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Red wine polyphenols modulate bone loss in the ovariectomized rat model of
postmenopausal osteoporosis
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ABSTRACT. The aim of this study was to examine the effect of Red Wine Polyphenols (RWPs) extract on bone
mineral density (BMD) in the ovariectomized (OVX) rat model. Thirty-five 10-month-old Wistar rats were separat-
ed into controls (CTRL), OVX and OVX plus RWPs in their drinking water (dose, 50 mg/kg body weight per day),
starting immediately after OVX for 6 months. Body and uterine weight, BMD of the tibia at baseline, 3 and 6 months
post-OVX, and 3-pointing bending of the femur, were examined. Statistical comparison of the total tibia BMD within
groups during the study period showed a significant reduction in the OVX and OVX+RWPs groups both from base-
line to 3 and 6 months and from 3 to 6 months, whereas in the CTRL group, there was no significant change. For the
proximal tibial metaphysis, comparison of BMD percentage changes from baseline to 3 months and 6 months and
from 3 to 6 months revealed highly statistical differences between OVX and OVX+RWPs groups (P = 0.000). OVX
induced a significant reduction of biomechanical parameters as expected; the 3-point bending test showed that the
maximum force before fracture, energy absorption and fracture stress significantly increased in the OVX group treated
with RWPs compared with the nontreated OVX rats (P = 0.048, P =0.002 and P = 0.003, respectively). Dietary intake
of RWPs for 6 months significantly prevented trabecular bone loss and improved bone strength in estrogen-deficient
ovariectomized rats.
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MNMEPIAHYH. Xkondg owtig g perétng frav vo eEetaotel M enidpacn Tov ekyvAGUOTOC TOAVQUVOADY TOV
KkoKKivov kpactoy (RWPs) otnv ootikn mokvotnta (BMD) ce poviélo wobnkektopmpévov enipvov. Tpidvta tévte
Wistar emipveg, nukiog 10 pnvav, yopicmkav otig e&ng opddec: opdda eréyyov (CTRL), mobnkextopng (OVX)
Kot v opdda wobnkektoung mov éaafe to exydAopa RWPs (OVX+RWPs) og cuykévipwon 50 mg/kg copaticon
Bapovg avéd npépa, EeKvavtog apécms Letd amd TNV modnkektoun yo 6 pivec. IIposdiopictniKe 1 00TIKN TUKVOTN T
TP anmd omoladNToTE TapEPac, 6Tovs 3 Kot 6 punveg. Ot enipveg evBavatddnikay kot o pnpraic 00t e&eTdoTNKOY
pe v dokipacio Kapyms tpidv onpeiov. H obykpion Tov TGOV 06TIKNG TUKVOTNTOS OAOKANPNG TG KVIUNG LETAED
TOV OLAd®V, avESEIEE OTATIOTIKA OLLOVTIKY peimwon oTig opddec OVX kot OVX+RWPS 1660 and tnv apyikn LéTpnon
6T0VG 3 Kot 6 pnveg, 660 Kot amd Tovg 3 6TovG 6 PveG, evd oty opdda CTRL dev vmp&e onpavtikn aAroyr. H
TOGOGTIOH0 LETAPOAN TG OCTIKNG TUKVOTNTOS OTNV £YYDG LETAPLOT TNG KVIUNG Omd TNV 0PIk LETPNOT GTOVS 3 Kot
6 uveg Kot amd Tovg 3 6Tovg 6 UVEG, OTOKAAVWE CTATIGTIKG CNUAVTIKEG dapopés Hetaly tov onddov OVX kot
OVX + RWPs (P = 0.000). H wobnkektoun mpokGrAese onpovTiky Hei®on TV EUPLOUNYOVIKOV TOPOUETPOV OTMG
AVOLEVOTOV, 1) dOKLULOGTO KAWYNG TPLOV onpeiov £3e1ge 0TL 1 Héytotn edption mpv and tn Bpavon, 1 aroppoen o
EVEPYELOG Kot 1 TAoT Bpavong avEndnke oToTIoTIKE onpovTikd oty opddo OVX mov vroPAndnke o Bepaneio pe
RWPs c¢ obOykpion pe toug OVX empbdeg (P = 0.048, P = 0.002 kot P = 0.003 avtictoya). H dtatpopikn mpdcinym
RWPs yia 6 piveg anétpeye v tayelo 00TIKY AnOAEN Kot BEATIOCE TNV AVIOY| TOV 0GTAOV GE MOONKEKTOUNUEVOLS

EM{LEG.

Aéeis evpeTnpiaong: Enipveg, Octeonopmon, [ToAveavorec, Octikn mokvotnta, Koy tpidv onueiov

INTRODUCTION

steoporosis is a severe condition of low bone

mineral density (BMD). Patients with osteopo-
rosis have a high fracture hazard, leading to physi-
cal impairment, significant pain and even untimely
death (Lloret et al., 2016; Thulkar et al., 2016; Weisz,
2017). Preventive treatments include maintaining or
increasing bone mineral density (BMD) when its loss
is induced by decreasing levels of sex steroid lev-
els with age in both males and females (Wang et al.,
2017). Hormone replacement therapy (HRT) has been
established as the method of choice to delay bone
turnover and BMD loss, at all skeletal sites in early
and late postmenopausal females (Cao et al., 2014;
Ran et al., 2017). HRT significantly decelerates frac-
ture rate while raising the risk of venous thromboem-
bolism, coronary heart disease and stroke, thus, poor
compliance has emerged (L’Hermite, 2017; Miller et
al., 2016; Oster et al., 1982).

Polyphenols have gained growing interest within
the last years, due to their antioxidant function and
mild estrogenic effect (De Franca et al., 2013). An-
tioxidants curtail inflammation by anti-inflammatory
signaling, and regulate osteoblastogenesis, osteoclas-
togenesis and osteoimmunological activity.

A few studies have displayed that grape extracts
have been promising in preserving or enhancing bone
calcium retention (Yahara et al., 2005; Zhang et al.,
2014); some have shown benefits by reducing bone
turnover, but the effect of grape consumption on bone

health has not been fully determined (Hohman &
Weaver, 2015; Yahara et al., 2005). So far, there is
no evidence backing the protective effect of red grape
consumption on bone density, despite their antioxi-
dant composition. The objective of this study was to
examine the effect of Red Wine Polyphenols (RWPs)
extract on bone mineral density and strength in the
ovariectomized rat model of postmenopausal osteo-
porosis.

MATERIAL AND METHODS

Laboratory animals

Thirty-five ten-month-old virgin female Wistar
rats were acquired from the laboratory animal center
of the Hellenic Pasteur Institute (Athens, Greece).
They were housed in the registered animal house of
the Laboratory for Research of the Musculoskeletal
System of the School of Medicine, National & Kap-
odistrian University of Athens, Greece. The experi-
mental protocol was approved by the General Direc-
torate of Veterinary Services with the authorization
code 262/13-1-2011, consistent with Greek legisla-
tion (Presidential Decree 160/1991, in compliance to
the Directive 86/609/EEC in force at the time).

The rats’ body weight ranged from 260 to 330 g.
They were housed by three to four in conventional
open-top cages (transparent polycarbonate 45 x 30 x
20 cm; IFFA) with shredded wood bedding. The ani-
mals were maintained on a 12:12 h light/dark photo-
period, 55 - 65% relative humidity, 19 - 22°C tempera-
ture and 15 air changes per hour.
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Experimental groups

The rats were acclimatized to the laboratory envi-
ronment 1 month before commencing any examina-
tion or treatment. After the adjustment period, using a
randomization procedure stratified according to body
weight, the 11-month-old animals were assigned to
three groups (Figure 1). Eleven of the 35 rats consisted
the sham-operated non-ovariectomized control group
(CTRL, n=11). Twenty four rats underwent bilateral

35 Rats
OVX+RWPs
n=11

Figure 1. Study design.

ovariectomy by the ventral approach; of these, 13 rats
consisted the ovariectomized group without treatment
(OVX, n=13) and the other 11 rats were treated with
RWPs extract (OVX+RWPs, n=11). A sample size of
rats was derived from a sample size calculation using
data from our previous studies that investigated the
protective effect of dietary interventions to ovariecto-
my-induced osteoporosis in rats (Dontas et al., 2011;
Dontas et al., 2006).

Red Wine Polyphenols 50 mg/kg

Infact female rats

Start of the experiment

} 11 months

Rats age: 11 months

Assessment of basal BMD
L. Owvariectomy to OVX and OVX+RWPs

-

)

L 3 months

Rats age: 14 months

« Assessment of 3 months BMD

End of the experiment L

\

>“ 3 months

Rats age: 17 months

Assessment of final EMD
Euthanasia
Biomechanical measurements

Figure 2. Flow-chart of experimental protocol.
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Body weight and food intake

After ovariectomy, all rats had ad libitum access
to a pelleted chow of soybean-free/low phytoestrogen
rat diet (pellet, type 4RF21 GLP, Mucedola, Settimo
Milanese, Italy). This diet was used to prevent con-
founding from residual isoflavones (Pawlowski et al.,
2014). Rats were fed according to the mean food in-

Table 1. Body weight, fat and uterus weight.

take of the CTRL group, in order to avoid ovariecto-
my-induced obesity and obesity-related bone density
changes. Adjustments of food intake took place twice
weekly.

Body weight was recorded weekly throughout
the 6-month study period; mean values+SD for final
weights are presented in Table 1.

CTRL® ovx® OVX+RWPs®
Group Mean (SD) Mean (SD) Mean (SD) P Anova
Body Weight, g 330.00 (33.33)>¢  377.07 (35,83)° 372.90 (17.43)°  0.001
Fat, g 22.94 (5.19)° 29.72 (7.74)° 29.75 (5.67) 0.023
Uterus, g 0.41 (0.09) 0.14 (0.03)° 0.21 (0.29)° 0.002

Note: superscript letters (a, b, c) indicates significant difference (P < 0.05) after Bonferroni

correction.

Groups: a: Control (CTRL), b: Ovariectomy (OVX), ¢: Ovariectomy treated with RWPs

extract (OVX+RWPs).

Extract

Administration

CTRL and OVX rats had ad libitum access to fil-
tered tap water in drinking bottles; RWPs extract was
administered to the RWPs group through their drink-
ing water (dose 50 mg/kg body weight/day), imme-
diately after ovariectomy. Treatment was continued
for 6 months. Water and extract ingestion was docu-
mented twice a week in all rat cages. The bottles with
RWPs were shaken twice a day to prevent the gather-
ing of precipitate.

Analysis

Vitis vinifera species comprise numerous varieties
and Muscat is one of the oldest and most widespread
in the world. In the present study, the red wine was
obtained from the Muscat Hamburg (MHW) variety
and used for the preparation of an extract rich in poly-
phenols using macroporus resin (XAD-4) technology.

The MHW was provided by the Tyrnavos Coop-
erative Winery & Distillery, Thessaly region, Greece.
After concentration under reduced pressure, the dry

residue was calculated at 2.54 g per 100 ml of wine.
In laboratory scale, two different procedures were
used for the recovery of the extract enriched in MHW
polyphenols (MHWPE). Column mode: A 40 x 3 cm
glass column packed with 50 mL of resin XAD-4 was
used. MHW (400 ml) was passed through the column
at a flow rate of 2 mL/ min. Total duration of the ad-
sorption step was 200 min. and desorption duration
45 min. The temperature was 20°C throughout all the
experimental procedures. After reaching adsorptive
equilibration, the resin column was first washed with
H,O and then desorbed with 100 ml of EtOH 95°. Af-
ter desorption, the alcoholic solution with a high con-
tent of polyphenolic compounds was condensed to
remove EtOH. Finally, the crude extract was obtained
by drying at 40 °C to achieve a constant weight (3.11
g). Therefore, the percentage of recovered polyphe-
nolic fraction (MHWPECM) was calculated at 0.78
g/100 ml MHW.

Bath mode: 400 ml of MHW and 50 mL of XAD-
4 were placed in a flask of 250 ml and stirred for 12
hours in room temperature. After filtration, the resin
was washed with water and the polyphenolic fraction
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recovered using 100 ml of EtOH 95°. Finally, 1.93
g of crude extract (MHWPEBM) was obtained after
removal of solvent in a yield of 0.48 g/100 ml MHW.

The polyphenolic content in fractions ob-
tained from MHW using column and bath mode
(MHWPECM and MHWPEBM) was calculated by
Folin-Ciocalteau and found to be 92.5 and 88.6 mg
GAE/g of extract, respectively. These results showed
that column mode was more effective for the recovery
of polyphenolics from MHW and this procedure was
used for the preparation of MHWPE in pilot scale.

For pilot scale processes, a column of 150 x 38
cm filled with 125 L of XAD-4 resin was used. MHW
(300 L) was fed into the resin through a 0.5 in. diam-
eter PVC pipe using a Wilden diaphragmatic pump.
The flow rate was 2500 mL/min (150 L/h) and the
total duration of the adsorption-desorption process
was 180 min. Finally, EtOH (150 L) was evaporated
under vacuum in a QVF glass 200 L evaporator and
consequently in a Buchi 20 L rotary evaporator. The
dry extract (MHWPECM 2.25 Kg) was used for the
in vivo evaluation of its activity on osteoporosis. The
MHWPECM dry extract was finally diluted with dis-
tilled water to obtain 0.6 g/L concentration and kept
at4°C.

Ovariectomy

All animals except the CTRL group underwent
ovariectomy. Ovariectomy was performed when the
rats were 11 months old, using the technique defined
by Waynforth (Waynforth & Flecknell, 1992). They
were anesthetized by an intramuscular injection of
dexmedetomidine (0.25 mg/kg) and ketamine hydro-
chloride (50 mg.kg), administered analgesia (carpro-
fen 4 mg/kg) and chemoprophylaxis (enrofloxacin 10
mg/kg) subcutaneously, laparotomized via a ventral
midline incision using aseptic procedures and their
ovaries were removed bilaterally. The incision was
sutured by single interrupted sutures in layers.

Bone densitometry

Prior to surgery, baseline bone mineral density
(BMD) of all rats were obtained. BMD measurements
of the entire and proximal tibia were also carried out 3
and 6 months post-OVX; their values were estimated
using the technique defined by Patsaki et al (2016)
and Dontas et al (2006; 2011).

Euthanasia, specimen collection and examination
The animals were anesthetized (3 mg/kg xylazine,

100 mg/kg ketamine hydrochloride, intramuscular)
and euthanised after exsanguination from the ab-
dominal aorta. At necropsy, the animals’ abdominal
cavity was examined for any abnormality and in the
OVX groups for successful ovariectomy. The uteri
were carefully removed free of surrounding tissues
and their wet weight was immediately measured. The
abdominal and perirenal fat tissue was also removed
and immediately weighed. The femurs were dissected
from the animals, cleaned of soft tissue and stored at
-20°C to determine bone mechanical properties.

Bone biomechanical testing

Prior to biomechanical testing, the frozen femurs
were thawed for 1 hour before the test and were re-
hydrated in physiologic saline. The femurs’ length
was measured with a micrometer and the middle of
the diaphysis was marked. The femur was placed in
the MTS INSIGHT 1kN testing frame (MTS, Eden
Prairie) on two rounded supports at a distance of 20
mm from each other. The tests were quasi-static un-
der displacement control mode at a rate of 1 mm/min.
The force was applied to the middle of the diaphysis,
until fracture. During loading, force and deflection
were recorded. For the latter the RTSS HR Video
Extensometer (Limess, Krefeld, Germany) and the
TestWorks 4 Software (WR Medical Electronics CO,
Maplewood, USA) were used. From the force-deflec-
tion curve, femoral biomechanical parameters were
determined, including maximum force (F, ), stiff-
ness, energy absorption (W, ).

In order to calculate also the fracture stress, ¢,
characterizing the material independently of the spec-
imen’s geometry, the characteristics of the bones’
cross section had to be determined. In this context, the
proximal one-half portion of the broken femur was
embedded into specially designed plastic cups con-
taining dental resin. The bone-dental resin complex
was polished using LaboPol 5 (Struers), so as to trace
the full cross-sectional shape. After deburring using
Image-Pro Plus Processing Software, the photogra-
phy session followed using LEICA MZ6 modular ste-
reomicroscope. Picture processing was done with the
stereoscope using the Solid Works software, enabling
determination of: the cross section’s geometrical cen-
tre, the loading axis and its eccentricity, the cross sec-
tion’s area, the inner and outer radii, the mean and
minimum thickness of the cross section, the second
moments of area with respect to the principal axes,
the neutral axis and the critical point of the section.
Using these characteristics the bones’ fracture stress
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(o ) was determined by applying the Bernoulli-Eul-

max:

er technical bending theory.

Statistical analysis

Data are stated as mean + standard deviation (S.D.)
for continuous parameters and as proportions for cat-
egorical variables. The Kolmogorov-Smirnov test
was used for normality analysis of the variables. The
comparison of variables at separate time points took
place with the use of the one way analysis of variance
(ANOVA) model. The repeated Measures ANOVA
model was used for the comparison of dissimilar time
quantity of variables for each assembly individually.
Pairwise multiple comparisons were conducted with
Tukey critical difference.

To indicate the trend in the first 6 months of treat-
ment, the mean percentage changes after 3 and 6
months respectively were estimated. Comparison of
the percentage change from baseline during the obser-
vation period between three groups was analyzed with
the one way ANOVA model. Pairwise comparisons
were performed using the Bonferroni, Kruskal-Wal-
lis and Mann-Whitney tests in case of abuse of nor-
malcy. Pearson or Spearman’s correlation coefficients
were used to examine the relation among quantitative
variables. All tests were two-sided, statistical signif-
icance set at P < 0.05. All analyses were conducted

with SPSS vr 17.00 (Statistical Package for the Social
Sciences, SPSS Inc., Chicago, Ill., USA).

RESULTS

Body weight and uterus weight

Administration of the plant extract did not present
any adverse effect on the treated animals as observed
by monitoring their body weights, fluid and food con-
sumption.

Comparison of the animals’ mean body weights at
the end of the experiment showed a significant weight
gain of OVX and OVX+RWPs animals. This resulted
in a significant difference between OVX and CTRL (P
=0.002), as well as between OVX+RWPs and CTRL
(P =0.008), whereas there was no difference between
OVX and OVX+RWPs animals.

The uteri of OVX animals were macroscopically
visibly atrophic, and their mean uterine weight was
significantly lower in contrast to CTRL (P = 0.002).
The mean uterine weight of OVX+RWPs animals was
identical to that of OVX and significantly lower in
comparison with the CTRL (P = 0.03).

Comparison of the animals mean fat values at the
end of the experiment showed a significant weight
gain of OVX (P = 0.044) groups in comparison with
the CTRL group (Table 1).

Table 2. Comparison of absolute values and mean percentage changes (in g/cm?) of bone mineral density (BMD) of the total tibia
among groups measured at baseline, 3 and 6 months post-ovariectomy

Total Tibia EMD

from baseline

% change % change

from baseline

Baseline 3 months® & months™ to 3 months® to & months™ P L P
Baseline Baseline 3 months
Mean (SD) Mean (3D} Mean (S vE vE VS
Group lglem®) {glem®) (gfem®) Mean {SD) Mean (SD) 3 months & months & months
Control 0213 (011 0.2AM5(0012 0217 (0011) 1.04 (2.88) 1.68 (3.45) 0816 0.471 0975
oV 0213 (0,008 0.200(0.008)  0.190 (0.007) -5.02 (2.85) <1073 (3.7 0.000 0.000 0.000
OVX+RWPs 02130012 0204 (0013 0192 (0.005) -4.06 (2.90) -8.59 (4.87) 0.002 0.000 0.007

Groups: Control (CTRL), Ovardeclomy (OVX), Ovarectory treated with RWPs extract (OVX+RWPs).
" All pairsise comparisons between groups are statistically signficant P < 0.05 except OVX vs. OWX+RWPs group.
** All paireise comparisons bebween groups are statistically significant P < 0.05 except OVX vs, OWVX+RWPs group.

*** Time effect comparisons after Borferroni comection.
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Table 3. Comparison of absolute values and mean percentage changes (in g/cm?) of bone mineral density (BMD) of the proximal tibia
among groups measured at baseline, 3 and 6 months post-ovariectomy.

Proximal Tibia BMD

% change % change
from baseline from baseline
Baseline 3months* 6 months*  to 3 months* to 6 months* pr pr pr
Baseline Baseline 3 months
Mean (SD) Mean (SD) Mean (SD) Vs ' Vs
Group (glem?) (g/lcm?) (glem?) Mean (SD) Mean (SD) 3 months 6months 6 months
Control 0.331(0.022) 0.351(0.018) 0357(0.017) 6.25(3.39) 8.11(3.13) 0.000 0.003 0.198
ovX 0.330(0.023) 0258(0.031) 0224(0.024) -21.82(7.03) -3213(5.91) 0.000 0.000 0.000
OVX+RWPs 0.351(0.025 0.318(0.022) 0.285(0.023) -9.49(491)  -18.57(7.80) 0.000 0.000 0.001

Groups: Control (CTRL). Ovariectomy (OVX). Ovariectomy treated with RWPs extract (OVX+RWPs).
* All pairwise comparisons between groups are statistically significant P < 0.05.
** All pairwise comparisons between groups are statistically significant P < 0.05.

*** Time effect comparisons after Bonferroni correction.

Bone densitometry and biomechanical testing

Comparison of absolute values of BMD of the
total tibia of the three groups, during the study, are
shown in Table 2. Values are in grams per centimeters
squared.

At baseline, statistical comparison of the absolute
values of BMD of both sites examined within groups
showed no statistical difference. At 3 and 6 months,
the total tibia BMD of the CTRL rats had a signifi-
cantly higher mean value than OVX and OVX+RWPs
rats (P < 0.005).

Statistical comparison of the total tibia BMD with-
in groups during the experimental period, showed a
significant reduction in the OVX and OVX+RWPs
groups both from baseline to 3 and 6 months and from
3 to 6 months, whereas in the CTRL group, there was
no statistical significance. From the data in Table 3, it
is apparent that the comparison of absolute values of
BMD of the proximal tibia, during the experimental
period, showed significant differences between the
three groups. The BMD absolute values of the proxi-
mal tibial metaphysis within groups were slightly in-
creased in the control group, whereas in both OVX
and OVX+RWPs groups they decreased significantly
from baseline to 3 months, from baseline to 6 months
and from 3 to 6 months, respectively.

Treated rats (OVX+RWPs) had significantly
higher BMD values than OVX rats with level of sig-

nificance P < 0.05 for the proximal tibia at 3 and 6
months. These findings suggest that that RWPs intake
prevented ovariectomy-induced bone loss.

Comparison of the percentage changes of the to-
tal tibia at 3 and 6 months post-ovariectomy between
CTRL and OVX and between CTRL and OVX+R-
WPs were significant, however between the OVX and
OVX+RWPs groups they were nonsignificant (Fig. 3).

M e caniags Changes (4)

Tima (mantha]

Groupa: Controd (CTARL), Ovariectomy (OWVE], Ovaneciory reabed with AWPs eatroct
(OV+RWPs)

Figure 3. Comparison of mean percentage changes (in g/cm?) of
bone mineral density (BMD) of the total tibia among groups mea-
sured at baseline, 3 and 6 months post-ovariectomy.

For the proximal tibial metaphysis, pairwise com-
parison revealed highly statistical significant differ-
ences (Mann-Whitney test) between all groups at 3
and 6 months (Fig. 4). At 3 and 6 months, the dif-
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ference between OVX and OVX+RWPs was highly
significant (P = 0.000), indicating a highly protective
effect on the treated animals.

4 GTRL
& ovx

B OVEsR'WPs

Mean percentage chang (%}
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Time {months)

‘Groups: Control (CTRL), Ovarectomy (OVA}, Ovariectomy Ireated wilh RWPs extracl
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Figure 4. Comparison of mean percentage changes (in g/cm?) of
bone mineral density (BMD) of the proximal tibia among groups
measured at baseline, 3 and 6 months post-ovariectomy.

Table 4 presents the results obtained from the bio-
mechanical parameters of the three groups. Three-
point-bending (3PB) revealed thatthe F__ was signifi-
cantly lower in the OVX group in contrast to CTRL
(P=0.042) and OVX+RWPs groups (P = 0.048). It is
noteworthy that the Fmax in the OVX+RWPs animals
was identical to CTRL rats. W, was significantly
lower in the OVX group as compared with CTRL (P
=0.004) and OVX+RWPs group (P =0.002). It is re-
markable that the W, in the OVX+RWPs group was
similar to CTRL group. 6, was significantly great-
er in the treated group compared with OVX group (P
= 0.003). Additionally, comparison of the 6 mean
values between OVX and CTRL was significant (P =
0.048), however between the CTRL and OVX+RWPs
group, it was nonsignificant.

Table 4. Comparison of biomechanical parameters among three study groups.

CTRL® ovx® OVX+RWPs*®
Group Mean (SD) Mean (SD) Mean (SD) P Anova
E.. (N) 118.90 (19.00)°  100.90 (16.60)* 118.50 (16.49)°  0.022
W, (mJ) 19.25 (2.91)° 12.95 (2.09)*  19.60 (6.58)°  0.001
o,.. (MPa) 184.29 (17.64)° 15528 (12.71)* 198.01 (46.04)°  0.003

Mote: superscript letters (a, b, c) indicates significant difference (P < 0.05) after Bonferroni

correction.

Groups: a: Control (CTRL), b: Ovariectomy (OVX), ¢: Ovariectomy treated with RWPs

extract (OVX+RWPs).

DISCUSSION

Hormone replacement therapy (HRT) has been
used for prevention and treatment of postmenopausal
osteoporosis but may cause serious side-effects (Fer-
guson, 2004). The results from the Women’s Health
Initiative Study that HRT significantly augments the
risk of breast cancer, ovarian cancer, heart attack,
stroke, thromboembolism and Alzheimer’s disease
(Canalis et al., 1988; Termine & Wong, 1998), in-
creased women’s non-compliance to HRT.

Polyphenols have been tested for their antiosteopo-
rotic activity, because of their estrogenic and antiox-
idant effects. Some studies have displayed that grape

extracts have been promising in preserving or enhanc-
ing bone density (Hohman & Weaver, 2015; Yahara et
al., 2005). We investigated the effect of RWPs extract
administration as an alternative treatment to the long-
term HRT commonly used by osteoporotic women.

The body weight of the ovariectomized rats in-
creased steadily throughout the study even though
all animals had the same daily food intake. These re-
sults are consistent with those of other studies which
showed that OVX rats had significantly higher body
weight compared to CTRL rats, due to fat deposition
caused by estrogen deficiency (Patsaki et al., 2016).
As also indicated by Dontas et al (2006; 2011), the
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uteri of our OVX animals were macroscopically vis-
ibly atrophic, and their mean uterine weight was sig-
nificantly lower in contrast to CTRL (P = 0.002).

Although the mechanism of beneficial health ef-
fects of RWPs remains unclear, several studies strong-
ly suggest that they do not act via estrogen receptor
binding (Agarwal et al., 2000; Eng et al., 2003; Shar-
ma et al., 2004). Similarly, in this study RWPs extract
administration was not able to modulate postmeno-
pausal adiposity.

Cortical bone loss markedly increases activation
of Haversian remodeling in humans (Lelovas, et al.,
2008). However, the rat cortical compartment dis-
plays a low level of Haversian remodeling, in spite
of increased endosteal osteoblasts and it is considered
impractical to use cortical bones for bone loss studies
(Jee & Yao, 2001). Data available from studies of our
group revealed that the effects of OVX on BMD of
cortical compartments of bone are lower than in tra-
becular bone (Patsaki et al., 2016; Dontas et al., 2011;
Dontas et al., 2006). Statistical comparison of the to-
tal tibia BMD within groups during the study period,
showed a significant reduction in the OVX and OVX-
+RWPs groups both from baseline to 3 and 6 months
and from 3 to 6 months, whereas in the CTRL group,
there was no statistical significance. Cortical bone,
which has a longer remodelling period than trabecu-
lar bone (Jee & Yao, 2001), may need a longer exper-
imental study to show potential beneficial effects of a
treatment.

In the post-OVX period, a deterioration in trabec-
ular bone density clearly shows rapid quantitative
loss of bone, similar to the increased risk of fragili-
ty fractures in human postmenopausal osteoporosis,
due to decline in endogenous estrogen production.
The severe decrease of trabecular BMD in the me-
taphyseal sites after OVX were similar to the previous
reports (Jee & Yao, 2001). Statistical comparison of
the proximal tibia BMD absolute values, during the
experimental period, showed a significant increase
in the treated rats than OVX rats at 3 and 6 months.

Pairwise comparison of BMD percentage changes
from baseline to 3 months and 6 months and from 3
to 6 months, revealed highly statistical differences be-
tween OVX and OVX+RWPs .

The bone density results of the present study,
demonstrating bone quantity, are in accordance with
the bone quality investigation regarding maximum
load, energy absorption and maximum stress, con-
ducted by ex vivo 3PB of the femur. OVX induced a
significant reduction of biomechanical parameters as
expected, whereas the OVX group treated with RWPs
showed a significant increase in comparison with
the nontreated OVX. It is noteworthy that the Fmax,
W, and 6 in the OVX+RWPs animals was simi-
lar to CTRL rats. Similar studies with grape-enriched
diet—fed rats, demonstrated improved bone strength
of the femora (Hohman & Weaver, 2015; Yahara et
al., 2005). Bone strength is the most important vari-
able determined as it directly expresses the resistance
of the whole bone to fracture, incorporating both its
elastic and plastic behavior. Particularly in the clinical
setting, bone strength is the ultimate goal of anti-oste-
oporotic treatments.

CONCLUSIONS

In conclusion, dietary intake of Red Wine extract
for 6 months produced a remarkable effect on pre-
vention of osteopenia and bone strength, in estrogen
deficient ovariectomized rats, without hypertrophic
effect on the uterus. RWPs could be considered as an
attractive natural alternative anti-osteoporotic herbal
treatment due to the additive beneficial action of its
different substances, such as polyphenols. More ex-
perimental studies are needed to clarify the precise
mechanism of action of RWPs, as well as a prospec-
tive clinical study in postmenopausal women with
bone loss, before clinical recommendations can be
made.
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