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Abstract: Hypercholesterolemia raises the risk of cardiovascular diseases (CVD), the leading cause of morbidity and mortality
worldwide. Numerous clinical trials of lipid-lowering diets and medicines have been established for proper lipid profile regulation
to reduce the significant level of pathological conditions of cardiovascular origin. Winemaking is a well-developed part of
Georgian agriculture. Besides usual products such as grapes and wine, it is characterized by a significant amount of waste
products like leaves and shoots, which can be used as a source of bio-active ingredients, namely polyphenols, which are well-
known to have hypocholesterolemia effects. Therefore, the decision was made to use polyphenols derived from wasted shoots
and assess their potential protective and treating effect on lipid profile in the Vivo model of dietary-induced hyperlipidemia.
During previous studies, 14 individual polyphenols were extracted and detected from Georgian grapevine shoots, and current
research demonstrates the cholesterol-lowering effects of this polyphenol-rich extract in laboratory rats. Study results
demonstrated the positive protective effect of Georgian Vitis Vinifera (Saperavi) polyphenols on the lipid profile of rats. Along
with relatively low values of total cholesterol (5.47%), LDL (16%), and TG (9.9%), better results for HDL value were observed
for the group receiving Saperavi shoots extract, than the group receiving only a hypercholesterolemia diet. Compared with a 10
mg/kg Atorvastatin daily dose, Saperavi shoots extract showed a smoother reduction of serum cholesterol; however, the normal
range was reached. These findings support the potential of using currently wasted Georgian grapevine shoots as a source of
biologically active ingredients. Based on the study results, Saperavi shoot extract can be considered a cost-effective candidate for
phytomedicine supplementing and treating cardiovascular diseases associated with lipid profile disorders.
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1. INTRODUCTION

Cardiovascular health conditions contribute to the greater
part of non-communicable diseases (NCD) mortal outcomes
(17.9 million per year), followed by cancer, respiratory
diseases, etc. '. Hypercholesterolemia raises the risk of
cardiovascular diseases (CVD), which is the leading cause of
morbidity and mortality*®. Hypercholesterolemia is linked
with the increased value of total cholesterol and low-density
lipoproteins (LDL) in the blood, as well as with the increased
level of triglycerides (TG) and decreased amount of high-
density lipoproteins (HDL), which is already established to be
a protective factor in the development of atherosclerosis***.
Since lipid profile disbalance is one of the biggest issues for
the time being, numerous clinical trials of lipid-lowering diets
and medicines have been established for lipid profile proper
regulation to reduce the significant level of pathological
conditions of cardiovascular origin”'%. Based on the evidence,
the development of HMG-CoA reductase inhibitors (statins)
was a big step forward in treating hypercholesterolemia;
however, this group of drugs is characterized by substantial
side effects, which can be an important barrier to their
administration in certain conditions''’. Therefore, the
significance of medicinal plants research increases rapidly due
to their possible contribution to the various disorders
treatment. They can provide diverse pharmacologic effects
correlating with their structural specificities. Furthermore,
due to the high concentrations of phytochemicals and
minerals, herbal medicines have both a medicinal and
nutritional impact'®. Winemaking is a well-developed part of
Georgian agriculture. This country is recognized as one of
the oldest wine regions, as the earliest evidence of

HO.

HO

Caffeic acid

Myricetin

Pharmacology

winemaking dates back to 8000 years'’. Over 500 grape
species are grown on the territories of Georgia due to the
diverse climate. Besides usual products like grapes and wine,
winemaking is characterized by many waste products such as
leaves and shoots. The modern approach to waste products
considers their utilization for recovering different biologically
active ingredients, as this source is cheap and convenient.
Georgian grapevine species are constantly in sight of
researchers; however, they focus more on wine'®", while
waste products still need to be explored. Tbilisi State Medical
University in collaboration with it. Beritashvili Center of
Experimental Biomedicine started to study Georgian
grapevine shoots to use derived natural ingredients for
pharmaceutical and cosmetic purposes. One of the most
interesting bioactive ingredients in Georgian grapevine shoots
is polyphenols, which are well-known to have a
hypocholesterolemia effect'®?°. During previous studies, |4
individual polyphenols were extracted and detected from
Georgian grapevine shoots: Caffeic acid, Ferulic acid,
Isorhamnetine, Kaempferol, Myricetin, P-coumaric acid,
Protocatechuic acid, Querc3-O-glu, Quercetine, Resveratrol,
Rosmarinic acid, Rutin, Syringic acid, Vanillic acid. Chemical
structures for some of them are presented in figure |. The
objective of the current study was to evaluate the potential
protective and treating effects of Saperavi grapevine shoots
extracted In Vivo model of dietary-induced hyperlipidemia.
Corresponding studies were conducted on various plants to
enclose natural remedies to treat different diseases and make
these medications safer and pharmacoeconomic?'*. The
present research was planned to prove the possibility of
using massively wasted Georgian grapevine shoots to prevent
and treat cardiovascular disorders.
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Fig I: Chemical structures of some of the polyphenols found in Saperavi shoots

2, MATERIALS AND METHODS
2.1. Preparation of extract

Saperavi grapevine shoots were collected in Alvani village,
Georgia, in June 2021. The plant material was well-dried and

grinded. Preliminary studies demonstrated that 50% ethyl
alcohol is the best solvent for polyphenol extraction. During
this experiment, we used a cold extraction process.
Accordingly, 50g of plant material was placed in a glass flask,
and 500 ml of 50% alcohol was added. Flask was shaken on a
laboratory shaker for 2 hours, following | hour of rest and
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two additional hours of shake. The extract was left to rest
for the next |12 hours and filtered. Afterward, alcohol was
evaporated, and total polyphenol content was measured
using Folin-Ciocalteu reagent utilizing Gallic acid on
Spectrophotometer i9 Hanon instruments (wavelength 765
nm)®. The prepared extract was given to experimental group
Il of animals orally instead of water-.

2.2. Determination of the Viscosity of the extract

50 ml of prepared extract was placed in the beaker, and
rheological properties were measured using Rotary
Viscometer LVDV-IT according to instructions. To obtain
the result, Spindler #3 with 100.0 rpm was used. The
Viscosity of Saperavi shoots extracted at 20.8°C was 89 cP.

2.3. Experiment

Healthy adult Wistar rats weighing 180-200g were used for
the study. The animals were obtained from the "Bio-Medical
Research Supporting Association," Tbilisi, Georgia. Food and
water were given ad libitum. The room with animal cages was
well-ventilated with a 12 h light-dark cycle and 25°C
temperature throughout the study period. Rats were given
seven days to adapt to a new environment condition before
the initiation of the experiment. The research was carried
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out with the permission of the Animal Research Ethics
Committee of Thbilisi State Medical University and in full
compliance with its regulations (order from January 2019, reg
No: 07/03). A total of 30 rats was divided into three groups:
Group I: Control group — animals received regular chow diet
(n=6); Group lI: Animals received hypercholesterolemic diet
(HCD) (n=12); Group llI: Animals received HCD together
with Saperavi shoots extract (SSE; n=12). Regular chow diet
and HCD (diet enriched with 1% cholesterol) were obtained
from "Synergy-Bio," Nanjing, Jiangsu Province, China.
Experiments were started by weighing animals in all groups.
Next 30 days, the control group was fed an ordinary chow
diet, while the experimental groups received HCD. Groups
[l received SSE instead of water ad libitum. On the 31** day,
fasted overnight, animals were euthanized (sodium
Pentobarbital, 60mg/kg, ip), and blood samples were
collected from the superior vena cava to investigate
biochemical parameters. Total cholesterol levels, as well as
HDL-C, LDL-C, and TG, were evaluated using CLINDIAG
SA-20 Semi-Automatic Biochemistry Analyzer (Belgium) as
per instruction of the manufacturer using Biolabo test kits
(France). Liver function was assessed with alanine
transaminase (ALT) and aspartate transaminase (AST) in
serum samples using the Biolabo colorimetric assay kits.
Results are summarized in table |.

Table I: Body weight and biochemical parameters in rats on the 31* day of the experiment

Group | Group Il Group Il
Body weight (g) 224.6+5.08 253.1545.15% 244.4£3.43**
T. CHOL (mmol/L) 1.88+0.47 4.02£0.13* 3.8+0.15%*
HDL-C (mmol/L) 0.54+0.1 0.9£0.17* [.19£0.14**
LDL-C (mmol/L) 1.16£0.39 2.06+0.07* |.73£0.37**
TG (mmol/L) 0.49+0.12 2.12+0.23* 1.91+0.4**
ALT (IU/L) 27.83+4.83 30.33+4.67* 28.16+3.25%*
AST (IU/L) 99.83+5.77 129.5+4.76* 101.83+2.85%*

*Difference between I and Il groups.
** Difference between Il and Ill groups.

Table | demonstrates body weight, lipid profile, ALT, and
AST of researching and control groups on the 31* day of
study. The obtained results confirmed the development of
hypercholesterolemia  in  experimental groups and
demonstrated the protective effect of SSE in group lll. Serum
lipid profile on the 31* day of the experiment demonstrated
the efficiency of the selected diet as hypercholesterolemia
developed in both experimental groups (normal range is 0.5
— 3.0 mmol/L*). At the same time, a positive protective
effect of polyphenol-rich SSE was established, as group Il has

developed a lower value of hypercholesterolemia than group
Il. Herewith, the level of HDL-C should be highlighted, as in
group Il receiving SSE instead of water, a higher level was
kept compared to group Il. In the final ten days of the
experiment, all groups were fed with a regular chow diet but
received different treatment per group: Group | — no
treatment, group Il received 10mg/kg Atorvastatin
suspension”® once a day p.o, group lll proceeded its
treatment with SSE. Data on body weight and biochemical
parameters are presented in table 2.

Table II: Body weight and biochemical parameters in rats on the 41°* day of the experiment

Group | Group Il Group Il
Body weight (g) 244.76+4.18 279.75+£5.01* 268.42+4.| | ¥*
T. CHOL (mmol/L) 1.93+0.31 2.69+0.19* 2.86£0.**
HDL-C (mmol/L) 0.7+0.13 0.85+0.14* [.17£0.16**
LDL-C (mmol/L) 1.02+0.37 1.36+0.23* 1.36+0.38
TG (mmol/L) 0.45+0.18 1.02+0.2 1 * 0.72+0.57**
ALT (IU/L) 27.3313.88 33.83+3.31* 28.3312.35%*
AST (IU/L) 101.5+4.32 133.16+4.07* 105.17+3.48**

Each value is expressed in mean * SD; (n=6).
*Difference between | and Il groups.
** Difference between Il and Ill groups.
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Table Il demonstrates body weight, lipid profile, ALT, and
AST of researching and control groups on the 41* day of
study. Both groups demonstrated reduced cholesterol levels
to the normal range; however, results in group Ill are
significantly better than those in group Il. Group llI
demonstrated a smoother reduction of serum cholesterol
level than group I, which received Atorvastatin; nevertheless,
it is noteworthy that both groups demonstrated a reduction
of cholesterol level to the normal range. Additionally, HDL-C
high level was maintained in group Ill, which received
treatment with SSE for a total of 40 days.

2.4. Statistical Analysis

Received results are expressed as the mean * SD.
Differences between groups were analyzed using a one-tailed
Student’s t-test, and values were considered statistically
significant at a P<0.05.

3. RESULTS AND DISCUSSION

Numerous polyphenols have been reported to have
hypocholesterolemic effects®?, Saperavi grapevine shoots
extract has been confirmed to be rich in different
polyphenols. Therefore, the current study was initiated to
investigate the lipid-lowering effect of Saperavi shoots extract
(SSE) compared with a daily dose of Atorvastatin, a
recognized hypolipidemic agent. The first step of the
experiment was the initiation of hyperlipidemia in rats.
During 30 days’ animals received HCD, and group |l
additionally received SSE instead of water, ad libitum. The
lipid profile was analyzed on the 31* day, and the results
confirmed the development of dyslipidemia in groups Il and
Ill. However, lower values of T.Chol, LDL-C, and TG, along
with the higher value of HDL-C, were observed in group lII,
which should be linked to the expressive hypolipidemic
activity of SSE polyphenols. The total body weight of animals
in group Il was higher than in those of group lll due to the
established anti-dyslipidemia effect of polyphenols. These
results are consistent with earlier published studies regarding
the anti-dyslipidemia effects of polyphenols of different
origin®®3' where experimental animals showed an increase
in body weight and development of dyslipidemia similar to in
the current study. Namely, in the research
“hypocholesterolemic effects of phenolic extracts and
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purified hydroxytyrosol recovered from olive mill
wastewater in rats fed a cholesterol-rich diet," authors
outlined receipt of lower concentrations of total cholesterol
and LDL-C in animals supplemented with polyphenols?;
Similarly, In the study “Effect of polyphenol, flavonoid, and
saponin fractions from Thymus atlanticus on acute and
chronic hyperlipidemia in mice” it was concluded, that
“administration of the fractions from T. atlanticus, which are
rich in phenolic compounds, particularly rosmarinic acid, may
have a beneficial role in hyperlipidemia through decreasing
proatherogenic lipids level and increasing anti-atherogenic
HDL-C"®. In the current study, along with relatively low
values of total cholesterol (5.47%), LDL (16%), and TG
(9.9%), better results for HDL value were observed for
group lll. HDL-C was 25% higher than in animals from group
Il, which can be considered a significant benefit of SSE
administration. A correlative increase of HDL-C level was
observed in several studies conducted to evaluate different
phenol actions on lipid profile**3, where authors relied on
the current approach that increases in HDL-C are as
beneficial in treatment as a decrease of non-HDL-C. Authors
in the study “Olive Oil Polyphenols Enhance High-Density
Lipoprotein Function in Humans" demonstrated that "Olive
oil polyphenols promote the main HDL anti-atherogenic
function, its cholesterol efflux capacity"*’; In the study of Zeni
A.L et al,, “Morus nigra leaves showed capability to diminish
TC, TG, VLDL, and LDL with augmentation of HDL levels in
hyperlipidemic rats™*‘. The next milestone of the current
study was regulating lipid profile to revert to the normal
range and evaluate the possibility of using SSE as a treating
agent. Therefore, animals were switched to a regular chow
diet and treated appropriately. Group | proceeded with no
treatment for serving as a control again; Group Il received
I0mg/kg/day Atorvastatin suspension p.o.; Group i
proceeded with its treatment with SSE. After ten days of
medication, blood samples were collected and analyzed.
Group Il demonstrated a smoother reduction of serum
cholesterol level than group I, which received Atorvastatin;
nevertheless, it is noteworthy that both groups
demonstrated reduced cholesterol levels to the normal
range. Additionally, HDL-C high level was maintained in
group lll, which received treatment with SSE for a total of 40
days. The transformation of the lipid profile in groups Il and
[l is presented in figure 2.
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Fig 2: Comparison of lipid profile transformation in Group Il and Group llI

These findings agree with the latest results regarding the
potential implication of natural polyphenols in dyslipidemia
treatment strategies**®, Furthermore, achieved findings form
a solid base for further research of SSE, as it was done for
numerous natural extracts containing  different
polyphenols®*.

4. CONCLUSION

The present study analyzed the possibility of superior
utilization of wasted grapevine shoots in contrast with the
current approach. In addition, observed lipid profile
regulation levels in In Vivo research demonstrated that
phytomedicines could have a significant role in treatment
along with established medicines like Statins. In the
experiment, Saperavi shoot extracts positively reduced TC,
LDL, and TG, along with increased HDL content in HCD-fed
rats. Notably, the end of the experimental group of animals
receiving SSE demonstrated a smoother reduction of
cholesterol levels than the group receiving Atorvastatin. Still,
in all groups, normal cholesterol level was achieved.

In conclusion, these findings support the potential of
currently wasted grapevine shoots as a source of biologically
active ingredients. Based on the study results, Saperavi shoot
extract can be considered a cost-effective candidate for

8. REFERENCES

l. WHO. Noncommunicable diseases [cited Sep 16,
2022]. Available from: https://www.who.int/news-
room/fact-sheets/detail/noncommunicable-diseases.

2. Nelson RH. Hyperlipidemia is a risk factor for
cardiovascular disease. Prim Care. 2013
Mar;40(1):195-211. doi: 10.1016/j.pop.2012.11.003,
PMID 23402469.

3. Watts GF, Catapano AL, Masana L, Zambon A, Pirillo
A, Tokgozoglu L. Hypercholesterolemia and
cardiovascular disease: focus on high cardiovascular
risk patients. Atheroscler Suppl. 2020;42(2020,
Dec):e30-4. doi:

phytomedicine supplementing and treating cardiovascular
diseases associated with lipid profile disorders. Furthermore,
obtained results proved the importance of further deep
research on SSE and its potential benefits for dyslipidemia
prevention and treatment.

5. FUNDING ACKNOWLEDGEMENT

This research No PHDF-21-1607 has been supported by
Shota Rustaveli National Science Foundation (SRNSFG).

6. AUTHORS CONTRIBUTION STATEMENT

N.B., T.M, and N.M. devised the project and the main
conceptual ideas. K.S. and M.T. performed manipulations on
plant sources to receive and standardize SSE. N.B. and N.M.
performed experiments on animals. T.M. and N.M. were
supervising the findings of the work. All authors discussed
the results and contributed to the final manuscript.

7. CONFLICT OF INTEREST

Conflict of interest declared none.

10.1016/j.atherosclerosissup.2021.01.006, PMID
33589221.

4. Assmann G, Gotto AM Jr. HDL cholesterol and
protective factors in atherosclerosis, circulation. Vol.
109(23). Suppl_I; 2004;109. p. [lI-8-ll-14. doi:
10.1161/01.CIR.0000131512.50667.46Circulation.

5. Akioyamen LE, Genest |, Chu A, Inibhunu H, Ko DT,
Tu JV. Risk factors for cardiovascular disease in
heterozygous familial hypercholesterolemia:
A systematic review and meta-analysis. ] Clin Lipidol.
2019 Jan-Feb; 13(1):15-30. doi:
10.1016/j.jacl.2018.10.012, PMID 30527766.

P88


https://doi.org/10.1016/j.pop.2012.11.003
https://www.ncbi.nlm.nih.gov/pubmed/23402469
https://doi.org/10.1016/j.atherosclerosissup.2021.01.006
https://www.ncbi.nlm.nih.gov/pubmed/33589221
https://doi.org/10.1161/01.cir.0000131512.50667.46circulation
https://doi.org/10.1016/j.jacl.2018.10.012
https://www.ncbi.nlm.nih.gov/pubmed/30527766

ijlpr 2023; doi 10.22376/ijlpr.2023.13.3.P84-P90

6.

Rosenson RS. Low high-density lipoprotein
cholesterol and cardiovascular disease: risk reduction
with statin therapy. Am Heart J. 2006 Mar;151(3):556-
63. doi: 10.1016/j.ahj.2005.03.049, PMID 16504615.
Yokozawa T, Cho EJ, Sasaki S, Satoh A, Okamoto T,
Sei Y. The protective role of Chinese prescription
kangen-karyu extract on diet-induced
hypercholesterolemia in rats. Biol Pharm Bull
2006;29(4):760-5. doi: 10.1248/bpb.29.760, PMID
16595914.

Pahan K. Lipid-lowering drugs. Cell Mol Life Sci. 2006
May;63(10):1165-78. doi: 10.1007/s00018-005-5406-7,
PMID 16568248.

Wadhera RK, Steen DL, Khan |, Giugliano RP, Foody
JM. A review of low-density lipoprotein cholesterol,
treatment strategies, and its impact on cardiovascular
disease morbidity and mortality. ] Clin Lipidol. 2016
May-Jun;10(3):472-89. doi: 10.1016/j.jacl.2015.11.010,
PMID 27206934.

Soppert |, Lehrke M, Marx N, Jankowski ], Noels H.
Lipoproteins and lipids in cardiovascular disease: from
mechanistic insights to therapeutic targeting. Adv
Drug Deliv Rev. 2020;159:4-33. doi:
10.1016/j.addr.2020.07.019, PMID 32730849.
Bettowski ], Wojcicka G, Jamroz-Wisniewska A.
Adverse effects of statins - mechanisms and
consequences. Curr Drug Saf. 2009;4(3):209-28. doi:
10.2174/157488609789006949, PMID 19534648.
Chatzizisis YS, Koskinas KC, Misirli G, Vaklavas C,
Hatzitolios A, Giannoglou GD. Risk factors and drug
interactions predisposing to statin-induced myopathy:
implications for risk assessment, prevention, and

treatment. Drug Saf. 2010;33(3):171-87. doi:
10.2165/11319380-000000000-00000, PMID
20158283.

Rosenbaum D, Dallongeville ], Sabouret P, Bruckert E.
The discontinuation of statin therapy due to muscular
side effects: A real-life survey. Nutr Metab Cardiovasc
Dis. 2013 Sep;23(9):871-5. doi:
10.1016/j.numecd.2012.04.012, PMID 22748604.
Alotaibi BSh, ljaz M, Buabeid M, Kharaba ZJ, Yaseen
HS, Murtaza G. Therapeutic effects and safe uses of
plant-derived polyphenolic compounds in
cardiovascular diseases: a review. Drug Des Devel
Ther. 2021;15:4713-32. doi: 10.2147/DDDT.S327238,
PMID 34848944.

McGovern P, Jalabadze M, Batiuk S, Callahan MP,
Smith KE, Hall GR, et al. Early Neolithic wine of
Georgia in the south Caucasus|published online. Proc
Natl Acad Sci U S A. 2017 Nov;114(48):E10309-18.
doi: 10.1073/pnas.17147281 14, PMID 29133421.

leri F, Campo M, Cassiani C, Urciuoli S, Jurkhadze K,
Romani A. Analysis of aroma and polyphenolic
compounds in Saperavi red wine vinified in Qvevri.
Food Sci  Nutr. 2021;9(12):6492-500. doi:
10.1002/fsn3.2556, PMID 34925780.

Maghradze D, Samanishvili G, Mekhuzla L, Mdinaradze
I, Tevzadze G, Aslanishvili A, et al. Grape and wine
culture in Georgia, the South Caucasus. BIO Web
Conf, 39th World Congress of Vine and Wine.
2016;7:03027. doi: 10.105I/bioconf/20160703027.
Kobayashi S. The effect of polyphenols on
hypercholesterolemia through inhibiting the transport
and expression of Niemann—Pick Cl-Like I. Int ] Mol
Sci. 2019;20(19):4939. doi:  10.3390/ijms20194939,
PMID 31590417.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Pharmacology

Liu S, Wu Z, Guo S, Meng X, Chang X. Polyphenol-
rich extract from wild Lonicera caerulea berry
reduces cholesterol accumulation by mediating the
expression of hepatic miR-33 and miR-122, HMGCR,
and CYP7AI in rats. ] Funct Foods. 2018;40:648-58.
doi: 10.1016/j.jff.2017.11.048.

Fki |, Bouaziz M, Sahnoun Z, Sayadi S.
Hypocholesterolemic effects of phenolic-rich extracts
of Chemlali olive cultivar in rats fed a cholesterol-rich
diet. Bioorg Med Chem. 2005;13(18):5362-70. doi:
10.1016/j.bmc.2005.05.036, PMID 15993081.
Lecumberri E, Goya L, Mateos R, Alia M, Ramos S,
Izquierdo-Pulido M et al. A diet rich in dietary fiber
from cocoa improves lipid profile and reduces
malondialdehyde in  hypercholesterolemic  rats.
Nutrition. 2007 Apr;23(4):332-41. doi:
10.1016/j.nut.2007.01.013, PMID 17367998.

Cherniack EP. Polyphenols: planting the seeds of
treatment for the metabolic syndrome. Nutrition.
2011 Jun;27(6):617-23. doi: 10.1016/j.nut.2010.10.013,
PMID 21367579.

Bokuchava N, Murtazashvili T, Sivsivadze K,
Tatanashvili M, Masiukovichi T. Determination of the
Total phenolic Content in Grapevine Shoots with
Folin Ciocalteu Method, Collection of scientific works
of Thilisi State Medical University. Vol. 53; 2021.

Smith JB, Mangkoewidjojo dS. Maintenance, breeding,
and use of experimental animals in the tropics. Ul
press Jakarta; 1988. p. 37-57.

Wang Z, Yang H, Xu ], Zhao K, Chen Y, Liang L, et al.
Prediction of atorvastatin pharmacokinetics in high-fat
diet and low-dose streptozotocin-induced diabetic
rats using a semi-physiologically based
pharmacokinetic model involving both enzymes and
transporters. Drug Metab Dispos. 2019
Oct;47(10):1066-79. doi:  10.1124/dmd.118.085902,
PMID 31399507.

Reddy VP, Urooj A, Sairam S, Ahmed F, Prasad NN.
Hypocholesterolemic effect of Moringa oleifera
polyphenols in rats fed high fat-cholesterol diet, Mal. |
Nutr. 2017;23(2):473-8.

Zern TL, Fernandez ML. Cardioprotective effects of
dietary polyphenols. ] Nutr. 2005;135(10):2291-4. doi:
10.1093/jn/135.10.2291, PMID 16177184.

Musolino V, Gliozzi M, Scarano F, Bosco F, Scicchitano
M, Nucera S, et al. Bergamot polyphenols improve
dyslipidemia and pathophysiological features in a
mouse model of non-alcoholic fatty liver disease. Sci
Rep. 2020;10(1):2565. doi: 10.1038/s41598-020-
59485-3, PMID 32054943.

Fki 1, Sahnoun Z, Sayadi S. Hypocholesterolemic
effects of phenolic extracts and  purified
hydroxytyrosol recovered from olive mill wastewater
in rats fed a cholesterol-rich diet. | Agric Food Chem.
2007;55(3):624-31. doi: 10.1021/jf0623586, PMID
17263452.

Ramchoun M, Khouya T, Harnafi H, Alem C, Benlyas
M, Simmet T, et al. Effect of polyphenol, flavonoid, and
saponin fractions from Thymus atlanticus on acute and
chronic hyperlipidemia in mice. Futur ] Pharm Sci.
2020;6(1):69. doi: 10.1186/s43094-020-00097-z.
Thiruchenduran M, Vijayan NA, Swaminathan JK,
Devaraj SN. Protective effect of grape seed
proanthocyanidins against cholic cholesterol acid diet-
induced hypercholesterolemia in rats. Cardiovasc

P89


https://doi.org/10.1016/j.ahj.2005.03.049
https://www.ncbi.nlm.nih.gov/pubmed/16504615
https://doi.org/10.1248/bpb.29.760
https://www.ncbi.nlm.nih.gov/pubmed/16595914
https://doi.org/10.1007/s00018-005-5406-7
https://www.ncbi.nlm.nih.gov/pubmed/16568248
https://doi.org/10.1016/j.jacl.2015.11.010
https://www.ncbi.nlm.nih.gov/pubmed/27206934
https://doi.org/10.1016/j.addr.2020.07.019
https://www.ncbi.nlm.nih.gov/pubmed/32730849
https://doi.org/10.2174/157488609789006949
https://www.ncbi.nlm.nih.gov/pubmed/19534648
https://doi.org/10.2165/11319380-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/20158283
https://doi.org/10.1016/j.numecd.2012.04.012
https://www.ncbi.nlm.nih.gov/pubmed/22748604
https://doi.org/10.2147/DDDT.S327238
https://www.ncbi.nlm.nih.gov/pubmed/34848944
https://doi.org/10.1073/pnas.1714728114
https://www.ncbi.nlm.nih.gov/pubmed/29133421
https://doi.org/10.1002/fsn3.2556
https://www.ncbi.nlm.nih.gov/pubmed/34925780
https://doi.org/10.1051/bioconf/20160703027
https://doi.org/10.3390/ijms20194939
https://www.ncbi.nlm.nih.gov/pubmed/31590417
https://doi.org/10.1016/j.jff.2017.11.048
https://doi.org/10.1016/j.bmc.2005.05.036
https://www.ncbi.nlm.nih.gov/pubmed/15993081
https://doi.org/10.1016/j.nut.2007.01.013
https://www.ncbi.nlm.nih.gov/pubmed/17367998
https://doi.org/10.1016/j.nut.2010.10.013
https://www.ncbi.nlm.nih.gov/pubmed/21367579
https://doi.org/10.1124/dmd.118.085902
https://www.ncbi.nlm.nih.gov/pubmed/31399507
https://doi.org/10.1093/jn/135.10.2291
https://www.ncbi.nlm.nih.gov/pubmed/16177184
https://doi.org/10.1038/s41598-020-59485-3
https://doi.org/10.1038/s41598-020-59485-3
https://www.ncbi.nlm.nih.gov/pubmed/32054943
https://doi.org/10.1021/jf0623586
https://www.ncbi.nlm.nih.gov/pubmed/17263452
https://doi.org/10.1186/s43094-020-00097-z

ijlpr 2023; doi 10.22376/ijlpr.2023.13.3.P84-P90

32.

33.

34.

35.

36.

Pathol. 201 1;20(6):361-8. doi:
10.1016/j.carpath.2010.09.002, PMID 21130002.
Zhang S, Xu M, Zhang W, Liu C, Chen S. Natural
polyphenols in metabolic syndrome: protective
mechanisms and clinical applications. Int ] Mol Sci.
2021;22(11):6110. doi: 10.3390/ijms22116110, PMID
34204038.

Herndez A, Fernandez-Castillejo S, Farras M, Catalan
U, Subirana |, Montes R, et al. Olive oil polyphenols
enhance high-density lipoprotein function in humans: a
randomized controlled trial. Arterioscler Thromb
Vasc Biol. 2014 Sep;34(9):2115-9. doi:
10.1161/ATVBAHA.114.303374, PMID 25060792.
Zeni ALB, Moreira TD, Dalmagro AP, Camargo A,
Bini LA, Simionatto EL, et al. Evaluation of phenolic
compounds and lipid-lowering effect of Morus nigra
leaves extract. An Acad Bras Cienc. 2017;89(4):2805-
I15. doi: 10.1590/0001-3765201720160660, PMID
29236863.

Nnanga LS, Ambamba BDA, Ella FA, Mandob DE,
Ngondi JL. Lipotropic activities of aqueous extract of
Vernonia guineensis Benth. In Wistar rats fed a high-
fat diet. BMC Complement Med Ther. 2022;22(1):117.
doi: 10.1186/s12906-022-03602-4. PMID 35484544.
Wang S, Du Q, Meng X, Zhang Y. Natural
polyphenols: a potential prevention and treatment

37.

38.

39.

40.

Pharmacology

strategy for metabolic syndrome. Food Funct.
2022;13(19):9734-53. doi: 10.1039/d2fo01552h, PMID
36134531.

Feldman F, Koudoufio M, Desjardins Y, Spahis S,
Delvin E, Levy E. Efficacy of polyphenols in the
management of dyslipidemia: a focus on clinical
studies. Nutrients. 2021 Feb;13(2):672.
doi: 10.3390/nu 13020672, PMID 33669729.

Singh M, Thrimawithana T, Shukla R, Adhikari B.
Managing obesity through natural polyphenols: a
review. Future Foods. 2020 Sep-Dec;1-2:100002. doi:
10.1016/j.fufo.2020.100002.

Filip R, Possemiers S, Heyerick A, et al.,, Pinheiro I.,
Raszewski G., Davicco MJ., et al, Twelve-month
consumption of a polyphenol extract from olive (Olea
europaea) in a double-blind, randomized trial
increases serum total osteocalcin levels. In addition,
he improves serum lipid profiles in postmenopausal
women with osteopenia, The journal of nutrition,
health & aging, 19, 2015, 77-86.

Cherniack EP. Polyphenols: planting the seeds of
treatment for the metabolic syndrome. Nutrition.
201 | Jun;27(6):617-23. doi: 10.1016/j.nut.2010.10.013,
PMID 21367579.

P90


https://doi.org/10.1016/j.carpath.2010.09.002
https://www.ncbi.nlm.nih.gov/pubmed/21130002
https://doi.org/10.3390/ijms22116110
https://www.ncbi.nlm.nih.gov/pubmed/34204038
https://doi.org/10.1161/atvbaha.114.303374
https://www.ncbi.nlm.nih.gov/pubmed/25060792
https://doi.org/10.1590/0001-3765201720160660
https://www.ncbi.nlm.nih.gov/pubmed/29236863
https://doi.org/10.1186/s12906-022-03602-4
https://www.ncbi.nlm.nih.gov/pubmed/35484544
https://doi.org/10.1039/d2fo01552h
https://www.ncbi.nlm.nih.gov/pubmed/36134531
https://doi.org/10.3390/nu13020672
https://www.ncbi.nlm.nih.gov/pubmed/33669729
https://doi.org/10.1016/j.fufo.2020.100002
https://doi.org/10.1016/j.nut.2010.10.013
https://www.ncbi.nlm.nih.gov/pubmed/21367579



