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Synthesis of Some Total Polyphenolic Extracts from the
Vitis vinifera Seeds and the Study of Their Cytostatic

and Cytotoxic Activities
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Four total, hydrosoluble polyphenolic biopreparations from the seed of Vitis vinifera have been obtained and
physicochemical characterized. Their in vitro testing, on HeLa neoplastic cell cultures, has highlighted the
cell proteinsynthesis alteration; protein dynamics modification; decrease of total cell number; cell viability
diminution; inhibitory impact upon the cell cultures development. It has been concluded that the polyphenolic
extracts are behaving as cytostatic and cytotoxic agents.
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Despite the fact that there has been continuous progress
in cancer prophylaxis, diagnosis and treatment, the
neoplastic disease still holds pride of place in contemporary
pathology. The antineoplastic chemotherapy – a main way
in cancer treatment – is still characterized, by a relatively
low effectiveness [1, 2], fact which explains the major
significance given to the oncobiologic research, oriented
towards optimizing its efficiency, by discovery of new
oncochemotherapeutic agents with preferential action
upon cancerous cells and lower upon health ones.  [3, 4].

A great part of the biologically active compounds are
polyphenols, which represent a class of over 8000
compounds, the majority being identified in different
anatomic segments of the plants [5, 6].  The interest for
this group of metabolites is justified because of the
biological properties manifested through their anti-
inflammatory [7], anti-oxidant [8, 9], antiestrogenic [10],
antibacterial [11], immunomodulator y [12] and
antitumoral [13-15] action etc, part of the pharmaco-
dynamic effects of some polyphenolic products being
biomedically capitalized in curative and preventive, single
or associated treatments. Among the flavonoids we
mention the galic acid and the flavan monomers 3-ol
represented by the cafeic acid, genistein, siringic acid,
catechine, epicatechine 3-o galat, myrecitin, cumaric acid,
quercitin, dimers, trimers and polymers of procyanidins.
[15, 17, 18]. An attractive source of polyphenols is
represented by Vitis vinifera seeds, which have the highest
content (5-8 %) of these bioactive compounds [19].

In the light of the things presented above, and from the
perspective of our preoccupations of superior exploitation
of seeds waste resulted from the vinification process, we
considered opportune and important to obtain  some total
polyphenolic extracts and to investigate their
pharmacological properties.

In a first stage of the chemico-pharmaceutical
researches, we have proposed, in the present paper, to

obtain and characterize from the physico-chemical point
of view the total polyphenolic, alcoholic and concentrated
extracts, to investigate in vitro the impact of these
biopreparations of vegetal nature on the proteinsynthesis,
proliferation, viability and on the development degree of
HeLa cell cultures, in view of highlighting and appreciating
their cytostatic and cytotoxic properties.

Experimental part
The total polyphenolic extracts studied in this paper

were obtained from the Vitis vinifera grape seeds according
to the varieties, in the following manner: EPF1 (Cabernet
Sauvignon), EPF2 (black Bãbeascã), EPF3 (black Feteascã)
and EPF4 (Merlot). For ensuring the reproductibility of
experimental results, the vegetal materials were processed
so that the humidity reach the value of 0.5 %, the physical
purity be of 99.5%, and the genetic purity of 100%. After the
crumbling, at dimensions of 1-2 mm, the vegetal materials
were degreased with ethyl ether.

The process of extracting the total polyphenols was
achieved in continuous system in the Soxhlet apparatus
using as solvent the ethylic alcohol in ratio 1/10 (vegetal
material (g) solvent (mL). The four total polyphenolic
alcohol extracts were concentrated in the rotary evaporator
at the temperature of 30oC, to  eliminate the ethylic alcohol,
for the testing of  the cytostatic and/or cytotoxic activities.

Materials and methods
The total polyphenols (PT) were determined in the

vegetal alcohol and concentrated extracts through the
spectrophotometer method Folin-Ciocâlteu [20], the
concentrations being expressed in equivalents galic acid/
L (GAE/L) compared to the standard curve with galic acid.

The colour index (IC) was determined spectro-
phometrically by cumulating the values determined at  420
nm, 520 nm and 620 nm, according to  STAS 6182/35-75.

The tanoid matter index  (IMT) was determined by
spectrophometrically   determining the absorbance at 280
nm of vegetal extracts diluted with ethanol 50% [21].
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Table 1
THE PHYSICO-CHEMICAL CHARACTERIZATION  OF ALCOHOLIC POLYPHENOLIC EXTRACTS

Table 2
THE CHEMICAL CHARACTERISTICS OF

TOTAL POLYPHENOLIC CONCENTRATED EXTRACTS

The anthocyanic compounds were determined through
the method of discolouring with sodium bisulphate
(NaHSO4) - the R. Gayon-Sonestreet method [22]. At pH
3.5 the anthocyanic compounds are in totality under the
form of pseudobases, and at pH 0.6 under the form of
intensely colored cations. The difference of absorbance is
directly proportional with the quantity of anthocyanins from
the sample to analyze. The values obtained reported to the
standard curve, achieved with pure anthocyanins allow
establish to  the concentration of anthocyanins (mg/mL).

The dry substance (s.u.) and ash determination was
achieved gravimetrically, in the platinum crucibles.

The biological material used in the in vitro experiments,
was represented by mycoplasm-negative negroid human
cervix epitheliod carcinoma HeLa cells, which were
cultured in DMEM medium (Dulbeco’s Modified Essential
Medium, Biochrom AG, Germany) supplemented with 10%
fetal bovine serum (Sigma, Germany), 100 μg/mL
streptomycin (Biochrom AG, Germany), 100 IU/mL
penicillin (Biochrom AG, Germany) and 50 μg/mL
amphotericin B (Biochrom AG, Germany), at a density of 5
. 105 cells in 75 cm2 flasks, in a humidified 5% CO2
atmosphere at 37oC.

 When the cells reached confluence they were detached
from the flask with 0.25% tr ypsin + 0.02% EDTA
(ethylenediaminetetraacetic acid, Biochrom AG, Germany)
in the normal medium and then centrifuged at 1800 rpm
for 2 min. The cells, 2 mL at a density of 1 . 105 cells/mL,
were seeded in the experimental tubes containing DMEM
medium and introduced at 37oC. The medium of the 24 h
cell cultures was changed either with a normal one (control
cultures) or with one containing the polyphenolic extracts
(treated cultures), in a dose of 1,5 mg/mL [23, 24].

After 24 and 48 h of in vitro treatment, the medium was
discarded from the test tubes, the layer of cells was
washed with PBS (salin phosphate buffer) and then
subjected to the analysis methods for: the evaluation of
the total protein content (Lowry method modified by
Oyama) [25] and tracing of the protein dynamics; the
cytometrical assessment of the total cellular number with
Türk haemocytometer on the basis of the formula: N = n .
d . 104, where, N= total cellular number; n = number cells
from a square of 1/25; d = dilution of 2 the mathematical
estimation of the cell proliferation inhibition: %
mitoinhibitory impact = Nt / Nm . 100, where: Nt = treated

sample cells number; Nm = control sample cells number;
the cytometrical assessment of the alive and dead cells
number by tr ypan blue exclusion test [24]; the
mathematical estimation of the cytotoxical degree %
cytotoxicity = Ntct – Ncat / Ntcc . 100, where: Ntct =
treated cells  total number; Ncat = treated alive cells
number ; Ntcc = control cells total number [24];
mathematical evaluation of cellular cultures degree after
the action of the polyphenolic biopreparations, the inhibition
of this last process representing their cytostatic effect upon
cell protein biosynthesis and cell mitosis, as well as their
cytotoxic action upon cell viability.

The cytostatic property of the studied biopreparations
was considered on the basis of the American prescreening
program, which imposed an induced minimum inhibitory
impact of 50% for the in vitro selection of the potential
antitumoral agents [23]. For each culture type and time
interval, five culture tubes were used and the results
were evaluated statistically by Student’s “t” test [26].

Results and discussions
In the alcohol phase the four polyphenolic extracts

obtained in the extraction process were characterized from
the point of view of the color index (IC),  the tanoid matter
index (IMT), of the contents in total polyphenols (PT), and
anthocyanins (A). The data obtained  are mentioned in
table 1.

From the values obtained, we notice a variability of the
chemical constants according to the taxonomic
appurtenance of the vegetal material subjected to the
extraction process. We notice, however, the total
polyphenolic extracts EPF2, and EPF3 obtained from the
seeds of the black Bãbeascã and Merlot varieties, which
have high values for IMT and PF compared to  EPF1 and
EPF4 polyphenolic extracts.

 After the concentration of the four alcoholic polyphenolic
extracts in the rotary evaporator and the rerun  of the residue
in 25 mL distilled water, we determined the total
polyphenols, dry substance and ash. The data obtained
are mentioned in table 2.

 From the data presented, we ascertain, as we expected,
higher values in total polyphenols in the EPF2 and EPF3
extracts. Determining the dry substance, we ascertain
different values between 82.10 and 534.60 mg/mL that
suggests the structural complex nature of the vegetal
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Table 3
THE INFLUENCE OF THE POLYPHENOLIC BIOPREPARATIONS, IN A DOSE OF

1.5 mg/ml, UPON HeLa TUMORAL CELLS PROTEINSYNTHESIS

Table 4
THE  MITOSIS INHIBITION, EXPRESSED BY THE TOTAL CELL NUMBER (n . 105)

DECREASES OF THE TREATED HeLa CELLS CULTURES

365

polyphenolic extracts obtained. Thus, in appreciating the
cytostatic and/or cytotoxic action we considered  correct
to establish the concentration field reporting ourselves to
the dry substance, constant parameter, which comprises
in totality the range of active compounds present in the
concentrated extracts and not in the total polyphenol
concentration, determined compared to the curve with
galic acid, which is selective.

In a first series of tests, we have investigated the
proteinsynthesis process of the HeLa cells cultures,
expressed by the total proteins concentration and by the
protein dynamics, the aim of the research being the
highlighting and appraising  the proteinsynthesis inhibitory
impact induced by the polyphenolic extracts. The mean
values of the evaluation index of the cell protein biosynthesis
reactivity, registered at different ages of the control and
treated cell cultures, are included in table 3.

The cell cultures, treated for 24 and respectively 48 h
with the polyphenolic preparations,  as compared to the
control values, were characterized, during the entire
investigated time interval, by significantly smaller protein
concentrations (μg protein/culture), suggesting the
perturbation of the tumoral cells protein biogenesis. Thus,
if the untreated tumoral cellular cultures protein dynamics
presents an ascendant route with progressive increased
amplitude, the protein dynamics of the treated cell cultures
reveals a descendent route of decreased amplitude. The
above presented experimental data, significantly
emphasize the proteinsynthesis inhibitory impact induced
by the polyphenolic extracts, the intensity of the effect
depending on Vitis vinifera variety. The maximum inhibitory
potential characterizes only the biopreparation obtained
from seeds of black Feteasca variety, followed by the
Cabernet Sauvignon, black Babeasca and Merlot extracts.

Another highlighting and evaluating parameter of the
natural polyphenolic biopreparations cytostatic effect, was
the total cellular number, which expresses the sense and
extent of the bioactive agents interference with the
cancerous cells proliferation process. The registered results
in the conditions of their mitoinhibitory action testing are
presented in table 4. The treated HeLa cell cultures, of 48

or 72 h old, are characterized by a progressive and
significant decrease of the total cells number,
comparatively with the corresponding control cultures.
Thus, a regression of the cellular proliferation process to
the polyphenolic action is highlighted, leading to the
expression of a mitoinhibitory effect with a slight variable
amplitude  according to the vegetable extract type.

In the next in vitro experimental model, the action of the
vegetable polyphenolic extracts upon cell viability has been
followed and expressed by numerical differences between
alive and dead cells their visualization being performed
with trypan blue stain.The obtained results are presented
in table 5.

The comparative analysis of the alive and dead cells
number from the HeLa cell cultures, control and
respectively treated for 48 h with polyphenolic extracts, in
a dose of 1.5 mg/mL, reveals a different behavior of those
two cell culture types. Thus, the control cultures are
characterized by a greater number of alive cells than the
dead ones, while the treated cultures have presented a
bigger number of dead cells than alive cells. Therefore, we
have stated that vegetable extracts of polyphenolic nature
diminished the neoplastic cells viability; them being
characterized by a moderate cytotoxic potential.

The final experiment of this study has investigated the
consequences of polyphenolic extracts interaction with
the HeLa tumoral cells upon the cell cultures development
degree, the percentage values of this parameter being
included in table 6.

    In comparison with the development degree of control
cell cultures, considered by us as 100%, the neoplastic cell
cultures incubated with the tested vegetable bio-
preparations have presented significantly diminished
procentual values.The inhibitory potential of the bioactive
extracts upon HeLa cultures development is dependant
on the used extract - the most active being EPF3 – and it
can be amplified by the prolongation of the in vitro
treatment period. Thus, EPF3 induces an inhibitory effect
upon cell cultures development of 88.5%, at 48 h and 95.9%,
at 72 h.
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Table 6
THE HeLa CELLS CULTURES DEVELOPMENT AND ITS INHIBITION DEGREE IN THE PRESENCE

OF POLYPHENOLIC BIOPREPARATIONS  (1.5 mg / mL)

Table 5
THE TUMORAL CELL CULTURES VIABILITY AND THE CYTOTOXIC IMPACT

OF THE POLYPHENOLS

 The present paper, through the proposed objective, the
experimental models used in vitro, the results registered,
regard the identification of the new natural polyphenolic
agents with cytostatic and cytotoxic action, which finally
enriche the oncochemotherapeutic arsenal, which does
not include until now an antineoplastic medicine of
polyphenolic nature despite of the clinic trials, which are
performed today with polyphenolic commercial
preparations [15, 16, 27, 28].

The analysis of the experimental results, obtained in the
present study, highlights the perturbation of the neoplastic
HeLa cells proteinsynthesis, proliferation and viability
processes by the polyphenolic biopreparations, obtained
from different Vitis vinifera varieties seeds. The
proteinsynthesis and mitosis inhibitory impact, the cell
viability decrease conditions the inhibition of the cell culture
development induced by these bioactive extracts.

The in vitro cytostatic and cytotoxic actions intensities
are different, the polyphenolic biopreparations being
characterized by a superior cytostatic potential (75.3 -
95.9%) rather than a cytotoxic one (25.8 - 30.4%). The
complementarity of the actions suggests that the vegetable
extracts have a major in vitro antitumoral effectiveness.
This conclusion is not hazardous if we take into account
that in vitro American prescreening program imposes the
induction of a minimum inhibitory impact upon the cell
culture development by the tested product of at least 50%.

The slight difference between in vitro cytostatic and
cytotoxic efficiency of various polyphenolic bio-
preparations, obtained from seeds of Cabernet
Sauvignon, black Bãbeascã, black Feteascã ºi Merlot
varieties, could be the result of the  qualitative and
quantitative heterogeneity of the polyphenolic structures
from  the obtained extracts.

The expression of the cytostatic and cytotoxic actions
of the polyphenolic extracts upon HeLa neoplastic cells
confirms the data from the specialty literature, which
signals in vitro, on different cancerous cells lines, a multitude
of cells, subcells and molecular effects, which concur and
assure the in vivo global pharmacological manifestation,

on experimental and clinical models, of anticarcinogenic
action of some polyphenolic biopreparations [15, 17].

Conclusions
In vitro investigation of the interaction of some global

polyphenolic preparations, extracted from the Vitis
vinifera varieties seeds, with HeLa cancerous cells has
highlighted and has quantified their cytostatic and cytotoxic
impact, expressed by the inhibition of proteinsynthesis and
cellular proliferation, by cell viability decrease and by the
inhibition of cell cultures development.

The manifestation of these biological properties
imposes the introduction of the autochthonous
polyphenolic biopreparations in the in vivo screening
circuit, on tumor-bearing animals, in order to qualitative
and quantitative pharmacological evaluation of their
antineoplastic pharmacodynamic effects.
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