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Abstract
Background. Results of animal studies show that a high-cholesterol diet increases bone resorption and 
decreases bone formation, thus leading to osteoporosis. Previously, we reported on the beneficial influence 
of Cornelian cherry (Cornus mas L.) fruit on lipid profile in an animal model of diet-induced hipercholester-
olemia.

Objectives. To investigate the influence of Cornus mas L. extract and loganic acid (LA) on cholesterol-
induced bone changes.

Material and methods. The study was conducted on 50 New Zealand rabbits. The animals were given 
either standard chow (group P) or the same standard chow enriched with 1% cholesterol (other groups). 
Additionally, the group CHOL+EX received Cornus mas L. extract, group CHOL+LA – loganic acid, and group 
CHOL+SIM – simvastatin. Serum concentration of bone turnover markers, bone mineral density (BMD) and 
bone micro-computed tomography (microCT) were assessed.

Results. In the CHOL group, a decrease in osteocalcin (OC) and an increase in C-terminated telopeptide 
of type I collagen (CTX) levels were detected (CHOL vs P 0.674 ±0.159 ng/mL vs 1.003 ±0.297 ng/mL 
and 10.049 ±1.276 ng/mL vs 7.721 ±1.187 ng/mL, respectively). The EX and LA ameliorated cholesterol-
induced changes in serum OC (0.857 ±0.160 ng/mL and 1.103 ±0.356 ng/mL, respectively) and CTX 
(7.735 ±1.045 ng/mL and 8.128 ±1.106 ng/mL, respectively). There was a significant decrease in femoral 
BMD in CHOL group (0.429 ±0.11 g/cm² vs 0.449 ±0.020 g/cm²). The EX and LA ameliorated those changes 
(0.458 ±0.016 g/cm² and 0.449 ±0.021 g/cm², respectively). The microCT revealed increased bone volume 
ratio (BV/TV) and trabecular thickness (Tb.Th.) in the CHOL+EX group.

Conclusions. Cornus mas L. inhibited bone resorption and stimulated bone formation, thereby preventing 
the development of cholesterol-induced osteoporosis.
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Introduction

Osteoporosis is a prevalent systemic bone disease char-
acterized by loss of bone mass and deterioration of its mi-
crostructure. Reduced bone mass and disturbances in bone 
architecture associated with osteoporosis lead to increased 
risk of fragility fractures representing the main clinical 
consequence of osteoporosis. Fragility fractures are associ-
ated with significant pain and suffering of patients; they 
lead to disability and even increase the risk of premature 
death. Hip fragility fracture is the most common reason for 
elderly people to undergo emergency surgery, and up to ⅓ 
of those patients die within a year after the osteoporotic 
fracture.1 Osteoporosis is associated with significant physi-
cal, psychosocial and financial consequences, and it is be-
coming a growing public health problem. In 2010 in the EU, 
27.5 million people were estimated to have osteoporosis 
and 3.5 million new fragility fractures were diagnosed.2

As bone loss occurs with advancing age, the prevalence 
of the osteoporosis increases with age. Apart from aging 
and postmenopausal estrogen deficiency in female, there are 
many other factors that may accelerate or even induce os-
teoporosis development. Various drugs (e.g., corticosteroids, 
systemic antiviral, antacids, antiepileptics, and antithrom-
botic drugs)3–5 and chronic diseases (e.g., diabetes mellitus, 
hyperthyroidism, hypercortisolemia, hypogonadism, chronic 
inflammatory diseases, malabsorption etc.)6 may influence 
bone metabolism and lead to excessive loss of bone mass. 
In recent years, the link between lipid levels and osteoporosis 
has been described. Many observational studies investigated 
the association between dyslipidemia, cardiovascular disease 
and bone mineral density (BMD).7–9 Cardiovascular disease 
and osteoporosis seriously affect quality of life and mortal-
ity of middle-aged and elderly people and there is growing 
evidence that they may share common pathological mecha-
nisms other than age.10 Zhang et al. found the significant 
correlation between BMD and arterial stiffness.11 The in-
verse relationship between BMD and serum total cholesterol 
and low-density lipoprotein (LDL) level in postmenopausal 
women was described.12 The association between serum 
triglyceride level and the risk of osteoporotic fractures has 
also been reported.13 The analysis by Lian et al. suggests that 
serum LDL and total cholesterol levels are major risk factors 
for senile osteoporosis.10 Some evidence suggests that hyper-
cholesterolemia increases the risk of high-turnover osteopo-
rosis.14 Results of animal studies show that a high cholesterol 
diet increases bone resorption and decreases bone formation, 
thus leading to decreased in BMD in rats.15  However, results 
of studies regarding the effect of lipid-lowering therapies 
on bone metabolism are ambiguous.16

The 2016 American College of Physicians (ACP) guide-
lines recommend bisphosphonates (alendronate, risedro-
nate, zoledronate) or denosumab in the treatment of osteo-
porosis in men and women.17 Therapy with bisphosphonates 
and denosumab, although effective, may be associated with 
various side effects, such as gastrointestinal disturbances, 

acute phase reaction, nephrotoxicity, atypical fractures, 
or osteonecrosis of jaw.18 Drug toxicity that may necessitate 
discontinuation of treatment may affect patient compli-
ance. As plants are a rich sources of potentially bioactive 
substances and many of them have been a part of tradition-
al folk medicine for ages, many researchers focus on herbal 
drugs that may be useful in osteoporosis therapy.19,20

Cornus mas L. (C. mas L.) is a flowering plant cultivated 
for decorative purposes and as a source of fruits. Corne-
lian cherry fruit has been studied for various biological 
properties. There are reports about the beneficial influence 
of C. mas L. fruit on diabetes, different microbial infections, 
inflammation, and oxidative stress.21 Previously, we report-
ed on beneficial influence of C. mas L. fruit on lipid profile 
in an animal model of diet-induced hypercholesterolemia22 
and diet-induced atherosclerosis.23–26 The beneficial influ-
ence of C. mas L. fruit on lipid profile, glycemic indexes and 
leptin levels was also described by Gholamrezayi et al.27 
Taking into account the possible common pathogenesis 
of atherosclerosis and osteoporosis, and our previous re-
sults, we decided to investigate the influence of C. mas L. 
extract (EX) and loganic acid (LA), present in C. mas L. 
extract, on cholesterol-induced bone changes.

This study was specifically approved by the First Local  Ethic 
Committee for Animal Experiments in Wrocław, Poland 
(2013 and 2014), and animal experiments were, therefore, 
performed in accordance with ethical standards laid down 
in the 1964 Declaration of Helsinki and its later amendments.

Material and methods

Chemicals and materials

Acetonitrile for liquid chromatography-mass spectrom-
etry (LC-MS) was purchased from POCH (Gliwice, Po-
land). Acetonitrile (anhydrous, 99.8%), formic acid (reagent 
grade, ≥95%), acetic acid (≥99.7%), and methanol (≥99.9%) 
were purchased from Sigma-Aldrich (Steinheim,  Germany). 
Loganic acid (≥99%), p-coumaric acid (≥90%), caffeic 
acid (≥99%), ellagic acid (≥95%), quercetin 3-O-glucoside 
(≥98.5%), kaempferol 3-O-glucoside (≥99%), and cyanidin 
3-O-glucoside (≥90%) were purchased from Extrasynthese 
(Lyon, France). Morbital® (1 mL containing 133.3 mg of so-
dium pentobarbital and 26.7 mg of pentobarbital) was 
purchased from Biowet Puławy Sp. z o.o. (Poland).

Plant materials and samples preparation 
of extract and loganic acid

Cornelian cherry fruits were collected in the Arbore-
tum Bolestraszyce and Institute of Physiography, Bolestra-
szyce, Poland. The plant material was verified by Jakub 
Dola towski and the voucher specimen (BDPA 3967) has 
been deposited at the Arboretum Herbarium and Institute 
of Physiography in Bolestraszyce. The investigated extract 
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(EX) was prepared from C. mas L. fruits by the Department 
of Fruit, Vegetable and Plant Nutraceutical Technology 
at Wrocław University of Environmental and Life Sciences 
according to the method described by Kucharska et al.28 
and Sozański et al.29 The extract of iridoids and pheno-
lic compounds (EX) was obtained after purification on 
XAD-16 Amberlite resin (Rohm and Haas, Chauny, France) 
in a column, concentration using a Rotavapor (Unipan, 
Warszawa, Poland), and lyophilization (Alpha 1–4 LSC; 
Martin Christ Gefriertrocknungsanlagen GmbH, Os-
terode am Harz, Germany).28 The extract was qualitatively 
and quantitatively characterized using LC-MS and high-
performance liquid chromatography (HPLC) (Table 1).

Identification of compounds  
by UPLC-ESI-qTOF-MS/MS

Compounds were identified with the method described 
by Kucharska at al.,30 using the Acquity ultra-performance 
liquid chromatography (UPLC) system coupled with 

a quadrupole time of flight (q-TOF) MS instrument (Waters 
Corp., Milford, USA), with an electrospray ionization (ESI) 
source. Separation was achieved with an Acquity BEH C18 
column (100 mm × 2.1 mm i.d., 1.7 µm; Waters). The mobile 
phase was a mixture of 2.0% aq. formic acid v/v (solvent A) 
and acetonitrile with formic acid (solvent B). The instrument 
was operated both in the positive (iridoids and anthocya-
nins) and the negative (iridoids, phenolic acids, flavonols, and 
anthocyanins) ion mode, scanning m/z from 100 to 1500.

Quantification of compounds  
by HPLC-PDA

Iridoids and anthocyanins were assayed using the meth-
od described by Kucharska et al.30 with a Dionex HPLC 
Ultimate 3000 system (Germering, Germany) equipped 
with the diode array detector. The Cadenza Imtakt (Port-
land, USA) column C5-C18 (75 4.6 mm, 5 µm) was used. 
The mobile phase was composed of solvents: A (4.5% aq. 
formic acid, v/v) and B  (acetonitrile with formic acid), 

Table 1. Identification and the content (mg/100 g dw) of main compounds of extracts from Cornelian cherry fruits using UPLC-ESI-qTOF-MS/MS and HPLC-PDA

Peak
No. tR [min] Compound UV λmax

[nm]
[M – H]–/[M + H]+

[m/z]
Other ions

[m/z]
Content

[mg/100 g dw]

Iridoids

1 4.9 loganic acid 246 375 (377+) 213 (215+) 10870.20 ±15.86

2 16.1 cornuside 245/273 541 (543+) 169 (171+) 1549.28 ±3.43

total 12419.48

Anthocyanins

3 6.3 delphinidin 3-O-galactoside 524 463+ 303+ 44.06 ±1.77

4 7.6 cyanidin 3-O-galactoside; 515 449+ 287+ 809.70 ±0.55

5 8.3 cyanidin 3-O-robinobioside 516 595+ 287+ 369.94 ±1.41

6 8.8 pelargonidin 3-O-galactoside 501 433+ 271+ 1542.22 ±0.84

7 9.5 pelargonidin 3-O-robinobioside 501 579+ 271+ 297.18 ±0.44

8 12.6 cyanidin 523 287+ – 222.98 ±31.61

9 15.1 pelargonidin 509 271+ – 396.55 ±67.49

total 3682.63

Phenolic acids

10 4.1 caffeoyl hexoside 326 341 179 120.28 ±3.00

11 4.6 p-coumaroilquinic acid 1 316 337 163 33.91 ±1.40

12 5.8 caffeoylquinic acid 324 353 191 471.45 ±1.42

13 7.9 p-coumaric acid 309 163 – 12.40 ±0.21

14 8.3 p-coumaroilquinic acid 2 313 337 191/163 279.91 ±3.50

15 10.0 p-coumaroilquinic acid 3 312 337 191/163 20.91 ±1.88

16 12.3 ellagic acid 254/362 301 – 124.21 ±1.64

total 1063.07

Flavonols

17 13.2 quercetin 3-O-glucuronide 354 477 301 306.28 ±22.62

18 13.7 quercetin 3-O-glucoside 353 463 301 31.64 ±1.58

19 14.8 kaempferol 3-O-galactoside 348 447 285 215.45 ±2.61

20 15.6 kaempferol 3-O-glucuronide 351 461 285 35.94 ±1.38

total 589.30



B. Nowak et al. Cornelian cherry ameliorates osteoporosis1392

as described by Kucharska et al.30 Runs were monitored 
at wavelengths of 245 nm (iridoids), 254 nm (ellagic acid), 
320 nm (phenolic acids), 360 nm (flavonols), and 520 nm 
(anthocyanins). Peaks corresponding to standards were 
quantified, and iridoid was quantified as LA, anthocyanins 
as cyanidin 3-O-glucoside, phenolic acid as p-coumaric 
acid, caffeic acid and ellagic acid, and flavonols as quercetin 
3-O-glucoside and kaempferol 3-O-glucoside.

Animal model and protocol

The study was conducted on 50 male sexually mature 
New Zealand rabbits, aged 8–12 months and weighing 
4.5–5.5 kg. The animals were housed in individual cham-
bers with temperature maintained at 21–23°C on a regular 
12 h light/dark cycle. During the experiment the animals 
had water ad libitum and received the same daily portion 
of chow (40 g/kg). The animals were acclimated for 3 weeks 
prior to being used in the sixty-day study.  After acclimati-
zation, the animals were randomly divided into 5 groups 
(NT, CHOL, CHOL+EX, CHOL+LA, and CHOL+SIM) 
of 10 animals each. For 60 consecutive days of  the ex-
periment, the animals were given either standard chow 
(group NT) or the same standard chow enriched with 1% 
cholesterol (groups CHOL, CHOL+EX, CHOL+LA, and 
CHOL+SIM). Once daily, in the morning, the following test 
substances were administered orally to the rabbits: group 
NT and CHOL – normal saline solution, group CHOL+EX 
– C. mas L. extract, group CHOL+LA – loganic acid, and 
group CHOL+SIM – simvastatin (Table 2).

On day 60, blood samples were collected from each ani-
mal from the margin vein of the ear or the saphenous vein. 
Serum was separated using centrifugation (at 1500 × g) 
and then stored at 70°C until required for bone metabolic 
marker assays.

On day 60, the animals were euthanized with termi-
nal anesthesia, using Morbital® (Biowet, Puławy, Poland; 
1 mL containing 133.3 mg of sodium pentobarbital and 
26.7 mg of pentobarbital) at a dose of 2 mL/kg given in-
traperitoneally (i.p.). The femur and tibia were cleaned off 
all soft tissues and carefully separated. Left femurs were 
fixed in buffered formaldehyde for further histological ex-
amination. Right femurs and tibias were frozen and stored 
at the temperature of −70°C for further examination (dual-
energy X-ray absorptiometry (DXA) and micro-computed 
tomography (microCT).

Measurement of relevant 
serum parameters

Serum total calcium and inorganic phosphorus were 
measured with Architect plus ci4100 (Abbott, Chicago, 
USA) using commercial tests (Calcium Architect/Aeroset 
REF 3L79-21 and 3L79-31 304328/R1, Abbott; Phosphorus 
Architect REF 7D71 305532/R02, Abbott).

Serum osteocalcin (OC) and C-terminated telopeptide 
of  type I  collagen (CTX) levels (sensitive biochemical 
markers of bone formation and bone resorption, respec-
tively) were determined using commercial OC (Rabbit 
Osteocalcin (OC) ELISA Kit; Wuhan USCN Cloud-Clone 
Corp, Wuhan, China) and CTX (Rabbit CTXI (Cross 
Linked C-telopeptide of Type I Collagen) ELISA Kit, Fine 
Test; Wuhan Fine Biotech Corp, Wuhan, China) enzyme-
linked immunosorbent assay (ELISA) kits. All ELISA 
tests were performed according to their manufacturers’ 
instructions.

Determination of bone mineral density

Bone mineral density of the right femoral bones was 
measured by trained examiners using DXA with Hologic 
DXA equipment (Hologic Discovery W 81507; Hologic, 
Mississauga, Canada) using software for small animals. 
The results were obtained as grams of mineral content 
per square centimeter of bone area (g/cm2). The scan-
ner was calibrated daily using a  phantom provided 
by the manufacturer.

MicroCT evaluation of the bone structure

In order to evaluate the bone structure from each group, 
5 randomly selected tibias (n = 25) were scanned with 
high-resolution microCT (SkyScan 1172; Bruker®, Bill-
erica, USA). For acquiring the images with 9.0-µm pixel 
size, the X-ray tube was set at 95 kV and 104 µA, along 
with a copper-aluminium (CuAl) filter. For the quantita-
tive evaluation, only the distal part of the tibia was taken 
under consideration. After the reconstruction process, 
a set of 2D cross-sections representing the bone structure 
of the specimens was obtained.

Prior to the 3D morphometric analyses, the images were 
aligned with the bone major axis and the set of trabecular 
and cortical volumes of  interests (VOIs) were selected, 

Table 2. Experimental groups

Group Chow Tested substance Dose of tested substance

P standard chow none none

CHOL standard chow + 1% cholesterol none none

CHOL+EX standard chow + 1% cholesterol Cornelian cherry extract 50 mg/kg

CHOL+LA standard chow + 1% cholesterol loganic acid 20 mg/kg

CHOL+SIM standard chow + 1% cholesterol simvastatin 5 mg/kg

P – placebo; CHOL – cholesterol;  EX – C. mas L. extract; LA – loganic acid; SIM – simvastatin.
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with reference to the growth plate. The selection of both 
regions of  interest (trabecular and cortical) was based 
on  the  commonly accepted procedure used for small 
animals.31,32 Within each VOI, the automatic selection 
of a specific bone (Fig. 1) was applied; then, the images were 
segmented, using an adaptive global threshold algorithm. 
Quantitate analysis (CTAnn; Bruker®) of the cancellous 
bone structure took into account bone volume ratio (BV/
TV), bone surface ratio (BS/BV) trabecular thickness (Tb.
Th), number (Tb.N) and pattern (Tb.Pf), as well as struc-
tural model index (SMI). Apart from the basic parameters 
(BV/TV and BV/BS), the cortical thickness (Cr.Th) was 
calculated for the cortical bone. Furthermore, to complete 

the densitometric analysis for the cortical bone datasets, 
X-ray absorption, defined as the attenuation coefficient 
(AC [mm−1]) determining both by mass density and el-
emental composition of the material, was calculated.

Thickness of femoral cortical bone

Left femoral bones were fixed in 10% neutral-buffered 
formaldehyde and were then decalcified in 5% formic acid 
and 5.6% hydrochloric acid solution for 14 days. Next, 
the bones were embedded in paraffin and fixed, and 4-µm 
histological sections, stained with hematoxylin and eosin 
(H&E), were subsequently prepared. Histological slides 
were scanned with the NanoZoomer v. 2.0 (Hamamatsu 
Photonics K.K., Hamamatsu, Japan). The thickness of the 
cortical bone was measured 40 mm from the distal me-
taphysis of the femur.

Statistical analysis

Parametric data was expressed as means ± standard de-
viation (SD). The statistical analysis was carried out using 
STATISTICA v. 13 (StatSoft, Inc., Tulsa, USA). The nor-
mality of all continuous variables was verified with the Sha-
piro–Wilk test. One-way analysis of variance (ANOVA) 
with least significant difference (LSD) Fisher’s post hoc 
test was performed for a comparison involving 3 or more 
groups. The limit of significance was set at p < 0.05.

Results

Serum concentration  
of bone turnover markers

Serum total calcium and inorganic phosphorus levels, 
and serum concentration of OC and CTX are presented 
in Table 3. A decrease in serum calcium was detected 
in animals fed with a cholesterol-reach diet and receiv-
ing C. mas L. deviates or simvastatin. Inorganic phos-
phorus levels were increased only in animals fed with 
a cholesterol-reach diet and receiving C. mas L. deviates. 
C. mas L. extract and LA ameliorated cholesterol-induced 

Fig. 1. The representative microCT cross sections of (A) the trabecular 
region (within the red line) and (B) cortical region

Table 3. Selected serum parameters measured on day 60

Parameter [unit]
Experimental groups

P
(n = 10)

CHOL
(n = 10)

CHOL+EX
(n = 10)

CHOL+LA
(n = 10)

CHOL+SIM
(n = 10)

Total calcium [mmol/L] 3.547 ±0.193 3.394 ±0.148 3.283 ±0.224** 3.380 ±0.126* 3.348 ±0.152*

Inorganic phosphorus 
[mmol/L] 

1.489 ±0.183 1.935 ±0.569 4.428 ±1.259***, ### 2.731 ±1.210## 1.452 ±0.201

OC [ng/mL] 1.003 ±0.297** 0.674 ±0.159## 0.857 ±0.160 1.103 ±0.356* 0.722 ±0.190#

CTX [ng/mL] 7.721 ±1.187*** 10.049 ±1.276### 7.735 ±1.045*** 8.128 ±1.106*** 7.252 ±1.064***

P – placebo; OC – osteocalcin; CTX – C-terminated telopeptide of type I collagen; * p < 0.05; ** p < 0.01; *** p < 0.001 compared to CHOL; # p < 0.05; 
## p < 0.01; ### p < 0.001 compared to P.
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decrease in OC concentration, whereas in the simvastatin 
group OC level remained lower than in the placebo group. 
We observed normalization of cholesterol-induced increase 
in CTX level in animals receiving C. mas L. extract, LA 
and simvastatin.

Bone mineral density

Femoral BMD is presented in Fig. 2. There is a signifi-
cant decrease in femoral BMD in the CHOL group in com-
parison to the not-treated (NT) one (0.429 ±0.11 g/cm² 
vs 0.449 ±0.020 g/cm², p = 0.033). The C. mas L. extract 
and LA ameliorate cholesterol-induced changes in BMD 
(0.458 ±0.016 g/cm², p = 0.004 and 0.449 ±0.021 g/cm², 
p = 0.039, respectively). There was no difference between 
CHOL and CHOL+SIM group (0.422 ±0.021 g/cm²).

Histopathological examination

A histopathological examination revealed no signifi-
cant difference in the thickness of the femoral cortical 
bone between groups (NT: 0.910  ±0.056  mm, CHOL: 
0.872 ±0.092 mm, CHOL+EX: 0.895 ±0.055 mm, CHOL+LA: 
0.887 ±0.076 and CHOL+SIM: 0.878 ±0.086 mm).

MicroCT morphometry

Microstructural cancellous and cortical bone param-
eters are presented in Table 4, and examples of cross-
sections in  3 orthogonal planes are shown in  Fig.  3. 
In the CHOL-EX group, the bone volume ratio was 29% 
higher than in the CHOL group. Such an increase was not 
detected in the CHOL+SIM group. Apart from this, bone 

trabeculae were 14% thicker in the CHOL+EX group than 
in animals receiving simvastatin. We detected no influence 
of investigated substances on cortical bone.

Discussion

Osteoporosis is characterized by the imbalance between 
osteoblast and osteoclast activity, leading to bone loss and 
disturbances in its microarchitecture. Hypercholesterol-
emia seems to be a possible triggering factor that may affect 
homeostasis between bone formation and bone resorption, 
thus leading to osteoporosis. You et al. reported increased 
serum CTX level with decreased serum OC level in rats 
fed with cholesterol-rich diet.15 In cholesterol-fed rats, they 
observed inhibition of  proliferation and differentiation 
of osteoblasts and decreased BMP2 (bone morphogenic 
protein 2) expression, leading to decreased bone formation. 
In the conducted study, we also noticed an increase in serum 
CTX level and a decrease in serum OC level in animals 
fed with cholesterol-rich diet, which is a sign of increased 
bone resorption and decreased bone formation. In  our 
study, changes in concentrations of bone turnover markers 
were associated with decreased femoral BMD, as reported 
by You et al.15 These changes are similar to those observed 
in postmenopausal osteoporosis and in ovariectomy-in-
duced osteoporosis in animal models.33,34 The C. mas L. 
extract (50 mg/kg), LA (20 mg/kg) and simvastatin (5 mg/kg) 
given simultaneously with cholesterol-rich diet prevented 
the increase in CTX level, which is evidence of their anti-
resorptive activity. In the CHOL+EX and CHOL+LA group, 
we detected no decrease in OC levels, which suggest that 
they may stimulate bone formation. The beneficial effect 

Fig. 2. Femoral BMD examination 

A – DXA scan of right femur; B – femoral BMD in experimental groups (P – placebo; CHOL – 1% cholesterol; CHOL+EX – 1% cholesterol + Cornelian cherry 
extract 50 mg/kg; CHOL+LA – 1% cholesterol + LA 20 mg/kg; CHOL+SIM – 1% cholesterol + simvastatin 5 mg/kg); * p < 0.05; ** p < 0.01 vs CHOL; # p < 0.05 vs P.
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Table 4. Microstructural parameters obtained for cancellous and cortical bone of distal tibia metaphysis, microCT evaluation. Results presented 
as: mean ±SD. Experimental groups: P – placebo, CHOL – 1% cholesterol, CHOL+EX – 1% cholesterol + Cornelian cherry extract 50 mg/kg, 
CHOL+LA – 1% cholesterol + loganic acid 20 mg/kg, CHOL+SIM – 1% cholesterol + simvastatin 5 mg/kg

Parameter [units]
Experimental groups

P
(n = 5)

CHOL
(n = 5)

CHOL+EX
(n = 5)

CHOL+LA
(n = 5)

CHOL+SIM
(n = 5)

Cancellous bone

BV/TV [%] 9.53 ±0.72 9.37 ±1.94 12.11 ±3.30# * ° 10.11 ±2.18 9.09 ±3.81

BS/BV [1/U] 25.11 ±2.55 ° 24.51 ±1.99 °° 23.55 ±1.26°°° 23.59 ±1.45°°° 27.28 ±2.31#, **

Tb.Th. [mm] 0.162 ±0.021 0.157 ±0.014 0.173 ±0.014° 0.166 ±0.013 0.152 ±0.007

Tb.N. [1/mm] 0.594 ±0.073 0.600 ±0.137 0.708 ±0.222 0.609 ±0.118 0.597 ±0.219

Tb.Pf. [ratio] 7.611 ±1.277 6.858 ±1.255°° 7.525 ±0.852 6.775 ±0.599°° 8.634 ±1.777 **

SMI [1] 1.812 ±0.190 1.680 ±0.273 1.922 ±0.244 1.726 ±0.160 1.900 ±0.274

Cortical bone

BV/TV [%] 34.77 ±1.97 34.10 ±5.49 37.58 ±2.57 36.01 ±2.38 33.92 ±4.39

BS/BV [1/U] 3.88 ±0.22 4.17 ±0.98 4.15 ±1.04 3.89 ±0.39 4.44 ±0.84

Cr.Th. [mm] 0.837 ±0.048 0.825 ±0.137 0.831 ±0.144 0.855 ±0.058 0.763 ±0.087

AC [1/mm] 0.0253 ±0.0012 0.0256 ±0.0011 0.0267 ±0.0011 0.0266 ±0.0007 0.0268 ±0.0013 #

micoCT – micro-computed tomography; P – placebo; BV/TV – bone volume ratio; BS/BV – bone surface ratio; Tb.Th. – trabecular thickness; 
Tb.N. – trabecular number; Tb.Pf. – trabecular pattern; SMI – structural model index; Cr.Th. – cortical thickness; AC – attenuation coefficient;  
* p < 0.05; ** p < 0.01 compared to CHOL; # p < 0.05 compared to P; ° p < 0.05; °° p < 0.01; °°° p < 0.001 compared to CHOL + SIM.

Fig. 3. MicroCT scans of tibias in experimental groups

P – placebo; CHOL – 1% cholesterol; CHOL+EX – 1% cholesterol + Cornelian cherry extract 50 mg/kg; CHOL+LA – 1% cholesterol + LA 20 mg/kg;  
CHOL+SIM – 1% cholesterol + simvastatin 5 mg/kg
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of simvastatin on bone metabolism was described by some 
authors. Simvastatin local delivery and high systemic doses 
had a beneficial effect on fractures healing.35 Simvastatin 
was reported to alleviate bone resorption and bone loss.36,37 
Some authors also described its beneficial effect on bone for-
mation,38 but we did not observe such an effect in our study.

The difference in the calcium level between the CHOL 
group and the animals receiving additionally Cornelian cher-
ry derivatives or simvastatin may be attributed to the anti-
resorptive properties of Cornelian cherry extract, LA and 
simvastatin. The inhibition of bone resorption decreases 
the mobilization of calcium from bone tissue, and as a con-
sequence lower serum calcium level is observed. The in-
creased level of inorganic phosphorus in the CHOL+EX and 
CHOL+LA groups needs further explanation.

In CHOL+EX and CHOL+LA groups, we did not observe 
cholesterol-induced bone loss. Simvastatin did not exert 
a protective effect on femoral BMD. Shahrezaee et al. re-
ported an increase in BMD in ovariectomized rats treated 
with simvastatin.39 However, the discrepancy with our 
study may be a consequence of the fact that Shahrezaee 
et al. investigated higher doses of simvastatin (25 mg/kg) 
and used a different animal model. Shahrezaee et al. inves-
tigated the influence of simvastatin on estrogen-deficien-
cy-induced osteoporosis and they used a classical animal 
model for such a condition. However, ovariectomy does not 
induce lipid changes in rats, so it does not allow us to pre-
dict the influence of simvastatin on cholesterol-induced 
bone changes. As we planned to concentrate on athero-
sclerosis-associated bone changes, we used cholesterol-fed 
rabbit model, which is a standard model used in animal 
studies on atherosclerosis.40 In the CHOL+EX group, femo-
ral BMD was even higher than in the placebo group, which 
supports the hypothesis that Cornelian cherry extract 
may induce new bone formation. Cornus mas L. extract 
seems to have a beneficial influence on cancellous bone, 
as in the CHOL+EX group we found an increase in bone 
volume ratio (BV/TV). Apart from that, the trabeculae 
were thicker in animals receiving Cornelian cherry extract 
than in rabbits receiving simvastatin.

As Cornelian cheery extract exerted effects that were 
not observed in simvastatin-treated animals, we suspect 
that these effects may not be limited to its lipid lowering 
properties.

Conclusions

To our knowledge, this is the first in vivo study inves-
tigating the influence of C. mas L. on the disturbances 
of bone metabolism and structure. Our study revealed 
the beneficial influence of C. mas L. and LA on cholesterol-
induced osteopenia in rabbits. However, further research 
is needed to establish the mechanism of the observed ef-
fects, and to investigate the influence of Cornelian cherry 
on other forms of osteoporosis.
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