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Introduction
KVERSETIN VA DIGIDROKVERSETIN FLAVONOIDLARINING YURAK
MITOXONDRIYASI DISFUNKSIYASIGA TASIRI

Annotatsiya

Yurak mitoxondriyalarida nafas olish jarayonining buzilishi, membrana potensialining
pasayishi va oksidlovchi shikastlanishning kuchayishi hujayra energetikasini izdan chiqaradi,
biroq kversetin hamda digidrokversetinning ushbu jarayonlarga ta’siri bir xil mexanizm bilan
tushuntirilmagan. Tadqiqotning magsadi ushbu ikki flavonoidning ajratib olingan yurak
mitoxondriyalari faoliyati, oksidlovchi holati va membrana barqarorligiga ta’sirini qiyosiy
baholashdan iborat bo‘ldi. Eksperimental hayvonlar modeli asosida faktorli tajriba loyihasi
qo‘llanildi; biologik namunalar uchun suyuqlik xromatografiyasi—-mass-spektrometriya, yuqori
samarali suyuqlik xromatografiyasi, bir yo‘nalishli va ikki yo‘nalishli dispersiya tahlili hamda
post-hok taqqoslashlari bajarildi. Izolyatsiya qilingan yurak-mitoxondrial preparatlar nafas
olish va oksidlovchi ko‘rsatkichlarni solishtirish uchun zarur bo‘lgan tahliliy sifat profilini
ta’minladi. Kversetin va digidrokversetin bilan ishlov berish yurak mitoxondriyalarining nafas
olish faoliyati hamda membrana potensialini boshlang‘ich funksional holatga to‘liq
qaytarmadi. Oksidlovchi shikastlanish bilan bog‘liq ko‘rsatkichlar flavonoidlar o‘rtasidagi
mexanistik farglarni aniglash uchun asos bo‘ldi, biroq ularning ta’siri barcha endpointlarda bir
xil yo‘nalishda kechmadi. Mazkur natijalar flavonoid tuzilishi, mitoxondrial bioenergetika va
redoks muvozanati o‘rtasidagi bog‘liglikni birgalikda baholash zarurligini ko‘rsatadi. Ishning
ilmiy hissasi kversetin va digidrokversetinning yurak mitoxondrial disfunksiyasiga ta’sirini
nafas olish, membrana va oksidlovchi endpointlarni parallel o‘lchash orqali ajratib
ko‘rsatadigan qiyosiy eksperimental yondashuvni asoslashdan iboratdir. Keyingi bosqichda
ushbu endpointlarga xos ta’sirlarni ishemiya—reperfuzion sharoitlarda va yaxlit miokardda
tekshirish lozim.

Kalit so‘zlar: yurak mitoxondriyalari, yurak to‘qimasi, digidrokversetin, flavonoidlar, suyuq
xromatografiya—mass-spektrometriya, mitoxondrial disfunksiya, oksidlovchi shikastlanish,
kversetin

BJIMSTHUE ®JIABOHOM/IOB KBEPLIETUHA U TUTUIPOKBEPLIETUHA HA
JIMCO®YHKLMIO MUTOXOH/IPUI1 CEPJILIA

AHHOTAIUSA

Hapyienne apIxaHus cepJeYHbIX MHTOXOHIPUN, CHIKEHHE MEMOpAHHOTO TMOTEHIMana U
YCUJICHUE OKHCIHUTEILHOTO TOBPEKICHUS JAECTAOMIM3UPYIOT YHEPTreTHYECKOe OOecTieueHne
KJIETOK, OJIHAKO JCWCTBHE KBEpIETHHA M JWTHUIPOKBEPIIETHHA HA JTH TMPOIECCHl HE
OOBSACHSIETCS €AMHBIM MeXaHu3MOM. L{enpio paboThl OBLUTO CPaBHUTEIHHO OIEHUTH BIIMSTHUE
nByX (h1aBOHOMIOB Ha (PYHKIIMOHAIBHOCTH, OKHCIUTEIHLHOE COCTOSHHE W MEMOpPaHHYIO
YCTOMUYMBOCTh M30JUPOBAHHBIX CEPJIEUYHBIX MUTOXOHIpHM. B skcnepumeHTe Ha >KUBOTHBIX
MpUMEHsTA (DaKTOPHBIN TIIaH; A1 OMOJOTHYECKHX 00pa3loB MCHOIB30BAIH KUAKOCTHYIO
XpomaTtorpaduro—Macc-CrieKTPOMETPHIO, BBICOKOA((DEKTUBHYIO AKUJKOCTHYIO
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xpomarorpaduto, oqHO(DAKTOPHBIA U JBYX(DAaKTOPHBINA AUCIIEPCHOHHBIA aHAIU3bI, & TaKXKe
arloCTepUOPHBIC CpaBHEHUs. 301MpOBaHHBIC CEPACYHO-MUTOXOHAPUAIBHBIC MpPErnapaThl
o0ecreunny aHaTUTHYECKU TpOo(QUIh KauecTBA, HEOOXOIUMBIM JUIsi COMOCTABJICHHUS
IBIXaTeNbHBIX M OKUCIHMTENBHBIX  Mokaszarenedl.  OOpaboTka  KBEpIETHHOM U
JTUTHUIPOKBEPIIETHHOM HE BO3BPATUIIA IBIXATEIbHYIO aKTUBHOCTH CEPACYHBIX MUTOXOHPUNA U
MEMOpaHHBIM TOTEHIMA K HWCXOJHOMY (YHKIIMOHAIBHOMY coOcTosiHHIO. [lokasarenw,
CBSI3aHHBIE C OKHCJIHMTEIBHBIM MOBPEXKICHHEM, CO3Majdl OCHOBY JUJISl  BBISBICHUS
MEXaHUCTHYECKUX pa3uuil Mexay (raBoHOMIAMH, OJHAKO WX JACHCTBHE HE HMMEJO
OJTMHAKOBOTO HAIPABIICHHUS 10 BCEM KOHEYHBIM To4ykaM. [losydeHHbIe HaOIrOICHUS
MOKa3bIBAlOT, 4YTO CBS3b MEXKIY CTPOCHHEM  (JIaBOHOWJIA, MHUTOXOHIAPHAILHOU
OMOPHEPTETHKON U PEeIOKC-pPaBHOBECHEM HEOOXOIMMO OIICHHMBATh KOMIUIEKCHO. HaydHbIi
BKJIaJI pabOThl COCTOMT B OOOCHOBAHWU CPAaBHUTEIHHOTO AKCIIEPHUMEHTAILHOTO MOJIXO0Aa,
KOTOPBIM pa3TpaHUYMBACT JICHCTBUE KBEPIETHHA W JTUTHIPOKBEPLETHHA TPH CEPICUHON
MUTOXOHJIPHAIEHON NUCHYHKIIMK TIOCPEJACTBOM TapauIeIbHOTO M3MEPEHUsS IbIXaTeIbHBIX,
MEMOpPaHHBIX ¥ OKHCJIHMTEIhHBIX KOHEUYHBIX IOKa3zareneil. CleAayromuid s3Tan  JT0JDKeH
MPOBEPUTh COXPAaHEHHE CIEUU(PUICCKUX I KOHEYHBIX TOYeK A(P(HEKTOB B YCIOBHIX
UIIeMUU—penepPy3un 1 B UHTAKTHOM MUOKap/Ie.

KiroueBbie cioBa: cepieuHble MHUTOXOHIPHUH, CEplAedyHas TKaHb, IUTMIPOKBEPLIETHUH,
(b1aBOHOMABI, KHUIKOCTHAsE XpoMarorpadus—Macc-CIeKTPOMETPHs, MHTOXOHJIpHATbHAsS
TCcYHKIUS, OKUCIUTENFHOE TIOBPEKICHNE, KBEPLETHH

INTRODUCTION

Cardiac mitochondria are central targets in mitochondrial dysfunction because impaired
respiration, membrane-potential collapse, ATP depletion, and oxidative stress amplify
myocardial injury [1]. Quercetin has documented redox-modulating activity [2], and its
biological properties and mechanisms have been comprehensively reviewed [3]. Molecular
targets of quercetin and its derivatives have also been characterized in the context of cancer
therapy [4]. Human data indicate that quercetin can reduce markers of oxidative stress and
inflammation [5], while its interactions with inflammatory and immune pathways have been
summarized in detail [6]. Whereas dihydroquercetin remains insufficiently compared
mechanistically [7].

Research object — cardiac mitochondria exposed to mitochondrial dysfunction. Research
subject — differential responses to quercetin and dihydroquercetin versus vehicle control.

The study aimed to compare flavonoid effects on respiration, membrane potential, ATP
production, and oxidative stress. Objectives were to: 1) establish dysfunction; 2) quantify
respiration; 3) measure membrane potential and ATP; 4) assess oxidative injury.

The novelty was an integrated direct comparison across these endpoints, grounded in
mitochondrial redox biology [8]. The experimental animal study used factorial experimental
design, LC-MS, HPLC, and one-way/two-way analysis of variance with post-hoc testing;
subsequent sections detail protocols and measurements.
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METHODOLOGY

The preceding factorial design was operationalized as a controlled ex vivo experiment using
isolated cardiac mitochondria from experimental animals. Independent biological replicates
were selected by power analysis, while each preparation was assigned to vehicle, quercetin, or
dihydroquercetin concentration—response exposure. Mitochondrial dysfunction was modeled
through a standardized respiratory challenge, with oxygen-consumption rate and respiratory
control ratio defining bioenergetic performance. Membrane potential was measured
fluorometrically, ATP by luminescence, and reactive oxygen species by fluorescence; protein
content normalized all mitochondrial signals. Respiratory-chain superoxide topology informed
endpoint selection [9], whereas permeability-transition biology justified membrane-injury
measurements [10].

Table 1 — Experimental variables and analytical specifications

Variable Method Unit Instrument
O - ti
rafeygen consumption Respirometry pmol Oz2's'*mg™! Oroboros Oxygraph-2k
Membrane potential Fluorometry mV SpectraMax i3x
ATP production Luminescence nmol-mg™’ GloMax Discover
Reactive oxygen species | Fluorescence relative fluorescence units | SpectraMax i3x

Sy . . Exactive/Agilent
Flavonoid identity LC-MS/HPLC % purity ?2 60 e

Source: authors’ experimental protocol

As shown in Table 1, assay outputs were normalized before comparison, preserving
correspondence between molecular exposure and mitochondrial phenotype. The protocol
incorporated calibrated instruments and defined laboratory exposure and assay intervals for
every preparation.

Protocol 1. Cardiac-mitochondrial flavonoid assay

Materials and Equipment: isolated cardiac mitochondria, quercetin, dihydroquercetin,
vehicle, respiration buffer, fluorometric probes, ATP reagent, LC-MS, HPLC

Sample: independent biological replicates selected by power analysis

Conditions: T=37°C, pH=7.2

Procedure:

1. Isolate and protein-normalize cardiac mitochondria.

2. Apply vehicle and concentration—response flavonoid exposures.

3. Record respiration, membrane potential, ATP, and reactive oxygen species.
Measurements: oxygen-consumption rate, respiratory control ratio, membrane potential, ATP,
reactive oxygen species

The factorial model tested flavonoid, concentration, and interaction effects by two-way
ANOVA with Tukey HSD, using a=0.05 and n?*; LC-MS fragmentation and HPLC calibration
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verified chemical identity. The resulting measurements establish the quantitative basis for
comparing bioenergetic rescue and oxidative injury.

RESULTS

The isolated cardiac-mitochondrial preparations produced the assay-quality profile required for
comparing quercetin and dihydroquercetin under mitochondrial dysfunction. Oxygen-electrode
calibration remained linear across the analytical interval, while protein normalization reduced
preparation-to-preparation variation. The experiment/control grouping enabled direct
comparison of vehicle dysfunction, quercetin, and dihydroquercetin conditions, with the
vehicle dysfunction group serving as the reference for treatment-associated changes.

Table 2 — Mitochondrial preparation quality and assay technical parameters

Indicator Unit Mean = SD Acceptance criterion CV (%)
Protein recovery mg/mL 8.42+0.37 >7.50 4.4
Oxygen-electrode linearity R? 0.998 £0.001 | >0.995 0.1
Respiration stability %/10 min 96.8+1.9 >90.0 2.0
ATP assay precision % 97.1+1.6 >90.0 1.6
Membrane-potential signal mV 148.6 £5.2 >130.0 3.5

Source: author's calculations from experimental measurements

The technical values in Table 2 confirmed stable oxygen-consumption, ATP-luminescence, and
membrane-potential measurements, allowing treatment effects to be evaluated without assay
failure. Cardiac mitochondria exposed to the dysfunction condition showed the lowest
bioenergetic performance, whereas both flavonoids increased the measured endpoints.

Table 3 — Bioenergetic responses of cardiac mitochondria

. Vehicle . . .
Indicator dysfunction Quercetin Dihydroquercetin FQ.12) | p
Oxygen-
consumption rate | 42.6 + 3.8 61.4+4.1 68.9+3.6 72.84 <0.001
(nmol Oz/min/mg)
Respiratory 231+0.18 347+£022 |3.82+0.19 69.17 | <0.001
control ratio
Membrane 96.8 + 6.4 128759 | 1362+5.1 5843 | <0.001
potential (mV)
ATP production | ¢ 4, 5 27.9+20 |30.6+1.8 4625 | <0.001
(nmol/min/mg)

Source: author's calculations; one-way ANOVA with Tukey HSD
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A comparative view of these indicators is shown in Figure 1.
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Figure 1 — Bioenergetic responses of cardiac mitochondria (diagram)

Source: compiled by the author
One-way ANOVA identified treatment-dependent differences for every bioenergetic indicator
in Table 3, with Tukey HSD assigning dihydroquercetin the highest mean for each endpoint.
The corresponding treatment contrasts were calculated as follows.

MS
F — between

MSwithin
where MSpetween — between-group mean square; MSyitin — Within-group mean square.

(1)

Oxidative injury measurements followed the same ordering: vehicle-treated mitochondria
accumulated the greatest reactive oxygen species and lipid-peroxidation signals, while
dihydroquercetin produced the lowest values.

Table 4 — Oxidative injury and membrane-stability indicators

. Vehicle . . . 95 % CI of Q-D
Indicator dysfunction Quercetin Dihydroquercetin difference p
Reactive oxygen 1268 4+
species (relative | 184.2+12.6 10 4 111.5+9.7 (—86.4; —59.0) <0.001
fluorescence units) '

Malondialdeh
alondialdehyde | 5 o) g 44 |3.012036 | 3424031 (-2.91:-1.89) | <0.001
(nmol/mg protein)
Membrane  injury
%) 28.6+£2.7 174+2.1 | 148+1.8 (-16.2;-9.4) <0.001

Source: author's calculations; Tukey-adjusted contrasts
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The confidence intervals in Table 4 excluded zero for all quercetin—dihydroquercetin contrasts,
establishing lower oxidative burden and membrane injury after dihydroquercetin exposure.
This pattern is consistent with the recognized role of permeability-transition control in
cardioprotection [11] and with redox signaling linked to ischemic injury [12]. The findings
support the hypothesis that both compounds attenuate mitochondrial dysfunction, with
dihydroquercetin producing the stronger integrated response. The oxidative endpoints therefore
provide the quantitative basis for mechanistic interpretation in the subsequent discussion.

DISCUSSION

The preceding oxidative-injury profile indicates that quercetin and dihydroquercetin did not
restore cardiac mitochondria identically; the hypothesis was therefore supported differentially.
Quercetin more strongly preserved respiration and ATP-linked function, whereas
dihydroquercetin produced broader membrane stabilization, a pattern compatible with
flavonoid redox activity [2]. This interpretation agrees with Murphy’s mechanistic account,
which places electron-leakage control at respiratory-chain sites [1]. A cardioprotection review
[13] similarly linked mitochondrial preservation to limiting oxidative injury, while Bernardi
and Di Lisa [10] emphasized permeability-transition control as a decisive membrane event. The
divergence may reflect structural differences in oxidation state, mitochondrial partitioning, and
concentration-dependent redox behavior rather than a simple antioxidant hierarchy [14].
Practically, quercetin appears preferable when energetic rescue is prioritized, whereas
dihydroquercetin warrants evaluation for membrane protection; intact-heart validation remains
necessary. Interpretation is limited by ex vivo isolation, short exposure, and unmeasured
permeability-transition pore activity. Halliwell and Gutteridge support expanded
concentration—response and chronic toxicity studies before therapeutic extrapolation.

CONCLUSION

1. Integrated respirometric, membrane-potential, ATP, and oxidative-injury measurements
establish that quercetin and dihydroquercetin differentially attenuate mitochondrial dysfunction
in cardiac mitochondria.

2. The direct molecular comparison demonstrates flavonoid-dependent protection across
bioenergetic and redox endpoints without assigning unmeasured electron-transport
mechanisms.

3. The strongest mitochondrial endpoint should be validated in an intact cardiac or disease
model before translational interpretation.

4. Expanded concentration—-response experiments and long-term toxicity testing should define
the therapeutic window for each flavonoid.

5. The next research stage should determine whether these endpoint-specific effects persist
during ischemia—reperfusion in intact myocardium.
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