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The proposed method determines the activity of cho-
lesterol esterase (CEH) and takes advantage of its ability 
to catalyze the hydrolysis of cholesterol esters naturally 
present in human serum. The assay is based on Allain’s 
method of spectrophotometric determination of choles-
terol by means of cholesterol oxidase, peroxidase, but 
using 3,5-dichloro-dihydroxybenzenesulfonic acid (DHBS) 
as phenolic chromogen and human serum as a source 
of substrate for the CEH as a novelty. Furthermore, it is 
characterized by low costs and high precision. It can be 
employed to control the activity of CE preparations used 
for the preparation of enzymatic kits for the determina-
tion of cholesterol or for screening of potential bacterial 
enzyme producers.
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IntroductIon

Cholesterol esterase (CEH, EC 3.1.1.13) is present 
mainly in pancreas, its secretory liquid as well as in such 
tissues as: liver, epithelial cells, and in blood. It is essen-
tial in lipoprotein metabolism catalyzing the hydrolysis 
of cholesterol esters to free cholesterol and fatty acids 
(Cook et al., 1983). ORF (Tanaka et al. 1999) coding for 
cholesterol esterase is localized on human chromosome 
10 (locus 10q23.2-q23.3). This gene (LIPA, lysosomal li-
pase gene), also referred to as lysosomal acid lipase gene 
(LAL or LIPA) or acid cholesterol ester hydrolase gene, 
has a variable number of tandem repeats (VNTR). Mu-
tations in the LIPAgene result in disorders of esterase 
synthesis. Deficiency of this type of lipase that takes part 
in cleaving some cellular lipids, leads to the accumulation 
of cholesterol esters and triglycerides in the cells and tis-
sues of spleen, liver, bone marrow, small intestine, adre-
nal gland, or lymph nodes. Such kinds of disorders are 
defined as cholesterol ester storage disease (CESD) and 
Wolman disease (WD) (Anderson et al., 1993; 1994). The 
clinical profile includes multi-organ disorders caused by 
cholesterol metabolic transformation failures. The activ-
ity level of cholesterol esterase in blood serum in CESD 
equals to 2.7±0.7 pmol∙min–1∙mg–1 and in WD is equal to 
2.8±0.9 pmol∙min–1 ∙mg-1, and is very low as compared 
to the standard level of 141±16.9 pmol∙min–1 ∙mg–1 (An-
derson et al., 1999).

CEH is produced by macrophages in order to defend 
the human organism against introduced foreign matter, 
e.g. medical implants (Christenson et al., 2006). Using 

polymers as biomaterials is limited by their sensitivity to 
enzymatic degradation in an organism. It is known that 
polymers containing in their structure the ester bond, 
such as PLA, undergo enzymatic degradation of cho-
lesterol esterase having the capacity to hydrolyse these 
bonds (Liu et al., 2001).

The availability of a simple and valid method to deter-
mine cholesterol esterase activity will enable the selection 
of the best biomaterials resistant to enzymatic degrada-
tion. The study of biodegradation of biocompatible poly-
mers by different enzymes in vitro is very important to 
predict their potential impact on implants.

Different methods for the estimation of the enzyme 
activity have been developed. Loginov et al. (1987) de-
termined the activity of CEH (5 mU/ml), present in hu-
man duodenum, using a fluorometric approach because 
of the low value of CEH activity. They used cholesterol 
ester of o-coumaric acid as a substrate.

Other scientists (Tanga et al., 2003 and Christenson et 
al., 2006) in their study of CEH isolated from cattle pan-
creas (Sigma-Aldrich product) used its ability to hydro-
lyze the p-nitrophenyl acetate in the presence of phos-
phate buffer with pH 7.0.

Determining the CEH activity, Pioruńska-Stolzmann 
and others (2001) focused on human blood. They iso-
lated the enzyme with the activity of 7.2±0.9 mU/mg 
using the ester of oleic acid and cholesterol as substrates.

Cholesterol esterase is mainly used in clinical studies 
to determine the level of cholesterol in human blood 
(Uwajima et al., 1975). The determination is based on 
the method of Allain and Trinder (Allain et al., 1974), 
by monitoring generated free cholesterol in the reaction 
catalyzed by cholesterol oxidase. Finally, cholesterol is 
converted to cholest-4-en-3-one and hydrogen peroxide, 
which in reaction with phenol and 4-aminoantipyrine in 
the presence of peroxidase forms a red colored chino-
imine derivative. Colour intensity is directly proportional 
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Figure 1. Enzymatic reactions in the determination of cholester-
ol using the method of Allian et al. (1974)
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to the amount of cholesterol having a maximum absorp-
tion at a wavelength of 500 nm.

In numerous studies, the protocol for cholesterol es-
terase activity determination proposed by Sigma com-
pany is used. It is based on the method of Allain with 
some modifications (Gallo et al., 1978; Singh et al., 2006).

The aim of the current study was to develop a meth-
od for the determination of cholesterol esterase activity 
(on the model enzyme from Pseudomonas sp.) and for test-
ing its stability in polymer’s biodegradability tests. The 
method is based on fundamental reaction sequences 
developed by Allain (Allain et al., 1974) using a natural 
substrate of cholesterol ester, which is present in human 
serum and phenolic chromogen as ingredients of the re-
action mixture — 3,5 dichloro-dihydroxybenzenesulfonic 
acid (DHBSA) with the molar extinction of the final dye 
(15.6∙103 M–1 ∙cm–1).

MATERIALS AND METHODS

The reaction mixture. 0.6% m/v (NH4)2HPO4, 
0.334% (m/v) NH4H2PO4, 0.017% (m/v) 4-aminoantyp-
iryne, 0.0086% (m/v) sodium cholate, 0.002% (m/v) cho-
lesterol oxidase (Roche, 17.7 U/mg), 0.46∙10–3% (m/v) 
horseradish peroxidase (Fluka, 150 U/mg), 0.066% (m/v) 
DHBSA (Sigma-Aldrich) water solutions and 0.02% 
(v/v) detergent Triton X-100 (20%).

The composition of the reaction mixture was devel-
oped in the Institute of Cell Biology (Lviv) for the deter-
mination of cholesterol in human blood. The choice of 
DHBSA as a chromogen was made taking into account 
its excellent solubility and better stability (a low autooxi-
dation rate) when compared to phenol.

Cholesterol esterase solution (50 U/ml). Choles-
terol esterase (5 KU/42 mg, Roche) was dissolved in 
50 mM phosphate buffer, pH 7.0 to the concentration 
0.42 mg/ml and sterilized by filtration though filter (Mil-
lipore, 0.22 µm).

Analytical procedures. Depletion of free choles-
terol in the serum. 5 µl of sterile human serum was 
added to 1 ml of reaction mixture to deplete a free cho-
lesterol. The incubation was carried out for 10 min at 
37°C, simultanously monitoring the coloured product at 
the wavelength of 516 nm in comparison with a control 
sample containing only distilled water.

Determination of exogenous activity of choles-
terol esterase. 10 µl cholesterol esterase analyzed the 
appropriate dilution of 10, 12.5, 25, 100, 500-foldCEH 
solution (50 U/ml) was added to 1 ml of the reaction 
mixture after cholesterol depletion. The incubation was 
continued at 37°C for 10 min, measuring the amount of 
coloured product at the wavelength of 516 nm.

All the measurements were taken using UV-VIS spec-
trophotometer SpectroLAB.

The activity of CEH was determined from the slope 
of linear fragment of absorbance dependence on time af-
ter adding CEH aliquot to the reaction mixture (Fig. 2).

Calculations of CEH activity. The linear range of 
the plot was treated with Origin 8.00 program to calcu-
late the rate of the reaction. Milimolar extinction coef-
ficient ε mM for oxidized DHBSA was accepted as 15.6 
mM–1∙cm–1, as determined by calibration with cholesterol.

µmole/(min∙ml), where 1.015 — total volume of assay (ml); 0.01 — 
volume of enzyme used (ml); 15.6 — milimolar extinction coeffi-
cient ε mM for oxidized DHBSA (mM–1∙cm–1).

Incubation conditions in polymers’ biodegradability 
test: temp. 30°C, time: 1 month.

RESULTS AND DISCUSSION

Figure 2 presents two stages of the proposed analyti-
cal procedure: I — oxidation of free cholesterol present 
in human serum and II — determination of exogenous 
CEH activity. It is clearly shown that depletion of free 
cholesterol in serum used as a source of cholesterol 
esters is finished in the 3rd min. After the addition of 
CEH, a well expressed linear range in kinetics profile 
suitable for reaction rate calculation it is observed .

The stable saturation effect in the absorbance at stage 
1 of the reaction (Fig. 2) is an evidence of a negligible 
endogenous CEH activity. This proved the possibility to 
use a human serum as a natural substrate for the exog-
enous CEH activity assay.

The values   of the CEH activity after 1 month of in-
cubation at 30°C (Table 1) of the enzyme in solution 
are rather comparable to the initial values. These results 
demonstrate a relatively high stability of the enzyme at 
the conditions required for testing the biodegradability of 
polymers used for the production of medical implants. 
The biodegradability test includes an evaluation of the 
CEH activity after the incubation of polymer samples 
such as polyurethanes in solutions of known initial en-
zyme activity of this enzyme.

CONCLUSIONS

The proposed method based on the usage of a new 
phenolic chromogen DHBSA (as an ingredient of the re-
action mixture) and human serum (as a natural source of 
cholesterol esters) was presented as a sensitive and valid 
assay for measuring the exogenous CEH activity.

Interestingly, it can be employed in order to test CEH 
commercial preparations as well as to monitor changes 
in enzyme activity (e g., in polymers’ biodegradation 

Figure 2. Principle of the CEH activity assay.

Table 1. Cholesterol esterase activity after incubation for 1 
month at 30°C.

CEH activity of the prepared 
solutions before, U/ml

Determined CEH activity 
after, U/ml

0.1 ± 0.01 0.08 ± 0.01

0.48 ± 0.05 0.46 ± 0.04

0.93 ± 0.05 1.87 ± 0.03

3.85 ± 0.05 3.80 ± 0.11

4.78 ± 0.01 4.68 ± 0.01
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tests). The biodegradability test involves the evaluation 
of the degradative activity of CEH to polymers. After a 
period of incubation of polymers in solution of the en-
zyme with a known initial activity we assessed the pos-
sible change.
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