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Abstract

Background. Cornelian cherry (Cornus mas L) is a plant growing in southeast Europe, in the past used
in folk medicine. There are many previous publications showing the preventive effects of (poly)phenolic
compounds, especially anthocyanins, on cardiovascular diseases, but there is a lack of studies comparing
the effects of (poly)phenolics and other constituents of fruits.

Objectives. We have attempted to determine ifiridoids and anthocyanins from cornelian cherry fruits may
affect the formation of atherosclerotic plaques in the aorta as well as lipid peroxidation and oxidative stress
in the livers of cholesterol-fed rabbits.

Material and methods. Fractions of iridoids and anthocyanins were analyzed using the high-performance
liquid chromatography (HPLC) and liquid chromatography-mass spectrometry (L-MS) methods. Loganic acid
(20 mg/kg bw.) and a mixture of anthocyanins (10 mg/kg bw.) were administered orally for 60 days to rabbits
fed with 19% cholesterol. Histopathological samples of the aortas and the livers were stained with hematoxylin
and eosin. Lipid peroxidation (malondialdehyde — MDA) and redox status (glutathione — GSH, glutathione
peroxidase — Gpx and superoxide dismutase — SOD) were analyzed using spectrophotometrical methods.

Results. Both loganic acid (an iridoid) and a mixture of anthocyanins diminished the formation of athero-
sclerotic plagues in the aorta. Both substances also diminished lipid peroxidation, measured as a decrease
of MDA, and attenuated oxidative stress, measured as an increase of GSH in the livers depleted by cholesterol
feeding. Unexpectedly, cholesterol feeding decreased the Gpx activity in the liver, which was reversed by both
investigated substances.

Conclusions. We have shown that both iridoids and anthocyanins help prevent fed-induced atherosclerosis,
and the consumption of fruits rich in these substances may elicit beneficial effects on the cardiovascular
system.
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Introduction

Cardiovascular diseases are the leading causes of mor-
bidity and mortality in both developing and developed
countries.! Oxidative stress and subsequent lipid peroxi-
dation contribute to the development and progression
of atherogenesis and other tissue damage.® They also in-
teract with other factors, like proinflammatory cytokines
or substances the affecting nitric oxide (NO) synthesis,
contributing to vascular pathologies from endothelial dys-
function to clinical symptoms of cardiovascular diseases.*

It is also widely accepted that diet, especially a diet con-
sisting of large amounts of fruits and vegetables, may pre-
vent the development and progression of cardiovascular
diseases.>® There are many studies on both humans and
animals showing the preventive effects of (poly)phenolic
compounds — flavonoids, and especially their subclass
— anthocyanins, on atherosclerosis and cardiovascular
diseases.”” In contrast, we have not found any surveys
comparing the effects and interactions of different con-
stituents of plants, particularly fruits, on the risk factors
and symptoms of cardiovascular diseases. Moreover, there
are only a few studies comparing the potency of various
flavonoids on high-fat diet-induced changes.'® In recent
decades there has been increasing interest in iridoids,
a wide group of plant constituents with possible pleio-
tropic effects on human metabolism.!! Although both an-
thocyanins or iridoids are common constituents of plants,
only a few edible fruits contain pronounced amounts
of iridoids or both substances. In the present study,
we focused on cornelian cherry (Cornus mas L.), a plant
growing or cultivated in Europe and southwest Asia, and
cultivated in North America; widely consumed in some
countries and, in the past, used in folk medicine. In our
previous studies we proved that the European cultivar
of cornelian cherry contains large amounts of iridoids —
mainly loganic acid — and anthocyanins. We also showed
the preventive effects of whole fruits on diet-induced ath-
erosclerosis in animals, through the activation of peroxi-
some proliferator-activated receptors alpha (PPARa).!213
In another study, using the same model of diet-induced
atherosclerosis we showed that isolated loganic acid and
anthocyanins decreased dyslipidemia, increased the ex-
pression of both PPARa and peroxisome proliferator-
activated receptors gamma (PPARY) in the liver, and de-
creased the intima thickness and the intima/media ratio
in the thoracic aortas.!

Table 1. Schedule of animal feeding and administering test substances

Control group P |
‘ Experimental group CHOL
‘ Experimental group CHOL+LA
‘ Experimental group CHOL+ANT
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The aim of the present investigation was to compare
the effects of loganic acid and anthocyanins isolated
from cornelian cherry on the formation of atherosclerosis
in the thoracic and abdominal aorta, measured by histo-
pathological examination, as well as on lipid peroxidation
and redox state in the liver, measured as the malondialde-
hyde (MDA), glutathione (GSH), glutathione peroxidase
(Gpx), and superoxide dismutase (SOD) levels.

Material and methods

Plant material and the preparation
of samples of loganic acid
and anthocyanins

Cornelian cherry fruits were harvested in the Arbore-
tum and Institute of Physiography in Bolestraszyce, Poland.
The plant material was verified by Prof. Jakub Dolatowski,
the voucher specimen (BDPA 3 967) is stored at the Her-
barium of the Arboretum and Institute of Physiography
in Bolestraszyce. Loganic acid and a mixture of anthocya-
nins were prepared in the Department of Fruit, Vegetable
and Plant Nutraceutical Technology at Wroctaw Univer-
sity of Environmental and Life Science (Poland), according
to Kucharska et al’s instructions with minor modifications.!?

Juice from cornelian cherry fruits was purified using
an Amberlite XAD-16 resin column (Rohm and Haas,
Chauny Cedex, France). Iridoid and anthocyanin com-
pounds present in the juice were eluted with ethanol/
water/acetic acid (80:19.9:0.1, v/v/v). Purified compounds
were concentrated, using a Rotavapor rotary evaporator
(Biichi, Flawil, Switzerland) in a water bath at 40°C, and
then dried in an SPT-200 vacuum dryer (ZUT Colector,
Krakéw, Poland) (40°C, 00.094 MPa). Dried compounds
were fractionated by polyamide column chromatogra-
phy (150 mm x 30 mm) (Macherey-Nagel-CC 6.6, Diiren,
Germany), using ethanol/water/acetic acid (50:49.5:0.5,
v/v/v) as the eluent. As a result of separation, we obtained
loganic acid and anthocyanins. The former was moni-
tored at 254 nm, while the latter — at 520 nm (Fig. 1).
Next, the resulting fractions were concentrated with
a Rotavapor rotary evaporator, and then dried in an SPT-
200 vacuum dryer (40°C, 0.094 MPa). The fractions were
analyzed using the high-performance liquid chromatog-
raphy (HPLC) (Fig.1) and liquid chromatography-mass
spectrometry (LC-MS) methods.

Regular feed + saline p.o.

regular feed with the addition of 1% cholesterol + saline p.o. ‘
regular feed with the addition of 1% cholesterol + loganic acid 20 mg/kg bw. p.o ‘

regular feed with the addition of 1% cholesterol + anthocyanins 10 mg/kg bw. p.o. ‘

p.o. — taken orally.



Adv Clin Exp Med. 2018;27(11):1505-1513

The in vivo study

This research was conducted in accordance with the Na-
tional Institutes of Health (NIH) Guide for the Care and
Use of Laboratory Animals and Directive 2010/63/EU, and
was approved by the Local Ethical Committee on Animal
Research at the Institute of Immunology and Experimental
Therapy, Polish Academy of Sciences in Wroctaw (Poland).

Chemicals

Loganic acid and anthocyanins were prepared as de-
scribed above. Cholesterol was purchased from POCH
(Gliwice, Poland).

Animals and treatment

Forty mature New Zealand rabbits aged 8—12 months
were used in the study. The animals were housed in indi-
vidual chambers with a temperature maintained at 21—
—23°Cunder a 12:12 h light-dark cycle. During the experi-
ment, the rabbits had free access to water and received
the same daily portion of feed (40 g/kg bw.). After 4 weeks
of acclimatization, the animals were divided by block ran-
domization into 4 groups of 10 animals each. For 60 con-
secutive days of the experiment, the animals in group P
ingested standard feed. The other groups — CHOL,

Table 2. Histopathological changes in the thoracic and abdominal aorta in rabbits
in experimental groups — hematoxylin and eosin (HE) staining
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CHOL+LA and CHOL+ANT - received the same feed + 1%
cholesterol. Once daily, in the morning, the following test
substances were administered orally to the rabbits: groups
P and CHOL - normal saline solution (negative and posi-
tive control), group CHOL+LA - loganic acid at a dose
of 20 mg/kg bw. and group CHOL+ANT — a mixture of an-
thocyanins at a dose of 10 mg/kg bw. (Table 1).

On the 0" and 60" days of study, blood samples were col-
lected from each animal from the marginal vein of the ear,
or the saphenous vein. On the 60" day, the animals were
euthanized with terminal anesthesia, using morbital
(1 mL containing 133.3 mg of sodium pentobarbital and
26.7 mg of pentobarbital), administered intraperitoneally
(ip.) at a dose of 2 mL/kg bw. The organs were collected
— the livers for the measurements of lipid peroxidation
and oxido-redox state parameters, and the aortas for his-
topathological assessment.

Biomarkers associated with oxido-redox
state in the liver

All parameters in the liver were assessed spectrophoto-
metrically. The MDA level was assayed using the BIOXY-
TECH-MDA-586 kit (OxisResearch, Portland, USA) and
expressed as {M/g of tissue. The GSH concentration was as-
sayed using the BIOXYTECH GSH-400 kit (OxisResearch)
and expressed as mM/mg of tissue. The SOD activity was
measured using the Ransod kit (Randox Labo-
ratories, Crumlin, UK) and expressed as U/mg
of protein. The GPx activity was measured us-
ing the GPx-340 kit (Randox Laboratories) and
expressed as U/mg of protein.

Histopathological evaluations

Postmortem thoracic and abdominal aorta and
liver samples were collected for histological ex-
aminations. Tissue sections were fixed in a 7%
buffered formalin solution, embedded in paraffin,
cut into 4 pm thick slices, and stained by means
of the hematoxylin and eosin method. The sam-
ples were blindly examined by an experienced
pathomorphologist.

Statistical analysis

Histopathological results were expressed

Thoracic
aorta CHOL+LA* CHOL+ANT*
n=10 n=10
0 (100.0%) 1(10.0%) 8 (80.0%) 9 (90.0%)
0 (0.0%) 5 (50.0%) 2 (20.0%) 1 (10.0%)
0(0.0%) 2 (20.0%) 0 (0.0%) 0(0.0%)
0 (0.0%) 1(10.0%) 0 (0.0%) 0 (0.0%)
0 (0.0%) 1(10.0%) 0 (0.0%) 0 (0.0%)
Abdominal "
aorta (@ [0] CHOL+LA™ CHOL+ANT
n=10 n=10 n=10
- 0(100.0%) 1(10.0%) 5 (50.0%) 8 (80.0%)
+ 0 (0.0%) 5 (50.0%) 5 (50.0%) 0 (0.0%)
++ 0 (0.0%) 3(30.0%) 0 (0.0%) 2 (20.0%)
++++ 0 (0.0%) 1(10.0%) 0 (0.0%) 0 (0.0%)
Scoring: / —/ no visible endothelium damage; / + / a few assembled foam cells

occupying no more than 10% of the artery circumference; / ++ /2 or more
collections of atheromatous plaques; / +++ / atheromatous plaques occupying

more than 2/3 of the artery circumference and of thickness accounting for

50% of the artery wall thickness; / ++++ / massive atheromatous plaques occupying
all the artery circumference and of thickness exceeding 50% of the artery thickness.

P — standard feed and vehicle-treated rabbits; CHOL - cholesterol-treated rabbits,
rabbits treated with cholesterol + loganic acid 20 mg/kg bw.; CHOL+ANT
- rabbits treated with cholesterol + anthocyanins 10 mg/kg bw. Values are presented

CHOL+LA -

as number and percentiles. Specific comparisons (the x> test): * p < 0.05 vs

about

p;

**p <001 vsP;**p <0001 vsP;*p<0.05vs CHOL; % p < 0.05 vs CHOL+ANT.

as the number (percentage) of animals presenting
the same degree of changes. The x? test of inde-
pendence was used to study the qualitative data.
The results of all the other data were expressed
as mean *standard deviation (mean +SD). The nor-
mality of all continuous variables was verified
by the Shapiro-Wilk test. Statistical comparisons
of histopathological data were performed using
the Kruskall-Wallis test, followed by the Dunn test
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Fig. 1. High-performance liquid chromatography-diode-array detection (HPLG-DAD) chromatograms of iridoid (254 nm) and anthocyanins (520 nm)

fractions from cornelian cherry (Cornus mas L)) fruits

LA - loganic acid; Dp-gal - delphinidin 3-O-galactoside; Cy-gal — cyanidin 3-O-galactoside; Cy-rob — cyanidin 3-O-robinobioside; Pg-gal - pelargonidin
3-O-galactoside; Pg-rob — pelargonidin 3-O-robinobioside; Cy — cyanidin; Pg — pelargonidin; mAU — milli absorbance units.

for multiple comparisons. Other data was analyzed using
the analysis of variance (ANOVA), followed by a post-hoc
least significant difference (LSD) test. The p-values <0.05
were considered statistically significant.

Results

We compared the impact of orally administered corne-
lian cherry constituents, an iridoid — loganic acid and an-
thocyanins, on dietary-induced hyperlipidemia in rabbits.

Both the thoracic and abdominal aortas in the control
P group presented no atheromatous changes, whereas
cholesterol-fed rabbits developed characteristic athero-
matous lesions. There were plaques of different thick-
ness, comprising lipid-loaded foam cells, lymphocytes,
fibrin, and disintegrated cells with debris in the extracel-
lular matrix. There were also visible mild proliferations
of myocytes and the exudation in the subendothelial layer
consisting of amorphous proteins and glycosaminogly-
cans. In a few cases, there were microclots on the tunica
intima, composed of red blood cells and thrombocytes,
occasionally incorporated into the arterial walls when sur-
rounded by endothelium. Both loganic acid and anthocya-
nins prevented or significantly decreased the development
of atheromatous changes (Table 2). In the thoracic aorta,
in the CHOL+LA and CHOL+ANT groups, no lesions
were noted in 80% and 90% of the rabbits, respectively.
The remaining animals developed only mild changes
with a few collections of assembled foam cells. The length

of those changes did not exceed 10% of the circumference
of the artery. In the abdominal aorta, in the CHOL+LA
and CHOL+ANT groups, no lesions were noted in 50%
and 80% of the rabbits, respectively. In the remaining 50%
of the animals in the CHOL+LA group, only mild changes
were observed, as described above. In only 20% of the rab-
bits in the CHOL+ANT group, some atheromatous changes
were noted, although they were moderate, with 2 or more
plaques. Representative pictures showing histological
cross-sections of the thoracic and abdominal aortas are
presented in Fig. 2.

The cholesterol-enriched diet induced moderate fatty
degeneration in the livers compared to the control group.
Neither anthocyanins nor loganic acid significantly de-
creased those changes (data not presented).

Lipid peroxidation in the livers was measured by the MDA
concentrations, and redox status by both enzymatic and
non-enzymatic oxidative markers.

The MDA concentration in the CHOL group in-
creased significantly in comparison to the control group.
The addition of either anthocyanins or loganic acid sig-
nificantly decreased lipid peroxidation. The MDA levels
inthe CHOL+ANT and CHOL+LA groups were comparable
to each other and lower compared to the CHOL group, al-
though they were still higher than in the group P. Simvas-
tatin treatment completely reversed the increased MDA
level caused by administering cholesterol (Fig. 3A).

Cholesterol-rich feeding significantly depleted the con-
centration of GSH. Both anthocyanins and loganic acid
significantly increased the GSH level in comparison
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Fig. 2. Representative photos showing histological cross-sections of the aortas with hematoxylin and eosin (HE) staining

A - control group (rabbit No. 7). Normal endothelium and media of the thoracic aorta; changes classified as (-); HE staining, magnification x100. B - CHOL
group (rabbit No. 18). A few assembled foam cells (thin arrow) on the endothelium of the abdominal aorta (thick arrow); changes classified as (+);

HE staining, magnification x200. C - CHOL group (rabbit No. 19). A layer of atheromatous plaque (arrow) located on the endothelium of the thoracic
aorta, composed of foam cells, a few lymphocytes and disintegrated cell debris; changes classified as (++); HE staining, magnification x100. D - CHOL
group (rabbit No. 17). A thick layer of atheromatous plague on the thoracic aorta endothelium, composed of numerous foam cells, a few lymphocytes and
disintegrated cell debris; arrows indicate the thickness of the atheromatous plaque and the vessel; changes classified as (+++); HE staining, magnification
%x100. E - group CHOL (rabbit No. 14). A very thick layer of atheromatous plaque (thick arrow) on the abdominal aorta endothelium (thin arrow), composed
of numerous foam cells, a few lymphocytes, myocytes, and disintegrated cell debris; changes classified as (++++); HE staining, magnification x100;

* the border between the vessel and the plaque. F - CHOL+LA group (rabbit No. 21). Normal endothelium and media of the thoracic aorta; changes
classified as (—); HE staining, magnification x100. G — CHOL+LA group (rabbit No. 26). Slightly detached endothelium (arrow) of the abdominal aorta;
changes classified as (+); HE staining, magnification x200. H - CHOL+ANT group (rabbit No. 31). Normal endothelium and media of the thoracic aorta;
changes classified as (-); HE staining, magnification x100. | - CHOL+ANT group (rabbit No. 39) Slightly detached endothelium (arrows) of the thoracic aorta;
changes classified as (+); HE staining, magnification x200; * the border between the vessel and the plaque.

to the CHOL group; anthocyanins completely and signifi-
cantly reversed the GSH depletion caused by cholesterol,
although the loganic acid effect was weaker. The GSH level
in the CHOL+LA group was lower than in the CHOL group,
but still higher than in the P group. Simvastatin completely
prevented a decrease in the GSH concentration (Fig. 3B).

The GPx concentration in the CHOL group decreased
compared to the control group, while the addition of ei-
ther anthocyanins or loganic acid increased GPx activities
to levels comparable to the control group (Fig. 3C).

SOD activities in the cholesterol-treated group in-
creased significantly as compared to the control group.

The addition of neither anthocyanins nor loganic acid
modulated these cholesterol-evoked changes. SOD ac-
tivities in the CHOL+ANT and CHOL+LA groups were
significantly higher compared to the control group, and
comparable to the CHOL group (Fig. 3D).

Discussion

The most important finding of our study is that both
iridoids and anthocyanins from the same plant may pre-
vent atherosclerosis and redox stress. The key results are
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Fig. 3. The malondialdehyde (MDA) concentrations (A), glutathione (GSH) concentrations (B), glutathione peroxidase (GPx) activities (C), and superoxide

dismutase (SOD) activities (D) in the liver

P — standard feed and vehicle-treated rabbits; CHOL — cholesterol-treated rabbits; CHOL+LA —
CHOL+ANT - rabbits treated with cholesterol + anthocyanins 10 mg/kg bw.; values are presented as mean +SD. Specific comparisons:

rabbits treated with cholesterol + loganic acid 20 mg/kg bw.;
*p<0.05vsP;

**p <0.01vsP;***p <0.001vsP; #p <0.05vs CHOL; ## p < 0.01 vs CHOL; ### p < 0.001 vs CHOL; A p < 0.05 vs CHOL+ANT.

that both loganic acid, which belongs to a class of iridoids,
and anthocyanins isolated from cornelian cherry fruits
decreased the formation of atherosclerosis in the thoracic
and, to a lesser extent, in the abdominal aorta of choles-
terol-fed animals, while both substances decreased lipid
peroxidation and oxidative stress in the liver.

Our finding that anthocyanins prevent atherosclerosis
is consistent with numerous previous observations. Most
of the available data attributes the cardiovascular benefits
of fruits mainly to their (poly)phenolic fractions. A sub-
class of those, anthocyanins, abounds in cornelian cherry
fruits.!> They are regarded as potent substances prevent-
ing atherosclerosis and cardiovascular diseases.® Previ-
ous studies have found a higher content of anthocyanins
in cornelian cherry fruits compared to other native or cul-
tivated small fruits, such as raspberries, blackberries, red
currants, and gooseberries,!>1¢ although the total content
of anthocyanins may differ significantly among cultivars.'

Atherosclerosis is a complex pathological condition
that engages various pathways, such as lipid oxidation and
accumulation in the arteries, inflammation, redox stress, and
NO depletion. Drugs and natural products used nowadays
in the treatment of dyslipidemia, like 3-hydroxy-3-methyl
glutaryl coenzyme A (HMG-CoA) reductase inhibitors

(statins), fibric acid derivatives, bile acid-binding resins, and
phytosterols, have quite different mechanisms of action.
We hypothesize that fruits may also affect lipid metabolism
and atherogenesis through their different constituents and
through different mechanisms. Beyond the (poly)phenolic
fraction, other constituents of plants generally regarded
as contributing to the prevention of dyslipidemia and ath-
erosclerosis are mono- and polyunsaturated fatty acids,
soluble fiber, vegetable proteins, and phytosterols.!® Never-
theless, they are not found in substantial amounts in fruits.

As described in the Introduction, cornelian cherry
fruits contain large amounts of anthocyanins, but are
also abundant in iridoids. To the best of our knowledge,
there is inadequate data comparing the biological effects
and possible interactions between anthocyanins and iri-
doids, though those substances are present in the daily diet
of western populations. In our previous studies, we de-
tailed the constituents of cornelian cherry and proved
that administering whole lyophilisated fruits diminished
atherosclerosis through the same cholesterol-fed rabbit
model we used in the present study.!>*! Subsequent-
ly, we found that both isolated loganic acid and antho-
cyanins contributed to the prevention of atherosclerosis,
decreasing dislipidemia as well as decreasing the intima
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thickness and the intima/media ratio in the thoracic aorta
of cholesterol-fed rabbits. We also revealed that both sub-
stances, especially anthocyanins, increased the expression
of PPARs, while only iridoids possessed anti-inflammatory
effects.!® At present, we completed a detailed evaluation
of the formation of atherosclerosis in both the thoracic
and abdominal aorta as well as the assessment of redox
status in the livers, and proved that loganic acid contributes
to the benefits we observed previously.

Iridoids that we investigated, including loganic acid, are
awide group of cyclopentan[c]pyran monoterpenoids, me-
tabolites found in plants and animals. Previous studies
have shown their potent biological effects, mainly their
anti-inflammatory qualities.!! However, their preventive
effects on diet-induced atherosclerosis, especially the pos-
sible mechanisms of action contributing to those effects,
are not fully understood. This may be important, because
some fruits, like those described in our studies — corne-
lian cherry, but also other members of the Cornus genus,
especially the Asiatic Cornus officinalis L., and a few other
fruits, contain large amounts of both anthocyanins and
iridoids, although their qualitative and qualitative com-
position is different.'*2° The beneficial effects of iridoids
on lipid metabolism and diabetes, with the modulation
of PPARa and sterol regulatory-element binding protein
expression, were described regarding Cornus officinalis L.,
which grows mainly in Asia and has been used for years
in traditional Chinese and Japanese medicine.?"2®> How-
ever, Cornus officinalis L. contains different iridoids than
the European cornelian cherry we investigated, mainly
loganin and morroniside. The positive effects on lipids and
atherosclerosis were also proven for other iridoids isolated
from various plants.?4-26 Nevertheless, knowledge about
the effects of loganic acid we found in cornelian cherry
on living systems, especially on atherogenesis, is poor.

In addition to the impact of loganic acid and anthocya-
nins on atherosclerosis, we also investigated their effects
on lipid peroxidation and redox parameters in the liver.
As we mentioned in the Introduction, there is a general
conviction that oxidative stress plays a significant role
in the pathogenesis of atherosclerotic vascular disease,
proven by several in vitro and animal studies.>*%” Oxida-
tive stress causes direct damage to molecules, lipid peroxi-
dation, and affects inflammation (e.g., by the stimulation
of inflammatory genes transcription), at the same time
causing vascular dysfunction through the endothelial ni-
tric oxide synthase (eNOS) depletion.*28

We found that both loganic acid and anthocyanins ex-
erted a preventive effect on lipid peroxidation through
an impact on the MDA level, and that both substances
restored depleted GSH levels in the liver. The effects of an-
thocyanins shown in the present study are consistent with
previous in vitro and in vivo studies, in which both corne-
lian cherry and isolated anthocyanins showed antioxidant
capacities.!”?>30 That observation seems to be supported
by human studies that showed direct correlations between
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single anthocyanins intake and postprandial increases
in serum antioxidant capacity.? However, that increase
was only temporary and probably cannot explain the im-
pact of anthocyanins on atherosclerosis development.

There are also publications attributing antioxidant ef-
fects to iridoids.?! As we also described above, iridoids are
a large group of substances that exert several effects on liv-
ing systems, including substantial anti-inflammatory ef-
fects that may influence oxidative stress.!! Loganic acid and
other iridoids also showed antiglycation activity, decreasing
the production of advanced glycation end products (AGE),
the elevation of which may be triggered by oxidative stress.3?
However, we did not find any previous studies examining
the direct effects of loganic acid on redox status.

Taking into account the doses of substances used in our
experiment, human equivalent doses (HEDs) may be deter-
mined. According to the Food and Drug Administration,
Center for Drug Evaluation and Research guidelines,33:3*
HEDs of loganic acid and anthocyanins are 6.48 mg/kg bw.
per day and 3.24 mg/kg bw. per day, respectively. For the hu-
man body weighing 100kg, HED ofloganicacid is 648 mg/day
and of anthocyanins — 324 mg/day. Estimated HEDs en-
able the creation of phytopharmaceuticals in solid dosage
forms, such as capsules or tablets, as well as in liquid forms
(both substances are soluble in water and in alcohol solu-
tions). Moreover, taking into consideration the amount
of loganic acid and anthocyanins in lyophilisated fruits,
cornelian cherries may be used as a functional food. Daily
HEDs of loganic acid and anthocyanins found in whole
lyophilisated fruits (without a pit) are approx. 79 g and
137.4 g, respectively (for a 100 kg man).

Based on our present and previous studies, possible in-
dications for cornelian cherry and its isolated constitu-
ents include dyslipidemia and atherosclerosis.'>*1° Whole
dried or lyophilisated fruits may be used as a functional
food in patients treated with a diet and lifestyle modifica-
tions alone. Isolated components or extracts may be used
as phytopharmaceuticals in patients treated with statins.
In our previous studies, we proved that both whole fruits
and isolated constituents of cornelian cherry upregulated
the expression of PPAR« in the liver. PPAR« is a tran-
scriptional factor responsible for fatty acid catabolism via
the activation of their beta-oxidation.!>!* We may speculate
that due to a possibly different mechanism of pharmaco-
logical actions of cornelian cherry and its components and
of statins, they may exert additive or synergistic effects.

Anthocyanins and iridoids are regarded as generally safe.
Moreover, cornelian cherry fruits containing high amounts
of those substances are considered edible and have been
used in cuisine for hundreds of years. In our present and
previous experiments, we have observed no adverse effects
of 2-month-long oral administration of loganic acid, antho-
cyanins or whole lyophilisated fruits. Substances isolated
from cornelian cherry used in our study, were not modified
and, as stated above, their amounts may be consumed daily
in dried or lyophilisated form by the general population.
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Here, the limitations of our study should be noted.
Although we showed the preventive effects of the inves-
tigated substances on both atherosclerosis and oxidative
stress, the assessment of a direct correlation is difficult,
because there are many other factors influencing athero-
genesis that we did not investigate. Moreover, although
many in vitro and in vivo studies support the importance
of redox modulation in tissues, their effects on clinical out-
comes are unclear. Results of many human clinical trials
involving the use of antioxidant vitamins are highly ambig-
uous.? Analyzing the changes in redox status, we should
ask if the observed changes in lipid peroxidation and redox
state are the direct results of the treatment and contrib-
ute to the positive effects on lipids and atherosclerosis.
Alternatively, the antioxidant effects of the investigated
substances may only be secondary changes related to other
mechanisms — like the PPAR pathway or anti-inflamma-
tory effects — subsequently diminishing redox triggering
factors. This possibility remains a puzzle in several risk
factors contributing to the development of atherosclerosis.

Conclusions

In conclusion, we have shown that different constituents
—anthocyanins and iridoid loganic acid — of the same cor-
nelian cherry plant showed the similar beneficial effects on
holesterol-fed induced atherosclerosis. Anthocyanins and
loganic acid diminished the formation of atherosclerotic
plaques in the thoracic and, to a lesser extent, in the ab-
dominal aorta, as well as diminished lipid peroxidation and
reversed cholesterol-induced depletion of GSH in the liver.
The results of our study indicate some potential benefits
of consuming fruits containing both anthocyanins and
iridoids that prevent cardiovascular diseases. Those results
may also be applied in future attempts to produce phyto-
pharmaceuticals containing those substances.
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