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The exocrine function of pancreatic acini cells is a highly energy-intensive process.
A cell always needs to maintain a stable level of ATP balancing between states of activation
and rest. Low-energy is one of the possible mechanisms contributing to the development
of pancreatic diseases. The most commonly encountered disease of the pancreas is acute
pancreatitis. It is known that excessive alcohol consumption causes the development of
pancreatitis. The pathogenesis of this disease is linked to the cellular loss of energy, but
the mechanism of alcohol’s effect on the mitochondria in pancreatic acini is unclear. This
study’s main aim is to assess the impact of acute alcohol administration on the mitochondrial
function of rat pancreatic acini.

Wistar rats were administered ethanol (6 g/kg body weight) by oral gavage for 3
h before the experiment. A suspension of isolated pancreatic acini was obtained following
collagenase digestion. Respiration of isolated pancreatic acini was studied with a Clark elec-
trode. The maximal respiration rate was studied at different concentrations of protonophore
FCCP (0.5-2 uM) in solutions containing glucose combined with oxidative substrates (py-
ruvate and glutamine, monomethyl-succinate or dimethyl-a-ketoglutarate). Dehydrogenase
activity was measured by colorimetric method.

Ethanol administration caused a significant increase in the activity of pyruvate de-
hydrogenase. It was confirmed that FCCP induced an increase in the respiration rate of
pancreatic acinar cells in each experimental group. The addition of 1.5 uM FCCP reduced
the respiration rate of pancreatic acini during the oxidation of glucose and monomethyl
succinate or dimethyl-o-ketoglutarate, but not during the oxidation of glucose, pyruvate and
glutamine substrates. The administration of ethanol had no impact on the basal or FCCP-un-
coupled respiration of isolated pancreatic acini. The observed data are consistent with the
findings of other researchers. However, alcohol exposure is not sufficient to cause mitochon-
drial damage in pancreatic acinar cells.

In conclusion, acute ethanol administration does not cause mitochondrial dysfunc-
tion in the pancreas of rats but causes an increase in pyruvate dehydrogenase activity.
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Introduction

Ethanol consumption is a major factor causing acute pancreatitis. The pathogenesis of
pancreatitis is considered to be associated with mitochondrial damage [1]. At the moment it is not
clearly understood if mitochondrial damage is the cause or effect of pancreatic acinar cell dama-
ge in the early pancreatitis events. It has been established that ethanol in vitro leads to changes
in the functioning of mitochondria [20], Ca*" signalling [6, 19] and the generation of ROS [8]
in pancreatic acini. Nevertheless, these outcomes were not verified in vivo, and it is most likely
that ethanol requires additional factors to cause pancreatitis [12, 15, 17]. In our previous study,
we found that while a combination of ethanol and cholecystokinin administration to rats caused
a significant decrease of both basal and uncoupled respiration rate of isolated pancreatic acini,

© binonora O., Mansko b. O., Mazyp I'., Mansko B., 2024



O. binoHoea, 6. O. Matsko, I. Masyp, B. MaHbko
ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92 133

ethanol alone did not affect the uncoupled respiration and its effect on basal oxygen consumption
was less convincing [16] due to a complex experimental design.

The aim of this study was thus to re-assess the effect of acute ethanol administration on
mitochondrial respiration of rat pancreatic acini, supported by the dehydrogenase activity inves-
tigation.

Materials and Methods

All manipulations with animals have been performed by the EU Directive 2010/63/EU for
animal experiments and laws of Ukraine. Experimental protocols were approved by the Animal
Care and Use Committee of Ivan Franko National University of Lviv.

Experiments were carried out on Wistar white male rats (250-300 g). All animals were
kept under the standard conditions of a vivarium at room temperature (18—20 °C) on a standard
diet. Three hours before decapitation the animals were administered ~ 4 ml of water (control) or
40 % alcohol solution (6 g per kg of animal weight).

A suspension of isolated pancreatic acini was obtained following collagenase digestion
(Sigma, type IV, 0.2 mg/ml) according to the previously reported method [14].

Acini were obtained and stored in extracellular solution containing (mM): 140.0 NacCl,
4.7 KCl, 1.3 CaCl,, 1.0 MgCl,, 10.0 HEPES, 10.0 glucose, 2.0 glutamine, 2.0 sodium pyruvate,
0.01 % (wt/vol) soybean trypsin inhibitor, 0.25 % (wt/vol) BSA and MEM amino acid supple-
ment; pH 7.4 (NaOH). Cell viability was evaluated with the trypan blue test (0.1 %). Cell count-
ing was performed using a haemocytometer.

Oxygen consumption was measured with a Clark oxygen electrode at 37 °C using S1929
6-channel Oxygen Meter (Strathkelvin). Before respiration measurement, suspension of pancre-
atic acini was pre-incubated (15 min, 37 °C) in respective solutions with glucose (10 mM) with
oxidative substrates (2 mM pyruvate and 2 mM glutamine or 2 mM monomethyl-succinate or
dimethyl-a-ketoglutarate). Maximal uncoupled respiration was studied with protonophore FCCP
added step-wise to reach the final concentrations 0.5, 1, 1.5, and 2 uM as previously described
[15].

The activity of selected dehydrogenases was studied by a colorimetric method with ni-
troblue tetrazolium [11, 22]. Cells or lysate were incubated with 200 pl of either the complete
assay mixture or the assay mixture without substrate for 40 min at 37 °C [11, 22]. A separate al-
iquot of acini in suspension was homogenized in a lysis solution, containing 0.1 % Triton X-100
in addition to the basic solution. Enzyme activity was studied with colorimetric assay using a
DENOVIX spectrophotometer DS-11 FX+ in the 1 cm cuvette at a wavelength of 540 nm at
37 °C. Activity is calculated by subtraction of the absorbance of the containing the blank control
(without lysate).

All reagents used in experiments were of high purity and usually manufactured by Sigma
Aldrich. Each experiment was repeated on at least four separate preparations of isolated acini
from different animals (n>6). Statistical analysis was performed using Microsoft Excel software.
Data are presented as mean + standard error of mean. Statistical significance (P) of the difference
between the means was assessed in each case with a paired t-test.

Results and Discussion
In the first experiment, the suspension of isolated pancreatic acini was incubated for 15
min at 37 °C in the basic solution containing glucose and some of the substrates: monomethyl
succinate, dimethyl-a-ketoglutarate, pyruvate and glutamine.
Upon glucose and monomethyl succinate oxidation, adding 0.5 and 1 uM FCCP to the
respiration chamber caused an increase in the respiration rate to 1.8+0.24 and 2.4+0.27 r.u., re-
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spectively. At higher concentrations, FCCP caused a gradual decrease in respiration rate during
the oxidation of glucose and monomethyl succinate or dimethyl-a-ketoglutarate (Fig.1 4 and B
P<0.001) which is consistent with previous data [15]. When glucose, pyruvate and glutamine
were used as substrates, all concentrations of FCCP increased the respiration rate of isolated pan-
creatic acini (Fig.1 C, P<0.05 — 0.001). There was no statistically significant difference between
the alcohol and control groups. Alcohol caused no effect on the basal and maximal FCCP-un-
coupled respiration of isolated pancreatic acini when tested substrates were used (Fig. 2). These
results suggest that acute alcohol administration does not damage mitochondria in pancreatic
acinar cells, which might lead to acute pancreatitis [18]. Only a combination of ethanol with an
additional factors impairs pancreatic acinar cells in animal models [9, 12, 16].
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Fig. 1. The effects of in vivo ethanol administration (3 h) to rats on respiration of pancreatic acini: [glucose] =
10 mM, [pyruvate] = 2 mM, [glutamine] = 2 mM, [monomethyl-succinate] = 2 mM, [dymetyl-a-
ketoglutarate] = 2 mM, [FCCP] = 0.5-2 uM; * — statistically significant difference compared to

basal rate with P<0.05; Mean + SEM, n=6—8

Fig. 2. The effects of in vivo ethanol administration (3 h) to rats on basal and maximal FCCP-uncoupled
respiration of isolation pancreatic acini: [glucose] = 10 mM, [pyruvate] = 2 mM, [glutamine] =
2 mM, [monomethyl-succinate] = 2 mM, [dymethyl-a-ketoglutarate] = 2 mM, [FCCP] = 0.5-2 uM,;
Mean = SEM, n=6-8



O. binoHoea, 6. O. Matsko, I. Masyp, B. MaHbko

ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92 135
A) B8) c) D) E)
lactate glutamate a-ketoglutarate isocitrate pyruvate

g - dehydrogenase dehydrogenase dehydrogenase dehydrogenase dehydrogenase
3
2%
=z
S
R4
[
E *
= m
[ =
” o B

o i

Control  Alcohol Control  Alcohol Control  Alcohol Control  Alcohol Control  Alcohol

Fig. 3. The effects of in vivo ethanol administration (3 h) to rats on enzyme activity of pancreatic acini:

A — lactate dehydrogenases, B — glutamate dehydrogenases, C — a-ketoglutarate dehydrogenases,

D — isocitrate dehydrogenases, £ — pyruvate dehydrogenases; * — statistically significant difference

compared to control with P<0.05; Mean + SEM, n=7-8

It is known that ATP levels decrease in pancreatic acinar cells following various pancreatic
injuries [5], but the mechanism has not been fully studied. In the next experiment, we investigated
the activity of dehydrogenases, which play an essential role in producing ATP in cells.

It was found that alcohol administration caused a significant 2.3-fold increase in the pyru-
vate dehydrogenase activity in isolated pancreatic acini (1.22+0.27 vs 0.52 £ 0.07 r.u., Fig. 3, E,
P=0.02). The activities of other tested dehydrogenases were unchanged.

It is known that pyruvate oxidation under the influence of secretagogues occurs through
the activation of pyruvate dehydrogenase by Ca?". In vitro studies have shown that only high con-
centrations of alcohol lead to short-term alterations in Ca?" levels in pancreatic acini [4]. Other
studies have shown that ethanol concentrations ranging from 1 to 50 mM trigger the release of
Ca?" from stores in pancreatic acini [7]. In light of these, it seems that alcohol alone in a studied
concentration should not be enough to activate pyruvate dehydrogenase. However, non-oxidative
ethanol metabolism, which involves the formation of ethyl esters of fatty acids (FAEE), is domi-
nant in pancreatic acini in vivo [9]. In humans, 2 mM FAEE was detected at a concentration of 30
mM alcohol in the blood [2]. Data from in vitro experiments show that 10—100 uM FAEE induces
arise in intracellular [Ca?"] [4, 13]. Our previous experiments have shown that pyruvate supple-
mentation improves the survival of pancreatic acini when they are exposed to ethanol and CCK
[16]. We can assume that alcohol consumption to leads the formation of FAEE, which triggers
Ca?' release and the activation of the pyruvate dehydrogenase in rats. Consequently, acute alcohol
administration does not impact the maximal respiration rate of pancreatic acinar cells upon the
oxidation of each experimental substrate in vivo. Only the activity of pyruvate dehydrogenase in-
creases in pancreatic acini under the influence of alcohol, unlike other analyzed dehydrogenases.
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Ex30kprHHa QyHKIISI KIITHH alMHYCIB MiIUTYHKOBOI 3aJI03U € €HEePro3aJIeKHUM
nporecoM. KiiTwHI mocTiHHO HEOOXiZHO WiaTpUMyBath cralOutbHHME piBeHb ATO,
OaJaHCyrOUM MDK CTaHaMM akTWBamii Ta CHOKOI0. HM3BKWH piBEeHb E€HEPreTHYHOTo
3a0e3NeyeHHss € OJHUM 13 MOTCHIIMHUX MEXaHi3MiB, SKi CIpPUSIOTH PO3BUTKOBI
3aXBOPIOBaHb IMIANUIYHKOBOI 3ay03u. HaiimommpeHinmM 3aXBOPIOBaHHSIM ITiAIITYHKOBOT
3aJI03H € TOCTPHIl MaHKpeaTHT. BigoMo, 1m0 HaaMipHEe CHOXKMBAHHS aJIKOTOJIIO € YNHHIKOM
PO3BUTKY HaHKpeaTtuTy. [laToreHes IbOro 3axXBOPIOBAHHS IIOB’SI3YIOTH i3 IMOPYIICHHSIM
KIITUHHOI €HepreTHKH, IIPOTe MEXaHi3M Jii eTaHoJIy Ha MITOXOHJpIl alMHApHUX KIITHH
IAIDTYHKOBOT 3QJI03M 3aJIMINAETHCS HEOCTaTHRO BHBYEHHMM. lle nocimijukeHHs Mano Ha
METi OIIHUTH BIUIUB OJTHOPA30BOTO BBE/ICHHS AJKOTOMI0 Ha (QYHKIIOHYBaHHS MITOXOHPIH
aIMHAPHUX KIIITHH MiAIDTYHKOBOT 321031 Iy PiB.

lypam ninii Wistar nepopajbHO BBOAWIM aJKOroib (6 TI/Kr Macu TBapHHH)
OJTHOPA30BO 3a 3 ToJ1 10 MPOBEICHHS eKCIIepUMEHTY. [laHKkpeaTHHI alHyCH 130JTI0BAH 32
JIOTIOMOTOI0 KoJlareHasH. JIMXaHHs 130Jb0BaHMX HMaHKPEATHYHHUX allHYCIB JOCII/PKYBAIN
3 BHKOPHUCTAaHHAM enektpony Kiapka. MakcumaiabHy HDIBHAKICTH JUXAHHS OLIHIOBAIH,
BHUKOPHUCTOBYIOUH pi3HI KoHIeHTpanii npotoHohopy FCCP (0,5-2 MxM) y cepenosuiii,
110 MICTWJIO TJIFOKO3y B KOMOIHAIIT 3 IHIIMMH OKHCIIOBAJIBHUMU cyOcTpaTamu (ipyBaToM
I TIIyTaMiHOM, MOHOMETHJCYKIMHATOM a00 JMMETHI-0-KeTOINyTapaTtoM). AKTHBHICTH
JeT1IporeHa3y BUMIpIOBAIM KOJOPUMETPHIHUM METOIOM.

BBemennst ankoromo (3 rom) miypaM CHPHYMHUIO CTaTHCTHYHO JOCTOBipHE
3pOCTaHHSl aKTUBHOCTI mipyBataeriaporenasu. byno migrsepmkeno, mo FCCP mpussis
JI0 30UTBIICHHS MIBUKOCTI TUXaHHS allMHAPHUX KJIITHH MiAIUTYHKOBOI 3aJI03M B KOXHIH
ekcniepuMmeHTanbHid Tpymi. JonaBanus 1,5 MkM FCCP 3HU3WIO NIBHIKICTH JUXaHHS
MAaHKPEATHYHUX alWHYCIB IIiJl 9ac OKWUCHEHHS TJIOKO3M Ta MOHOMETHJICYKIIMHATY abo
JMMETHII-0-KEeTOITyTapary, ajge He IIiJ] 4ac OKHUCHEHHS CyOCTpaTiB TIJIOKO3M, IipyBaTy
i TIyTaminy. BBeneHHs1 eTaHONIy He BIUIMHYJIO Ha 0a3aJibHy Ta MaKCHMaJIbHY IIBHAKICTDH
JIMXaHHS 130JIbOBAHUX Aal[MHYCIB IiIUTYHKOBOI 3ayi03u. OTpUMaHI JIaHi Y3rO/UKYHOTHCS
3 pe3yabTaTaMu IHIOIMX JOCTipKeHb. OYeBHIHO, IO BIUIMBY TUIBKHM JIMII AJIKOTOJIO
HEJIOCTaTHBO, LIOOM CHPUYMHUTH MITOXOHJApPiaNbHE HOIIKO/DKEHHS AlMHAPHUX KIITHH
I AIITYHKOBOT 3aJI03H.

OTKe, 0THOPa30Be BBEACHHS aJKOTOJIO IIlypaM He CIPHYMHIIIO MITOXOH/IPialbHOT
mucyHKIII B alMHAPHUX KIITHHAX MiANUIYHKOBOI 3aJI03U IIMypiB, MPOTE JOCTOBIPHO
ITiIBUIIYBaJIO aKTUBHICTH MipyBaTACTiAPOTreHa3N.

Kniouosi cnosa: maHKpeaTWdHI aIMHYCH, AJNKOTONb, NIETiAPOTCHA3H, INMIOKO3a,
mipyBaT



