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Excessive accumulation of adipose tissue is a hallmark of obesity as a critical factor in the develop-
ment of numerous chronic medical problems. Pancreatic lipase (PLase), which controls the absorption of fats
in the intestine, has gained significance as a target in anti-obesity therapy. This study aimed to evaluate the
potential effects of Aspirin as a PLase inhibitor and a weight-loss agent compared to the commonly used anti-
obesity drug Xenical. Pancreatic lipase was purified 28.5-fold from the plasma of obese male volunteers using
ion-exchange chromatography. Enzyme activity was evaluated using p-nitrophenyl butyrate as a substrate.
The kinetic analysis of Aspirin effect on purified enzyme activity revealed a competitive inhibition mechanism
with K. of 24.3 mM. In vivo studies were performed using 20 male Wistar rats randomly divided into four equal
groups provided with: 1 — control conditions; 2 — high-fat diet (HFD) for 12 weeks; 3 — HFD and Xenical
orally (10 mg/kg BW daily); 4 — HFD and Aspirin orally (14.4 mg/kg BW daily). In an HFD group, increased
animals body weight and elevated PLase activity in plasma compared to the control were demonstrated.
Treatment with both Aspirin and Xenical resulted in a significant decrease in body weight and PLase activity
compared with untreated HFD rats. Molecular docking of Human Pancreatic lipase-related protein 1 (PDB
ID: 2PPL) binding with Aspirin and Xenical showed the values of binding energy (AG) 5.4 and -4.4 kcal/mol,
respectively, indicating a stronger protein interaction with Aspirin compared to Xenical. This combined study
reinforces the conclusion that Aspirin has the potential to be a novel anti-obesity agent.
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besity is recognized as the problem with the
O greatest rate of growth in industrialized and

developing countries, and it is associated
with high rates of morbidity and mortality. It is a
major threat to the world’s health [1]. As a result,
the number of chronic metabolic disorders caused
by fats increases [2]. Several chronic disorders, in-
cluding diabetes [3], hyperlipemia, hypertension [4],
and cardiovascular disease [5], are intimately linked
to obesity, which is also a significant risk factor for
these conditions [6]. Many fundamental processes
have been examined for treating obesity; neverthe-
less, these processes entail significant drawbacks.
Pancreatic lipase (PL) (EC 3.1.1.3), the primary lipo-
Iytic enzyme released by the pancreas, has gained
significance as an obesity target in recent years [1, 7].
It is an important digestive enzyme that catalyzes
the breakdown of triacylglycerol into monoglyceri-
des and free fatty acids (Fig. 1) [8]. This enzyme
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is in charge of the body’s absorption of fat, which
causes obesity as a chronic metabolic condition [9].
Through the whole breakdown of dietary fat, PL is
an essential enzyme in fat absorption [10, 11].
Pancreatic lipase inhibition is the most widely
studied mechanism for identifying potential anti-
obesity agents. If the lipase enzyme is inhibited, free
fatty acid and total cholesterol levels decrease [12].
Several synthetic medications have entered the mar-
ket, but they have not significantly impacted obesity
management. One promising and relatively safe ap-
proach to developing anti-obesity drugs is to modify
lipid metabolism by using PL to block dietary fat
absorption [13]. The only commonly used drug ap-
proved for long-term use is Xenical, which was de-
signed and developed as an anti-obesity medication.
It inhibits intestinal lipase activity, reducing dietary
fat absorption [14]. Rhodanine-3-acetic acid deriva-
tives have been synthesized and used for PL inhi-
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Fig. 1. Schematic representation of pancreatic lipase action

bition [15]. In vitro, synthesized aurone derivatives
such as 4,6-dihydroxyacetone, 6-hydroxyaurone,
4,6-dialkoxyaurone, and 6-alkoxyaurone inhibited
PL. The inhibitory effect was spectrophotometrically
measured and compared to Xenical [16]. Successful
drug discovery and development can be supported
by computer-aided techniques, such as structure-
based simulation with docking software, which are
highly useful in identifying new compounds for ef-
fective targets [17]. This study aims to investigate
the potential use of aspirin as a weight-loss drug by
purifying pancreatic lipase from the blood plasma
of obese humans to assess its inhibitory kinetics. It
involves bioassays in obese Wistar rats fed a high-fat
diet to monitor changes in weight and enzyme activi-
ty compared to Xenical, complemented by molecu-
lar docking simulations to assess aspirin’s binding to
human pancreatic lipase.

Materials and Methods

Chemicals. Bovine serum albumin, ammonium
sulfate, and p-nitrophenyl butyrate (p-NPB) were
purchased from Merck. Diethylaminoethyl cellulose
and copper sulfate were bought from Sigma-Aldrich.
Aspirin and Xenical medicines were purchased from
a pharmacy, manufactured by Bayer and Roche, re-
spectively.

Collection of human blood. The study involved
nine obese male volunteers free from any disease in
Mosul, Irag. Five milliliters of blood were collected
from each person and placed in a tube containing
ethylenediaminetetraacetic acid, with stirring to pre-
vent clotting. The blood was centrifuged at 1500 xg
for 10 min using a refrigerator centrifuge at 4°C. Af-
ter that, the plasma was obtained and preserved for
subsequent experiments.

Determination of protein. The Biuret method
[18] measured the total protein concentration at
540 nm. Using bovine serum albumin as the referen-
ce, a calibration curve was created.

Pancreatic lipase assay. The Lee et al. [19]
method was used to assess pancreatic lipase activi-
ty. The enzyme catalyzes p-NPB hydrolysis. The
p-nitrophenol that was generated was detected at
405 nm.

Purification of Pancreatic Lipase. Dialysis. The
final enzyme from the preceding step was placed in
a dialysis tube. A buffer change was made six times
while the tube was being stirred against phosphate
buffer (10 mM, pH 7.2) at 4°C.

lon exchange chromatography. A column con-
taining DEAE-Cellulose (25%2.5 cm) was loaded
with the dialyzed solution, and then a 10 mM phos-
phate buffer (pH 7.2) was added. A flow rate of
1 ml per minute was used to elute the protein. By
following the absorbance at 280 nm, the protein was
found. After determining the fractions’ lipase activi-
ty, they were gathered and lyophilized for use later
in inhibitory studies [20, 21].

Preparation of inhibitors: the stock solutions of
aspirin were prepared at 1 M.

Lipase inhibition. Purified enzyme activity was
inhibited by incubating it with Aspirin at 25°C for
15 min. The activity was determined at 405nm. The
inhibition modes were tested via a Lineweaver-Burk
plot using substrate concentrations from 0.5-3 mM.

The percentage of PL inhibition (1%) was cal-
culated using the following equation:

1% = [(AA, — AA)/AA ] % 100.
Here, AA  denotes the absorbance variance be-
tween a blank and the control, where AA denotes the
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absorbance variation of the sample and the blank,
and Ao denotes the absorbance of the control.

Anti - obesity effect of aspirin in rats as evi-
dence of in vivo inhibition of human pancreatic
lipase. Preparation of high-fat diet. The process
outlined by Smine (2017) [22] was followed in pre-
paring the high-fat diet (HFD). The typical foods al-
ready saturated with liquefied lamb fat make up the
HFD. After heating this fat to 100°C to liquefy it,
the plugs were submerged in the hot fat for 15 min.
After cooling at room temperature, the HFD food
was given.

Animals and experimental protocol design.
Male Wistar rats weighing 190-210 g were pur-
chased from the International Animal Care and Use
Committee, College of Veterinary Medicine, Univer-
sity of Mosul. Rats were housed in a typical pet shop
with easy access to water and food, at 23 + 0.5°C
and a 12-hour light/dark cycle. After two weeks of
acclimation, the rats were randomly divided into
four equal groups, each containing five rats, and
each group received the following treatment [23]:
Group 1 — Provided a typical laboratory food and
unlimited access to water, as a control. Group 2 —
Provided with HFD for 12 weeks to induce hyper-
lipidemia. Group 3 — The HFD and Xenical (10 mg/
kg BW daily) are provided. Group 4 — The HFD and
Aspirin (14.4 mg/kg BW daily) are provided.

For twelve consecutive weeks, Xenical and As-
pirin were given orally. An earlier study was used
to determine the Xenical dosage [24]. According to
initial experience, this dose (14.4 mg/kg BW, orally)
has been quite helpful for determining dosage. Be-
fore administration, the experimental individuals
were freshly prepared, and the most current recorded
body weight was used to determine the administra-
tion protocol.

Measurement of body. A digital balance scale
was used to weigh each rat’s body weight, which
was noted on Day 0 and every week throughout the
experiment. The variance between the starting and
end body weight was used to calculate the weight
difference [25].

Collection of rats’ blood. When the experiment
periods concluded, all of the rats were decapitated
after fasting for 12 h continuously. Centrifuging the
blood at 1500 xg for 10 min at 4°C was performed
immediately after collection [26]. The resulting plas-
ma had been separated, kept at -80°C until required
for measuring PL activity.

Molecular docking study. Molecular docking
studies were conducted with the AutoDock Vina
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1.1.2 software. The 3D structure of Human Pancre-
atic lipase-related protein 1 (PDB ID: 2PPL) and its
structure, attained at a resolution of 2.2 angstroms,
was introduced by the RCSB Protein Data Bank
(https:/iwww.rcsb.org). All molecules of water and a
ligand have been eliminated prior to a docking cal-
culation for the compound studied. The ChemAxon
Marvin Sketch 5.3.735 software was used to generate
the ligand and conformation 3D structures, which
were then saved in the Mol 2 format [27]. Using
Gaussian 09, the ligand structures were optimized
and their energy was minimized. Using Auto Dock
Tools (ADT) 1.5.6, the protein and ligand were pre-
pared. By simulating the interactions between the
protein and the chemical, the binding affinities of
Aspirin with Human Pancreatic lipase-related pro-
tein 1 have been determined. A flexible docking
mode, automatically created to validate each ligand,
was used to carry out the docking procedure. Dis-
covery Studio Visualizer (BIOVIA, Discovery Stu-
dio, v4.0.100.13345) was employed to observe the
ligand’s and targeted proteins’ interactions [28].

Statistical analysis. The standard error of the
mean (mean + SEM) was used to express all of the
values. Using SAS software version 9.3, Duncan’s
test compared the means. At P < 0.05, these varia-
tions appeared to be statistically significant.

Results and Discussion

Lipase purification. The data in Table 1 il-
lustrate that after the dialysis process, the specific
activity became 2.86 U/mg protein compared to the
crude enzyme with a purification fold of 2.15. The
dialyzed enzyme was run through the DEAE-Cel-
lulose column, and we obtained a single isoenzyme
(Fig. 2) with a specific activity value of 37.95 U/mg
protein and a purification fold of 28.53.

Lipases are present in most animal tissues. In
mammals, neutral fats are digested by two main en-
zymes: gastric lipase and PL [29]. Purification and
characterization of lipases are based on their activity
and stability relative to temperature and pH [30]. A
single peak of lipase was obtained from human pan-
creatic juice by using a cation exchange resin [31].
Lipase was isolated from the porcine pancreas and
found to have a single protein chain with a molecular
mass of approximately 50 kDa [32]. Most other stud-
ies regarding the inhibition of this enzyme had been
based on the use of porcine pancreatic lipase due to
its availability in the marketplace. However, this par-
ticular study stands out in that it isolated this lipase
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Table 1. Purification steps of PL from obese human plasma

Purification Total Total Total Spe_c%ﬁc . Purification
steps volume, ml | protein, mg | activity, U* activity, ) Yield, % fold
(U/mg)x10-®
Crude 114 702.2 0.934 133 100 -
Dialysis 11.9 519.2 1.485 2.86 159 2.15
lon exchange 376 51.8 1.966 37.95 210.49 28.53

Note. *U — unit refers to an amount of lipase that releases a micromole of p-nitrophenol/min
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Fig. 2. Partial purification of lipase by DEAE-Cellulose chromatography

from the blood plasma of people who suffer from
obesity. The biologically derived lipase plays an ex-
tremely significant role in ensuring that this study’s
results are much more clinically significant than
other studies that utilize pig-based lipase or other
lipases derived from animals. The PPL lipase is ex-
tremely similar to lipase found in humans, coming in
at about 85%. It is, however, not an exact match and
has some differences.

The effect of Aspirin on the PL activity. Table 2
shows the inhibitory effect of purified PL activity
using different Aspirin concentrations. It was noted
that with increasing concentration of the inhibitor,
the inhibitory effect increased and reached a maxi-
mum of 81.25% at 40 mM. The value of IC,, was
calculated by the equation: 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 22.18 mM.

Mode of inhibition. The purified PL activity
was tested for inhibition in the presence of 22.18 mM
of Aspirin as an inhibitor by drawing a Lineweaver-
Burk plot. According to the findings, competitive in-
hibition was noted (Fig. 3). K increased from 2.12 to
4.7 mM; however, V_was established and found to
be stable at 0.101 U/ml. The inhibition constant was
calculated and found to be 24.35 mM.

Aspirin is one of the most significant pharma-
ceutical successes in the world of the last century.
The role of Aspirin in avoiding cardiovascular and
cerebrovascular diseases is revolutionary. The dis-
covery that Aspirin inhibited prostacyclin synthesis
paved the way for future nonsteroidal anti-inflamma-
tory drugs and other cyclooxygenase (COX) inhibi-

Table 2. Aspirin effect on the activity of pancreatic lipase

Aspirin, mM 5 10 15

20 25 30 35 40 45

Inhibitory effect, % 19.68 2956 | 3177

49.56

4784 | 5561 | 7956 | 86.25 100
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Fig. 3. Inhibition mode of purified lipase by Aspirin

tors to be developed [33]. A reason for this type of
inhibition may be that Aspirin has a structure simi-
lar to that of the substrate, which is represented by
the fact that it contains an ester group that the lipase
enzyme breaks down.

PL was inhibited competitively by carnosic acid
with a K, of 5.4 ug/ml [34] and the saponin, platyco-
din, with a K, of 0.18 mM [35]. However, a polyphe-
nol, Licochalcone was demonstrated to inhibit PL at
35 pg/ml reversibly and non-competitively with the
K. value of 11.2 ug/ ml based on a Lineweaver-Burk
plot analysis [36]. In vitro, PL activity was inhibited
by epicatechin, cyanidin, peonidin, and petunidin
at 1.25-100 pg/ml. It was noted that the inhibition
mechanism for all these compounds was uncompeti-
tive [37].

Effect of Xenical and Aspirin on body weight.
The Wistar rats became the model for investigating
aspirin’s in vivo anti-hyperlipidemic and anti-obesity
action, simultaneously comparing its potency with
Xenical, a clinically recognized inhibitor of PL. The
animal model becomes indispensable when develop-
ing a biological model which would mimics human
obesity and hyperlipidemia. Such processes cannot
be fully modeled using in vitro systems or in silico.
Moreover, changes in body weight, pancreatic lipase
activity, and appropriate dosage of the active agent
depend upon absorption, distribution, and metabo-
lism within a healthy organism; such changes can
be studied only in vivo. Thus, two complementary
approaches are combined in this study.

Drawing representative curves of BW evolu-
tion was made possible by closely monitoring the
evolution of BW in each of the four groups of rats
for a full 12-week period. Our findings demonstrate

44

. ® Non inhibitor
@ Aspirin
-9
1.0 15 2.0 2.5
1S [mM]

that between the first and the last day, the HFD diet
significantly increases the animals’ body weight
(Fig. 4). BW grew in rats eating the HFD diet from
207.12 + 2.36 to 411.70 + 5.33 g compared to control
rats from 195.54 + 4.37 to 308.86 + 3.94 g.

In comparison to the HFD control group, treat-
ment with Xenical and Aspirin significantly de-
creased body weight. BW reduced from 201 + 2.91
to 331.3 £ 9.62 g and from 205 * 2.08 to 367 + 10.22,
respectively. This proves that whereas regular inges-
tion of HFD causes obesity and related problems,
regular ingestion of usual food has no detrimental
consequences on animal health. The BW is corre-
lated with the makeup of the meal, not the quantity
of food. Total body weight and plasma pancreatic li-
pase activity in the study spanned 12 weeks, thereby
filling the gap that exists between the results ob-
tained from the laboratory study, as lipase inhibition,
to actual weight regulation in the body.

Effect of aspirin on PL activity in rats.
Several doses of aspirin were first administered
to healthy rats to identify the most effective dose
for suppressing pancreatic lipase activity before
applying this dose to high-fat-diet (HFD)—induced
obese rats. The dose-response relationships and
physiological mechanisms of action can be deter-
mined only through whole-organism studies. These
animal experiments, therefore, provided crucial
in vivo evidence in support of the earlier in vitro
findings that showed aspirin inhibits human pan-
creatic lipase. Table 3 shows the determination of
the most effective dose of aspirin in reducing lipase
activity levels in healthy rats. The effective dose
value is 14.4 mg/kg BW. It was noted that the lipase
activity decreased significantly to 0.223 + 0.012 at
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Table 3. Effect of aspirin doses on PL activity in rats. Values are expressed as means £+ s.e. (n = 5)

Dose of
Aspirin, mg/ Control 3.6 7.2 10.8 14.4 18
kg BW
PL activity,
U/ml 0.371+0.064% | 0.365+0.047% | 0.347+0.073* | 0.296+0.055" | 0.223 +£0.012° | 0.283+0.043"

Note. Significant differences are indicated by superscript characters between groupings horizontally. Significant differen-
ces exist between values that do not share the same letter (P < 0.05)
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Fig. 4. Effects of Xenical and Aspirin on body weights

this dose compared to the control group, which was
0.371 £ 0.064.

High-fat diet treatment significantly increased
lipase activity by 0.545 + 0.097 U/ ml, compared to
the control group, 0.312 + 0.083 U/ml. On the other
hand, the lipase activity was significantly decreased
t0 0.415 + 0.057 and 0.458 + 0.044 when treated with
Xenical and Aspirin, respectively, compared with
the high-fat diet rats group (Table 4). Knowing that
the effect of the drug Xenical was greater than that
of the drug Aspirin.

Molecular docking study. Molecular docking
results revealed the binding modes of Aspirin with
Human pancreatic lipase-related protein 1. Fig. 5 (A-

C) illustrates the formation of the Aspirin ligand-
protein complex in the active site of PL (ID: 2PPL),
with a AG binding energy value of -4.7 kcal/mol.
The formed complex was stabilized by six hydrogen
bonds (shown by green dotted lines) with four amino
acids, ASP A:215, GLY A:181, LEU A:187, and THR
A:184. Different colored dotted lines show various
types of bonding interactions (like alkyl with PRO
A:274, Van der Waals, and Donor-Donor).

On the other hand, Fig. 6 (A-C) shows the
creation of a compound (Xenical) ligand-protein
complex in the active site of pancreatic lipase en-
zyme (ID: 2PPL) with a AG binding energy value
of -5.4 kcal/mol. The formed complex was stabi-

Table 4. Effects of Aspirin (14.4 mg/kg) BW on PL activity of rats. Values are expressed as means + s.e.

(n=>5
Rat groups Control HFD HFD + Xenical HFD + Aspirin
PL activity, U/ml 0.312+0.083¢ 0.545 +0.097° 0.415+0.057° 0.458 +£0.044°

Note. Significant differences are indicated by superscript characters between groupings horizontally. Significant differen-

ces exist between values that do not share the same letter (P <

0.05)
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Fig. 5 (A) illustrates the interactions between the pancreatic lipase enzyme (ID: 2PPL) in a 3D ribbon form
and aspirin, shown in a stick model with amino acids of the enzyme (ID: 2PPL). (B) depicts specific amino
acid residue interactions with Aspirin in a 3D model. (C) shows 2D interactions of aspirin with specific amino

acids

lized by five hydrogen bonds (shown by green dot-
ted lines) with four amino acids, GLN A:146, 146,
LEU A:72, 72, and SER A:73. Along two types of
bonding interactions (like alkyl with ARGA A:55,
ILE A:69, PRO A:49, and Van der Waals) are shown
by different color dotted lines.

Several molecular docking studies have been
conducted in this regard. For instance, epicatechin,
cyanidin, and peonidin exhibited strong binding
energy with — 7.529 to — 6.941 kcal/mol against
2PPL protein. The strongest binding was shown to
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Glul02, Ser 129, lle 97, and Trp 270 [37]. Through
van der Waals forces, flavonoid derivatives interac-
ted with certain residues at the binding site, espe-
cially Gly 76, lle 78, Tyr 114, Leu 153, Ala 178, Phe
215, His 263, and Leu 264. Additionally, four hydro-
gen bonds were created with crucial residues: Ser
152, Phe 77, Asp 79, and Arg 256 [38]. On the other
hand, acteoside, a major active component of Chi-
nese tea, has shown inhibition of PL. The docking
results sustained the hydrogen bonding of acteoside
with Lys 271, Leu 272, and Thr 68 of an enzyme,
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Fig. 6. (A) illustrates the interactions between the pancreatic lipase enzyme (ID: 2PPL) in a 3D ribbon form
and Xenical, shown in a stick model with amino acids of the enzyme (ID: 2PPL). (B) depicts specific amino
acid residue interactions with Xenical in a 3D model. (C) shows 2D interactions of Xenical with specific amino

acids of the enzyme

which declines catalytic activity [39]. Remarkably,
Gly 76, Phe 77, lle 78, Asp 79, and Phe 215 are resi-
dues placed in the lid domain, while Ser 152 is a
vital amino acid within the catalytic triad (Ser 152-
Asp 176-His 263) on the enzyme [40]. According to
the investigation, Xenical exhibits reversible cova-
lent inhibition at the active site Ser 152, and its hy-
drophobic chains bind to residues in the lid domain,
specifically Gly 76 to Phe 80 and Leu 213 to Met 217
of PL [41].

Simulation and imaging of the molecular
interaction between aspirin and human pancreatic
lipase binding protein 1 (PPL-ID: 2PPL), and deter-
mination of the binding energy, support the experi-
mental data by providing experimental affirmation
of binding affinity, because they directly visualize
the binding process of both Xenical and aspirin oc-
cupying the active site of the targeted enzyme.

Conclusion. Obesity is a serious global pub-
lic health issue that is worryingly becoming worse
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every day, and reducing energy intake through
methods that work via intestinal absorption. There-
fore, pancreatic lipase (PL) is an enzyme that hy-
drolyzes dietary triglycerides consumed through
meals. The strategy commonly used in PL inhibitors
is based on the structure of the natural substrate of
lipase. Compared to Xenical, Aspirin showed anti-
hyperlipidemic action and an inhibitory effect on
the pancreatic lipase activity in vivo using Wistar
rats. PL was purified and then inhibited in vitro by
Aspirin. The kinetics data revealed a competitive
inhibition with a K, of 24.35 mM. As a complemen-
tary study and to discover the interactions between
this inhibitor and Human Pancreatic lipase-related
protein 1 (PDB ID: 2PPL), in silico analysis was
conducted. Aspirin-protein complexes at the active
site of (ID: 2PPL) had a binding energy value AG
of -4.7 kcal/mol. However, the binding energy value
of Xenical-protein complexes was -5.4 kcal/mol. It
is important to understand that several parameters,
including the particular binding site and method of
interaction, greatly influence the pharmacological
effects of a chemical. This combined strategy rein-
forces the conclusion that aspirin has the potential to
be a novel anti-obesity agent.
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HaamipHe HakomwueHHS >KMPOBOI TKaHWHU
€ XapaKTepHOIO O3HAKOI OXHUPIHHS Ta KPUTHUY-
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HUM (DaKTOpOM Yy PO3BUTKY YHCICHHUX MeEIU4-
HuX npobsiem. [lankpearnuna ninaza (PLase), sika
KOHTPOJIIOE BCMOKTYBaHHS JKHPIB Y KHIIKIBHUKY,
CTaja BaXKJIUBUM TapreTHUM OO0’€KTOM Yy Teparii
NPOTH OXUPIHHSA. METOK LBOro JOCIIKCHHS
OyJl0 OUIHWTH TMOTEHUiHHI e(eKTH acmipuHy
sik 1HriOiTopa Plase Ta 3aco0y s CXyIHEH-
Hsl y TIOPIBHSHHI 3 HIMPOKO BUKOPHCTOBYBAaHUM
npernapatoM 0poTu oxupinas Xenical. [lan-
KpeaTuuHy Jinasy i3 IJa3Md KpOBi YOJIOBIKiB-
JIOOPOBOJIBLIIB 13 OKUPIHHSIM OyJI0 OUHILEHO y 28,5
pasa 3a JonoMoror ioHooOMiHHOI XpomaTorpadii.
AKTHBHICTb €H3UMY OLIIHIOBAJIM 3 BUKOPUCTAHHSIM
p-HitpodeHinOyTuparty sik cyoctpaty. KineTnunmii
aHami3 [ii acmipuHy Ha AaKTUBHICTh OYWIICHO-
ro EH3UMY TII0Ka3aB MeXaHi3M KOHKYPEHTHOTO
inriysanns 3 K 24,3 MM. Jlocnimxenns in vivo
npoBogwiin Ha 20 caMugx mypiB JiHii Wistar,
PaHJOMHO PO3JiIEHUX Ha YOTHPU PIBHI T'PyIH:
1 — KOHTpOJIb; 2 — OTPUMYBAJIA TIETY 3 BUCOKHUM
BmictoMm xupiB (HFD) nporsrom 12 TtwxHiB; 3 —
HFD ta nepopansauii npuiiom kcenikany (10 mr/
Kr mMacu Tina monHs); 4 — HFD Ta nepopanbuuii
npuiiom acripuny (14,4 mr/kr macu Tina monHs). Y
rpyni HFD cnioctepiranu 30i1bieHHs MacH Tina Ta
niBUILeHy akTHBHICTH PLase y miua3mi nopiBHIHO
3 KoHTpoJieM. Teparisi acmipuHOM Ta KCEHIKaJIoM
npu3Besia 10 3HAYHOTO 3HM)KEHHS MacH Tija Ta
aktuBHoOcTi PLase nopiBHsiHo 3 uiypamu HFD, sxi ne
OTPUMYBAJIH ACHIPUH YM KCEeHiKal. MoiekyIsipHUi
JOKIHT 3B’SI3yBaHHS NpOTeiHy 1, MaHKpeaTH4HOi
ninasu jroauuau (PDB ID: 2PPL), BusiBuio 3Ha4eH-
Hs1 eHeprii 38’13yBanHA (AG) 5,4 Ta -4,4 KKa1/MOIb,
BIJIITOBITHO, 1110 BKa3Y€ Ha O1JIBII CHJIBHY B3a€MOIIF0
IpOTETHY 3 aCIipUHOM MOPIBHSHO 3 KceHikaaom. Lle
KOMOIHOBaHE JOCIIJKCHHS IIATBEPIKY€E BUCHO-
BOK, LI0 acIlipyH Ma€ MEePCHEeKTHBH CTAaTH HOBUM
3ac000M MPOTU OXKHUPIHHS.

KnmovyoBi caoBa: OXHpIHHA, IaH-
KpeaTHJyHa JIila3a, aclipwH, KCEHiKaJl, aHaji3
KIHETUYHOTO 1HT10yBaHHs, e(heKT IPOTH OKHUPIHHS,
nportein 1 mankpearnuHol jginasu goaunH, in silico
JIOCIIIIKEHHS.

References

1. Mhatre SV, Bhagit AA, Yadav RP. Pancreatic
lipase inhibitor from food plant: Potential
molecule for development of safe anti-obesity
drug. MGM J Med Sci. 2016; 3(1): 34-41.



R. T. Altaee, M. G. Aldabbagh, O. Y. Al-Abbasy

.LiuTT, Liu XT, ChenQX, Shi Y. Lipase Inhibitors

for Obesity: A Review. Biomed Pharmacother.
2020; 128: 110314.

. Bjerregaard LG, Jensen BW, Angquist L,

Osler M, Sgrensen TIA, Baker JL. Change in
Overweight from Childhood to Early Adulthood
and Risk of Type 2 Diabetes. N Engl J Med.
2018; 378(14): 1302-1312.

. Doll S, Paccaud F, Bovet P, Burnier M,

Wietlisbach V. Body mass index, abdominal
adiposity and blood pressure: consistency of their
association across developing and developed
countries. Int J Obes Relat Metab Disord. 2002;
26(1): 48-57.

5. Teixeira LG, Leonel AJ, Aguilar EC, Batista NV,

Alves AC, Coimbra CC, Ferreira AV, de
Faria AM, Cara DC, Alvarez Leite JI. The
combination of high-fat diet-induced obesity and
chroniculcerative colitis reciprocally exacerbates
adipose tissue and colon inflammation. Lipids
Health Dis. 2011; 10: 204.

Ernst ND. NIH Consensus Development
Conference on lowering blood cholesterol to
prevent heart disease: implications for dietitians.
J Am Diet Assoc. 1985; 85(5): 586-588.

7. Alrushdi FMM, Al-Abaasy OYM, Al-Saffar RN,

Abbood HY, Al-Hamairy AK, Saleh MY,
Abdelzaher H, Abdelzaher MA, Kenawy MA. In
vitro: inhibition of partially purified pancreatic
ovine lipase by willow bark extracts. J Biosci
Appl Res. 2025; 11(1): 168-179.

. Alabbas KS, Salih OA, and Al-Abbasy OY.

Isolation, Purification, and Characterization
of Pecan Nut Lipase and Studying its Affinity
towards Pomegranate Extracts and 1,
4-Diacetoxybenzene. Iraqgi J Sci. 2022; 63(3):
908-922.

9. Huang X, Zhu J, Wang L, Jing H, Ma C, Kou X,

10.

11.

Wang H. Inhibitory mechanisms and interaction
of tangeretin, 5-demethyltangeretin, nobiletin,
and 5-demethylnobiletin from citrus peels on
pancreatic lipase: Kinetics, spectroscopies,
and molecular dynamics simulation. Int J Biol
Macromol. 2020; 164: 1927-1938.

Javed S, Azeem F, Hussain S, Rasul I, Siddique
MH, Riaz M, Afzal M, Kouser A, Nadeem H.
Bacterial lipases: A review on purification and
characterization. Prog Biophys Mol Biol. 2018;
132: 23-34.

Patel N, Rai D, Shivam, Shahane S, Mishra U.
Lipases: Sources, Production, Purification, and

12.

13.

14.

15.

Applications. Recent Pat Biotechnol.
13(1): 45-56.

Tuzimski T, Petruczynik A. New trends in
the practical use of isoquinoline alkaloids as
potential drugs applicated in infectious and
non-infectious diseases. Biomed Pharmacother.
2023; 168: 115704.

Rani N, Vasudeva N, Sharma SK. Quality
assessment and anti-obesity activity of Stellaria
media (Linn.) Vill. BMC Complement Altern
Med. 2012; 12: 145.

Chanoine JP, Hampl S, Jensen C, Boldrin M,
Hauptman J. Effect of orlistat on weight and body
composition in obese adolescents: a randomized
controlled trial. JAMA. 2005; 293(23): 2873-
2883.

Chauhan D, George G, Sridhar SNC, Bhatia R,
Paul AT, Monga V. Design, synthesis, biological
evaluation, and molecular modeling studies
of rhodanine derivatives as pancreatic lipase
inhibitors. Arch Pharm (Weinheim). 2019;
352(10): €1900029.

2019;

16. Thi Vo CV, Thanh Nguyen T, Ngoc Dang T, Quoc

17.

18.

19.

20.

21

22.

Dao M, Thao Vo V, Thi Tran O, Thanh Vu L,
Tran TD. Design, synthesis, biological evaluation
and molecular docking of alkoxyaurones as
potent pancreatic lipase inhibitors. Bioorg Med
Chem Lett. 2024; 98: 129574,

Wichapong K, Rohe A, Platzer C, Slynko I,
Erdmann F, Schmidt M, Sippl W. Application
of docking and QM/MM-GBSA rescoring to
screen for novel Mytl Kinase inhibitors. J Chem
Inf Model. 2014; 54(3): 881-893.

Robyt JF, White BJ. Biochemical techniques:
theory and practice. 1987. 450 p.

Lee D, Koh Y, Kim K, Kim B, Choi H,
Kim D, Suhartono MT, Pyun Y. Isolation and
characterization of a thermophilic lipase from
bacillus thermoleovorans ID-1. FEMS Microbiol
Lett. 1999; 179(2): 393-400.

Al-Abbasy QY, Ali WI, Younus SA. Study on
inhibitory effect of Rosmarinus officinalis L
extracts and Quercitine on partially purified
cow's brain polyamine oxidase. Biochem Cell
Arch. 2020; 20(2): 5617-5625.

Younus SA, Mahdi NM, Al-Abbasy OY,
Ahmad OAS. Antioxidative effect of Maillard
reaction products of spermine-sugar system on
partially purified plum polyphenol oxidase. J
Food Sci Technol. 2025; 22(160): 227-241.
Smine S Obésité induite par un régime riche
en lipides (HFD) et effet protecteur d'un extrait

49



ISSN 2409-4943. Ukr. Biochem. J., 2026, \Vol. 98, N 2

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

50

polyphénolique de raisin (GSSE): approche
protéomique. Normandie Université; Université
de Tunis El Manar. 2017.

Mahdi NM, Younus SA, Al-Burgus AF, Al-
Abbasy OY. In vivo, in vitro, and molecular
docking study of rat pancreatic lipase inhibition
using isopropyl salicylate. Ukr Biochem J. 2025;
97(4): 84-93.

Zaitone SA, Essawy S. Addition of a low dose of
rimonabant to orlistat therapy decreases weight
gain and reduces adiposity in dietary obese rats.
Clin Exp Pharmacol Physiol. 2012; 39(6): 551-
559.

Novelli EL, Diniz YS, Galhardi CM, Ebaid GM,
Rodrigues HG, Mani F, Fernandes AA,
Cicogna AC, Novelli Filho JL. Anthropometrical
parameters and markers of obesity in rats. Lab
Anim. 2007; 41(1): 111-119.

Wahabi S, Rtibi K, Atouani A, Sebai H. Anti-
Obesity Actions of Two Separated Aqueous
Extracts From Arbutus (Arbutus unedo) and
Hawthorn (Crataegus monogyna) Fruits
Against High-Fat Diet in Rats via Potent
Antioxidant Target. Dose Response. 2023; 21(2):
15593258231179904.

Al-Burgus AF, Thanoon-Ali O, Al-Abbasy OY.
Design, synthesis and molecular docking of new
spiro heterocyclic coumarin as antibacterial
agents. Rev Roum Chim. 2024; 69(7-8): 399-404.
Hevener KE, Zhao W, Ball DM, Babaoglu K,
Qi J, White SW, Lee RE. Validation of molecular
docking programs for virtual screening against
dihydropteroate synthase. J Chem Inf Model.
2009; 49(2): 444-460.

Phan CT, Tso P. Intestinal lipid absorption and
transport. Front Biosci. 2001; 6: D299-D319.
Woolley P, Petersen SB. Sequence analysis
of lipases, esterases and related proteins. In:
Lipases: their structure, biochemistry and
application. 1994: 27-28.

lizuka K, Higurashi H, Fujimoto J, Hayashi Y,
Yamamoto K, Hiura H. Purification of human
pancreatic lipase and the influence of bicarbonate
on lipase activity. Ann Clin Biochem. 1991;
28(Pt 4): 373-378.

Kimura H, Futami Y, Tarui S, Shinomiya T.
Activation of human pancreatic lipase activity
by calcium and bile salts. J Biochem. 1982;
92(1): 243-251.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Di Bella S, Luzzati R, Principe L, Zerbato V,
Meroni E, Giuffré M, Crocé¢ LS, Merlo M,
Perotto M, Dolso E, Maurel C, Lovecchio A,
Dal Bo E, Lagatolla C, Marini B, Ippodrino R,
Sanson G. Aspirin and Infection: A Narrative
Review. Biomedicines. 2022; 10(2): 263.
Ninomiya K, Matsuda H, Shimoda H,
Nishida N, Kasajima N, Yoshino T, Morikawa T,
Yoshikawa M. Carnosic acid, a new class of lipid
absorption inhibitor from sage. Bioorg Med
Chem Lett. 2004; 14(8): 1943-1946.

Zhao HL, Kim YS. Determination of the kinetic
properties of platycodin D for the inhibition of
pancreatic lipase using a 1,2-diglyceride-based
colorimetric assay. Arch Pharm Res. 2004;
27(10): 1048-1052.

Won SR, Kim SK, Kim YM, Lee PH, Ryu JH,
Kim JW, Rhee HI. Licochalcone A: A lipase
inhibitor from the roots of Glycyrrhiza uralensis.
Food Res Int. 2007; 40(8): 1046-1050.

Rajan L, Das N, Chakkyarath V, Natarajan J,
Palaniswamy D, Shaw S, Mishra SK. Pancreatic
lipase related protein 1 as a potential target in
triglyceride breakdown: A molecular docking
studies with in vitro appraisal. Results Chem.
2023; 5: 100960.

Tran TH, Mai TT, Ho TT, Le TN, Cao TC,
Thai KM, Tran TS. Inhibition of pancreatic
lipase by flavonoid derivatives: in vitro and in
silico investigations. Adv Pharmacol Pharm Sci.
2024; 2024: 6655996.

Wu X, He W, Zhang H, Li Y, Liu Z, He Z.
Acteoside: a lipase inhibitor from the Chinese
tea Ligustrum purpurascens kudingcha. Food
Chem. 2014; 142: 306-310.

Eglofft MP, Marguet F, Buono G, Verger R,
Cambillau C, van Tilbeurgh H. The 2.46 A
resolution structure of the pancreatic lipase-
colipase complex inhibited by a C11 alkyl
phosphonate. Biochemistry. 1995; 34(9): 2751-
2762.

Hadvary P, Sidler W, Meister W, Vetter W,
Wolfer H. The lipase inhibitor tetrahydrolipstatin
binds covalently to the putative active site serine
of pancreatic lipase. J Biol Chem. 1991; 266(4):
2021-2027.



