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Abstract
Background. The consequence of the progressive inflammatory processes in chronic pancreatitis (CP) is exocrine
pancreatic insufficiency. Patients have increased fat excretion in stool and changes in lipid fraction levels in serum. 
Objectives. Measuring and evaluating the results of stool and serum fat concentrations, especially the cholesterol
fraction, in patients with CP before and after surgical treatment and substitution therapy.
Material and Methods. Thirty−eight patients with CP and 15 healthy subjects were studied. The concentrations of the
lipid fractions in stool and serum were determined using thin−layer chromatography (TLC), chemical tests, and elec−
trophoresis of serum lipoproteins. The data were statistically analyzed using the Kruskal−Wallis and Spearman tests.
Results. The CP patients showed statistically significantly higher lipid concentrations in serum and stool than the
control group (p < 0.001). After surgery and substitution therapy, normalization of the lipid fractions levels was
observed, but the concentrations of LDL−CH and HDL−CH were irregular.
Conclusions. In CP patients, improvement of digestion and absorption function after surgery and substitution ther−
apy is visible earlier in the normalization of lipid classes in feces than in serum. It is hoped that TLC and lipopro−
tein electrophoresis may be useful methods in recognizing CP and monitoring the results of its surgical treatment
(Adv Clin Exp Med. 2006, 15, 4, 631–636).
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Streszczenie
Wprowadzenie. Konsekwencją procesu zapalnego w przewlekłym zapaleniu trzustki (p.z.t.) jest zaburzenie funk−
cji wydzielniczej tego narządu. U chorych obserwuje się zakłócenia trawienia i wchłaniania pokarmów, co
w pierwszej kolejności ujawnia się uszkodzeniem metabolizmu lipidów. 
Cel pracy. Ocena wyników stężenia lipidów całkowitych i frakcji cholesterolowych w kale i surowicy pacjentów
z p.z.t. przed i po leczeniu operacyjnym i substytucyjnym.
Materiał i metody. Badaniami objęto grupę 38 pacjentów z p.z.t. i 15 osób zdrowych. Stężenia frakcji lipidowych
kału i surowicy oznaczono za pomocą chromatografii cienkowarstwowej (TLC), testów chemicznych i elektrofo−
rezy lipoprotein surowicy. Dane analizowano statystycznie z użyciem testu Kruskala−Wallisa i testu Spearmana.
Wyniki. U pacjentów z p.z.t. stwierdzono statystycznie istotne duże stężenia frakcji lipidów złożonych w kale i suro−
wicy w porównaniu z grupą kontrolną (p < 0,001). Po leczeniu operacyjnym i substytucyjnym stężenia frakcji lipido−
wych uległy normalizacji, ale stężenia frakcji HDL−CH i LDL−CH były nieprawidłowe przez cały cykl leczenia.
Wnioski. W analizach frakcji lipidowych kału, a szczególnie frakcji cholesterolowych szybciej uwidaczniają się
zmiany zachodzące po zastosowaniu leczenia operacyjnego i substytucyjnego p.z.t. w porównaniu z badaniami
frakcji lipidów surowicy. Uzyskane wyniki mogą sugerować wykorzystanie technik chromatografii cienkowar−
stwowej i elektroforezy lipoprotein surowicy w diagnostyce i naukowych analizach etiologii zapalenia trzustki
(Adv Clin Exp Med. 2006, 15, 4, 631–636).

Słowa kluczowe: przewlekłe zapalenie trzustki, lipidy kału i surowicy, chromatografia cienkowarstwowa, elektro−
foreza lipoprotein surowicy.



The consequence of the progressive inflamma−
tory processes in chronic pancreatitis (CP) is
exocrine pancreatic insufficiency [1–3]. Patients
with pancreatic maldigestion and malabsorption
secondary to chronic panceatitis experience lipid
malabsorption first. Increased fat excretion in
stool [4, 5] and changes in lipid fraction levels in
serum are observed in such patients [6]. CP
patients display decreased nutritive cholesterol
absorption, a reduction in endogenous cholesterol
synthesis and, consequently, hypochlesterolemia
[5, 7]. Malabsorption of bile acids has been noted
in patients with prancreatic insufficiency [4, 7, 8].
Episodic or intractable abdominal pain and the
presence of complications such as pseudocyst for−
mation or biliary obstruction are the natural histo−
ry of CP. Patients with chronic persistent pain
undergo surgery for resection or ductal drainage
procedures. Patients with pancreatic insufficiency
have secretory disturbances in all pancreatic
enzymes and have to take pancreatic enzyme sup−
plements.

The aim of the present study was to measure
and evaluate the results of stool and serum fat con−
centrations, especially cholesterol fractions, in
patients with CP before and after surgical treat−
ment and substitution therapy.

Material and Methods

The CP group consisted of 38 patients
(5 women and 33 men, mean age: 46.0 years).
Chronic pancreatitis was diagnosed on the basis of
clinical history and the presence of morphological
pancreatic abnormalities, especially calcification
detected by X−ray and confirmed by abdominal
ultrasonography and computerized tomography. In
all patients the main reason for the operation was
severe abdominal pain. The clinical pictures
showed low body mass index (BMI < 27 kg/m2) in
32 patients (84%) and steatorrhea in 17 subjects
(45%). The etiology of CP was thought to be alco−
holic excess in 20 cases (58%). Half of the patients
had had surgical treatment in the past (bile ducts
diseases, cholecystitis, stomach and duodenal
ulcers). Fourteen of the patients (37%) were dia−
betic, 19 (50%) had higher levels of serum amy−
lase, and 36 (98%) had increased levels of serum
lipase.

The control group consisted of 15 healthy sub−
jects (3 women and 12 men, mean age: 46.2 years)
who suffered from no intestinal or metabolic dis−
ease as determined by their medical history and
fasting blood glucose levels.

The study was approved by the Ethics
Committee of the Silesian Piasts University of

Medicine in Wrocław and all subjects gave their
written informed consent.

Stool and serum samples were collected from
the study group in two series: series I before the
operation and series II after the operation and sub−
stitution therapy. For the control group, the sam−
ples were taken once. The concentrations of total
lipids (TL) in stool and serum were measured by
the sulfovanillin test [9]. Normal levels of TL in
stool are ≤ 70 mg/g of stool and 400–1000 mg/dl
of serum. The procedure used for lipid extraction
from stool was described by Bohle and Starck
[10]. The Bloor procedure [11] was followed for
blood samples. Lipid extracts were dissolved in
chloroform−methanol (2 : 1) and stored at –20ºC.
The separation and identification of lipid classes in
stool and serum were performed by thin−layer
chromatography (TLC) according to Yao and
Rastetter [12]. Chromatography was developed in
the solvent system: hexane−diethyl ether−acetic
acid (50 : 48 : 2). The fractions of lipid classes
were called in iodine mistes for 30 minutes and
dried at 25ºC for 10 minutes. Then the lipid frac-
tions were isolated from the silica gel plates and
determined by the sulfovanillin method. The cor-
rect values for the lipid classes were defined
according to the control group.

The normal level of total serum cholesterol
(CH) was ≤ 220 mg/dl and for serum triglycerides
(TG) ≤ 150 mg/dl. HDL cholesterol (HDL−CH)
was determined by assaying the cholesterol con−
centration in the supernatant obtained after precip−
itating lipoproteins with densities lower than HDL
using a mixture of phosphotungstic acid and mag−
nesium chloride [13]. The LDL cholesterol (LDL−
CH) concentration was calculated using
Friedewald’s equation [14]. The correct LDL−CH
concentration in serum was ≤ 130 mg/dl and HDL−
CH values > 50 mg/dl.

Separation of the serum lipoprotein fractions
was analyzed by SDS−polyacrylamide gel elec−
trophoresis performed an a nonlinear gradient gel
[15]. The lipid fractions were colored, elucidated,
and measured colorimetrically. Absorbance of all
fractions was defined as 100% and the percentage
of each lipoprotein fraction was calculated.

Data were expressed as mean and standard
deviation (SD). The χ2 test was used for categori−
cal variables and the Kruskal−Wallis test to verify
the absence of statistical differences. p values < 0.05
were considered statistically significant.

Results
The phospholipid (PL), free cholesterol (FCH),

free fatty acid (FFA), triglyceride (TG) and sterol
ester (ES) lipid fractions were separated by TLC
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chromatography. The concentration of total lipids
(TL) in stool was significantly higher in the
patients with CP than in the control group (114.9 ±
± 58.9 vs. 38.7 ± 9.34 mg/g of stool, respectively).
After surgical and pharmacological therapy, the
values for total lipids in the patients with CP nor−
malized (43.8 ± 22.9 mg/g). The levels of FCH,
ES, CH, and TG in the CP patients were signifi−
cantly higher than in the control group. After surgi−
cal and supplementation therapy the concentrations
of these lipid fractions also normalized (Fig. 1). 

Total serum concentrations of lipids in all the
tested groups were correct and varied from 620.11 ±
± 94.4 mg/dl to 655.8 ± 105.9 mg/dl. The FCH and
TG concentrations in the serum of CP patients dif−
fered significantly from the values obtained in the
control group. Surgery and substitution therapy led
to normalization of TG levels in serum, but FCH
concentrations were significantly lower. Sterol
esters (ES) and total cholesterol (CH) concentra−
tions in serum were normal during the whole time
of the treatment (Fig. 2). The LDL−CH level was
significantly higher and the HDL−CH level signif−
icantly lower in the patients with CP than in the
control group (Fig. 3).

Statistically significant correlations between
TL concentration and the levels of the lipid frac−
tions from stool and serum in the tested groups
were observed (Table 1). Changes in the serum
lipid fraction levels were confirmed by elec−
trophoresis of the lipoproteins (Table 2).

Discussion
It has been reported that patients with pancre−

atic maldigestion and malabsorption secondary to
chronic pancreatitis experience malabsorption of
lipids (sterol esters and bile acids) in addition to
maldigestion and malabsorption of fats [16].
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Fig. 1. Cholesterol fraction (FCH, ES, TCH) and
triglyceride (TG) concentrations in the stool of CP
patients and of the control group (mean ± SD). Series I:
patients before surgery, series II: patients after surgery
and substitution therapy, *** p < 0.001 vs. the control
group

Ryc. 1. Stężenia frakcji cholesterolowych (CH w., ES,
CH całk.) i triglicerydów (TG) w kale pacjentów
z p.z.t. i w grupie kontrolnej (średnie ± SD). Seria I –
pacjenci przed operacją, seria II – pacjenci po operacji
i leczeniu substytucyjnym, *** p < 0,001 vs. grupa
kontrolna
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Fig. 2. Cholesterol fraction (FCH, ES, TCH) and
triglyceride (TG) concentrations in the serum of CP
patients and of the control group (mean ± SD). Series I:
patients before surgery, series II: patients after surgery
and substitution therapy, * p < 0.05 vs. the control
group, *** p < 0.001 vs. the control group

Ryc. 2. Stężenia frakcji cholesterolowych (CH w., ES,
CH całk.) i triglicerydów (TG) w surowicy pacjentów
z p.z.t. i w grupie kontrolnej (średnie ± SD). Seria I –
pacjenci przed operacją, seria II – pacjenci po operacji
i leczeniu substytucyjnym, * p < 0,05 vs. grupa kon−
trolna, *** p < 0,001 vs. grupa kontrolna
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Fig. 3. HDL−CH and LDL−CH concentrations in the
serum of CP patients and of the control group (mean ±
± SD). Series I: patients before surgery, series II:
patients after surgery and substitution therapy, 
** p < ± 0.01 vs. the control group

Ryc. 3. Stężenia frakcji HDL−CH i LDL−CH w suro−
wicy pacjentów z p.z.t. i w grupie kontrolnej (średnie
± SD). Seria I – pacjenci przed operacją, seria II – pa−
cjenci po operacji i leczeniu substytucyjnym, 
** p < < 0,01 vs. grupa kontrolna



These patients had concentrations of sterol esters
twice that of healthy people, although they were
on low−cholesterol diets. In the present study, sig−
nificantly higher concentrations of cholesterol
fractions (CH and ES) in the stool of the patients
with CP were observed (Fig. 1). The level of fecal
ES was three times higher than the FCH concen−
tration in stool. These results give evidence of
abnormalities in lipolytic enzyme secretion by the
pancreas, especially in the secretion of cholesterol
esterases, which stimulate sterol ester hydrolysis.

Several studies report that in chronic pancre−
atitis, reduced pancreatic secretion of bicarbonate
and the resulting acidity of the duodenal contents
might contribute to maldigestion and malabsorp−
tion, both by inactivating either endogenously
secreted or ingested intraduodenal pancreatic

enzymes and by causing precipitation of bile salts
[17–19]. An unabsorbable large−intestinal oil
phase solubilizes and traps cholesterol, which
results in cholesterol malabsorption. Patients with
exocrine pancreatic insufficiency have a bulky
intestinal oil phase due to decreased lipolytic
activity. A large oil phase contributes to the large
fecal sterol esters, CH, and precipitated bile salt
excretion [7, 8, 18–20].

After surgery and substitution therapy, the lev−
els of the cholesterol fractions were significantly
lower than before the treatment (Fig. 1). This is in
agreement with the results of other investigations
[8, 16, 19, 21]. An improvement in the micellar
phase formation and intestinal absorption of CH
was observed. Substitution therapy significantly
corrects sterol metabolism [6, 22, 23]. The results
of the present study confirm that surgery and then
replacement therapy have a positive influence on
lipid digestion processes. 

Significant correlations between TL concen−
tration and the levels of FCH, ES TCH, and TG in
stool were observed in CP patients (Table 1). One
must pay attention to the correlation between the
levels of fecal CH and TG. Cholesterol is not
absorbed as effectively as other lipids. Products of
TG hydrolysis have the greatest effect on CH
absorption. Mono− and triglycerides stabilize the
micellar phase and free fatty acids help in the
intestinal absorption of CH [3].

Decreasing cholesterol intake in the diet and
cholesterol malabsorption leads to a low serum
cholesterol concentration in most CP patients. This
is the result of catabolism from CH to bile acids
and subsequent bile acid malabsorption [5]. The
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Table 1. Correlations between the lipid fraction concentrations in the stool and serum
of CP patients and of the control group, * p < 0.05 vs. the control group

Tabela 1. Korelacje dla stężeń frakcji lipidowych w kale i surowicy chorych na p.z.t.
i w grupie kontrolnej, * p < 0,05 vs. grupa kontrolna

Parameters Stool Serum
(Wskaźniki) (Kał) (Surowica)

Group of patients control group study group control group study group 
(Grupa pacjentów) (n = 15) (n = 38) (n = 15) (n = 38)

Statistical test Spearman test Spearman test
(Test statystyczny)

LC : FCH 0.48 0.59 –0.30 –0.24
p = 0.061 p = 0.000* p = 0.23 p = 0.14

LC : ES 0.78 0.67 0.49 0.31
p = 0.017* p = 0.000* p = 0.05* p = 0.05*

LC : TCH 0.52 0.90 –0.64 –0.57
p = 0.031* p = 0.000* p = 0.048* p = 0.000*

LC : TG 0.83 0.66 0.39 0.37
p = 0.009* p = 0.000* p = 0.14 p = 0.060

TG : TCH 0.26 0.74 –0.22 –0.04
p = 0.470 p = 0.000* p = 0.540 p = 0.770

Table 2. Percent changes in serum lipoprotein levels of
CP patients and of the control group. Series I: patients
before surgery, series II: patients after surgery and substi−
tution therapy

Tabela 2. Procentowe zestawienie zmian ilości lipoprote−
in surowicy u pacjentów z p.z.t. i w grupie kontrolnej.
Seria I – pacjenci przed operacją, seria II – pacjenci po
operacji i leczeniu substytucyjnym

Group CHM VLDL LDL HDL
(Grupa pacjentów)

Control group
(Grupa kontrolna) 6.0 14.6 36.4 43.0

Study group
(Grupa badana)

series I 19.3 31.4 35.7 13.6
series II 8.2 36.1 38.4 17.3



chromatographic investigation of the present study
showed that the concentration of serum FCH was
lower than normal, but the levels of ES and total
CH were normal. In CP patients the concentration
of ES was four times higher than the concentration
of FCH. These results show that in the serum of CP
patients, a low level of free CH is observed, as sug−
gested in other studies [24]. It was reported that in
pancreatitis, the elimination of cholesterol into the
feces was a factor contributing to hypocholes−
terolemia. In addition, malabsorption of bile salts
and their high levels in the intestine inhibited the
endogenous synthesis of cholesterol [4]. The TLC
and chemical study showed significant correlations
of TL level with ES and TCH levels (Table 1). 

Saviana et al. [18] found that CP patients had
low plasma LDL−CH levels and it could be argued
that hypocholesterolemia was a simpler marker of
impaired fat absorption. The results of the present
study showed that the concentrations of total CH
and ES were normal, but high−density lipoprotein
(HDL−CH) levels were lower and low−density
lipoprotein (LDL−CH) levels higher than the
respective concentrations in the control group
(Fig. 3). These values remained at the same level
during the whole time of the treatment, before and
after surgery and substitutive therapy. Yadav et al.
[6] suggested that patients with pancreatitis usual−
ly had abnormalities in lipoprotein metabolism.
High levels of LDL−CH were observed in the sera
of CP patients in other reports [25, 26].

Significantly higher concentration of serum
TG were observed in this study. This is in agree−
ment with results obtained by others [6, 27]. They

suggest that hypertriglyceridemia is responsible
for initiating pancreatitis. Triglycerides occurring
in high concentrations in and around the pancreas
might be hydrolyzed by pancreatic lipase, result−
ing in the release of large quantities of FFA.
Unbound by albumin, FFAs are toxic to tissues
and could lead to acinar cell or small−vessel injury
and pancreatitis [6, 27, 28]. Patients with signifi−
cant hypertriglyceridemia usually have abnormali−
ties in lipoprotein metabolism (high levels of
CHM, VLDL, and LDL) [18, 26]. The results of
the present study showed that the high concentra−
tion TG in the sera of CP patients was connected
with a high level of VLDL and a low level of
HDL−CH (Table 2). Over 50% of the patients in
the present study abused alcohol. In the majority
of alcoholic patients an increase of TG level in
plasma and abnormal lipoprotein metabolism were
observed. Alcohol induces hypertriglyceridemia
by competing with FFAs for oxidation processes,
leading to increased availability of FFA for
endogenous TG synthesis [6].

The results of this study showed improvement
in CP patients with regard to lipid digestion after
surgery and substitution therapy. This is connected
with improvement in the flow of pancreatic juice
to the gastrointestinal tract and exocrine activity of
the pancreatic fragment after resection. The TLC
chromatography in this study represents the first
accurate analyses of lipid fraction concentrations
in the stool and serum of CP patients. The results
show that TLC study can be used as a clinical and
research method in recognizing and monitoring
inflammatory processes in chronic pancreatitis.
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