglyceride
content in pigment stones was also significantly
different as compared to cholesterol stones
(p=0.026).

Cholesterol, triglyceride, phospholipids, inorganic
phosphate content in pigment stones were lesser
than cholesterol stones and mixed stones.

Mixed stones

The triglyceride content was highest in mixed
stones as compared to cholesterol stones and
pigment stones. The content of triglyceride in
mixed stones was highly significant (p=0.001) in
comparison to pigment stones. However, the
difference was insignificant between cholesterol
stones and mixed stones (p>0.05). These
observations are in agreement with Abdalla M.
Jaraari et al®. The triglycerides get accumulated
along with cholesterol salts to form gallstones. In
mixed stone or cholesterol stone compared to
pigment stone the higher content of triglyceride
might be due to more deposition of calcium salts of
cholesterol and esters of fatty acids in mixed and
cholesterol stone as compared to pigment stone,
where calcium bilirubinate is the major salt .
Cholesterol, calcium and oxalate content in mixed
stone were significantly different in comparison to
pigment stones. There was no significant
difference of bilirubin, bile acids, phospholipids,
magnesium and inorganic phosphorous were
observed between mixed stone and pigment stone
(p>0.05) (Table 2 & 3; figure 3 a,b,c).

Conclusion: In our study gall stones were in
following order; PS > MS > CS and more common
age group for development of gall stones was 37-
46 years and female was more predominant than
male. Total cholesterol was a major component of
cholesterol, mixed and pigment gall stones in
Rohilkhand region of Uttar Pradesh. The content of
the other metabolites in different gall stones
indicating their different mechanism of formation.
High cholesterol and triglyceride content in CS and
MS suggests that dyslipidemic changes contribute
to etiology.

Our studies suggest that dyslipidemia consequent
to high intake of fats by Rohilkhand region
population may be responsible for gallstones, and
dietary modification might reduce the incidence of
gallstones.
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