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= Abstract=

Compositional Analysis of Gallstones

Joong Yup Chu, M.D,, In Ho Kim, M.D., Tae Jin Lim, M.D.
Hyung Jin Ryu*, Seung Bin Kim, Ph.D.* and Sang Hak Lee, Ph.D.**

Department of Surgery, Keimyung University School of Medicine,
Department of Chemistry, Pohang University of Science & Technology* and
Department of Chemistry, College of Natural Science, Kyung Pook National University*™*

Among the various methods used to analyze of gallstones, we used infrared absorption
spectrometric methods in 36 patients with gallstones and Atomic Absorption Spectrometry
(AAS) and Inductively Coupled Plasma Atomic Emission Spectrometry(ICP-AES) for analy-
sis of metals in the gallstones. We also differentiated these stones visually. Of the 36 gall-
stones, they were identified as calcium bilirubinate stones 29 cases(80.6%), cholesterol
stones 6 cases(16.7%), calcium carbonate and calcium phosphate 1 case(2.7%). In visual ap-
pearance, all yellow stones had cholesterol component except one which was confirmed as
calcium bilirubinate stone and all black and brown stones were calcium bilirubinate or cal-
cium carbonate except one which was confirmed as cholesterol stone. The gallstone of
gallbladder had more cholesterol than that of common bile duct or intrahepatic duct and
gallstone of common bile duct or intrahepatic duct had more bilirubin than that of the
gallbladder. The serum cholesterol level of the patients with cholesterol gallstone was in
normal range. Pigment stones contain much more quantity of metals(Na, K, Mg, Ca, Fe,
Cu, P) than that of cholesterol stones.

Key Words: Gallstones, Infrared absorption spectrometry
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o] kA golR olF HebH HFe} vlmEte] of
wWE XolHo) glew, A4 BF EAH] Fi
A ze|x EH2HE B4 AL EF SH~
HEA7F A Jud Aol AestE dotr
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AES)e 2 &4 W9} F4 AEE B4

o ri

M2 WAy
1) &S 22

Aguiste Mol H2 19 F<k g 24
& =t 29978 4/0<€(choledochotomy) =Z&]iL
7t AAE Al 4 HAe e sgjon, gL
FRSZ AAYT F AL, A% A 2F o4 A
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Table 1. New classfication of gallstones(by Japan-
-cese gastroenterological society)

Cholesterol gallstone
Pure cholesterol stone
Combination stone
Mixed stone
Pigment gallstone
Black stone
Calcium bilirubinate stone
Rare gallstone
Calcium carbonate stone
Fatty acid calcium stone
Other combination stone
Miscellaneous stone

a7 AR gEg EREPE dsch(Table
1).

2) HH 234 MY

FHE AL =4 2F 3= SpexAlbs
6,700 FREEZER/MILLS A}4-3le] E%=2 e
% AZ(10m torr ©)3h)dlA A&A|FHcl. KBr(Po-
tassium bromide) £l Axd FAAZF o 2
% AL T2 agate mortard|4 A3 4olx
E FOsA AolE ohg, Fat ubab AW Al
ol4 BOMEMA}e] DA 3.26 Felo] H3 HA
BRAE ALste] 450 cmolA 4,000 cm? 7R 9]
2 9] _

A EFr 29eEL 49 FYe2E Globar(mid
IR:200~10,000 cm™)2, beam splitter®= KBr
(450~4,000 cm™)& AH4-8tsich. F&7]= Mercury
Cadmium Telluride24 BOMEMA4}e] BSD-
92386(450~5,000 cm™)& AMgsteich. EE Ame
Sigmas}¢] Z#281%, AldrichAhe] el $4, pal-
mitic acid, calcium carbonate, stearic acid,
calcium phosphate 52} 5°] a}4& |43l &
A Az A4 2"H=gs vlmstd Fstuck
(Fig. 1~4)(Table 2). 3 £ 474+ DRIFT
(Diffuse Reflectance Infrared Fourier Trans-
formMie 2 Ao A~HELE A, o] Fel
of W A4 E£FAS As o FEl(signal to
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55 100 mesh A% =4 2+ o}S 3mle

AlHoistn [1P: 114.71.5.216 | Accessed 2016/01/15 15:37(KST)



0.230

0.1781

(=]
—
N
(<2}

ABSORBANCE

o
o
N
s

16947

—0.030

———— ——— .
4000 3150. 2300. 1450

T

Fig. 3. FTIR absorption spectrum of bilirubin standard.

4 T
600. CM-1

0.195

0.1461

ABSORBANCE

0.0481

—0.001

—0.050

M § AsE de
o] TFAHT
2 3%

0.0971

40000 | 3150, 2300 1450, 7600, CM-1
Fig. 4. FTIR absorption spectrum of black stone.
3mlel TeE AME HHE A AzE 4 EA2 g shdE 418 Ae

H

4715 MSD Alg&s A= 74 A0 F 4
el AI7kE H2h 100% = 3%, 0% A $oe) 27} 10

, 60%% 3o 23lo] 6 rpme HFE2 A AEF9 FHYAE BAS

— 9 1 J—

AlHoistn [1P: 114.71.5.216 | Accessed 2016/01/15 15:37(KST)

o
£ sepazd §4 A

ml HES FF4E A9

$18to] A-8-3+ ICP-AES



NS E51 % BN

%4 9 54

Table 2. Major peak for chemical composition of gallstone & key band for quantitation

Major Peak(cm™)

Key Band(cm™)

Cholesterol 3,429 2,936 1,463 2,936 1,463
1,375 1,055

Calcium bilirubinate 3,250 1,695 1,650 1,695
1,570 1,200

Calcium carbonate 1,394 875 713 875

Calcium phosphate 1,042 605 570 570

Calcium palmitate 2,920 2,850 1,575 2,920
1,540

Table 3. Peak for chemical composition of gallstone

by AAS & ICP-AES (@9 nm)
Na 588995 K 766.490 Zn 213.856
Mn 259373 Mg 279553 Ca 393.367
Fe 238204 Cu 324754 P 213.618

Table 4. Classification of gallstone(by Chihara, et al)

1. Cholesterol as the chief component:
a) Pure cholesterol
b) Mixture of cholesterol, calcium salt of bilirubin
¢) Mixture of cholesterol, calcium salt of bilirubin
& calcium carbonate
d) Mixture of cholesterol & calcium carbonate
e) Mixture of cholesterol & calcium phosphate
f) Mixture of cholesterol, calcium carbonate & cal-
cium phosphate
2. Calcium salt of bilirubin as the chief component:
a) Pure calcium salt of bilirubin
b) Mixture of calcium salt of bilirubin & choles-
terol
¢) Mixture of calcium salt of bilirubin, cholesterol
& calcium carbonate
d) Mixture of calcium salt of bilirubin & calcium
carbonate '
e) Mixture of calcium salt of bilirubin & calcium
phosphate
3. Calcium carbonate as the chief component
4. Calcium stearate stone
5. Stones containing triglyceride bilirubin
6. Stones containing polysaccharide
7. Protein stone
8. Slurred mixture of stones
9. Other stones

Table 5. Classification of components

Major + Minor ‘Number
Cholesterol stone
Pure cholesterol 3(8.3%)
_ Cholesterol+Calcium bilirubinate 3( 8.3%)
Calcium bilirubinate stone
Calcium bilirubinate +Cholesterol 14(38.9%)
Calcium bilirubinate+Calcium
palmitate 15(41.8%)
Miscellaneous
Calcium carbonate+ Calcium
phosphate 10 2.7%)
Total 36(100%)

+= Jobin-YuonA}t2] Model 38 Plus Sequential
Typecl: AAS+=  Perkin-Elmerite]  Model
3030Bel™, Aa&dlE $Aste] AH4g vlejzRS) A
B8 A CEMAFY Model MSD-81Do)t}.
Nast K9 £4& AASE ol43l9x wz] d4E
2 ICP-AESE ol&s4ct. EAle] o]&d a2
Table 3% zt}

4) BM Aol e

G4 AEe] 271R] oAl AF Y we AR
o2} F#H2HZE 94, calcium bilirubinateA,
calcium carbonateA 2 & E#391, °)=§ 25
£ Chiharas"*® 9 £54¢& AH&35cHTable 4).
FE7154 AdAMe FHE B3 B4, g3
24 2 I g2 pginh @e] F |
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olgol A BitHoz A H A HEE EFIA

9. =8 20 FHRR dolde 93 29 2 =
2HE AT FeAn F2 oA Ay g8 1) o] BEel FAME

& Ao} vl gict.
18 sk wlzasick 3619 FHE FAE me} b A Fd2d

€ 24 64, calcium bilirubinateAl 294, calci-
um carbonate®} calcium phosphate2] &4 1
o2 Jepgich(Table 5).

Table 6. Chemical composition according to the location

Cholesterol *Cal. bilirubinate *Cal. palmitate
GB Pure cholesterol stone 89% 7% 2%
Mixed stone 65% 23% 5%
CBD Cal. bilirubinate stone
(+ Cholesterol) 29% 64%
(+ Cal. palmitate) 11% 71% 15%
IHD Cal. bilirubinate stone
(+ Cholesterol) 15% 78%

(+ Cal. palmitate) 8% 80% 10%

*Cal.: Calcium

Table 7. Classification of multi-located gallstones

*Cal. bilirubinate *Cal. carbonate

Cholesterol
(+ Cholesterol) (+ *Cal. palmitate) + *Cal. phosphate
GB+CBD(12) 2 5 4 1
GB+IHD®) 0 1 3 0

CBD-+IHD(6) 0 3 3 0

*Cal.: Calcium

Table 8. Comparison as visual appearance to the chemical classification

Setd 5 Cholesterol Calaium bilirubinate = Calcium carbonate

Yellow 4 4 0 0
GB(16) Brown 6 1 5 0

Black 6 0 5 1

Yellow 2 1 1 0
CBD(13) Brown 5 0 5 0

Black 6 0 6 0
IHD(7) Brown 4 0 4 0

Black 3 0 3
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SAEEE B4 B 1K

2) B9 W ASL THMER S| BA

guA Fou 2ZE 2w W 4ol 164, 35
S walo] 139, ArgE el 74 Qich W
gHe F4uT Fand TasdE gl iy,
a4dan ARy 94 e Baug welRy

ko] ¥k} (Table 6).
3) cietd EiME O ME

thiy 249 A$, s F5FIH FEI=
A57b 124, @@ 1B FTEI}E Aot 4
dl, 25eds gRyel] FEIHE AUt 64t
@33 E5ggol T2 A, S 2HE P94
24, calcium Dbilirubinate4le] 94, calcium
carbonate$} calcium phosphatez} &7 A7 7
271 ldgic. dn el IS A
calcium bilirubinateAst 4«92, S5 2
g3l FESE A, calcium bilirubinate X7t

%9 9 54

thE ARl gAel 1A £ 53k Table 7).

4) S5 2Rele| Hln
ze

o},
%

2 UAEE Hol: Ate TH2HE E4elgl
$tH o2 ZHAHE AR FF olFUR 69
lelolfAut calcium bilirubinated o2 BEF5
WUk F Hgd E3A EAd % Agel & Ao
7F 9lsich(5/6: 83.3%). e} calcium bilirubi-
nateX 2] AS-E Zeolrt Asled, A4 £3A £
A4 calcium bilirubinated o2 EF 4o}
SUYHoRE TN 2, =g A E3A B4
A calcium palmitated] £go 2 ZAxoz Xz
o) SehxeR E4M ez AHY BrE UM
th ole} Hi 2 fqiHo® FAqAQl o e

Table 9. Serum-cholesterol level of patients with
cholesterol gallstone

69}, B3 7tgdo] £3EHE A4 BF calei- A =4 &3
um bilirubinate 4.2 et} =§ olF &F 120~200 mg/dl pre-op 173.8 mg/di
AZA FY BA Yo B FRAFoIA A2 postop 1465 mg/dl
Table 10. Analysis of metals in the gallstones by AAS & ICP-AES
Na 'K Zn Mn Mg Ca Fe Cu P
Cholesterol stone
CL 400 18 12 11 24 0.020 11 9 34
2. 570 .28 8 8 23 0.055 17 11 19
3. 1,860 53 14 14 78 0.267 21 19 13
4. 1,840 69 7 13 56 0.112 14 27 42
5, 590 56 9 9 52 0.151 9 12 17
Brown stone
1. 8,250 320 18 34 280 17,600 67 380 1,140
2. 5,140 230 12 43 420 21,700 210 960 1,500
3. 5,160 420 8 33 230 22,600 320 2,570 390
4. 4,120 250 7 12 64 20,100 13 490 140
5. 4,460 240 33 33 200 26,200 1,430 2,660 1,600
Black stone
1. 8,130 600 44 38 610 27,800 1,770 3,620 430
2. 7,260 310 43 12 200 34,500 180 1,010 320
3 6,990 290 14 31 240 30,200 210 830 2,140
4. 7,600 220 22 90 410 20,050 760 4,080 870
5. 5,790 180 19 86 300 © 23,000 320 1,310 260
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—49]

B3A EA)xE calcium bilirubinateA o2 2
371 #ch. ¥9 calcium carbonate’} 8%
de Aoz Y ledMe 94 S48 2
¥4k (Table 8).

it

2

5) FHZHE B #xloMe| HE Z HE

Al
Al $RA EAgel ofs) 2daHE FHoz
dehd @) W% Tol2dg A BEE Aojud

g e 2E 173.8mg/dldE, ¢ FE+= 1465
mg/dlE velgol ol B AgdiEz wde e
BAqel €% ZH2HE 9 vZs) Bu £ Ao
£ ggieh(Table 9).

6) S4 uel 3% ML
S WY JES Nast Ke 9484 23454

(Atomic Absorption Spectrometry: AAS)o =
Zn, Mn, Mg, Ca, Fe, Cu, P+ #=2% ~EP<“}
AAtE 33 =9 (Inductively Coupled Atom-
ic Emission Spectrometry:ICP-AES)e2 24
T Az Y44 H2A (pigment stone)ollA Z 2|
E @R W4 g2 4o F4(Na, K, Mg, Ca,
Fe, Cu, P)¢] #%& =<tk (Table 10).

i &

2HFL Wt £ 28374 AR F9 R F
Wellde Ludlow™7} 84)¢) 24 #xE A& Bx
rgick S-eideld] 24 whd S wls o
=9 ] g wiEsh 23, 2 AR Hids
ZH2~dE 24 Reh 4424 24, 53 calcium
bilirubinate#] wlgo] Foix dpdovt!® 9
Ryg 2W FA2EE $HY UES} EolA
1;]_1)

olelqt HAH2 EFE FE §UdA o uet ¥
Fo] o), wAL ZI2dE, calcium bili-
rubinate, calcium phosphate, calcium carbo-
nate, calcium palmitate ¥ ©&4h, AuHal, Q1]
A, 9A 293 A FFe Frlele, ¥AY ¥
A, AN 92F S ZERT Yem=RD o5
Boh AES BAS fdlAE S5t 4, Wb

ARy _

O

A4, A4 £3A4 244, a2rraeleg o4
Bl YS® T2 Algo] "paoelel ot o
g 7hA ez bAd Al Brlesiclan shal
o 19589 Edward$?o] 84 ¥A4e Abgstgm
Infrared spectroscopy® AH&3te] gA4S A%
ofe) ofe] QT LI} oldel yskewl, o Wy
ackel wiolebn B} Fbsdtm, $4AZe] Fo
o g4 Aot Sajde] BAgGle] $HT £
drtes AAE 7R ge] G HAZAE A4 F
< AApgelel & 4 gioh, A AgEAle AR
28 9] gich

A4 BFAE o437 BA w2
A7 BAEs AEsd? AL APsE wyol)
A BERANN FdAeE Eal 7= F9 -OH
Z%Fe] 3,429 cmol N & FAE Jehiie, C-H
stretchingsl <3 2,936 cm™el 4], C-H bending
of s} 1,463 Cm"ﬂ' 1,375 cm™e) FFdizt Qli,
cyclohexan FZ &8} C-C A%°) 1,055 cm™el
A #BAL Jeldich, AR peakTS 2 FH AW
£9 45 45 dx, FHadEY] i o
Fr7t SUMRE o] o|43le] ARRAE s
&7 slch, gAaFd EAFe WEFYe calcium
bilirubinate 2] F=HE C=0 A EF 23 1,695 cm™
1,650 cm” 1,570 cm™e 48] 374e] F5oirh A4
o2 Jehtz, 1,200cm?elA g Fdsl sloh
Calcium carbonate® 1,394 cm ol d F5tig B
o) glew 875cmelA 73 peakE®E ¥ F U
t}. Calcium phosphatet 1,042 cmollA] Y&
peakE, 570 cmol4 2§ peakrt glen, oF
peak7te] ME 7Hde] g AL oj4S Y. =¥
2,920 cm'®} 2,850 cm ol

A F oA

calcium palmitates
.7°y§1. peak® B¢},

‘%‘4 BHol g FulelAe] RTE BH KA
ER2 zEVe Z¥Y2HE 94| 58%, calcium
bilirubinate4]ol 32.9%, &44o] 8.4%=xn %
2, oA EgA 93 Moz o]50e FHlad
£ 94o] 47%, calcium bilirubinated ] 45%,
calcium carbonate}e] 6%ztx 34}, AAES
24288 @4]o] 17%, calcium bilirubinate4je]
80%, calcium carbonate4je] 3% = uel&dl ¢l

E RIS EF 9ol ME dE23, AgEMYES
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HEMEEE S48 FI1R
xtoled Aol HAE LRIt HA gredld 7@
o2 AsEch A MokalolM e Fa2HE @4
g HlEE 77~84%2 & ¥&S AAF L, 4B
7% KamedaS?'¢] A L3A Ao o7 #
FE 2y ZH2UE Pl 46.6%,
bilirubinate#]¢] 41.5% Z2li calcium carbon-
atedo] 4.2%= Siele] 80dY A FAut
60 o) uAF v} ARE Btk 2}
198613¢] Bio] osiw EHzElE PAHo] 66%,
calcium bilirubinate}e] 20%, 344o] 12.6%,
calcium carbonatej¢] 0.7%2 Z#H 2 2419
HlE7l Aokqle] e AFEn Qloka g™,

=AY AR wE 2 TR #AE 2R

Ax gl g4 A ZFHAHE Pkl =94,
Foe@st rgdd @49 A9 calcium bilirubi-
nate®] FaFo] whoh T FA Y A% VY &
°P7<4 EFoll oA Ze S HHo] 72.5%, calci-
um bilirubinateAio] 14.5%, S4x0] 12%etz 5}
A3, e EdA 2 EFoA o5Ve ©@d
GA 9 62.2%7F FHAHE FAol1, 28.4%7} cal-
cium bilirubinateX o)™, 6.8%7} calcium car-
bonatedelagtal dgich. A 80w S-ehviele @
T 24 ALE Ay =& 9 AFH5? cal-
cium bilirubinated°) 70~80%% A& 1, F4
2HE gaje] 10~30% HZolw, E4A9 Wizt
o oz HoeR AzEe] Ao thiA 49
AR B gt gl gao] FEIAde A
2 AREY A ZH2HE @4e) 17%, cal-
cium bilirubinate4lc] 75% 2, °}5"& FHaHE
w+do] 33%, calcium bilirubinate4]-& 67%Z& 4}
ehdtl. B AT A 2@l @Ae] FEE A
£+ EF calcium bilirubinater o 2 Yebg, 1
ool gta] @dat Hge] FAHAE o E At UM
HTable 7). e} 24 B X & 74
A 2ol dad e °P~‘l EEc,

AAES S 4 B AR EFA EA
o % E-FF vlzsly *11 ojWgt AP} FA
Aol olE AE g} BaA stged,
FHe Az 2] @A sk ¥ —’F e,
W27l B2 e @] §<bF {5 A4l ”%
A &g AR BMHe] E & F 5 Us A

calcium

lOﬂ

3% 9 59

Azrct, A2 Aod £34 249 4 2w
E PN BRE AY AR 5 Ed2HE
24, £A4(combination), £%&4)(mixed) So=2
chekstAl A=A, HA4d £3A £494 calcium
palmitate® EHF3I A$¢ SPP2qE calcium
bilirubinate 43 £F2 A7} dRiolx, 239
calcium bilirubinateAl o2 &4 H7= IR,
= 7&)94*4 E3A EA4 4 calcium bilirubinate]
22 BREYeo SUtAor F4Ho Mg A
$2 dsiEdE ol i wAe AL AN &4
] #o)7} calcium bilirubinate $-§-2ke) wel,
2.8]31 calcium phosphate, calcium carbonate
2] gfaFol wet xbolr} vhr] wiEeltt, Fdel et
k2 2o e d7) calciuim bilirubinate
7} 60% oo ® REE3lHA calcium palmitater}
2§53, 946 4%E calcium bilirubinates} 40
% o822 R-Ed3 4wk calcium phosphatest
calcium carbonatex E&Ecia g,

Aol B3A Ao % FH2HE @4 #Hxle
¥Z Fd2dE e F4dst vt e E
7t 919} (Table 9). £ Q74 Jvehd &
3} & Fo g% ZY2HE X9 Aol diFt
2o oA Bzl

w3 AREFF EFE=HAAS)H H=2F Z9
zu} Yxpkz: EAF=H(ICP-AES)S 53 @4
v} 448 £ A 424 24 (pigment stone)
die H2HE GARTy A gL gl F5 4
®g E_-rriL Ao g vepdei(Table 10).

e A AR EAE Y fEE EHY 5
AR xX4e HEs & B oy YAHeRE F
27 9elE Zevh YRl A £3 e
el A AR £eF AHGAe] A AL F=
F s Ao FoFe AggAe] aTHPP,
FA7A odeixl gAe) sy T4 AL o= &
Aol vy Z1Ae oig A A & F glote,
£ o Fdgetn AU EHoz T AE zpold
g A J1A fels: & F g ZeE AzbEd).
B AT @AFe] o T AL A BilelH
o g2 oo E¥3 vigke AR BA7A Ag=Ed
@ale] B 7)A Fo] Tge] @ ZAes YzEc),

o oy
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~54 9

2 9

< A9
3ho) HE
£ ddch ‘

1) &4 33 4% 5 26882 2,936 cm™'7}
1,463 cm™'el| A peakE, Ye]Fule 1,695cm’, cal-
cium carbonatex 875 cm?, calcium phosphate
+ 605cm™'=} 570 cm™ 2232 calcium palmitate
£ 2,920 cm'#} 2,850 cm'ell A peaks} AAdd o] &

2) Ao BFA BT Sk EFalA 2y
o] o8& A7F Ak

3) Al E3A £49 A calcium palmitate
e &t o2 calcium bilirubinated o2 BEF
¥ 911, calcium phosphate$} calcium carbon-
ate® A ddHE HUHLRZE FAXoF F
F Helch

4) FAo] AR A} TR RAE =4}
T A7 sl g4 ZA2HE] §aFo] w3k,
ez gy g4 AeE calcium bili-
rubinate®] o] =itk &3] thideg &3l
= A$dlE calcium bilirubinatelo] tfF-#o]4l

£

5) A4 £3A E4d 93 FH2HE G4 F
Aol slelA FF FH2HE Ae AT vjasly
fdEE Foke 9l

6) AASet ICP-AESe 93 94 o FE538
4 Az Y44 34 (pigment stone)ollA] A
HE 24 o 4983 g2 o9 F5& ghed).
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