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Pancreatic lipase (PL) represents a significant treatment target that has been the focus of research on
anti-obesity medications. Orlistat is the only regularly used prescription that has been approved for long-term
use. The discovery of new compounds for anti-obesity treatment based on PL inhibition can be achieved, in
particular, by structure-based virtual screening with docking software. The aim of this research was to study
isopropyl salicylate (IPS) anti-hyperlipidemic activity and inhibitory effect on rat pancreatic PL in compari-
son with orlistat. Wistar rats were divided into four groups of 8 animals each: control; fed with a high-fat
diet (HFD) for 12 weeks to produce hyperlipidemia; fed with HFD and Orlistat (10 mg/kg BW daily); fed with
HFD and IPS (10.81 mg/kg BW daily). It was shown that BW gain and lipase activity in the plasma of the
high-fat diet rats treated with either orlistat or isopropyl salicylate were reduced considerably compared with
untreated rats. The pancreatic lipase was partially purified from the plasma of obese rats, and a kinetic study
of the IPS effect identified a competitive inhibition mode with an assessed K, of 30.53 mM. An in silico study of
the interaction between IPS and rat pancreatic lipase-related protein 2 (PDB ID: 1BUS) was conducted. The
binding energy value AG for the IPS-protein complex at the enzyme’s active site was found to be -5.4 kcal/
mol, while that for the orlistat-protein complex was -4.4 kcal/mol, indicating the stronger interaction of the
enzyme with isopropyl salicylate than with orlistat.

Keywords: obesity, pancreatic lipase, inhibition, isopropyl salicylate, orlistat, rat pancreatic lipase-
related protein 2, in silico study.

besity, which is characterized by an exces-
O sive accumulation of adipose tissue, has

been linked to several chronic diseases,
making individuals and healthcare systems more
burdened [1, 2]. It is a growing threat to human
health worldwide. Diabetes, cardiovascular disease,
and movement disorders are major comorbidities as-
sociated with obesity [3, 4]. Additionally, there is a
strong correlation between the prevalence of obesity
and several neoplastic diseases [5], such as renal [6],
pancreatic[7], and breast[8]. The main challenge
in obesity is maintaining weight loss over the long
term. This can be achieved through lifestyle modi-
fications and pharmacological approaches [9]. After
eating a high-fat meal, triglycerides (TG) are hydro-
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lyzed by an enzyme called pancreatic lipase (PL)
(EC 3.1.1.3). Since dietary fats are the main source
of lipids, once absorbed in the intestines, these fat
molecules are converted to TG and stored in the
body as a reservoir for a major energy source[10]. It
is a vital enzyme that catalyzes the breakdown of TG
into monoglycerides (MG) and two molecules of free
fatty acids [11, 12] as shown in Fig. 1.
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Fig. 1. Schematic illustration of pancreatic lipase
action [10]
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Finding pancreatic lipase inhibitors that can
effectively reduce nutrient digestion and absorption
is a key goal in treating obesity and related condi-
tions [13]. One potential strategy for obesity treat-
ment involves inhibiting pancreatic lipase activity,
which decreases fat absorption [14, 15]. Orlistat, de-
veloped as an anti-obesity medication, is the only
prescription drug approved for long-term use. It
works by reducing dietary fat absorption through
the inhibition of intestinal lipase [16]. Chauhan et
al. [17] developed and tested various rhodanine-
3-acetic acid derivatives as pancreatic lipase inhibi-
tors. In vitro, synthetic aurone derivatives such as
6-hydroxyaurone, 6-dialkoxyaurone, 4-hydroxyac-
etone, and 6-alkoxyaurone suppressed PL activity.
Spectrophotometric analysis demonstrated their in-
hibitory effects compared to orlistat [18]. Isopropyl
salicylate (prop-2-yl-2-hydroxybenzoate) is the ester
of isopropanol and salicylic acid. It is a salicylate
that acts as an anti-inflammatory and pain-relieving
compound [19]. Its lipophilicity makes it useful as
a drug intermediate in synthesis or as a structural
probe in biochemical research [20]. The ability of
isopropyl salicylate (IPS) can incorporate into lipid-
rich environments, including enzyme active sites,
increases its significance in pharmacological studies
[21]. Along with its favorable safety profile, IPS may
support its potential as an anti-obesity treatment, ei-
ther alone or in combination with other compounds
[22]. Computer-aided techniques, like structure-
based virtual screening with docking software, can
facilitate successful drug discovery by identifying
new compounds targeting specific proteins [23, 24].
Our research aimed to isolate PL from fat rat plasma
and evaluate the effectiveness of IPS as an inhibi-
tor. Additionally, molecular docking supports this
by revealing potential interactions between the in-
hibitor and rat pancreatic lipase-related protein (I1D:
1BU8), highlighting its potential as an anti-obesity
drug. The selection of IPS is based on its structural
similarity to the substrate, as it contains an ester
bond that the enzyme being studied can hydrolyze.
Also, lipophilicity may improve its interaction with
the active site of lipases and help mimic triglyceride
substrates.

Material and Methods

Chemicals in this study, bovine serum albumin
and p-nitrophenyl butyrate, were purchased from
Merck Co. Isopropyl salicylate and carboxymethyl
cellulose were obtained from Sigma-Aldrich Co. The
instruments used included an Ultra—cooling Centri-

fuge (Heraeus—Christ GmbH Co., Germany), a UV-
Visible spectrophotometer (Shemadzo Co., Japan),
an electronic balance (A&D Company Ltd, Japan),
and a Water Bath Gallen Kamp (B.Braun Co., Ger-
many).

Preparation of high-fat diet. The high-fat diet
(HFD) was prepared using the method described
by Smine [25]. The HFD consists of typical foods
subsequently saturated with melted lamb fat. After
heating the fat to 100°C to liquefy it, the plugs were
submerged in the hot fat for 15 min. After drying at
room temperature, the HFD food was given.

Animals and experimental protocol design. \Ne
obtained male Wistar rats weighing between 190
and 200 grams from the University of Mosul’s Col-
lege of Veterinary Medicine’s International Animal
Care and Use Committee. Rats were housed in a
typical pet store with free access to food and wa-
ter, at 23 + 5°C and a 12-hour light/dark cycle. The
experiments on animals were carried out in compli-
ance with the European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental
and Other Scientific Purposes and the general ethi-
cal norms of animal experimentation. Following
two weeks of acclimating, the rats were randomly
grouped into four equal groups, each containing six
rats, and received treatment based on Body Weight
(BW) as follows [26]. Group 1: fed with standard
laboratory diet and drinking water ad libitum and
served as a control. Group 2: fed with a high-fat diet
to produce hyperlipidemia for 12 weeks. Group 3:
fed with HFD and Orlistat (10 mg/kg BW daily).
Group 4: fed with HFD and IPS (10.81 mg/kg BW
daily).

The Orlistat and IPS were administered orally
for twelve successive weeks. The orlistat dosage was
chosen based on a preceding study [27]. For dose
determination, preliminary experience indicated this
dose (14.4 mg/kg body weight, orally) was highly ef-
fective. Experimental subjects were freshly prepared
immediately before administration, and each admin-
istration was based on the most recent recorded body
weight.

Measurement of body. Each rat’s body weight
was measured on Day 0 and every week for the
duration of the experiment using a digital balance
scale. The weight difference was computed using the
starting and ending body weights [28].

Collection of blood. When the experiment
periods concluded, all of the rats were decapita-
ted after fasting for 12 h continuously. To prevent
clotting, each sample was put in a tube containing
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ethylenediaminetetraacetic acid while being stirred.
Using a centrifuge that was chilled to 4°C, the blood
was centrifuged at 3000 xg for 10 min. Following
that, the plasma was extracted and stored for use in
upcoming studies [26].

Estimation of protein. The concentration of to-
tal protein was measured at 540 nm using the Biuret
method [29]. With bovine serum albumin serving as
the reference, a calibration curve was developed.

Assay of PL. Pancreatic lipase activity was esti-
mated using the method of Lee et al. [30]. The lipase
catalyzes the hydrolysis of (10 mM) p-nitrophenyl
butyrate (p-NPB) as a substrate. The produced p-
nitrophenol was measured at 405 nm. Total enzyme
activity (U): expressed in umol/min (U), where
1 unit (U) is defined as the amount of lipase that hy-
drolyzes p-nitrophenyl butyrate (p-NPB) to release
1 umol of p-nitrophenol per minute. Specific enzyme
activity (U/mg): defined as total enzyme activity per
milligram of total protein, used as an indicator of
enzyme purity.

Purification of PL. Dialysis. About 6.3 ml of
previously obtained plasma from HFD rats (Group 2)
was collected and placed in a dialysis tube. The dia-
lyzed was done against 10 mM phosphate buffer
(pH 7.2) at 4°C four times, while buffer change was
performed to partially purify the enzyme [31].

Ion exchange chromatography. The dialyzed
solution was placed onto a 25x2.5 cm CM-Cellulose
column, and a 10 mM phosphate buffer (pH 7.2) was
added. The protein was eluted using a flow rate of
1 ml per minute. The protein was identified by moni-
toring the absorbance at 280 nm [32]. Following the
assessment of the enzyme activity of the fractions,
they were collected and lyophilized in preparation
for their further application in inhibitory investiga-
tions [33].

Preparation of IPS. The stock solution of IPS
was prepared at a concentration of 1 M.

Inhibition of PL. It was developed to inhibit
the activity of the purified enzyme by incubating it
with IPS for 15 minutes at 25 °C. The activity was
measured at 405 nm with p-NPB as the substrate.
The Lineweaver-Burk plot was utilized to examine
the inhibitory mechanisms at substrate doses rang-
ing from 0.5 to 3 mM.

The equation, as follows, was used in calcula-
ting the percentage of PL inhibition (1%):

1% = [(A, — A)/A ] x 100,
where A —absorbance of the control; A — absorban-
ce of the sample.
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Molecular docking study. The AutoDock Vina
1.1.2 program for molecular docking studies was
applied for molecular docking investigations. The
3D structure of rat pancreatic lipase-related protein
2 has been imported directly from the RCSB Pro-
tein Data Bank (https://www.rcsb.org) and obtained
at a resolution of 1.8 angstroms. Before performing
docking calculations for the chemical under study,
all H,O water molecules and the ligand were exclu-
ded. The ligand was constructed using ChemAxon
Marvin Sketch 5.3.735, and its 3D structure was
energy-minimized to produce a single, low-energy
conformation, which was stored in mol2 format
[34, 35]. Using Gaussian 09, the ligand structures
were optimized and their energy was minimized.
The protein and ligand were prepared using Auto
Dock Tools (ADT) 1.5.6. Rat pancreatic lipase-re-
lated protein 2 was used to investigate the binding
affinities of isopropyl salicylate and orlistat through
simulating their molecular interactions with the tar-
get enzyme, rather than directly calculating binding
energies.

For each ligand, a flexible docking mode was
automatically generated and applied to carry out
the docking simulation. To investigate the interac-
tions between the ligand and the targeted proteins,
Discovery Studio Visualizer (BIOVIA, Discovery
Studio, v4.0.100.13345) was utilized. To investigate
the interactions between the ligand and the targeted
proteins, Discovery Studio Visualizer (BIOVIA,
Discovery Studio, v4.0.100.13345) was utilized [36].

Statistical analysis. All the values were ex-
pressed as mean + SEM (standard error of the mean).
Duncan’s test compared the means using the SAS
program (Proc. GLM, SAS program, version 9.3).
The differences at P < 0.05 were considered statisti-
cally significant.

Result and Discussion

Effect of Orlistat and IPS on body weight. \Ne
were able to create representative curves of the de-
velopment of BW by regularly monitoring the evolu-
tion of BW in each of the four groups of rats over 12
weeks. According to our findings, the animals’ BW
significantly increases from the first to the last day
of the HFD diet (Fig. 2). Indeed, BW improved in
control rats from 195.54 + 4.37 to 308.86 = 3.94 ¢
and in HFD diet-receiving rats from 207.12 + 2.36
t0 411.70 £ 5.33 g.

When compared to the control group, the BW
gain was considerably reduced by treatment with
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Fig. 2. Effects of Orlistat and isopropyl salicylate on body weights
Table 1. Effectof IPS doses on PL activity in rats
Dose of
IPS, mg/
kg BW Control 3.60 7.20 10.81 14.41 18.02
Lipase
activity,
u/ml 0.371+0.064% | 0.315+0.049° | 0.292+0.024" | 0.253+0.040¢ | 0.262+0.056 | 0.270+0.058%

Note. Values are given as means * standard error (n = 5). Superscript letters indicate significant differences between
groups horizontally. Values that do not share the same letter are significantly different (P < 0.05)

orlistat and IPS. BW changed from 201 + 2.91 g to
331.30 £ 9.62 g and from 203 + 1.75 to 352 + 8.24,
respectively. This indicates that whereas regular
ingestion of HFD causes obesity and its associated
difficulties, normal food consumption has no detri-
mental consequences on animal health. The BW is
correlated with the food’s composition rather than
how much is eaten each day.

Effective dose determination in healthy rats.
Table 1 illustrates the dose-dependent effect of IPS
on PL activity in healthy rats. It turned out that all
the doses used led to a significant decrease in the
enzyme activity. The most potent of the tested doses
was 10.81 mg/kg body weight, which lowered lipase
activity significantly to 0.253 + 0.04¢ U/ml, while
that of the control was 0.371 £ 0.064% U/ml. This is
an expression of statistically significant PL activity
inhibition.

High-fat diet treatment increased significant-
ly the activity of lipase by 0.491 + 0.083% U/ml in
comparison to the control group, 0.337 £ 0.079¢ U/
ml. Conversely, the activity of lipase decreased sig-
nificantly to 0.391 + 0.063" and 0.414 + 0.034° after
treatment with orlistat and IPS, respectively, com-

pared with the high-fat diet rats group (Table 2).
Both treatments had a close effect and there was
no significant difference between them, but Orlistat
showed a slightly stronger impact than IPS.
Purification of PL. Table 3 presents data indi-
cating that the specific activity increased to 3.24 U/
mg protein following the dialysis process, in com-
parison to the crude enzyme with a purification fold
of 3.02. Following the dialyzed enzyme run through
a CM-cellulose column, a single isoenzyme (Fig. 3)
with a purification fold of 30.09 and a specific activi-
ty value of 32.20 U/mg protein was produced. Most
animal tissues contain lipases. It was isolated from
rat liver by Claycomb and Kilsheimer [37]. Gastric
lipase and PL are the two primary enzymes in mam-
mals that break down neutral fats [38]. Also, PL has
been purified and characterized according to its
chemical stability and activity at pH and temperature
[39]. Using cation exchange resin, a single peak of
lipase was extracted from adult pancreatic juice [40Q].
The effect of the IPS compound on the lipase
activity. Table 4 shows the inhibitory effect of puri-
fied PL activity by using different concentrations of
IPS. It was observed that the increase in the inhibi-
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Table 2. Effects of IPS optimal dose (10.81 mg/kg BW) on PL activity in rats fed HDF

Rat groups Control HFD HFD+ Orlistat HFD+ IPS

Lipase activity, U/ml 0.337 £0.079¢ 0.491 + 0.083% 0.391 + 0.063° 0.414 + 0.034°

Note. Values are given as means + standard error (n = 5). Superscript letters indicate significant differences between
groups horizontally. Values that do not share the same letter are significantly different (P < 0.05)

Table 3. Purification steps of PL from plasma of obese rats

Purification Total Total Total _S_pec1ﬁc . Purification
steps volume, ml | protein, mg | activity, U* act|V|t_y (U rr_19 Yield, % fold
protein) x103
Crude 6.3 364.1 0.390 1.07 100 -
Dialysis 6.9 220.8 0.717 3.24 183.84 3.02
lon exchange 23.2 28.07 0.904 32.20 231.79 30.09

Note. U* — unit refers to an amount of lipase that hydrolyzes p-nitrophenyl butyrate to release one micromole of p-
nitrophenol per minute
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Fig. 3. Partial purification of rat PL by CM-cellulose resin

Table 4. Effect of IPS on the activity of lipase

Inhibitor, mM | Activity at 405 nm Inhibitory effect, %
Control 0.76 0.00
20 0.58 23.69
40 0.50 34.03
60 0.41 46.20
80 0.23 69.50
100 0.20 73.29
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Fig. 4. Inhibition mode of purified PL by isopropyl salicylate

tory effect was directly proportional to the concen-
tration of the inhibitor and was 73.29 at 100 mM.

The value of IC,, was calculated by the equa-
tion: IC,, = 50-b/a by using the equation of the
straight line, where a and b represent the slope and
intercept values, respectively, and was found to be
62 mM.

Mode of inhibition. The Lineweaver-Burk
plot demonstrates that enzyme activity was inhib-
ited by 62 mM of IPS as an inhibitor. The results
indicated that the inhibition mode was competitive
(Fig. 4). The V__ value was calculated to be stable at
0.08 U/ml, while the K  value increased from 2.85 to
5.88 mM. The inhibition constant K, was calculated
to be 30.53 mM.

A compound IPS is an ester compound. In this
way, it is similar to the substrate para-nitrophenyl
butyrate structure. This rationale explains why this
compound is inhibited competitively, and this agrees
with the inhibition of purified pecan kernel lipase ac-
tivity by 1,4-diacetoxybenzene [11]. Also, competi-
tive inhibition of PL was noted by saponin, platyco-
din with a K. of 0.18 mM [41] and carnosic acid with
a K, of 5.4 pg/ml [42]. On the other hand, a polyphe-
nol called licochalcone A demonstrated inhibition
of PL at 35 pg/ml reversibly and non-competitively,
exhibiting a K, value of 11.2 pg/ml [43]. At concen-
trations ranging from 1.25 to 100 pg/ml, cyanidin,
epicatechin, petunidin, and peonidin all decreased
PL activity in vitro. All of these drugs were found to
have an uncompetitive inhibitory mechanism [44].

Molecular docking analysis. Molecular docking
studies identified the binding mechanisms of IPS
with rat pancreatic lipase-related protein 2. Fig. 5 (A-

C) elucidates the formation of the IPS ligand-protein
complex in active site of rat pancreatic lipase-related
protein (ID: IBUB), with a AG; oo of -5.4 kcal/
mol. The produced complex became stable by five
hydrogen bonds (green dotted lines) via amino
acids, SER A:53,53, ALA A:54, and THR A:55, 55.
Different colored dotted lines show diverse types
of bonding interactions (like pi-alkyl with PHE
A:38,38, Van der Waals, and Donor-Donor).

The Fig. 6 (A-C) shows the formation of com-
pound orlistat ligand-protein complex in the active
site of pancreatic lipase enzyme (ID: 1BUS8) with
AG; ing energy OF ~4-4 keal/mol. The produced complex
was become stable by five hydrogen bonds (green
dotted lines) via four amino acids, ARGA:39, 39,
TYR A:49, HIS A:75, and ASP A:83. Along altered
kinds of bonding interactions (like pi-alkyl with
LEUA:86, 39, 87, CYS A:103, TYR A:41, and Van
der Waals) are shown by different color dotted lines.

Docking experiments using AutoDock Vina
software showed that quercetin binds to the active
site of pancreatic lipase. The resulting complexes
showed good overlap of the flavonoid positions with-
in the enzyme’s active site. The phenyl rings of the
flavonoids established stacking interactions with the
hydrophobic aromatic active site residues (Phe 78,
Pro 181, Tyr 115, and Phe 216). However, myricetin
was found to bind near the catalytic serine (Ser 153)
through hydrogen bonds [45, 46]. The most powerful
binding energy against the PL protein was demon-
strated by epicatechin, peonidin, and cyanidin in a
prior molecular docking study. The protein target
comprising residues Glu 102, Ser 129, lle 97, and Trp
270 hotspots for protein binding showed the greatest
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Fig. 5. A — [llustrates the interactions between the pancreatic lipase enzyme (ID: 1BUS) in a 3D ribbon form
and Isopropyl salicylate, shown in a stick model with amino acids of the enzyme (ID: 1BUS). B — Depicts spe-
cific amino acid residue interactions with Isopropyl salicylate in a 3D model. C — Shows 2D interactions of
Isopropyl salicylate with specific amino acids

Fig. 6. A — Illustrates the interactions between the pancreatic lipase enzyme (ID: 1BUS) in a 3D ribbon form
and orlistat, shown in a stick model with amino acids of the enzyme (ID: 1BUS). B — Depicts specific amino
acid residue interactions with orlistat in a 3D model. C — Shows 2D interactions of orlistat with specific amino

acids

binding [44]. Orlistat has previously been shown to
have reversible covalent inhibition on an active site
of Ser 152, and its long hydrophobic chains bind to
residues in the lid domain, particularly Gly 76 to
Phe 80 and Leu 213 to Met 217 of PL [47]. Notably,
Ser152 is a crucial amino acid in the catalytic triad
(Ser 152- Asp 176- His 263) on an enzyme, while
Gly 76, Phe 77, lle 78, Asp 79, and Phe 215 are resi-
dues found in a lid domain [48].

Conclusion. Obesity is a major issue of public
health worldwide that is alarmingly growing worse
each passing day, and decreasing calorie intake
through intestinal absorption-related techniques.
As a result, the PL breaks down dietary lipids that
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are ingested during meals. The structure of lipase’s
natural substrate serves as the basis for the usual tac-
tic employed in PL inhibitors. In vivo, the compound
isopropyl salicylate exhibited good anti-hyperlipi-
demic activity and an inhibitory effect on PL activity
when compared to orlistat. PL was purified and then
in vitro inhibited by IPS. The kinetics data display
a competitive inhibition with a K, of 30.53 mM. As
a supportive study and to detect the interactions be-
tween this inhibitor and rat pancreatic lipase-related
protein 2 (PDB ID: 1BUS). In silico study was con-
ducted. The IPS ligand-protein complex at the en-
zyme’s active site had a binding energy value AG

of -5.4 kcal/mol. However, the AG, ding energy value of
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the orlistat-protein complex was -4.4 kcal/mol. This
explains the stronger binding and interaction of iso-
propyl salicylate with the enzyme than with Orlistat.
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[Mankpearnyna ninaza (I1JI) e BaxmuBOIO
MIIICHHIO JIJIsl JIKYBaHHS 1 3HAXOJUTHCS B IIEHTPI
yBaru AOCIIKeHb 3 pO3poOKH TpernapaTiB Mpo-
™M OXUpiHHSA. OpIicTaT — €IMHUN pelenTypHuit
npenapar, SKHA PEryJasipHO BUKOPUCTOBYETHCS
1 cXBaJleHWH A TpuBasoro 3actocyBaHHs. [lo-
LIYK HOBUX CHOJNYK JUIsl JTIKyBaHHSI O)KMPiHHSI Ha
ocHoBi iHriOyBaHHs I1JI Moxe OyTH HOCATHYTO,
30KpeMa, 3a JOIMOMOrO CTPYKTYPHOTO JIOKiHT-
CKpUHIHTY. MeTor JaHOro JOCHI/KCHHS OyIio
BUBYCHHS  aHTHUTINEPIINiAEMIYHOI  aKTHBHOCTI
izonponincamiuiary (ITIC) i Horo iHriOyrouoi mii
Ha MaHKpeaTW4yHy JIiNa3y LIypiB y MOPiBHSHHI 3
opuictatom. LlypiB ninii Bictap Oyno posnoaiieHo
Ha YOTUPU IPYIH MO § TBAPUH y KOXKHIN: KOHTPOIb-
Ha rpyIa; rpyra, sika OTpuMyBaja AI€TY 3 BUCOKHM
Bmictom xkupiB (K1) nporsrom 12 TrxHiIB 115t hop-

MyBaHHS TinepiinigeMii; rpyma, ska oTpuMyBaia
K i opaicrar (10 Mr/kr Macu Tina Ha JIeHB); Ipyna,
sixka orpumyBaina XK/ 1 ITIC (10,81 mr/kr macu Tina
Ha JIeHb). byno mokaszaHo, 1o mpupicT MacH Tina i
aKTHBHICTH JIIMAa3W B IJIa3Mi KPOBI IIypiB, sIKi OT-
pumyBanu JXK/I 1 opricrat abo i3omporincaninuiar,
3HAYHO 3HM)KYBAJIUCS B TIOPIBHSAHHI 3 LIypamHu, sIKi
HE OTpUMYBaJH JiKyBaHHs. [laHkpeaTnuHa ninasa
OyJia 4acTKOBO OYHMINEHA 3 IUIA3MH KPOBIi IYpiB 3
OXKHUPIHHAM, 1 KiIHeTHYHE AociimKkeHHs edekTy IT1C
BUSIBIJIO KOHKYPEHTHUH XapakTep iHTiOyBaHHS 3i
snadennam K, 30,53 mM. Byno nposeneno in silico
nociimpkenas B3aemonii mik IIIC i mporeinom 2
nankpearnyHoi mginasu mypis (PDB ID: 1BUS).
3nadyeHHs eHeprii 3B’s13yBaHHSI AG I KOMILIEKCY
ITIC-ipoTein B aKTUBHOMY IEHTPI €H3UMY CTaHO-
BHJIO -5,4 KKaJI/MOJIb, B TOM 9ac K JJIsI KOMIIJICKCY
opiicrar-tiporein AG craHoBuio -4,4 KKaj/MoJb,
IO BKa3ye Ha OLIbII CHJIbHY B3a€MOJII0 CH3UMY 3
130MpoMiJIcaNiIUIaTOM, HiXK 3 OPIICTaTOM.

KnmodoBi cmoBa: oXupiHHSI, TaHKpea-
TUYHA JIiMa3a, 1Hri0yBaHHs, 130MPOIiJICATIIUIIAT,
opJiicTaT, IpOTeTH 2 MAaHKPEaTUYHOI JIIa30H LIy PiB,
in silico mocmimxeHHus.
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