Biol. Stud. 2023; 17(3): 243-252 « DOI: https://doi.org/10.30970/sbi.1703.735 Qﬁ

www.http://publications.Inu.edu.ua/journals/index.php/biology

UDC: 612.34:612.26:577.23

UNCOUPLED RESPIRATION STABILITY OF ISOLATED PANCREATIC ACINI
AS A NOVEL FUNCTIONAL TEST FOR CELL VITALITY

Anastasiia Zub ©®, Bohdan V. Manko ©, Bohdan O. Manko ©,
Volodymyr Manko ©©, Andriy Babsky

Ivan Franko National University of Lviv, 4 Hrushevsky St., Lviv 79005, Ukraine
Zub, A., Manko, B. V., Manko, B. O., Manko, V., & Babsky, A. (2023). Uncoupled respiration

stability of isolated pancreatic acini as a novel functional test for cell vitality. Studia Biologica,
17(3), 243-252. doi:10.30970/sbi.1703.735

Background. Assessment of cell viability is crucial in cell studies. Testing plasma
membrane integrity is a traditional approach of evaluating cell viability. Mitochondrial
functional capacity closely correlates with plasma membrane integrity and overall cell
health. This study aimed to investigate whether any aspect of mitochondrial adaptive
capacity in isolated pancreatic acini is associated with the quality of said preparations,
as determined by the dye exclusion method.

Materials and Methods. Experiments were carried out on male Wistar rats weighing
250-300 g. A suspension of isolated pancreatic acini was obtained using collagenase.
The rate of oxygen consumption of rat isolated pancreatic acini was measured with
Clark oxygen electrode. Basal respiration of isolated pancreatic acini was recorded for
approximately 2 min. Afterwards, the mitochondrial adaptive capacity was examined
using FCCP in concentrations from 0.5 to 2 pM. Uncoupled respiratory stability was
calculated as a ratio of respiration rate at high and low FCCP concentrations. Plasma
membrane integrity was assessed with trypan blue staining. A total of 74 preparations
of isolated pancreatic acini were used in this study.

Results. In all experiments, 92-99 % of pancreatic acinar cells exhibited nega-
tive trypan blue staining, indicating intact plasma membranes. The basal and maximal
uncoupled respiration rates were not affected by the fraction of trypan-negative cells.
However, acini preparations with <less than 95 % plasma membrane integrity had sig-
nificantly lower uncoupled respiration rates when exposed to a high concentration of
FCCP (2 uM), indicating reduced stability of uncoupled respiration.
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Conclusions. Results of the study suggest that the stability of uncoupled respira-
tion can serve as a novel metabolic functional test to complement the existing methods
for assessing cell vitality.

Keywords: pancreas, acinar cells, viability, uncoupled respiration

INTRODUCTION

In vitro experiments involving isolated live cells, whether cultured immortalized cell
lines or primary cells obtained from living organisms, are extensively conducted in various
biological sstudies. Cell viability is a critical aspect for conducting accurate examinations
of biological processes. Impaired metabolism, disrupted ion transport, and compromised
physiological responses to stimuli are observed in damaged or necrotic cells. Traditional
approaches to evaluate cell viability include testing plasma membrane integrity using
techniques like trypan blue staining or assessing metabolic activity with methods such as
the MTT test.

Mitochondrial functional activity in cells is highly correlated with plasma membrane
integrity. In renal cells, cold injury causes disruption of cell morphology, a 70% lactate
dehydrogenase activity release, and nearly complete loss of both basal and uncou-
pled cell respiration (Cassim et al., 2022). In cardiac myocytes, hypoxia-reoxygenation
induces a reduction of maximal uncoupled respiration in parallel with an increase of cell
necrosis measured with a combination of calcein-AM and plasma membrane imperme-
ant ethidium homodimer-1 (Pfleger et al., 2015). In pancreatic acinar cells, hydrogen
peroxide causes a decrease in both basal and maximal respiration, while menadione
intensifies basal respiration and reduces maximal uncoupled respiration; both com-
pounds also cause an increase in lactate dehydrogenase release (Armstrong et al.,
2018). Interestingly, antioxidant mitoQ also causes a significant decrease in both uncou-
pled respiration and plasma membrane integrity of pancreatic acinar cells (Armstrong
et al.,, 2019). In many experimental settings, the mitochondrial damage precedes cell
death with or without the signs of plasma membrane rupture (Armstrong et al., 2019;
Bock & Tait, 2020; Manko et al., 2021). It is thus expedient to develop new highly sensi-
tive cell viability assays based on mitochondrial function evaluation.

Recently, our research group characterized the mitochondrial adaptive capacity of
pancreatic acinar cells using a comprehensive set of uncoupled respiration parameters
(Manko et al., 2019). The present study aimed to investigate whether any aspect of mito-
chondrial adaptive capacity in isolated pancreatic acini is associated with the quality of
isolated pancreatic acini preparations, as assessed with the dye exclusion method.

MATERIALS AND METHODS

Materials. Reagents used in experiments were purchased from Sigma-Aldrich (St.
Louis, Mo): sodium chloride, glucose, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid (HEPES), soybean trypsin inhibitor, bovine serum albumin (BSA), sodium pyruvate,
glutamine, FCCP, collagenase type IV; Merck Chemicals (Burlington, Mass) — Calcium
chloride dihydrate. All other reagents were of the purest available grade.

Experimental animals. All manipulations with animals are accomplished in accor-
dance with the 'European Convention for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes’ (Council of Europe No 123, Strasbourg
1985). Experimental protocols were approved by the Animal Care and Use Committee
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of lvan Franko National University of Lviv (protocol No. 33-04-2023 of 03.04.2023).
Experiments were carried out on male Wistar rats (250-300 g). Animals were kept
under the standard conditions of a vivarium at a constant temperature with 12:12-h
light-dark cycle and on a basic diet. In vitro experiments were performed on pancreatic
acini isolated from animals, which were starved for 12 h prior to the experiment.

Isolation and viability assessment of pancreatic acini. A suspension of isolated
pancreatic acini was obtained with collagenase (type IV, 0.2 mg/mL) as previously reported
(Manko et al., 2013) in basic incubation medium containing (mM): NaCl — 140.0, KCI —
4.7, CaCl, — 1.3, MgCl, — 1.0, HEPES — 10.0, glutamine — 2.0, sodium pyruvate — 2.0,
glucose — 10.0; BSA — 2.5 mg/mL; soybean trypsin inhibitor — 0.1 mg/mL and essential
MEM amino acid supplement; pH set at 7.4 with NaOH. Cell counting was performed with
a hemocytometer with trypan blue staining as described previously (Manko et al., 2021).

Oxygen consumption. The rate of oxygen consumption of isolated pancreatic acini
was measured with Clark oxygen electrode at 37 °C using YSI 5300 Biological oxygen
monitor (Yellow Springs Instruments) or S1929 6-channel Oxygen Meter (Strathkelvin).
Extracellular-like respiration medium contained (mM): NaCl — 140.0, KCI - 4.7, CaCl, —-
1.3, MgCI2 — 1.0, HEPES - 10.0, glucose — 10.0; BSA — 2.5 mg/mL and soybean trypsin
inhibitor — 0.1 mg/mL; pH set at 7.4 with NaOH. Protonophore FCCP was added step-
wise into the respiration chamber in 0.5 yM aliquots (2.0 uM total) to reach the maximal
uncoupled respiration rate as described earlier (Manko et al., 2019).

Statistical analysis. Results are presented as means + S.E.M. Statistical analysis
was performed using Origin Pro 2018 (Northampton, Mass) software. The significance
of difference between the groups was determined with a one-way ANOVA followed by
a Turkey corrected post-hoc t-tests in case of a significant difference according to ANOVA.

RESULTS and DISCUSSION

In the course of this study, to ensure a high statistical power, a total of 74 prepara-
tions of isolated pancreatic acini were examined. To reduce the effects of investigator
bias, a total of 59 of these preparations (experiment 1) were performed by one scientist
and other 15 were later reproduced by another scientist (experiment 2). The viability of
pancreatic acini was assessed with trypan blue staining immediately after the isolation
procedure. In all experiments, cell viability exceeded 92 %, while in experiment 2 it was
significantly higher than in experiment 1 (Fig. 1, Fig. 2B). This may indicate the differ-
ence in cell preparation technique or in viable cell number estimation between the two
scientists. Cells with intact plasma membrane are not stained with trypan blue and thus
are difficult to count in large three-dimensional acini under the microscope. We have
also divided experiment 1 into two clusters based on cell viability with a 95 % cutoff as
a typical indicator of a high-quality cell preparation (Fig. 1C).

Basal respiration of freshly isolated pancreatic acini was recorded for approximately
2 min. Afterwards, titration with FCCP with 0.5 uM aliquots (final concentrations 0.5, 1.0,
1.5 and 2.0 uyM, ~2 min for each concentration) was performed to reach the maximal
uncoupled respiration rate. We have noted that the kinetics of respiration response to
FCCP varied greatly among preparations. In part of experiments, the maximal respi-
ration was already reached at 0.5-1 yM FCCP; further increase in the protonophore
concentration resulted in a marked inhibition of oxygen consumption rate (Fig. 1A). In
other cases, the respiration rate steadily increased up to 1.5-2 yM FCCP (Fig. 1B).
There were also all kinds of intermediate kinetic responses. In order to describe such
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Fig. 1. Dependence of uncoupled respiration stability of isolated pancreatic acini on cell viability: A, B — dif-
ferent examples of original respiration recordings, arrows indicate addition of 0.5 yM FCCP aliquot;
C — data from experiment 1 were split into cluster 1 — cell viability below 95 % (red points) and cluster
2 — cell viability over 95 % (green points); experiment 2 data form cluster 3 with cell viability over
95 % (black points). Black and blue lines are the results of linear regression of experiment 1 data
(black) and both experiments (blue) with corresponding Pearson’s r and p values. Each experiment is
presented by a separate point. Experiment 1 was performed by one scientist with a YSI 5300 biologi-
cal oxygen monitor, while experiment 2 was performed by another scientist with a SI929 6-channel
oxygen meter
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discrepancies in FCCP effects, formerly we used [FCCP], .., — the optimal FCCP concen-
tration when the maximal respiration rate is reached (Manko et al., 2019). However, the
discrete nature of this parameter renders statistical analysis problematic. In addition, it
is difficult to establish optimal concentration when neighboring values of respiration are
very close to each other. Thus, we calculated the uncoupled respiratory “stability” as
a ratio of respiration rate at high and low FCCP concentrations according to the equation:
Stability = (V; 5+V50)/(Vos:V1,0):

where V is an uncoupled respiration rate with index as FCCP concentration in uM.

To test if the uncoupled respiratory stability depended on the plasma membrane
integrity, we have plotted data of the two parameters at Fig. 1. Above a horizontal
dashed line (Stability = 1.0) are experiments in which the respiration rate continued to
increase when high concentrations (1.5-2 uyM) of FCCP were added. Conversely, when
high FCCP concentrations inhibited respiration, the stability was lower than 1. Clearly,
most of the datapoints (31 of 41) in cluster 1 of experiment 1 have stability values
under 1, which is not the case for cluster 2 (7 of 18) and experiment 2 (3 of 15) (Fig. 1).
Furthermore, there was a significant moderate positive correlation between the stabi-
lity of uncoupled respiration and the number of trypan-negative cells with Pearson’s
r = 0.53 for the whole sample (n = 74, p = 0.0000012) and 0.47 for experiment 1 data
(n =59, p=0.0001728).

The statistical analysis of the differences between three experimental clusters was
performed with ANOVA followed by a post-hoc Turkey test. As expected, the fraction of
trypan-positive dead cells was significantly lower in experiment 1 cluster 2 compared
to cluster 1, and even lower in experiment 2 (Fig. 2B). The basal (no FCCP added)
and maximal respiration rates remained the same between all groups (Fig. 2A, C). It
was previously shown that basal and maximal respiration rates are proportional to cell
viability (Armstrong et al., 2018; Cassim et al., 2022). Apparently, small cell viability dif-
ferences do not significantly affect respiration parameters. However, the uncoupled res-
piration upon 2 uM FCCP was significantly higher in experiment 2 compared to experi-
ment 1 cluster 1, indicating higher uncoupled respiration stability (Fig. 2A). There was
no statistical difference between the respiration rates in Experiment 1 cluster 1 and
experiment 2, even though the experiments were performed with different instruments
and by different scientists (see Methods section) (Fig. 2C).

Our study revealed a notable association between slight differences in cell viability,
as determined by the trypan blue exclusion test, and significant effects on uncoupled
respiration stability. Basal respiration of trypan-positive cells with either digitonin-perme-
abilized (Horbay et al., 2012; Manko et al., 2013; Pesta & Gnaiger, 2012; Rose et al.,
2019) or otherwise damaged (Cassim et al., 2022) plasma membrane is usually more
than 5-fold lower compared to intact cells due to metabolite efflux from cytoplasm. The
respiration of permeabilized pancreatic acinar cells can be restored by the addition of
exogenous oxidative substrates and ADP (Manko et al., 2013; Manko & Manko, 2013).
In our study, we investigated the respiration of pancreatic acini in extracellular-like res-
piration medium without ADP or Tricarboxylic acid cycle oxidative substrates. In addi-
tion, high Ca?* and NaCl concentration in extracellular-like respiration medium is toxic
to mitochondria of pancreatic acinar cells (Maléth & Hegyi, 2016; Manko et al., 2013).
Because of this, we assume that a small fraction of trypan-positive necrotic cells has
a minimal contribution to oxygen consumption. Thus, uncoupled respiration stability is
the aspect of the viable trypan-negative cell population metabolism.
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Fig. 2. Effect of isolated pancreatic acini viability on their basal and uncoupled respiration: A — respiration
rates of pancreatic acini in cluster 1 (E1C1) and 2 (E1C2) of experiment 1, and experiment 2 (E2)
upon uncoupling with FCCP in increasing concentrations (x axis shows the resulting FCCP concen-
tration in the respiration chamber with 0.5 uM stepwise titration); B — the difference in pancreatic
acinar cell necrosis in three groups; C — the maximal uncoupled respiration of pancreatic acinar
cells; * — significant difference vs E1C1, P < 0.05, # — significant difference vs E1C2, P < 0.05, n = 41
(E1C1), 18 (E1C2) and 15 (E2), data are shown as M + S.E.M.

We have previously established that the uncoupled respiration stability in iso-
lated pancreatic acini depends on the type of oxidative substrate added to the medium
(Manko et al., 2019). We observed that the rapid decline in uncoupled respiration can
be attributed to the limited accumulation of certain oxidative substrates (such as suc-
cinate, a-ketoglutarate, and malate) due to the low plasma membrane permeability of
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intact pancreatic acinar cells (Manko et al., 2013, 2019), Interestingly, we found that
the ester forms of these substrates (such as monomethyl-succinate and dimethyl-a-
ketoglutarate), which can penetrate the cell membrane, supported higher stability of
uncoupled respiration. Therefore, the decrease in uncoupled respiration stability in less
viable acini preparations is most likely a result of depletion of intracellular oxidative sub-
strates, which cannot be rapidly replenished by glycolysis alone.

MTT assay is a conceptually similar approach to studying cell metabolic activity, as
it relies on the activity of NADPH-dependent oxidoreductases. In human trophoblast-
like cells, the decrease in maximal uncoupled respiration upon action of linoleic acid
correlates with MTT test results (Shrestha et al., 2019). However, in astrocytes, gluta-
mate treatment caused a decrease in maximal uncoupled respiration, but did not affect
the MTT assay (Yan et al., 2017). The direct comparison of sensitivity and reliability of
the uncoupled respiration and MTT assay is a subject for further studies. An important
issue of interpretation of results of the uncoupled respiration and other cell metabolism
tests is that the changes of metabolic parameters are often not related to cell viability.
The pitfalls of MTT assay related to the use of metabolic inhibitors in experiments have
been discussed recently (Stepanenko & Dmitrenko, 2015). Similarly, we reported that
the decrease of maximal uncoupled respiration in pancreatic acinar cells oxidizing glu-
tamine was not accompanied by any changes in cell viability (Manko et al., 2021).

CONCLUSION

The findings of this study lead to several important conclusions. Firstly, it is advis-
able to use only preparations of pancreatic acini with high viability (> 95 % trypan-nega-
tive) in experiments to avoid the effects of negative metabolic shift associated with lower
quality preparations. However, further investigations are required to determine whether
this conclusion holds true for other cell types and to establish appropriate viability
thresholds. Secondly, the conventional assessment of maximal uncoupled respiration
rate proves to be insufficiently sensitive in detecting mitochondrial and cellular damage.
We have established that the stability of uncoupled respiration, i.e., the ability of mito-
chondria to sustain a high respiration rate with an increasing uncoupler concentration,
is more sensitive to cell damage caused by isolation procedures. It is still unknown if
early mitochondrial and cell damage induced by toxins or other factors can be detected
similarly. Thirdly, relying solely on a single approach (plasma membrane integrity or cell
metabolic activity) is inadequate for comprehensive cell viability and functional integrity
evaluation. We propose using the stability of uncoupled respiration as a novel metabolic
functional test to complement the existing methods for assessing cell viability.
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CTABIIbHICTb PO3’€AHAHOIO ANXAHHSA 13011IbOBAHUX ALIMHYCIB
MIAWIYHKOBOI 3ANI03U SIK HOBUA ®YHKLUIOHATIbHUWA TECT
KUTTE3OATHOCTI KNITUH

AHacmacis 3y6, bozdaH B. MaHbko, Bo2daH O. MaHbKo,
Bonodumup MaHbko, AHOpIli BabcbKull

JibeiecbKuli HayjoHanbHUl yHigepcumem iMeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

Bctyn. AHani3 XuTTte3gaTtHOCTi Mae BupilarnbHe 3HayYeHHs Y KNiTUHHUX Oochi-
keHHsIX. lMepeBipka UinicHOCTI nNnasmaTtuyHOi MeMOpaHu € TpaauuinHUM MiaXoaoMm
0N BUSHAYEHHS XUTTE30ATHOCTI KNITUH. OyHKUIOHanNbHa 34aTHICTb MITOXOHAPIN TiICHO
KOpEere 3 LiniCHICTI0O nnasMatuyHoi MemMbpaHu Ta 3aranbHO iHTAKTHICTHO KIiTUHMW.
MeTa UbOro OOCNIMKEHHSI nonsrana B TOMY, LWOOM nepeBipuTH, YM NOB’A3aHi napa-
MEeTpU MITOXOHApIanbHOT aAanTMBHOI 34aTHOCTI i30M1bOBaHUX NaHKpeaTU4HUX aunHYCiB
NigLWNYyHKOBOI 3ano3u i3 AKiCTio npenaparis i301b0BaHUX auUMHapHUX KMiTUH, BU3HaYe-
HOI 3a gonomoroto apbyBaHHSA TPUMNAHOBUM CUHIM.

Matepianu Ta meToau. [locnign nposogunu Ha Lwypax-camusax nidii Wistar macoto
250-300 r. CycneHsilo i30MbOBaHMX MaHKpPeaTUYHUX aLMHYCiB OTPMMyBamnu 3 BUKO-
PUCTaHHSAM konareHasu. LLUBMOKICTb CMOXMBAHHS KWCHIO i30MbOBaHMMM auUHycamu
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NiALWYHKOBOT 3ar03u LLYpiB BUMiptoBanu 3a 4ONOMOro KUCHEBOIO enekTpoa Knapka.
basanbHe AMxaHHSA i30f1bOBaHUX auUMHYCIB NiALLYHKOBOI 3aro3v peectpyBanu npu-
Onun3Ho npotsirom 2 xB. licnsa uboro gocnigkysanu aganTUBHY 30aTHICTb MITOXOHAPIN
3a gornomoroto FCCP y koHueHTpauisx Big 0,5 0o 2 mkmons/n. Heae’azaHy pecnipa-
TOPHY CTabiNbHICTb po3paxoByBan sik CMiBBiAHOLEHHSA YaCTOTM OUXaHHSA 3@ BMCOKMX
i HM3bKMX KOHUeHTpauin FCCP. LlinicHicTb nnasmatuyHoi mMemMbpaHu ouiHoBanu 3a
gonomoroto apOyBaHHs TPUMAHOBMM CUHIM. Y LbOMY [OOCHIIKEHHI BMKOPUCTAHO
74 pi3HNX NpenapaTy i30fIbOBaHNX auMHAPHUX KAITUH NiALLYHKOBOT 3a03M.

PesynbsTaTtn. Y BCix ekcnepumeHTax 92-99 % aumHapHMX KNiTUH NigWwnyHKOBOI
3anosu Oynu TpunaH-HeratMBHMMUK. basanbHe Ta MakcManbHe po3’e4HaHe ANXaHHS He
3anexanv Big, dpakuii TpynaH-HeraTMBHMX KNiTWH. MpoTte KNiTuHHI npenapati 3 <95 %
LinicHiCTIO nnasMaTtu4HOi MeMOpaHM Manu 3HAYHO HWDKYY LUBUAOKICTb PO3’€eQHaHOro
ONXaHHS 3a BUCOKOI (2 MKM) kKoHueHTpauii FCCP, TakuM YMHOM OEMOHCTPYHUYM HU3bKY
CTabiNbHICTb pPO3’eQHAHOr0 AMXaHHS.

BucHoBKK. My nponoHyeMo CTabiNnbHICTb po3’eqHAHOr0 AMXaHHS K HOBUIW TECT
MeTaboniuYHOI GOYHKLi, L0 AOMNOBHIOE HAsIBHIi METOAM OLIHKU XXUTTE34ATHOCTI KNIiTUH.

Knrodoei cnoea: niflnyHKoBa 3arosa, auuHapHi  KNiTUHKW, XKUTTE3OaTHICTb,
po3’eAHaHe AMXaHHS
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