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CHANGES IN THE LIPOLYTIC ACTIVITY OF PANCREATIC JUICE UNDER THE
INFLUENCE OF VARIOUS PROTEINS USED AS EMULSIFIERS OF TRIBUTYRIN AND
SUNFLOWER OIL

Aleinik V.A., Dzhalalova O.K., Babich S.M., Khodzhimatov G.M., Khamrakulov Sh.Kh.
Andijan State Medical Institute, Andijan, Uzbekistan

v Resume

In the work in vitro studied the change in the lipolytic activity of pancreatic juice under the influence of
various proteins used as emulsifier’s tributyrin and sunflower oil. It was concluded that the preliminary
hydrolysis of proteins by pepsins in the stomach contributes not only to a further improvement of their
hydrolysis under the influence of proteolytic enzymes of pancreatic juice, but also to the hydrolysis of fats
under the influence of pancreatic lipase. The improvement in the lipolytic activity of pancreatic juice under
the influence of various proteins depends on the length of the fatty acids of the fats.

Key words: pancreatic juice, gastric juice, proteolytic activity, protein-fat emulsion, fat hydrolysis
products, proteins, tributyrin, sunflower oil.

W3MEHEHUE JUMOJUTHYECKON AKTUBHOCTH MOKEJYJIOYHOIO COKA MO/
BJIMAHUEM PA3/IMYHbBIX BEJIKOB UCIIOJIb30BAHHBIX B KAYECTBE OMVYJIBI'ATOPOB
TPUBYTUPHUHA U NIOACOJHEYHOI'O MACIJIA

Anetinux B.A., [{cananosa O.K., babuu C.M., Xooxcumamos .M., Xampaxyros LI X.

AHIVDKaHCKUH TOCYAapCTBECHHBIN MEIUIIMHCKUIA HHCTUTYT, AHAWXKaH, Y 30eKUCTaH

v’ Pestome

B pabome in Vitro uzyuanoce usmenenue 1unoIumMuiecKoii AKMUGHOCHU ROOHCEYOOUHOZO COKA NOO
GIUAHUEM PA3IUYHBIX 0€1K08 UCROJIb30GAHHBIX 6 Kauecmee IMYIb2amopoé mpuoymupuna u
nooconneunozo macna. Coenano 3akniouenue, Ymo npeosapumebHulil 2uoponu3 0eaKoe nencuHamu 6
Jrceniyoke  cnocobcmeyem He MONBKO OANbHeluwiemy YAyYUIeHUI0 2uopoau3a ux noo 6ausAHUemM
HPOMEOIUMUYECKUX (PEPMEHMOE HOOIHCEYOOUHO20 COKA, HO MAKIHCEe U CUOPOTIUIY HCUPOE NOO GIIUAHUEM
naHKpeamuueckoil aunazvl. Yayuyuienue AUROTUMUYECKON AKMUGHOCHU HOONCENYOOUHO20 COKA MO0
GUAHUEM PA3TUYHBIX DENIKOG, 3A6UCUI 0N OJIUHDBL HCUPHBIX KUCTIOM JCUPOE.

Knrouesvie cnosa: nooiceny0ouHslii CoK, HCETYOOUHBIU COK, HPOMEOIUMUYECKAA AKIMUGHOCHD,
0eIK080-2HCUP06AS IMYIbCUA, RPOOYKMbL ZUOPOJIU3A HCUPOB, DEJIKU, MPUOYMUPUH, NOOCOTIHEYHOE MACO.

TYPJIN OKCUJIJIAP BA DMYJIBI'ATOP CU®PATUIATI' TPUBYTUPUH BA KYHI'ABOKAP
EFVHU OIIKO30H OCTH BE3U LIMPACU AKTUBJIMTUHU Y3TAPUIIIUTA TABCUPU

Anetinux B.A., [{ocananosa O.K., babuu C.M., Xooocumamos I"M., Xampaxynos [11.X.

AHIVDKOH JIaBjIaT THOOUET HHCTUTYTH

v’ Pesiome

Taokuxomoa in vitro ycyauda mypiau OKCUINAp 64 IMyiabzamop cugamuoazu mpudbymupun ea
KYH2A00Kap é2uHu OWKO030H ocmu 0e3u wupacu aKmueIuZUHY y3zapuiiuza mavcupu ypzanuuw. Xyioca
KUAUH2AHOA, OKCUAPDHU OWIKO30H WUPACH MADCUPUOA 2UOPOIU3TAHZAHOA HApaKam YIapHu OWKO30H
ocmu wupacu RnPOMEOTUMUK (epmenmaap mavcupu OCMUOa 2UOPOTUIUHU AXWUNANOU OaIKU,
RaHKpeamuk JauRaza mascupu ocmuoa éznapru cuoponusunu xam axwunauou. Typau oxcunnap
mavcupuoa OWKO30H ocmu 0e3u wupacu JAUROIUMUK AKMUGIUZUHU AXWUNAHUWY €2 KUCIomanapu
mapkubuoazu 3auHCUPHUNZ Y3YHIUZU2A DOTUK.

Kanum cyznap: owko3on ocmu 6e3u wiupacu, OWKO30H WUPACU, NPOMEOIUMUK PAONNUK, OKCUN-E2
IMYABUYUACH, €2 2UOPOTIUIU MAXCYTIOMAAPU, OKCUTLLAD, MPUOYMUPUH, KYH2A0OKap é2u.
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D

Relevance

S urfactant ingredients, such as proteins or low

molecular weight emulsifiers, adsorb on the
surface of the newly formed oil droplets and
stabilize them. The size distribution of emulsion
droplets depends on a number of factors, but one
of them is how quickly protein emulsifiers are
able to adsorb to the droplet surface. Fast
adsorption and stabilization prevents droplet re-
coalescence and results in a smaller droplet size
distribution and a more stable emulsion. The
structure and stability of the adsorbed protein
layer is critical for the stability of the emulsion
droplet [5].

The adsorption of proteins on the surface of
fat droplets can reduce the activity of pancreatic
lipase. The explanation for this is that proteins,
due to competitive adsorption, can desorb lipase
molecules from the surface of fat droplets. At the
same time, the decrease in the activity of
pancreatic lipase is not associated with the direct
effect of the protein on the lipase enzyme, but
with the competitive desorption of lipase by the
protein from the substrate — the fat drop [2, 3,
6].

It was found that in protein-fat emulsions,
hydrolysis of the protein layer by pepsin is the
main driving force in destabilization of
emulsified fat droplets. Hydrolysis of the protein
layer by pepsin causes flocculation and some
coalescence of fat droplets, which is most likely
caused by the loss of the positive charge on the
droplet surface and weakening of the adsorbed
layer. Peptides that remain at the interface are
unable to provide sufficient electrostatic
repulsion and / or steric effects. In addition, it
was also found that the action of pepsin in the
hydrolysis of the adsorbed protein layer is
accelerated in the presence of a salt with a high
concentration [4].

Thus, with a decrease in gastric hydrolysis of
proteins and their entry into the small intestine, it
can help to reduce lipolysis of fats by pancreatic
lipase. At the same time, an increase in the
formation of protein hydrolysates by the stomach
can improve the hydrolysis of fats by pancreatic
lipase.

The aim of the study: to study the change in
the lipolytic activity of pancreatic juice under the
influence of various proteins used as emulsifiers
of tributyrin and sunflower oil.

S

Material and methods

We wused gastric and pancreatic juices
obtained in chronic experiments in dogs with
fasting secretion. In pancreatic juice, lipase
activity was determined [1], in the presence of
various proteins (casein, serum albumin,
hemoglobin, gelatin, egg white, meat powder
protein). As a substrate for pancreatic lipase, we
used 1% tributyrin and sunflower oil emulsified
with the corresponding protein in an increasing
concentration from 0.1 to 1%. In order to reduce
the breakdown of proteins and weaken the
emmugability of the substrates wused, the
proteolytic activity of pancreatic juice was
inhibited by using its preincubation with 0.1%
soy inhibitor solution.

The study of the lipolytic activity of
pancreatic juice with the studied proteins was
carried out in 3 variants: 1 - without preliminary
incubation with gastric juice, with 30 min of
preliminary incubation with gastric juice, 3 - with
60 min of preliminary incubation with gastric
juice.

Preincubation of protein substrates with
gastric juice was carried out at pH 2, after which
pH was neutralized to 8 with NaOH solution and
addition of phosphate buffer with pH 8.2, then
the substrate was incubated with pancreatic juice.
In studies without incubation, distilled water was
added in an equivalent volumetric amount with
the spent NaOH solution and the corresponding
addition of phosphate buffer.

Statistical processing was carried out by the
method of variation statistics with the calculation
of mean values and their mean errors,
determination of the coefficient of reliability of
the Student-Fisher difference (t). Differences
were considered statistically significant at p
<0.05 and less.

Result and discussion

According to the results of the studies, it was
found that the use of casein as an emulsifier,
lipolytic activity is significantly reduced at a
concentration of 0.1%, both when using
tributyrin and sunflower oil. This decrease in
activity to 0 was noted with an increase in the
concentration of casein to 0.4% using tributyrin
and 0.3% sunflower oil (Fig.1 A and Al).

After preliminary 30 minute incubation
(preincubation)  of  casein  of  various
concentrations with gastric juice and further use
as emulsifiers. There was also a decrease in
lipolytic activity at a concentration of 0.1%.
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tributyrin and 0.4% of sunflower oil, a decrease
in activity was noted to its complete absence,
both when using tributyrin and sunflower oil. At
the same time, the indicators were significantly
higher than those without pre-incubation with
gastric juice (Fig.1 A and Al).

A similar trend in the dynamics of changes in
lipase activity using casein of various
concentrations as an emulsifier was also observed
after 60 minutes of preincubation with gastric
juice. At the same time, a decrease in lipase
activity, until it was completely absent, was
manifested at a casein concentration of 0.6%
using tributyrin and 0.5% using sunflower oil.

Moreover, all indicators of lipolytic activity were
significantly higher than those using tributyrin
and sunflower oil without pre-incubation and
higher than those indicators after 30 minutes of
pre-incubation of casein with gastric juice. Also,
the indicators using sunflower oil were lower
than those using tributyrin (Fig.1 A and Al).

In studies using serum albumin as an
emulsifier, lipolytic activity was similar to that of
casein. At the same time, the decrease in activity
continued, with an increase in the concentration
of serum albumin until the complete absence of
lipolytic activity at 0.7% tributyrin and 0.4%
sunflower oil concentration (Fig.1 B and B1).
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Figure 1. Influence of proteins of various concentrations after hydrolysis with gastric juice on the
activity of lipase (x103) of pancreatic juice.

Note: A, B, C, - tributyrin, Al, B1, C1, - sunflower oil, 1- without preincubation with gastric juice, 2-
after 30 minutes. preincubation with gastric juice, 3 - after 60 min. preincubation with gastric juice.

* - significantly different values in relation to indicators without preincubation with gastric juice.

After preliminary 30 minute preincubation of
serum albumin of various concentrations with
gastric juice and their further use as emulsifiers,
lipolytic activity gradually decreased to its
complete absence at 0.7% using tributyrin and
0.7% using sunflower oil. These indices with the
use of tributyrin and sunflower oil were
significantly  higher than  those  without
preincubation with gastric juice, in addition, the

indices with the use of sunflower oil were lower
than those with the use of tributyrin (Fig.1 B and
B1).

A similar trend in lipase activity changes
using tributyrin and sunflower oil, and serum
albumin of wvarious concentrations as an
emulsifier, was observed after 60 minutes of
preincubation with gastric juice. At the same
time, a decrease in lipase activity, until it is
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completely absent, is manifested at a serum
albumin concentration of 0.8% using tributyrin
and 0.5% using sunflower oil. At the same time,
all indicators of lipolytic activity were
significantly higher than those without the
preincubation of tributyrin and sunflower oil, and
also higher than those indicators after 30 minutes
of preincubation of serum albumin with gastric
juice. At the same time, the indicators with the
use of sunflower oil were lower than those with
the use of tributyrin (Fig.1 B and B1).

The use of hemoglobin as an emulsifier also
contributed to a significant decrease in lipolytic
activity at a concentration of 0.1%, both
tributyrin and sunflower oil, and this decrease
continued, with an increase in concentration until
the complete absence of lipolytic activity at a
hemoglobin concentration of 0.5% using
tributyrin and 0.4% using sunflower oil (Fig.1 C
and C1).

After preliminary 30 minute preincubation of
hemoglobin of various concentrations with
gastric juice and further use as emulsifiers.
Lipolytic activity gradually decreases with the
use of tributyrin and sunflower oil, until it is
completely absent at 0.6% with tributyrin and
0.6% with sunflower oil. These indicators were
significantly  higher than  those  without
preincubation of hemoglobin with gastric juice
using tributyrin and sunflower oil. At the same
time, the indicators using sunflower oil were
lower than those using tributyrin (Fig.1 C and
Cl).

A similar trend in the change in lipase activity
with the use of hemoglobin of various
concentrations as an emulsifier was also noted
after 60 minutes of preincubation with gastric
juice. At the same time, a decrease in lipase
activity, until it was completely absent, was
manifested at a hemoglobin concentration of
0.7% with the use of tributyrin and 0.5% with the
use of sunflower oil. At the same time, all
indicators of lipolytic activity after 60 minutes of
preincubation of hemoglobin with gastric juice

N

were significantly higher than those without
preincubation of hemoglobin and higher than
those indicators after 30 minutes of preincubation
with gastric juice of hemoglobin, in addition,
indicators using sunflower oil were lower than
those using tributyrin (Fig.1 C and C1).

The use of egg white as an emulsifier
contributed to a more significant decrease in
lipolytic activity compared to the use of casein,
serum albumin and hemoglobin. This decrease
was manifested at a concentration of egg white
from 0.1% and up to a complete absence of
lipolytic activity at 0.3% concentration (Fig. 2 D
and D1).

After a preliminary 30 minute preincubation
of egg powder of various concentrations with
gastric juice and further use as an emulsifier of
tributyrin and sunflower oil, lipolytic activity
gradually decreased at a concentration of egg
white from 0.1% to its complete absence at 0.3%
using tributyrin and 0, 2% using sunflower oil.

These indicators of lipase activity using
tributyrin and sunflower oil were significantly
higher than those using tributyrin and sunflower
oil without preincubating egg white with gastric
juice. It can be seen that the indicators using
sunflower oil were lower than those using
tributyrine (Fig. 2 D and D1).

With the use of egg white of various
concentrations as an emulsifier, after 60 minutes
of preincubation with gastric juice, a similar
trend in the change in lipase activity was
observed. At the same the time of the decrease in
lipase activity until its complete absence was
manifested at an egg white concentration of 0.3%
using tributyrin and sunflower oil. Moreover, all
indicators of lipolytic activity were significantly
higher than those without pre-incubation of egg
white and the use of tributyrin and sunflower oil.
Also higher than those after 30 minutes of
preincubation of egg white with gastric juice. In
addition, the indices with the use of sunflower oil
were lower than those with the use of tributyrin
(Fig. 2 D and D1).
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Figure 2. Influence of proteins of various concentrations after hydrolysis with gastric juice on the

activity of lipase (x103) of pancreatic juice.

Note: D, G, E, - tributyrin, D1, G1, E1, - sunflower oil, 1- without preincubation with gastric juice, 2-
after 30 minutes. preincubation with gastric juice, 3 - after 60 min. preincubation with gastric juice.
* - significantly different values in relation to indicators without prein.

The use of meat powder as an emulsifier of
tributyrin and sunflower oil also contributed to a
more significant decrease in lipolytic activity
compared to the use of casein, serum albumin
and hemoglobin. This decrease was manifested in
the same way at a concentration of meat powder
from 0.1% and up to the complete absence of
lipolytic activity at a concentration of 0.3% when
using tributyrin and 0.2% when using sunflower
oil (Fig. 2 G and G1).

After preliminary 30 minute preincubation of
meat powder of various concentrations with
gastric juice and further use as an emulsifier of
tributyrin and sunflower oil. Lipolytic activity
gradually decreased at a concentration of meat
powder from 0.1% to its complete absence at
0.3% using both tributyrin and sunflower oil,
which was similar to the use of egg powder, but
with different dynamics. These indicators were
significantly higher than those with the use of
tributyrin and sunflower oil without pre-
incubation of meat powder with gastric juice, and

the indicators using sunflower oil were lower
than those with the use of tributyrin (Fig. 2 G and
G1).

With the use of meat powder of various
concentrations as an emulsifier after 60 minutes
of preincubation with gastric juice, a similar
trend in the change in lipase activity was
observed. At the same time, a decrease in lipase
activity, until its complete absence, was
manifested at a concentration of meat powder
from 0.1% to 0.3% using tributyrin and
sunflower oil. At the same time, all indicators of
lipolytic ~activity after 60 minutes of
preincubation of meat powder with gastric juice
were significantly higher than those using
tributyrin -~ and  sunflower  oil  without
preincubation and higher than those indicators
after 30 minutes of preincubation of meat powder
with gastric juice. At the same time, the indices
using sunflower oil were lower than those using
tributyrin (Fig. 2 G and G1).
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Lipolytic activity in studies using gelatin as an
emulsifier, both tributyrtine and sunflower oil,
did not significantly decrease, at various
concentrations from 0.1% to 1%, both without
preincubation and after 30 and 60 minutes of
preincubation (Fig. 2 E and E1).

The obtained data show that all the studied
proteins, except for gelatin, have an inhibitory
effect on lipase in the composition of pancreatic
juice, the degree of inhibitory effect for each
protein is expressed differently. To the greatest
extent, the inhibitory ability on lipase is
expressed in proteins of egg and meat powder, in
less serum albumin, as well as casein and
hemoglobin. After 30 minutes and even more
after 60 minutes of preincubation with gastric
juice of all studied proteins, the lipolytic activity
of pancreatic juice, in comparison with the
indicators without preincubation, significantly
increased, but not the same. The dynamics of
changes in the dependence of lipolytic activity on
protein concentration was different, that is,
individual for each protein under study. These
results indicate that gastric digestion of proteins
decreases their ability to inhibit pancreatic lipase
to varying degrees for different proteins. Also,
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the decrease in lipase inhibition by various
proteins depends on the digestive ability of
gastric juice. It should also be noted that the
inhibitory ability of lipase proteins also depends
on the physicochemical properties of fats. Fats
containing short-chain fatty acids have a lower
inhibitory effect on lipase proteins, and fats
containing long-chain fatty acids to a greater
extent. This may be due to the fact that fats
containing short-chain fatty acids contribute to a
lesser degree of competitive adsorption of
proteins in relation to lipase on the surface of
fatty droplets, compared to fats containing long-
chain fatty acids.

Conclusions

Thus, the preliminary hydrolysis of proteins
by pepsins in the stomach contributes not only to
a further improvement of their hydrolysis under
the influence of proteolytic enzymes of
pancreatic juice, but also to the hydrolysis of fats
under the influence of pancreatic lipase. The
improvement in the lipolytic activity of
pancreatic juice under the influence of various
proteins depends on the length of the fatty acids
of the fats.
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