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SUMMARY: Magnolia bark extract supplementation has an anti-oxidative role in mammalians. However, its role in physiological
aged-associated heart insufficiency is not known yet. Therefore, we investigated the effects of a magnolia bark comjaiex, includ
magnolol and honokiol components (MAHOC), in elderly rat hearts (24-month-old aged group). One group of aged rats wassdpplement
with MAHOC (400 mg/kg/d, for 12 weeks) besides the standard rat diet while the second group of elderly rats and adith@ithto
old adult-group) wee only fed with the standard rat diet. The morphological analysis using light microscopy has shown marked myofibrillar
losses, densely localized fibroblasts, vacuolizations, infiltrated cell accumulations, and collagen fibers in the myoctreliattenly
rats compared to the adults. We also detected a markedly increased amount of degenerated cardiomyocytes including the euchromat
nucleus. The MAHOC supplementation of the elderly rats provided marked ameliorations in these abnormal morphologicalttieanges in
heart tissue. Furthermore, electrophysiological analysis of electrocardiograms (ECGs) in the supplemented group shoaed signific
attenuations in the prolonged durations of P-waves, QRS-complexes, QT-intervals, and low heart rates compared to thenieduppleme
elderly group. The biochemical analysis also showed significant attenuations in the activity of arylesterase and totaltastitusdn
the myocardium of the supplemented group. We further determined significant attenuations in the activity of a mitochgmdeial enz
succinate dehydrogenase, known as a source of reactive oxygen species (ROS), and the decreased level of ATP/ADPindbertegag ho
of the supplemented group. Moreover, under in vitro conditions by using an aging-mimicked cardiac cell line induced byde;gedact
demonstrated that MABIC treatment could provide prevention of depolarization in mitochondria membrane potential and high-level
ROS production. Overall, our data presented significant myocardial ameliorations in physiological aging-associated mdrphologica
alterations parallel to the function and biochemical attenuations with MAHOC supplementation, at most, through recoveciesridnial
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INTRODUCTION

The global population of elderly humans has beegprocesses in the body, is characterized by continuously
growing in all over the world exponentially in the last twdncreasing oxidations and reduction of antioxidant activity
decades and it is today widely accepted that aging is tiillin etal, 2014). Also, susceptibility to disease includes,
main risk factor for the development of various chroniat least in part, the increase of oxidative stress, which arises
diseases. Among chronic diseases, the prevalence of ag@mages cellular components such as proteins, DNA, and
related cardiovascular diseases (CVDs) are gradualipids.
increasing and the contribution of risk factors is known to
be complex (Lakattaet al., 2001). Aging, being a Various molecular and cellular changes are
combination of physiological and pathophysiologicatontributing to cardiac aging besides genetic factors
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(Rodgerset al, 2019). Both clinical and experimental dateet al, 2020). Zhao and Liu demonstrated a comparable
point out that cardiac aging is mainly characterized byamtioxidant ability of magnolol and honokiol to scavenge
reduction in the maximum heart rate, and a significamadicals and protect DNA (Zhao & Liu, 2011). Some ani-
decrease in the contractile activity of the heart, as well a®l studies are performed to demonstrate the benefits of
prolonged QT-intervals calculated from themagnolia officinalis bark extract supplementation on
electrocardiograms (ECGs). Moreover, impairments igrowth performance and disease resistanbe(@l, 2018).
organelle dynamics and metabolic flexibility such a&ikely, Zhanget al (2010) examined the antihypertensive
dysfunctional mitochondria are important alterations ieffects of honokiol in vivo in spontaneously hypertensive
elderly hearts (Lesnefskgt al, 2016). Some clinical rats. Furthermore, even in early studies, under sonigo
observations demonstrated parallelism between the marlamhditions, magnolol and/or honokiol incubation provided
functional decline in the heart and the induction of insulia significant antioxidant effect in isolated rat heart
resistance, although individuals have normal blood glucos@tochondria lipid peroxidation (Let al, 1994), as well
levels and body weight (Chaset al, 2018). Indeed, as protected the myocardium against ischaemic injury and
various experimental studies support this interesting bstippressed ventricular arrhythmia during ischemia and
important events related to the correlation between insulieperfusion (Tsagét al, 1996).
resistance and cardiometabolic disturbances (Ormagabal
al., 2018). These types of disturbances in the heart seems Taking into consideration the marked increase in
to underline the impairment of electrophysiologicabxidative stress in advanced-age humans, particularly with
activities of cardiomyocytes, at most, associated witBVD, here, we aimed to evaluate the cardioprotective
mitochondria-related increases in the amounts of oxidargfects of long-term administration of a magnolia bark
(Boudina, 2013; Olgaet al, 2020). extract with active component magnolol and
honokiol complex in elderly rats via analyzing the structure
There is a mutual interplay between oxidative stresnd function of hearts as well as biochemical properties of
and antioxidants which play a crucial role in thehe hearts. Therefore, we evaluated the status of oxidants
development of age-related diseases including CVD (Izamd antioxidants as well as mitochondrial enzyme activities
et al, 2021). An imbalance between antioxidant and/an these heart tissues. To confirm the heart-targeting effects
antioxidant-like species induces cellular redox imbalanag MAHOC, particularly through targeting mitochondria,
further resulting in serious molecular and cellular damagee performedn vitro investigations. Oum vitro data
(Contiet al, 2016). An alteration of the redox status anéurther implied that the beneficial effect of MAHOC
increase in oxidants of cardiomyocytes during aging leadipplementation on an aging heart is mostly via recoveries
further to multiple cellular dysfunctions including structuraln mitochondria. Overall, here, we have demonstrated that
changes, and alterations in excitation-contraction couplirigis magnolia extract bark complex supplements to elderly
more likely triggered by the decreases in antioxidativeats could significantly ameliorate aging-associated
defense systems (Lennickeal, 2015). Therefore, elderly insufficiencies in the heart via the mediation of
humans can be highly susceptible to oxidative stress througiigmentation in the antioxidant defense system and
a decline in their endogenous antioxidant defences.  mitochondria.

There is a great effort to use antioxidants in the
prevention of aging-related diseases. As general acceptad&TERIAL AND METHOD
external antioxidant supplementations have been shown to
reduce oxidatig stress in the heart (Gosatal, 2015). In
this regard, there are important numbers of experimentakperimental design.The animals were housed as 2-3
studies on the benefits of antioxidant supplementationsamimals per cage and were fed with standard chow ad
cardiovascular diseases, however, there is yet no consergitim, daily. All experiments were carried out according
associated with their benefits in clinical therapies, partlp the guidelines given by the animal welfare committee of
on account of the heterogeneity among study groups as vtk local institution.
as the different antioxidant supplements (Lenniekal,
2015). In this subject, traditional Chinese medicines are Elderly male Wistar rats with an age of 24-months-
demonstrated potential resources for natural antioxidantdd were used in comparison to those of male adult rats
including the bark of Magnolia Officinalis to treat a varietywith an age of 6-months-old. One group of elderly rats was
of disorders, while magnolol and honokiol are isomers gfupplemented with a magnolia extract with active
hydroxylated biphenolic compounds and are the majeomponent magnolol and honokiol complex (+MAHOC
bioactive components ofithbark (Zhanget al, 2010; Xie group; 12-week with 400 mg/kg/day, intragastrically)
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besides their standard animal chow, while the second graBijpchemical analysis in heart tissues
of elderly rats and aduttats were only fed with the stan-
dard animal chow for the same duration. The substance iBlaart tissue preparation: Following animals were
pure powder bulk supplement standardized to coetah  anesthetized with ketamine-xylazine at a dose of 30 mg/kg
honokiol and does not include sugar, soy, dairy, yeast, gluteri,the animal body weight applied intraperitoneally, hearts
and other additives. were rapidly excised and stored at <80 To prepare tissue
homogenates, the frozen hearts were crushed at liquid
In situ arterial pressure measurements.The tail-cuff nitrogen and then were homogenized with 3 volumes of 50
measurements were made in rats that had not undergoneiaty K_PO, buffer, pH 7.4, with an Ultra-Turrax
invasive procedures without the stresses of heating andmogenizer. The homogenized suspensions were
restraint required during the tail-cuff procedure, as describedntrifuged first at 22,000 rpm/min and again at 14,000 rpm/
previously (Olgaret al 2020). Briefly, animal tails were min for 20 min at £C with a Sorvall RC-5B centrifuge.
passed through a cuff and the pressure transducer was fibeé final supernatants were used for the biochemical assays.
around the talil distal to the cuff under light ketamine-xylazine
anesthesia (as intraperitoneal administration; 10 mg/kd)etermination of total oxidant and antioxidant statuses
Therefore, the blood pressure was measured by a noninvagi/®S and TAS): The TOS levels in the heart supernatants
blood pressure meter (NIBM200-A, BIOPAC Systems Inavere measured by using commercially available kits
USA). From these recordings, systolic and diastolic bloodRL0024, Rel Assay Diagnostics, Turkey) as described
pressures as well as heart rates were determined. previously (Olgaet al 2020). Briefly, the assay is calibrated
with H,O, and the oxidation reaction is enhanced by glycerol
Light microscopy analysis. Removed left ventricular heart molecules. The color intensity of the medium is presenting
tissues from the animals were performed routinte total amount of oxidant molecules present in the sample
histological procedures. Tissue samples were fixed which is determined spectrophotometrically. The changes in
phosphate-buffered 10 % formalin for 96 hours and thehe intensities are expressed in termgMfH_.O, equivalent/
washed in running tap water, then passed through a setiesSThe TAS kvels were also determined by using the
of 75 %, 96 %, and 100 % ethanol for dehydration. Aftasommercially available kit (RL0O024, Rel Assay Diagnostics,
dehydration, these tissues were clarified in xylene and th€arkey) as described previously (Olgair al 2020). The
embedded in paraffin wa After the routine follow-up results are expresses mmol Trolox equivalent/L.
stages, S4m-thick sections were cut from paraffin blocks
with a microtome (Leica RM 2125RT) and transferred ontDetermination of paraoxonase and arylesterase activities:
microscope slides. These slides were deparaffinized witaraoxonase and arylesterase activities were measured by
xylene at 60 °C overnight, and then they were rehydrated bsing commercially available kits (RL0O031 and RL0055, Rel
using graded series of ethanol. The slides were stained witbsay Diagnostics, Turkey). The rate of paraoxon hydrolysis
either Hematoxylin-Eosin (H-E) or Masson'’s trichrome (M-was determined by monitoring the increase of absorption at
T). All histological examinations were performed under thé12 nm at 37C. The amount of generated p-nitrophenol was
Axioscope A-Il photomicroscope (Carl Zeiss Oberkochercalculated from the molar absorption coefficient at 18.290 M
Germany). Sections stained with H-E were used fdrcmt. Paraoxonase activity was expressed as 1U/mg protein.
histopathological evaluation, and sections stained with Mo determine arylesterase activity, it has been used
T were used for observation in terms of fibrosis. phenylacetate, and the enzymatic activity was calculated from
the molar absorption coefficient of the produced phenol at
Surface electrocardiogram recording.The surface 1310 M! cm. One unit of arylesterase activity was defined
electrocardiograms (ECG) were recordedsitu in the as lumol phenol generated per min under the above conditions
anesthetized animals with ketamine-xylazine administeredd the results were expressed as IU/mg protein.
intraperitoneally. The recordings were performed by using
bipolar limb leads (lead I, II, Ill) placed 20 gauge needld3etermination of succinate dehydrogenase activity:
to the forearms and hind limb. The ECG recordings wefuccinate dehydrogenase (SDH; mitochondrial complex II)
continued for 10 min from individual animals. The recordedctivity was measured as described elsewhere (Jespérsen
ECG data were acquired by using an analog-to-digital., 2020). Briefly, the homogenized heart tissue samples
converter BIOPAC MP35 (Goleta California) and processedere prepared for SDH activity measurements using a
with a high-cut (low-pass) filter at 50-500Hz The ECGComplex Il Enzyme activity assay kit (Abcam, ab109908),
parameters such as P-wave duration, PQ-duration, QRS a colorimetric measurement was performed. A
duration, and QT-duration were calculatesiievery EGC competitive inhibitor of SDH was used as a negative con-
recording. trol. The results are presented as IU/mg protein.
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Measurement of ATP to ADP ratio level:The ATP to ADP  Statistical analysis.To analyze the data, we used Graph
ratio in the left ventricular tissue homogenates was determinBdd Prism (Prism 5 for Windows, GraphPad Software, USA).
by using an ADP/ATP Ratio Assay Kit (ab65313). BrieflyFor nonparametric statistical data, we used Mann-Whitney
luciferase catalyzed the conversion of ATP and lucifer intd-test. The significance level was considered p<0.05 as
light, which was subsequently measured using a luminometstatistically significant. Data were presented as rnesian-
ADP level was measured by its conversion to ATP which wakard error of the mean £SEM).

subsequently detected using the same reaction. Absorbances

were read via SpectraMax Plus384 microplate reader at 570

nm and the results are expressed as fold-change among groREsSULTS

Determination of mitochondrial membrane potential and
total cellular reactive oxygen species ROS production by General parameters of animalsThe initial body weights
using confocal microscopyln these groups of examinations,of elderly animals were 3927 g while this value was
we used an embryonic rat heart H9c2 cell line which wé44t31 g for adult rats. Following 2 weeks of MAHOC
purchased from the American Type Culture Collection (CRkupplementation besides their standard feeding, the average
1446) and grown at 3T in 5 % CQin Dulbecco’s modified body weight of the supplemented elderly rats was23:%)
Eagle’s medium (DMEM) in the presence of 5.5 mM glucosehile it was 36412 g in the unsupplemented elderly rats
with a density of about 2@ells/cnt as described previously (Table I). The MAHOC supplementation to the elderly rats
(Olgar et al. 2020). They were cultured as a monolayecould not affect the blood glucose level, as well (Table 1).
supplemented with 10 % fetal calf serum, 50 U/mL penicillinwe did not observe any drug toxicity reactions in the livers
G, and 5Qqug/mL streptomycin at 37C. and kidneys of the elderly animals following the
supplementation (data not shown).
To obtain aging-mimicking cells, the sub-confluent
cells were treated with D-galactose (D-Gal, 100 mg/L for 48able I. Effects of a magnolia extract complex supplementation on
h incubation). One group of D-Gal treated cells was incubat@gneral parameters of elderly animals.

with MAHOC (10 uM for 24 h) while another group of the  Groups/ AdultRat  Elderly Rat ~ +MAHOC
cells was incubated with saline. Parameters Group Group Group
Body weight 364+12 415423 445+16
All cells were loaded with a mitochondria membrane (g)
potential (MMP) specific fluorescence dye (JC-1\b for Blood glucose 90+4 82+8 867
30 min incubation) to determine MMP status by using a(mg/dL) . .
confocal microscope (Leica TCS SP5), as describedystolic 12246 1448 143+6

previously (Olgaret al. 2020). To obtain fluorescence press}‘{‘re
intensity changes, the cells were first excited at 488 nm, an i:;tolgi)c 8643 10045" 10545+
then the fluorescence responses were determined at 535 nﬁn

While imaging the fluorescence changes, we calibrated a rf;ﬁg
fluorescence signals with carbonylcyanide 4- Heartrate 38248 28546 336+12#
(trifluoromethoxy)phenylhydrazone (FCCPu®). (min-)
One group of elderly Wistar male rats (24-month-old, n=8) was administered
To examine the reactive oxygen species (ROS) Ievéfﬂ‘h standard animal _chow (12 weeks) while th_e second group of elderly
. ats was standard animal chow plus a magnolia bark extract (+MAHOC
we used a fluorescence-based method as_ descnbeq el_seW %'[ﬁ)s; 12 weeks with 400 mg/kg/day). The adult male Wistar rats (6-
(Olgaret al 2020). The cells were loaded with a ROS mdlcatQﬁonth—old) were kept as the control group. All values are given as mean
chloromethyl-2’,7’-dichlorodihydrofluorescein diacetate(xSEM). Statistical comparison is accepted as *p<0.05 vs Adult group,
(DCFDA, 5uM for 1 h incubation), and then were examinedP<0-05 vs Elderly group.
with the confocal microscope. The DCDFA-loaded cells were
excited at 488 nm and emissions were collected at 560 nm  The final average systolic and diastolic pressure levels
wavelengths. For maximal fluorescence intensity, the cells wesé the supplemented elderly rats (384mmHg vs 1025
exposed to a HEPES-buffered solution supplemented withmHG) were not significantly different compared to their
hydrogen peroxide J©, (100uM). The peak fluorescence initial values (13$6 mmHg and 1084 mmHg). Similarly,
changes 4F/F,, whereAF=F-F; F identified as the local these values for the unsupplemented elderly rats+d43
maximum elevation of fluorescence intensity over basal levehmHg vs 10%5) were also not significantly different
F,) were calculated from the confocal images, and results wesempared to their initial levels (138 mmHg vs 1015
presented as percentage changes in the fluorescence intensitesHg). These systolic and diastolic pressure values of the
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elderly rats were significantly high than those of the adulight, there was a normal myofibrillar appearance (black arrow)
rats while the MAHOC supplementation could not attenuate the treated elderly-group (Fig. 1, right row, A). There was
these values, significantly (Table I). also marked vacuolization in the cytoplasm (thin arrow), dark-

eosinophilic stained degenerated cardiomyocytes (arrowhead)

The heart rate of the unsupplemented elderly growmd active fibroblasts with euchromatic nucleus (tailed white

was significantly slowed down compared to the adult grougrrow) were significant in most areas in elderly-group tissue
(Table I). The MAHOC supplementation of the elderly ratsections (Fig. 1, middle row, B). Furthermore, there were fewer
could slightly but significantly augment the depressed heatégenerated cardiomyocytes in the treated group, and the
rates of the elderly animals. fibroblast nuclei (tailed white arrow) were mostly inactive and

had heterochromatin nuclei (Fig. 1, right row, B). Moreover,
Effects of MAHOC supplementation on the structure of we detected the marked fibroblasts and mononuclear cell (blue
the elderly rat hearts. This group of examinations was arrow) infiltration in the elderly-group (Fig. 1, middle row,
performed elderly and MAHOC supplemented elderly rat€) with less amount of infiltrated cells in the treated elderly-
commpared to the adult rats. We examined the left ventriculgroup (Fig. 1, right row, C). Overall, the MAHOC
heart sections subjected to hematoxylin and eosin staining @tpplementation of the elderly rats provided marked recovery
E). In the H-E staining tissue sections from elderly rats (Fign the myocardium from the left ventricle of the elderly ani-
1A), myofibrillar loss (red arrow) was observed in the crossnal hearts.The normal tissue appearences are given in Fig. 1,
section of the cardiomyocytes (left). As can be seen on thedt, A-C.

: ',,i( R ') Y i P g a‘. T = §5 4 ol

- o 2 e . N #M“.{p"‘" B . — =

Fig. 1. Light microscopy photomicrographs of left ventricular heart tissues from elderly rats supplemented with or witho@. MAH®
Hematoxylin-Eosin (H-E) staining tissue sections the left, middle, and right rows are representing the 6-mo-old rat (g @dijieny (24-
mo-old) rat group, and MAHOC supplemented elderly rat group, respectively. The middle row is the (A) Red arrow: myogbrilzt the
black arrow: normal myofibrillar appearance. (B) Thin arrow: marked vacuolization, arrowhead: dark-eosinophilic stainedtddgener
cardiomyocytes, and tailed white arrow: active fibroblasts with euchromatic nucleus (middle). Tailed white arrow: degardicatg@cytes
(right), and tailed white arrow: fibroblast nuclei (right). (C) Blue arrow: mononuclear cell infiltration (left), and wigimesst of infiltrated

cells (right). Normal appearence of tissue sections from adult rats are given in the left parts. Magnfi¢@fi@md the bar representg50.
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Fig. 2. nght mlcroscopy photomlcrographs of left ventrlcular heart tlssue stained Wlth Massons trlchrome (M T) in ek:ierly rat
supplemented with or without MAHOC. (A) M-T staining tissue sections from adult rats, while (B) in elderly rats. The blue color
indicates the collagen fibers and the red indicates the muscle fibers. (C) Less amount of blue color with a normal mosuaieafiber
appearance in the MAHOC supplemented rats (magnificato). In all photomicrographs, the bar representsrb0

We also performed an analysis in the Massonise seen in Figure 1 (B-E), following the supplementation
trichrome (M-T) staining samples and observed highly deperiod, the prolonged durations in ECGs of the elderly
se collagen fibers in untreated aged rat samples (blwimals such as the durations of P-waves (B), QRS-complex
stained collagen fibers; Fig. 2B) with a markedly decreas¢n), and QT-interval (E) were significantly recovered with
amount of blue-stained collagen fibers in the treated aged significant effect on the duration of PR-interval (C). In
rat samples (Fig. 2C). The normal tissue appearence in #dition, there was no effect on the amplitude of the QRS-
adult rat heart is shown in Fig. 2A. Overall, the MAHOG:omplex, significantly.
treatment of the elderly rats provided marked protection
against aging-associated damage in the heart tissues. Beneficial effects of MAHOC on oxidative stress and

antioxidant status of elderly rat hearts.To examine the
The effects of MAHOC supplementation on the ECG systemic oxidative status in elderly rats, we determined the
parameters in elderly rats. We first analyzed the heart tissue levels of total oxidant status (TOS) and total
parameters of surface recorded ECGs in the treated ardioxidant status (TAS). As can be seen in Figure 4 (A-
untreated elderly rats, such as P-wave duration, PQ duratiB)y, The TOS levels were significantly lower in the
QRS duration, and QT interval. The original representat\dAHOC-treated elderly rats than in unsupplemented
ECG recordings of the rats are given in Figure 3A. As calderly rats (Aged group; A) while the TAS level in the

P-waves PR-Intervals
30— . 80— £ 5
s N ’gGO-
° E 20 - Fig. 3. The representative surfaice
g .2 407 situelectrocardiograms and the effects
"E 1o g of MAHOC supplementation on ECG
g A 207 parameters. (A) The representatine
situ surface electrocardiograms
- 0- 0~ (ECGSs) in the adult rats (CON group
2 I CON upper part), elderly rats (Aged group,
B B Natoc C middle part) and supplemented with a
magnolia bark extract with active
QRS-Durations QT-Intervals component magnolol and
40— 80- honokiol complex (MAHOC) (lower
] parts). The effects of MAHOC
S ’E‘so_ * 5 'gso- supplementation in elderly rats
* -1 b1 (+*MAHOC groups) on the durations
S 20 £ 401 of P-waves (B), PR-intervals (C),
s s QRS-complex (D), and QT-intervals
z = 10 2 20- (E). All values in bar graphs are
E I—M a a presented as a mearSEM) from 6-7
A D o- E rats per group. The significance levels

are at *p<0.05 vs. Adult groufp<0.05
920 vs Aged group.
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supplemented group was significantly higher than thdehydrogenase (SDH; mitochondrial complex II) in the
unsupplemented elderly group (Aged group) (B). We aldmeart homogenates, which is closely associated with the
determined the paraoxonase and arylesterase activitiepinduction level of ROS. As can be seen in Figure 4E, the
the heart samples from both supplemented ar8DH activity was found about 2-fold less in the
unsupplemented rats as well as from the adult rats. As sseipplemented elderly group compared to the
in Figure 4C and D, the arylesterase activity but natnsupplemented group. In the last group of examinations,
paraoxonase activity in the supplemented group rats wias determine the ATP production level in the heart
significantly higher than those of the unsupplementdibmogenates, we also determined the level of ATP to ADP
group. ratio. As can be seen in Figure 4F, the ATP to ADP ratio in
the supplemented elderly group was about 2-fold higher
We further examined the activity of mitochondrialthan in the unsupplemented elderly rats, which is almost
enzyme activity, and the activity of succinateahe same as that of the adult ratio.

TOS & con TAS Arylesterase Activity
= 107 B AGED = 069 8-
E £ @ MAHOC 2 E_
2" 5 A 5 £ 5 o 8
T o0 4] <Z
£ £ g 2,
E “1 Eoz— - EE * Ei
g Eo 5, ig. 4. TheT effects_ o_f MAHOC
7 2T s =< supplementation on antioxidant defense
E o ﬁ 0.0 <, parameters of the hearts of elderly rats. The
A B c effects of MAHOC administration on
. either aged rats (+MAHOC groups) on the
Paraoxonase Acti SDH ATP/ADP levels of TOS (A) and TAS (B). and the
15 604 * 2.59 activities of arylesterase (C) and
E_ 2.0 5 paraoxonase (D). The activity of SDH (E)
£ £ ce g and the ATP/ADP level (F) in the tissue
<810 £ 24 5 5§15 homogenates. All values in bar graphs are
§ o ;E o * presented as a meatSEM) from 6-7 rat
S E 5 §gm— S hearts per group. The significance levels
§2 0.5 are at *p<0.0%s.Adult group 3p<0.05 vs.
DE E o F oo Aged group.
[1coON
I D-Gal Fig. 5.In vitro validation of antioxidant-like
[ +maHoC action of MAHOC treatment in the aging-
300- mimicked cell line. (A) Representative

confocal images of chloromethyl-2’,7’-

*
s [
dichlorodihydrofluoroscein diacetate
(DCFDA, 10uM for 60-min incubation)
200 loaded H9c? cells (uppgart). To monitor
— the ROS level, the DCFDA-loaded cells

were calibrated with (D, (1004uM). (B)
Results are given as percentage changes
in the fluorescence intensities and the
estimated ROS levels of all groups as
presented as bar graphs. Scale baprhO-
Data were presented as Me&&EM. The
significance level is accepted as *p < 0.05
vs.untreated H9c2 cells or D-Gal treated
H9c2 cells.

100

ROS (fold change %)

+MAHOC 0
A

w
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In vitro validation of antioxidant-like action of MAHOC  ameliorations with MAHOC supplementation on
in aging-mimicked cell line.To confirm a heart-targeting morphology, electrical function, and biochemical parameters
antioxidant-like action of MAHOC administration, weof the heart from elderly rats as well as their systemic
determined the attenuation levels in the total cellular reactiparameters such as decreased heart rates. (2) Second, we
oxygen species (ROS) production and depolarization determined significant attenuations with MAHOC
mitochondrial membrane potential (MMP) in H9c2supplementation in the activity of a directly associated with
myoblasts via incubation with MAHOC. As can be seen imitochondria, an enzyme succinate dehydrogenase (SDH),
Figure 5 (A-B), there was a significant increase (about 2.8nd the level of ATP/ADP in the heart homogenates.
fold) in ROS production of D-Gal treated cells (agingFurthermore, oun vitro data by using the aging-mimicking
mimicked), whereas this level significantly decreased in theardiac cell line, demonstrated that MAHOC application
MAHOC-treated aging-mimicked cells comparison to thosprovided significant preventive effects on depolarization of
of untreated ones. In the last part of this group examinatianjtochondrial membrane potential and high-level ROS
we determined the effect of MAHOC supplementation oproduction. Therefore, taking into consideration these
the depolarized MMP in the aging-mimicked cells (Fig. indings, our present data confirmed that all these
A-B). The depolarization in MMP was significantly attenuations in elderly rats with this antioxidant-like nutrient
recovered in the MAHOC-treated cells. are through its heart-targeting antioxidant-like action in the
heart, at most, via its mitochondria-targeting
properties. Our results, therefore first, strengthen the
concept of high-level induction of oxidative stress
during physiological aging as a potential mechanism
for physiological aging-associated cardiac
insufficiency/complications. Furthermore second, our
findings strongly imply the induction of oxidative
stress in cardiomyocytes, at most, through alterations
in mitochondria in terms of electrical, biochemical,
and structural properties. Moreover, third, the present
data overall demonstrated that a magnolol
supplementation provides structural and functional
myocardial amelioration in elderly rats, at least, via
augmentation in the alterations of the mitochondria.

BASAL +FFCP

CON
150

D-Gal 100 ]

MMP (AF 535/585)
(3,
o
1

+MAHOC

Literature data pointed out oxidative stress has

Fig. 6.In vitro validation of antioxidant-like action of MAHOC treatment Peen implicated in the physiopathology of aging, and

on mitochondria function in the aging-mimicked cell line. (A) TheAge-associated organ dysfunction including heart, and
representative confocal images of JC-1u{#; 30-min) loaded H9c2 cells. antioxidants supplementation has provided prevention
The probes were excited at 488 nm, and the red fluorescence image arad/or therapy for cardiovascular dysfunction (Bou-

detected at both 535 and 585 nm. To calibrate the changes in MMP, cyarigenet al, 2021). Although aging-associated cardiac

4-(trifluoromethoxy)phenylhydrazone (FCCPubt) was used (lower insufficiency/dysfunction has been reported to be

part). Scale bar: 1Am. (B) Results are given as percentage Changesgésociated with an increase in oxidative stress. and
the fluorescence intensities and the estimated MMP levels of allgroup%ﬁté antioxidant benefits observed in most ani,mal

presented as bar graphs. Scale barui0-Data were presented as

MeantSEM. The significance level is accepted as *p < 99&ntreated studies the exact mecha_lmsm h"?ls not been fully
H9c2 cells or D-Gal treated H9c2 cells. understood, however, clinical studies have not fully

agreed with the benefits of antioxidants in the primary

and secondary prevention/therapy of cardiovascular

DISCUSSION disease (Leopold, 2015). In the present study,
treatment of elderly rats with MAHOC besides their

standard feeding could recover the abnormal heart

The present study, performed by using an administrationgfythms and the altered parameters of ECGs,

a magnolol bark extract (MAHOC) to elderly rats, for the ﬁrSparticularly, prolongations in durations of P-waves,
time, provides significant new information related to its importamyRS-complexes, and QT-intervals. Supportingly,
relevance on physiological aging-related cardiac insufficiency. Tyieevious studies also demonstrated similar
major findings were observed in these elderly animals in this stugiolongations, particularly in the duration of either
(1) The first important finding is to demonstrate marke)RS-complex and/or QT-interval in elderly
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mammalians (Lueet al, 2022). Importantly, there was aperoxidation in rat heart mitochondria (Hoegal, 1996).
significant recovery in the prolonged P-wave duration ok variety of pharmacological activities of magnolol have
elderly animals administered with MAHOC. Indeed, this ibeen reported, including antioxidant effects besides other
the first data to demonstrate the beneficial effect @ffects (Tsaiet al, 2010). Supporting this statement,
antioxidant-like nutrients on this parameter. This finding camagnolol application in mouse embryonic stem/embryoid
be important for the prevention/attenuation of agingsody-derived endothelial-like cells by regulating ROS-
associated humans because previously, the authomediated apoptosis and the PISK/AKT/mTOR signaling
demonstrated the relationship between aging and P-wagyahway (Kimet al, 2013). This ingredient also mediated
dispersion in elderly humans, which seems associated withrdioprotection through its effect on neutrophil inhibition
cardiovascular and all-cause mortality outcomes through itsmyocardial ischemia/reperfusion by its antioxidant activity
possible role in the reflection of subclinical disease and/{flceeet al, 2001). In the present study, MAHOC treatment
its merit elucidation as a marker of risk for adverse outcomes the elderly rats provided a strong antioxidant action in
(Magnaniet al, 2011). Consequently, here, we demonstratgtie heart samples via decreasing TOS and increasing TAS
that the effectiveness of antioxidant supplementation can raotd activity of an antioxidant enzyme arylesterase.
only recover and/or modify plasma biochemistry but alsGorrespondingly, Zhao & Liu (2011) documented the
they can provide organ-targeting benefits against increasegioxidant ability of magnolol and honokiol by comparing
in oxidative metabolism, depending on the basal endogendheir actions on scavenging radicals. Epidemiological and
antioxidant defenses. Present results emphasize tlchnical studies suggest that a polyphenol-rich diet may
awareness of the importance of antioxidant-like nutrierotect against cardiovascular disease. Therefore, there is a
administration might be advisable to elderly humans startimgowing body of evidence that these two poly-phenolic
the beginning of the aging period to prevent the populati@mompounds exert their cardiovascular-modulating effects
of elderly cardiovascular patients, who need speciattion via a complex signal transduction cascade reaction.
precautions worldwide. Most of their effects are through their antioxidant actions in
various types of cells, at most, their reaction with peroxyl
Although it has not exactly demonstrated theadicals (Yuaret al, 2020). Their data emphasized that they
mechanisms of this nutritional ingredient in the heart, are uncommon antioxidants with complex redox chemistry
seems that there is an important action on the antiagima clarifying the influence of intramolecular and
mechanisms. There are some but not many experimeritalermolecular interactions in fine-tuning their chain-
animal studies with either magnolol, honokiol, or theibreaking antioxidant behavior and in preventing any
combination in heart studies. In these studies, the authgeneration of superoxide radicals by reaction with molecular
demonstrated the antihypertensive effect of alone honokimkygen. We, in the present study, demonstrated that the
supplementation together with attenuations in high-level livemtioxidant-like protective action of MAHOC
malondialdehyde as well as the attenuation with a complexypplementation is including its directly not only targeting
of magnolol and honokiol on the acute phase of coronangart but also mitochondria. Indeed, mitochondrial redox
ligation of rats (Zhanget al.,, 2010), ischemia- and signaling is associated with the ROS level in the cells. More
reperfusion-induced ventricular arrhythmias (leteal, importantly, in our previous studies, we have shown that a
2001), and cardiac inflammatory responses and oxidatim@tochondria-targeting antioxidant MitoTEMPO provides
stress in mice subjected to doxorubicin via reduction @n antiarrhythmic effect in elderly rats through attenuation
apoptosis (Huangt al, 2017). In another study, it has beerof mitochondrial ROS and attenuation in the mitochondrial
demonstrated the blockage and reverses of cardiamembrane potential (Olgat al, 2020). Consequently, here
hypertrophy in mice with honokiol treatment of primarywith not only the recoveries in mitochondrial SDH activity
cultures of cardiac myocytes from neonatal rat hearts (Pilland ATP/ADP ratio but also in our vitro data, a decrease
et al, 2015). These in vivo beneficial effects were eveim high-level ROS production in MAHOC-treated cells is
demonstrated by early studies perfornreditro studies, at closely associated with a direct recovery in the mitochondria
most, via recoveries in the level of heart mitochondria lipitlinction. In this regard, it is well accepted that SDH, a
peroxidation (Lcet al, 1994). mitochondrial enzyme, has an important role in the
production of ATP via a link between the Krebs cycle and
Aging is associated with an increased incidence difie electron transport chain. Therefore, it is responsible for
abnormal heart rhythms (cardiac arrhythmias) and hednigh-level ROS production. Consequently, a well-controlled
failure, at least, related to increases in oxidants and inductiegulation of it can contribute to cardioprotection against
of dysfunction in mitochondria (Yaet al, 2021). Studies increased ROS production associated with oxidative stress
have shown that not only magnolol but also honokiol is 1,0qDu et al, 2022). Since physiological aging can contribute
times more potent than a-tocopherol in inhibiting lipido adverse left ventricular and mitochondrial dysfunction, a
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magnolol bark complex can help to improve heart functioratas seniles se complementé con MAHOC (400 mg/kg/d, durante
against aging-associated insufficiency. In these regards, théZesemanas) ademas de la dieta estandar, mientras que el segundo
are some supporting studies on the antioxidant-like effe&IP0 de ratas seniles y ratas adultas (hasta el grupo de adultos de

of a magnolol bark, particularly associated with itd meses) solo recibi6 la dieta estdndar para ratas. El analisis

modulatory effect on mitochondrial dysfunction. The authora? rfologico mediante microscopia optica ha mostrado marcadas

ined th tecti ffects of lol or h kiol i érdidas miofibrilares, fibroblastos densamente localizados,
examine € proteciive efiects of magnolol or honokiol | acuolizaciones, acumulaciones de células infiltradas y fibras de

not heart but in neurons such as either oxidant-injured ner&ageno en el miocardio de las ratas seniles en comparacién con
cells of hypertrophic mice cells through mitochondrigas adultas. También detectamos una cantidad notablemente ma-
targeting the beneficial effects of these molecules (Rtlai yor de cardiomiocitos degradados, incluido el niicleo eucromatico.
al., 2015). La suplementacién con MAHOC de las ratas seniles proporcion6
mejoras marcadas en estos cambios morfol6gicos anormales en el
Altogether the present study for the first timdeiido cardiaco. Por otra parte, el analisis de los electrocardiogra-
investigated to explain the cardioprotective effect as (ECG) en el grupo suplementado mostré atenuaciones signi-

magnolia bark, MAHOC on physiological aging associatec']catlvas en las duraciones prolongadas de las ondas P, los comple-

ith both structural and functi | alterati fthe heart 0s QRS, los intervalos QT y las frecuencias cardiacas bajas, en
wi oth structural and functional alterations of the hear mparacion con el grupo de ratas seniles sin suplementacion ali-

elderly rats. Although the protective action of this extract iienticia. El analisis bioquimico también mostré atenuaciones sig-
mostly mediated by its antioxidant capacity by preventiofificativas en la actividad de la arilesterasa y el estado antioxidante
of increases in oxidant production, here, we hawvtal en el miocardio del grupo suplementado. Determinamos ade-
demonstrated its recovery effect on both structure amths atenuaciones significativas en la actividad de la enzima
function of the heart by using electrophysiological[ﬂitocondfia| succinato deshidrogenasa, conocida como fuente de

histological, and biochemical analysis together with cell levEFPECies reactivas de oxigeno (ROS), y la disminucion del nivel de
in vitro investigations. Overall, a chronic MAHOC ATP/ADP en los homogeneizados de corazon del grupo suplemen-

. . . tado. Ademas, en condicionasvitro mediante el uso de una linea
supplementation to elderly mammalians could prowd§

) di ion in phvsioloaical adi e células cardiacas, imitando el envejecimiento inducido por D-
important cardio-recovery action in physiologica agmg@alactosa, demostramos que el tratamiento con MAHOC podria

associated insufficiencies in the heart. Therefore, our presgfdvenir la despolarizacién en el potencial de membrana de las
data have provided further information about the role @hitocondrias y la produccion de ROS de alto nivel. En general,

MAHOC in the possible therapeutic potential to controhuestros datos presentaron mejoras miocardicas significativas en
aging-associated insufficient heart function and/or heaatteraciones morfoldgicas asociadas con el envejecimiento fisio-

dysfunction in elderly humans as a novel regulator vilggico parale_las a la funcion y atenuacic_mes bioquimicas con la
affecting mitochondria. suplementacion con MAHOC, como maximo, a través de recupe-

raciones en las mitocondrias.
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