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ABSTRACT: The toxic potential at the cellular level of industrialized Ginkgo biloba L. leaves was evaluated in
meristematic cells of Allium cepa at concentrations of 0.1; 0.2 and 0.4 mg/ml. The industrialized products, from four
pharmaceutical laboratories, were identified as A, B, C and D. Cell-level toxicity of dehydrated ginkgo leaf tea was also
evaluated at concentrations of 0.15; 0.30 and 0.60 mg/ml. Dehydrated products were purchased from herbalists certified by
ANVISA. The roots were exposed to teas and processed products for 24 and 48 hours. The results were submitted to the
Chi-square test at 5%. However, industrialized ginkgo products at all concentrations caused antiproliferative effect. Also,
the products purchased in pharmacies did not induce significant changes to root meristems. Therefore, industrialized

ginkgo promoted cytotoxicity, however, they were not genotoxic to the bioassay used.
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INTRODUCTION

Leaves of Ginkgo biloba L. (Family
Ginkgoaceae), a species native to Eastern countries,
such as China and Japan, have long been used for
the treatment and prevention of cardiopulmonary
dysfunctions, labyrinthitis and diseases triggered by
senescence (POLANSKI et al., 2016;
MAHMOUDIAN-SANI et al., 2017). This plant
also has recognized antioxidant potential
(HAMZAWY et al., 2015). It is popularly known as
ginkgo or maidenhair tree, and has high
concentrations of ginkgolide diterpenes, bilobalide
sesquiterpenes, triterpenes, polyphenols, ginkgolide
acids, flavones, flavonols and biflavonoids in the
foliage (POLANSKI et al.,, 2016). This plant is
worldwide marketed in herbal stores and drugstores,
in dehydrated form and in tablets and/or capsules,
respectively (MAHMOUDIAN-SANI et al., 2017;
WANG et al., 2017). Tea of fresh ginkgo leaves was
evaluated for its toxic potential at the cellular level,
and it was verified that this plant was neither
cytotoxic nor genotoxic to the bioassays used.
Furthermore, fresh ginkgo was found to have a
repairing effect on cell damage to tissues previously
treated with clastogenic drugs (TURKEZ et al,
2014; HAMZAWY et al., 2015; OLIVEIRA et al.,
2017).

In contrast to the non-industrialized form,
the ginkgo available in tablets and/or capsules has in

its composition additives or excipients, also referred
to as inactive compounds, with dye, flavoring,
sweetening, preservative, stabilizing, antioxidant,
emulsifying, diluent actions, among others (ELDER
et al.,, 2016). These chemical compounds do not
possess therapeutic properties and are intentionally
added to the drugs in order to make them palatable,
stable, easily absorbed and protected from the action
of microorganisms (ELDER et al., 2016; PATRA et
al., 2016). In general, such ingredients are greater in
volume relative to the active ingredients, and their
concentrations in drugs may vary between
pharmaceutical laboratories (HENG et al., 2014).
However, research such as Vasconcelos et
al. (2012), Barros et al. (2015), Marek and Ktaft
(2017) have shown that inactive ingredients can
promote adverse reactions to the human body,

especially to children, such as allergies,
cardiovascular and respiratory problems,
hyperactivity, light hypersensitivity and

neurological problems. In addition, in Brazil, the
Ministry of Health states that to date, because of the
scarcity of studies, the excipients raise many
questions about their potential toxic effects at the
cellular level (BRASIL, 2007; MOURA et al.,
2017). This government body also emphasizes in its
technical documents the need to carry out studies
that verify the cytotoxicity and genotoxicity of
products added with excipients, claiming the
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urgency to ensure the safe consumption of
medicines by the population.

The root meristem of Allium cepa L. is
considered an efficient test system for the initial
screening of the cytotoxicity and genotoxicity of
chemical compounds, occupying a prominent
position among the set of tests used in the
preliminary evaluation of cytotoxotoxic agents
(HERRERO et al., 2012; MARTINS; PERON,
2017). The efficiency of the bioassay is mainly
because this species presents few chromosomes (2n
= 16), which favors the detection of disorders in the
cell proliferation index, and cellular alterations, such
as mitotic spindle disturbances and chromosomal
breaks (NEVES et al., 2014; SALES et al., 2016).
Furthermore, the A. cepa system is accepted
internationally by research agencies since the results
obtained show satisfactory similarity to those
obtained with animal testing systems and in cell
cultures (HERRERO et al., 2011; LACERDA et al.,
2014; MOURA et al.,, 2016, SANTANA et al.,
2016; SALES et al., 2016; SALES et al., 2017).

Therefore, considering the medicinal
relevance of the leaves of G. biloba and the
widespread consumption of this plant by the
population, the goal was to evaluate in meristem
root cells of A. cepa, the difference in toxicity at the
cellular level of industrialized products based on
ginkgo leaves or added with excipients and ginkgo
products without industrialization.

MATERIAL AND METHODS

Study material, preparation and definition of
concentrations

For the present study, tablets made from dry
extract of G. biloba leaves from four different
pharmaceutical laboratories, two national and two
international — referred, for ethical reasons, to as A,
B, C and D - were obtained in a drugstore in the
municipality of Teresina, State of Piaui, Brazil,
representative of a national network of drugstores.
According to information from which the
industrialized products were acquired, the four
brands evaluated are the most sold by the network to
which the drugstore is part. Upon purchase, the
drugstore had seven different brands of
industrialized ginkgo products. It is important to
mention that this network of drugstores has
branches throughout Brazil.

In the form without additives, dried ginkgo
leaves were obtained from two different herbal
stores, one located in Teresina, State of Piaui,
Brazil, and another located in the city of Sdo Paulo,
State of Sao Paulo, Brazil, both certified by
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ANVISA and specialized for more than ten years in
the marketing of natural products.

For the determination of the study
concentrations, the amount and the form of
consumption indicated in the labels of each product
were used as parameter. For the industrialized
ginkgo, it was suggested to take a 40 mg tablet daily
with 200 mL water (one glass of water). Thus, the
baseline concentration was 0.2 mg/mL, then we
defined further two concentrations, 0.1 and 0.4
mg/mL. In preparation of the concentrations, the
tablets were macerated, and the distilled water was
added to the obtained powder at room temperature.

For the two commercial samples of ginkgo
without additives, it was recommended to prepare
tea with 30 mg dried leaves (one teaspoon) in 1 liter
boiling water. Thus, the first concentration
established was 0.3 mg/mL, and from this, two other
concentrations, 0.15 and 0.6 mg/mL were
established. It is important to mention that after
preparation of the teas in distilled water, we waited
to cool down to room temperature to start toxicity
assessments.

Assessment of cytotoxicity and genotoxicity in
root meristem cells of Allium cepa L.

Initially, onion bulbs were placed in aerated
flasks with distilled water to obtain roots 2.0 cm in
length. For the analysis of all the concentrations
(treatment), set an experimental group with five
onion bulbs. Before placing the roots in contact with
their respective treatments, some roots were
collected and fixed to serve as control of the bulb
itself, which was called analysis time O hour (0 h).
Soon afterwards, the remaining roots were placed in
their respective concentrations for 24 and 48 hours,
procedures called exposure times 24 and 48 h,
where root collection was performed every 24
hours. A negative control with distilled water was
also made, in which roots were also collected at
times 0, 24 and 48 h. Roots were fixed in Carnoy
solution 3: 1 (ethanol: acetic acid) for 24 h.

Slides were mounted according to the
protocol proposed by Guerra and Souza (2002), and
analyzed in an optical microscope with an objective
lens of 40 x. For each bulb, 1,000 cells were
analyzed, totaling 5,000 cells for each control group
(0 h), 24 h exposure time group and 48h exposure
time group. We counted cells in interphase and
dividing cells, and calculated the mitotic index,
which served as a parameter for the determination of
cytotoxicity. In addition, we evaluated genotoxicity
through the frequency of micronuclei, aneugenic or
mitotic spindle alterations, through the frequency of
colchicine metaphases, anaphase and telophase
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bridges, gene amplifications, cells with adhesions,
nuclear buds and multipolar anaphases. Results
referring to cytotoxicity and genotoxicity were
evaluated according to the statistical Chi-square (%2)
test at 5%.

RESULTS AND DISCUSSION

Based on the results obtained (Table 1), the
mitotic indices for the root meristems exposed to the
three tea concentrations of the two ginkgo samples,
at 24 and 48 h of exposure, were not significantly
different from the observed division indices for their
respective exposure times 0 h, as well as to the

1019
GUEDES, C. M. et al

indices of the distilled water control. The treatments
also did not induce the formation of mitotic spindle
and micronuclei in the analyzed meristematic
tissues. Thus, under the conditions of analysis
established, ginkgo without additives were neither
cytotoxic nor genotoxic. The results of nontoxic
action at the cellular level of ginkgo without
industrialization obtained in the present study
corroborate the results of non-cytotoxicity and non-
genotoxicity of this plant found in the scientific
literature, including the studies of Turkez et al.
(2014), Hamzawy et al. (2015) and Oliveira et al.
(2017).

Table 1. Mitotic indices observed in root meristematic tissues of Allium cepa exposed for 24 and 48 h to
distilled water (negative control) and three concentrations of teas of two commercial samples of
Ginkgo biloba leaves, without additives. In each treatment, the significant values of XZ were

presented.
ET TCII TCD MI (%)
Co CO 2905 2095 41.9°
24h 2915 2085 41.7°
48h 2935 2065  41.3°
Ginkgo biloba PRODUCT Concentration
(mg/mL) (mg/mL) ET TCII TCD MI (%)
CO 2990 2010 40.2°
0.15 24h 3091 1909 382°
48h 3105 1895 37.9°
CcO 3367 1633 32.7°
Tea 1 0.30 24h 3449 1551 31.1°
48h 3509 1491  29.9°
CcO 3464 1536  30.7°
0.60 24h 3591 1409  28.1°
48h 3624 1376 27.7°
CcO 3110 1890 37.8°
0.15 24h 3277 1723 345°
48h 3322 1678  33.5°
CcO 3019 1981 39.6°
Tea 2 0.30 24h 3123 1877 375°
48h 3157 1843  36.8°
CcO 3009 1991 39.8°
0.60 24h 3133 1867 37.3°
48h 3168 1832  36.6°
CcO 2845 2155 43.1°
0.10 24h 4403 597 119"
48h 4463 537 10.7 "%
CcO 2905 2095 419°
PL A 0.20 24h 4603 397 7.9
48h 4649 351 7.0%
CcO 3060 1940 38.8°
0.40 24h 4785 215 43"%
48h 4803 197 3.9°
CcO 3340 1660 33.1°
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0.10 24h 4512 488 9.7"%

48h 4463 237 4q"

CcO 2911 2089 41.8°

PLB 0.20 24h 4620 380 7.6
48h 4711 289 5.8%

CO 2723 2277 4557

0.40 24h 4509 491 9.8

48h 4701 299 6.0"

CcO 3003 1997 399°
0.10 24h 4126 874 17,5
48h 4267 733 14,7

CcO 2977 2023  405°
PLC 0.20 24h 4002 998 20,0
48h 4106 894 17,9%

CcO 2989 2011  402°
0.40 24h 4077 923 18,5
48h 4129 871 17,4"%

CO 2959 2041 40,8°
0.10 24h 4026 974 19,5%
48h 4121 879 17,6 >

CcO 2737 2263 4527
PLD 0.20 24h 4057 943 18,8 "
48h 4108 892 17,8 "%

CcO 2833 2167 433°
0.40 24h 4110 890 17,8 "%

48h 4239 761 15,2

PL: pharmaceutical laboratory; Co: Distilled water control; ET: exposure time; TCIL: Total number of cells in interphase and
undifferentiated cells; TCD: Total number of dividing cells. Values followed by different letters, in the same treatment, are significantly
different from each other by the %2 test, at the 5% level. *Significant MI/ET of ginkgo to the specific MI/ET of the negative control. '

Differently, G.  biloba  from PL
(pharmaceutical laboratory) A, B, C and D (Table
01), at 0.1; 0.2 and 0.4 mg/mL, at exposure times 24
and 48h, significantly reduced the cell division of
meristematic tissues when compared to the mitotic
indices obtained for their respective 0 h time and
control with distilled water. However, the reduction
in the cell division obtained for PL A and B was
more pronounced than that observed for PL. C and
D.

According to Herrero et al. (2012), mitotic
indices significantly lower than the negative control
indices, such as those obtained for PL A, B, C and
D, may indicate the presence of agents whose toxic
action compromises the growth and development of
the exposed organisms. Furthermore, these authors
state that the inhibition of cell proliferation triggered
by cytotoxic compounds in tissues with high cell
proliferation and normal performance, such as those
used in the present study, is quite detrimental to the
organism because it inhibits or limits the
replacement of cells, proteins and result in
malfunction of the organ.

There were no cellular alterations, in a
significant number, in tissues exposed to PL. A, B, C

and D. Nevertheless, Sales et al. (2016) suggest that
drastic inhibition of division in normal tissues may
occur through the action of agents that affect the
integrity of the mitotic spindle promoting
chromosomal derangement. Considering that the
principle of the cell cycle is the formation of
identical cells, the production of new cells with
significant change in structure and/or number of
chromosomes make cell functioning unfeasible and
tend to be eliminated from tissues with normal
performance, which may lead to a significant
antiproliferative effect.

Additionally, it is important to note that the
package inserts of all industrialized ginkgo products
inform the excipients used in the drugs were lactose
(dispersant), corn starch (diluent), titanium dioxide
and sunset yellow dye (dyes), bicalcium phosphate
(flux agent), Eudragit E and ethanol (diluents),
magnesium stearate (lubricant and non-stick) and
talc (non-stick). However, in the prospectuses of the
four pharmaceutical products analyzed, it was not
reported which concentrations of these excipients
were present in the medications in question, with
only the abbreviation q.s. (quantum sufficit, i.e.,
sufficient amount of excipient used in each tablet).
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There are in the scientific literature toxicity
assessment studies that demonstrated cytotoxicity
and genotoxicity of some of these additive
excipients. Among them, the study conducted by
Sardi et al. (2010) verified that sunset yellow dye
altered the turnover of rodent cells during the
interphase, expressively inhibiting cell division.
Still, Tiirkoglu (2007) and Gomes et al. (2013)
observed that such dye was cytogenotoxic to root
meristem cells of A. cepa. In relation to the
excipient titanium dioxide, Jain et al. (2017) tested
this additive on Chinese hamster fibroblast (V79) by
means of the comet assay, and found that such
substance was significantly cytotoxic and genotoxic
to the culture of cells evaluated. Likewise, Proquin
et al. (2017) investigated the toxicity of this dye in
culture of normal cells, Caco-2-cell line, through the
micronucleus and comet assays, and found that such
excipient  caused  significant number  of
chromosomal breaks and significant reduction of
cell proliferation.

For the ethanol diluent, Ribeiro and Gaivao
(2010) evaluated the potential genotoxic effect on
Drosophila melanogaster L. by means of the comet
assay, and reported that this bioassay when exposed
to different concentrations of ethyl alcohol caused a
significant reduction in cell division and expressive
frequency of DNA damage at the level of
neuroblasts. It is important to report that, according
to Marek and Ktaft (2014), ethanol has been used
for decades in neonatal, infant and adult medicines,

1021
GUEDES, C. M. et al

but the pharmacokinetics, pharmacodynamics, and
cytotoxicity of the drug are not yet well
characterized, and the medications added with it
should be used with caution. No cytotoxicity and
genotoxicity studies were found in relation to the
other excipients mentioned in the package inserts of
the ginkgo products analyzed.

Thereby, the results of cellular toxicity of
the mentioned excipients corroborate those obtained
for the industrialized ginkgo evaluated in the present
study, because they also caused genetic instability,
mainly to the cell cycle of the bioassays in which
they were evaluated. Thus, the results of
cytotoxicity found herein indicate the need to
evaluate the ginkgo pharmaceutical products, as
well as the excipients present in these products, in
animal testing systems, from treatments with longer
exposure times, to verify and deepen the results
obtained.

CONCLUSIONS

The results obtained in the present study
showed that the ginkgo without additives was
neither cytotoxic nor genotoxic to the root meristem
tissue of A. cepa.

In turn, for the industrialized ginkgo, the
three concentrations of the analyzed products were
cytotoxic to the test system used.

Industrialized ginkgo products tested were
not genotoxic to root meristem cells of A. cepa.

RESUMO: Avaliou-se, em células meristematicas de raizes de Allium cepa, o potencial t6xico em nivel celular
de folhas de Ginkgo biloba L. industrializadas, nas concentragdes 0,1; 0,2 e 0,4 mg/mL. Os produtos industrializados,
oriundos de quatro laboratdrios farmacéuticos, foram identificados como A, B, C e D. Também avaliou-se a toxicidade em
nivel celular de chds de folhas de ginkgo desidratadas, nas concentracdes 0,15; 0,30 e 0,60 mg/mL. Os produtos
desidratados foram adquiridos em ervandrios certificados pela ANVISA. As raizes ficaram expostas aos chds e produtos
industrializados por 24 e 48 horas. Os resultados obtidos foram submetidos ao teste Qui-quadrado, a 5%. No entanto, os
produtos de ginkgo industrializados, em todas as concentracdes, causaram efeito antiproliferativo. Ainda, os produto
adquiridos em farmacias nfo induziram alteracdes em nimero significativo aos meristemas de raizes. Portanto, os ginkgos
industrializados promoveram citotoxicidade, porém, ndo foram genotdxicos frente ao bioensaio utilizado.

PALAVRAS-CHAVE: Ginkgo. Excipientes. Divisdo celular. Alteragdes celulares. Tecido meristemético.
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