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Chemometric study and analytical enzymatic methods 
for diagnosis of cholesterol gallstones 
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Abstract: The lithogenic index (IL) provides an estimate of cholesterol saturation in gallbladder bile and is of possible 
value for prediction of gallstone formation. A package for pattern recognition of analytical chemical data, known as 
“Parvus”, was used to study the different values of IL obtained experimentally using common enzymic methods for 
cholesterol and bile salts and other analytical techniques for phospholipids. Ten patients were investigated and some 
interesting conclusions were drawn, both on the equivalence of various analytical methods for the determination of 
phospholipids and on the contribution of pattern recognition analysis to the diagnosis of gallstones. 
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Introduction Experimental 

A number of studies [l-9] have been carried 
out in this laboratory in search of a test for the 
diagnosis of gallstone disease. Both clinical 
interest and analytical problems are involved 
although the introduction of different diag- 
nostic techniques [lo] has partly diminished 
interest in this kind of test. Analytical and 
physico-chemical problems are still relevant, 
however, since they deal with the etiology of 
gallstones. In order to evaluate the IL as a test 
for the risk of gallstone formation [2, 81 
concentrations of bile salts, phospholipids and 
cholesterol in the gallbladder bile have been 
determined in 10 patients selected for potential 
gallstone problems. The analytical problems of 
phospholipid determination in bile have also 
been studied. The choline-containing phospho- 
lipids have been measured by different 
enzymic methods [6, 91 and the total phos- 
phorus content by a chemical spectrometric 
method [4]. The results were subjected to 
computer modelling using software for IL 
calculation [ll] and a software package for 
pattern recognition analysis known as “Parvus” 
[12]. Useful observations have been obtained 
on the variation of the value of the lithogenic 
index as a function of the analytical methods 
adopted for determination of phospholipid 
concentration, and on the question whether 
these methods are effectively interchangeable 
for the calculation of IL. 

Samples 
Bile samples were cholecystic gallbladder 

aspirates, supplied by the Second Medical 
Clinic of Rome University “La Sapienza”. 
These were obtained from patients, aged 30- 
50 years, all of whom had liver disease and 
suspected cholesterol stones. 

Chemical reagents and apparatus 
Enzymic-amperometric measurements for 

phospholipids containing choline were carried 
out by the flow apparatus. Reagents and 
enzymic immobilization methods were as pre- 
viously described [6, 91 using a commercial 
oxygen probe in apparatus supplied by In- 
strumentation Laboratory (I.L. 213, Milan, 
Italy). 

Choline oxidase was supplied by Sigma 
Chemical Co. (St. Louis, USA) and phospho- 
lipase D by Boehringer Biochemia (Mann- 
heim, FRG). The enzymic colour tests for 
phospholipids [6, 91 were obtained from Poli 
S.p.A. (Milano, Italy; Cat. No. 3220), for 
cholesterol [l] from Boehringer (Mannheim, 
FRG; Cat. No. 124079) and for bile acids [2] 
from Nyegaard Co. (Oslo, Norway; Cat. No. 
999955). The Fiske-Subbarow reagent for the 
Bartlett [13] spectrometric method for total 
phosphorus [4] was supplied by the Sigma 
Chemical Co. All other reagents were of 
analytical grade and supplied by Carlo Erba 
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(Milano, Italy). Spectrometric measurements 
were performed with a Perkin-Elmer spectro- 
photometer model 320, with a l-cm quartz cell 
by procedures described in previous papers [l, 
2, 4, 6, 9, 13, 141. 

Software and hardware 
To calculate the lithogenic indices from the 

70 experimental values for cholesterol (CH), 
bile salts (BS) and phospholipids (PL), a 
personal computer HP 86A was used with 
“Litogindex” program [ll], a Basic advanced 
program ROM, two 360 kBytes floppy disks 
and a graphic printer HP 82905B. graphical 
representation of the “scores” and all the 
relative calculations were performed by the 
“Parvus” program [12] on an Apple IIe com- 
puter with at least 64 kBytes using a printer 
Apple ImageWriter II and superserial card. 
The histograms were produced by a “Lotus” V. 
1A program of the Lotus Corporation [15] 
using an IBM XT3 with graphic printer Epson 
FXlOOO. 

nique seemed generally to provide better re- 
sults [6, 91. The enzymic-amperometric 
method measures free choline rather than the 
total of free choline and choline-containing 
phospholipids; thus, from the difference be- 
tween the two values the concentration of the 
choline-containing phospholipids can be calcu- 
lated [6, 91. In the same samples total phos- 
phorus was determined by Bartlett’s spectro- 
metric method [3, 131; this measurement has 
been used to represent phospholipids concen- 
tration [2] before enzymic methods were well 
developed. All the results are summarized in 
Table 1. 

Results and Discussion 

The values obtained for CH and BS, in the 
bile samples are reported in Table 1. The 
concentrations of phospholipids have been 
determined both by enzymic-spectrometry, 
with or without blank subtraction, and by 
enzymic-amperometry [6]. Two sets of values 
were obtained spectrometrically, one using the 
Takayama’s procedure [ 141 with reagent blank 
subtraction, and the other by a specially 
developed procedure [6] with subtraction of 
reagent and sample blanks. The latter tech- 

The results for phospholipids concentration 
(by the five methods), for bile salts and for 
cholesterol were used to obtain five values for 
IL for each patient using the “Litogindex” 
program [ll] (Table 2). All the IL values were 
examined using the “Parvus” package. In this 
the values are first normalized by the “normal” 
program but a particularly useful normaliz- 
ation of row, between zero and one, was 
carried out by the “Lotus” program [15] (Table 
3A). Two of the five methods for phospho- 
lipids determination, yielded higher (method 
b), or lower (method e) values for IL for all 
patients, while the remaining methods (a, c, d) 
yielded intermediate values. A similar but 
reverse trend was shown from PL values in 
Table 1, “normalized” in the same way (Table 
3B). 

This observation seems to indicate that the 
different methods for the quantitative deter- 
mination of phospholipids are not always 
equivalent when used for calculation of the IL 
value. This agrees with a comparison, by least- 

Table 1 
Experimental values in mmol 1-l of: cholesterol (CH), bile salts (BS) and phospholipids (PL) for methods a-e 

Patient No. CH BS 
PL 
(a) 

PL 
(b) 

PL 
(c) 

PL 
(d) 

PL 
(e) 

2 
3 
4 
5 
6 
7 
8 
9 

10 

6.3 
12.1 
20.2 
12.9 
4.2 

23.9 
6.4 
5.5 
0.6 

14.2 

56.9 
126.8 
173.8 
137.2 
48.7 

202.8 
133.6 
46.5 
8.0 

120.4 

4.9 
52.0 
79.9 
17.0 
9.2 

112.0 
40.8 
20.0 
2.1 

31.9 

4.3 
36.8 
60.9 
16.4 
4.8 

88.0 
36.2 
11.0 
0.5 
9.0 

5.1 
42.3 
70.4 
18.6 
8.7 

84.9 
38.8 
21.3 

2.1 
30.0 

7.0 13.6 
45.7 54.5 
79.3 129.4 
21.5 27.0 
10.4 10.6 
97.1 140.1 
40.8 51.4 
24.9 34.4 

2.3 3.4 
34.0 47.0 

(a) Lecithin + choline by enzymic-amperometry [6]. 
(b) Lecithin only by enzymic-amperometxy [6, 91. 
(c) Lecithin + choline by enzymic-spectrometry with reagent and sample blank correction [6]. 
(d) Lecithin + choline by enzymic-spectrometry with reagent blank correction only [lo]. 
(e) Total phosphorus by Bartlett’s spectrometric method [3, 131. 
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Table 2 
The fifty values of IL, calculated by the “Litogindex” 
program, from the data reported in Table 1, using PL 
values, reported in the corresponding (a), (b), (c), (d) or 
(e) columns of Table 1. (The CH and BS values are those 
reported in the first and second columns of Table 1) 

IL IL IL IL IL 
Patient No. (a) (b) (c) (d) (e) 

1 3.21 3.44 3.15 2.45 1.54 
2 0.79 0.99 0.90 0.86 0.77 
3 0.85 0.99 0.91 0.85 0.69 
4 1.88 1.92 1.77 1.52 1.29 
5 1.56 2.37 1.62 1.42 1.40 
6 0.76 0.86 0.87 0.82 0.71 
7 0.50 0.54 0.51 0.50 0.43 
8 1.10 1.76 1.07 1.00 0.89 
9 1.57 6.77 1.57 1.42 1.10 

10 1.28 3.06 1.34 1.23 0.99 

Table 3A 
IL values of Table 2, normalized from 0 to 1 by “row 
normalization” 

IL IL IL IL IL 
Patient No. (a) (b) (c) (d) (e) 

1 0.88 1.00 0.85 0.48 0.00 
2 0.09 1.00 0.59 0.41 0.00 
3 0.53 1.00 0.73 0.53 0.00 
4 0.94 1.00 0.76 0.37 0.00 
5 0.16 1.00 0.23 0.02 0.08 

4 0.31 0.64 0.94 1.00 0.73 1.00 0.69 0.64 0.00 0.08 
8 0.24 1.00 0.21 0.13 0.00 
9 0.08 1.00 0.08 0.06 0.00 

10 0.14 1.00 0.17 0.12 0.00 

Table 3B 
PL values of Table 1, normalized from 0 to 1 by “row 
normalization” 

PL PL PL PL PL 
Patient No. (a) (b) (c) (d) (e) 

1 0.06 0.00 0.09 0.29 1.00 
2 0.86 0.00 0.31 0.50 1.00 
3 0.28 0.00 0.14 0.27 1.00 
4 0.06 0.00 0.21 0.48 1.00 
5 0.76 0.00 0.67 0.97 1.00 
6 0.49 0.06 0.08 0.22 1.00 
7 0.30 0.00 0.17 0.30 1.00 

; 0.55 0.38 0.00 0.00 0.44 0.55 0.59 0.62 1.00 1.00 
10 0.60 0.00 0.55 0.66 1.00 

squares fitting, of the PL values corresponding 
to two of the five methods (Table 1) for PL 
determination. On the other hand, the appli- 
cation of the Mann-Whitney [16] and Wil- 
coxon [17] tests to the PL values of Table 1 
generally support the Ha (null hypothesis) [17]. 
This point is important from a diagnostic point 
of view, and is worthy of further consideration; 

therefore the five IL values, corresponding to 
the five methods of analysis for phospholipids, 
were considered as “objects” in relation to the 
10 patients as variables. The convergence of 
the five methods was estimated by the “KNN” 
program which performs a piecewise-linear 
classification of the objects, and for each 
object computes the Euclidian distance [17] 
from the others and recognizes the K Nearest 
[12]. Table 4 and the histograms of Fig. 1 
summarize the findings in this kind of analysis. 
The IL values in columns (b) and (e), of Table 
2, relative to the methods for PL(b) and PL(e) 
of Table 1, have greater Euclidian distance 
than the other three methods. This conclusion 
is confirmed by the relative projection of the 
“scores” of the “eigenvectors” with 98% of 
information (Fig. 2), obtained by the “Varvar” 
program [12]. The original values were nor- 
malised by “autoscaling” and then the gener- 
alized covariance matrix was carried out by the 
“Matcal” program [ 121; finally the “loading” 
and the “scores” were calculated by the 
“Eigen” program [12]. In Fig. 2 it can be easily 
observed that a group of three points [correl- 
ated by the three methods (a), (c) and (d)] is 
compact, while the other two points [correl- 
ated by (b) and (e) methods], are separated 
from each other and are almost equidistant 
from the group of the other three. This is all in 
good agreement with the results by “KNN” 
method and with previous observations de- 
rived from “normalizations” in Table 3. 

If the significance of the values for IL (Table 
2) is considered from a clinical point of view [ 1, 
8, 18, 191 it is evident that for four patients, 
(Nos 2, 3, 6 and 7) IL values are in every case 
<l and are independent of the analytical 
method for phospholipids measurement; for 
the other four patients, (Nos 1, 4, 5 and 9) IL 
values are in every case 21. 

This has clinical significance [2, 81. Carey 
and Small [20] consider the first type of patient 

Table 4 
“Euclidian distances” from different “objects”, corres- 
ponding to the series of five IL values, relative to the five 
methods for phospholipid determination, obtained by the 
“KNN” program 

(a) 

I:; 
0.00 
5.19 

I:\ 
2.17 
2.10 

(e) 4.00 

(b) (c) (d) (e) 

5.19 2.17 2.10 4.00 
0.00 4.37 5.41 7.84 
4.37 0.00 1.76 4.89 
5.41 1.76 0.00 3.33 
7.84 4.89 3.33 0.00 
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KNN 

b d 

FigWe 
Histogram of “Euclidian distances” obtained by the values reported in Table 4. 

Proqr-an VCIRVUR2 executed 05/31/GG at 16.75 
I 1 

F11e II_ITHAUTGENSCO stores dataset Ii Cdtegorrzed 
Created bv the program EIGEN 
Flrst INPUT date 04/18/88 at 18.51 
Created by EIGEN 04/19/88 at 16.02 
There w-e 5 objects 
Each o,,ect 1s a datavector of 4 variables 

The oblect are in 2 cateqorles 

x - ax15: Eiqenvectors I) 1 - range -3.576 to 4.26 
v - ax&s: E1qanvectors I) 2 - range -1.501 to 1.1Yl 

1 

1 

Figure 2 
Graphical representation of the “scores” of eigenvectors with 99.8% of the total information. Five objects (methods) and 
10 variables (patients); after normalization with autoscaling and obtaining the generalized covariance matrix. Points 
marked by the index “1” relate to methods (a), (c) and (d) (Table 1) while those marked by the index “2” relate to 
methods (b) and (e). 

to be normal and predict gallstone formation It was decided to investigate how a package for 
for the second group. From Table 2 it will be pattern recognition analysis (“Parvus”) con- 
observed that for two patients, (Nos 8 and 10) tributed to a decisional procedure of this kind. 
the calculated IL values are < 1 or 3 1, accord- With this aim, eight of the 10 patients in Table 
ing to the analytical methods used for the 2 were divided into two classes, sick (IL al) 
determination of phospholipids concentration. and healthy (IL 4). The eight patients were 
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Program V,>RVC,RZ executed 05/31/aa at lb.47 
I 

File IL2aCOL6ENSCO storer dataset IL-CC\TEG 

Created by tke pt-ogrwm EIGEN 
First INPUT c.ste 04/26/aa at 16.58 
created by EIGEN 04/26/aa at 17.10 

There x0 a cnbjmcts 
Each obJect 1s a datavector of 4 variables 
The object are in 2 ciltogoriss 

x - axIs: Eigenvectors * 1 - range -1.518 to 4.473 
Y - #.x1‘%: Einenvectors Y 2 - ranglr -1.682 to 2.991 

1 
1 

Figure 3 
Graphical representation of the “scores” of eigenvectors with !99.6%, of the total information. Eight objects (patients) 
and five variables (methods), after normalization by column centring, categorization (sick and healthy) and obtaining the 
generalized covariance matrix. Points marked by index “1” relate to sick patients which those marked by the index “2” 
relate to healthy patients. 

Program “AR”C4R2 .uecut.d 05/31/W It 18.55 

Film IL29COLGENSCO storms datasrt IL-C4TEG 
Crr.tad by th. progrrm EIGEN 
Flr,t INPUT drt. 04/ZL/BB rt 16.38 
Crmrted by EIGEN 05/17/88 .t 16.37 
Thrrs .rm 9 objects 
1 oblmcts in thr t**t set 
Esch object ir l datavector of 4 varlablps 
The object arc in 2 crtegorlms 

X - l xxsn Eiwmvcctorr * 1 - rang. -1.518 to 4.475 
Y - z,ixII, Elgenvectors * 2 - rsngc -1.682 to 2.951 

( I 

1 1 
1 

0 

rvogrrn “PR”IR2 cxrcutccl 05/31/ee rt 19.07 

File :L2loClnGENSCo st0r.l dataset IL-CATEB 
Crrated by the program EIGEN 
First lNPUT date 04/26/88 at 16.58 
Created by EIBEN 09/17/88 ait 15.47 
Thcrc arc 9 ob>.cts 

X - =X~CI E‘gcnvrctors # I - rrngr -1.518 to 4.475 
Y - axis: Euyznvectors (I 2 - r.ng. -1.682 to 2.951 

(II: 1 

1 
1 

0 

;B 

(I) Graphical representation of the “scores” of eigenvectors with 9!9.6%, of the total information. Nine objects (patients), 
one of whom (No. 8 in Table 1). is nlaced in the “test set” and five variables (methods). (II) The same representations, 
with 99.6% of’the total informa~on;again nine objects (patients), but in placeof patient No.‘8 of Table 1, patient No. 10 
is considered in the “test set”. The calculation procedure and the indices are the same as Fig. 3 while the index zero is 
assigned to the patient placed in the “test set”. 
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considered as objects, and the IL values, from 
the five methods of phospholipid determi- 
nation, as variables. An acceptable “separ- 
ation” of the scores of the two eigenvectors (to 
which most of the total information is associ- 
ated) was obtained by using the programs 
“Normal”, “Matcal” and “Eigen” [12], (Fig. 
3). Then the possibility was investigated of 
assigning the two patients considered above 
(Nos 8 and 10) to the right class, according to 
the IL values found. The values for IL calcu- 
lated for the two patients have been placed 
separately in a “test set”; it was observed 
whether the corresponding values of the scores 
in the eigenvalues projection of the two eigen- 
vectors with greater information fell in the 
zone of the healthy or that of the sick patients. 
It is evident from Fig. 4 that patient No. 10 is 
easily assignable to the sick patient zone, while 
patient No. 8 cannot be classified, i.e. no 
accurate diagnosis is possible. For this patient 
it is clear that the “IL test” is strongly affected 
by the choice of the experimental method of 
analysis of phospholipids. 

Conclusions 

On the basis of the results obtained by the 
application of the package “Parvus” for pattern 
recognition of analytical chemical data, three 
conclusions can be drawn. 

Firstly, not all analytical methods for the 
determination of phospholipids in bile are 
equivalent and exchangeable for the determi- 
nation of IL values. 

Secondly, the greatest differences between 
results are observed when methods (b) or (e) 
are adopted. An explanation is based on what 
each method actually measures. Method (e) 
measures total phosphorus rather than phos- 
pholipids concentration [4, 131, whereas 
method (b) measures choline-containing phos- 
pholipids [9]. For practical purposes this is 
lecithin [8, 201, the major choline-containing 
phospholipid in bile [2, 81). The other three 
methods generally yield the sum of free choline 
and choline-containing phospholipids and pro- 
duce similar IL values. 

Thirdly, the application of pattern recog- 
nition analysis is helpful in the classification of 
patients as healthy or sick. In the case of 
patient Nos 8 and 10, for whom the IL index is 
equivocal, it is probable that without the 
“Parvus” package, both would be classified as 
sick since IL values in both cases are generally 
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~1 (see rows 8 and 10 of Table 2). The results 
from using “Pan&’ show, however, that this 
decision is right only in the case of patient No. 
10, and wrong for patient No. 8. Perhaps in 
these cases only a doubtful judgement can be 
formed from knowledge of the IL value only 
and further diagnostic criteria are required, for 
example ultrasound [lo]. 
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