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BIOTECHNOLOGY
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ABSTRACT. The aim of this study was to evaluate the cytotoxic and genotoxic potential of goji berry
fruit-based pharmaceutical powders obtained from three pharmaceutical laboratories. The product A was
tested at concentrations of 0.012; 0.025 and 0.05 ¢ mL"', and B and C at concentrations 0.02; 0.04 and 0.08
gmL". It was also evaluated the tea of the dried goji berry fruit (non-additives) in the concentrations 0.035;
0.07 and 0.14 g mL™' for comparison to the results obtained with powdered goji berry. Tea concentrations
in the two exposure times did not cause inhibition of cell division nor cellular alterations to meristem
tissues. For the industrialized goji products, all concentrations analyzed caused significant antiproliferative
effect to the tissues evaluated at the shortest time of analysis. There were no significant cellular changes in
tissues exposed to industrialized goji. Therefore, under the conditions of analysis, goji berry powder, at the
three concentrations evaluated, was cytotoxic to root meristems.

Keywords: Lycium barbarum L.; natural pharmaceutical product; cytotoxicity; genotoxicity; meristematic tissue.

Toxicidade do fruto goji berry associado a excipientes artificiais e desidratado sem
aditivos

RESUMO. Objetivou-se na presente pesquisa avaliar, em células meristemiticas de raizes de A. cepa, nos
tempos de exposicio 24 e 48 horas, o potencial citotéxico e genotéxico de produtos farmacéuticos do fruto
goji berry em pd, provenientes de trés laboratérios farmacéuticos. O produto A foi avaliado nas
concentragbes 0,012; 0,025 e 0,05 g mL", e B e C nas concentragdes 0,02; 0,04 e 0,08 g mL". Avaliou-se
também o ch4 do fruto seco de goji (ndo aditivado), nas concentragdes 0,035; 0,07 e 0,14 g mL™, para
comparagio com os resultados obtidos do fruto em pé. Verificou-se que o cha nas concentragdes avaliadas,
nos dois tempos de exposigao estabelecidos, nio ocasionaram inibigio da divisio celular e nem alteragdes
celulares aos meristemas de raizes. Para os goji industrializados, todas as concentragdes analisadas causaram
efeito antiproliferativo significativo aos tecidos avaliados logo no menor tempo de anilise considerado.
Nenhum dos produtos industrializados causou ntmero significativo de alteragdes aos meristemas
analisados. Assim, os goji em p6 foram citotéxicos ao bioensaio utilizado por terem acarretado relevante
instabilidade genética aos meristemas de raizes.

Palavras-chave: Lycium barbarum L.; produto farmacéutico natural; citotoxicidade; genotoxicidade; tecido meristematico.

Introduction

zeaxanthin  (Nascimento et al., 2016) and
Lycium barbarum L. popularly known as goji berry polysaccharides, which are efficient antioxidant,
is a shrub Solanaceae, two to four meters hypoglycemic ~ and  anxiolytic ~ (Amagase &

or goji,
high, widely cultivated in China and the Himalayas.
Its fruits, also commonly referred to as goji berry
and goji, are exported to all continents as spices and
mainly for medicinal purposes, because they contain
high concentrations of flavonoids and relevant
antioxidant potential. They are also sources of an
analog of ascorbic acid, 2-O-B-D-Glucopyranosyl
acid or AA2BG, of the carotenoid

as well as,

Farnsworth, 2011; Nascimento et al., 2016).

Moreover, since the beginning of this decade, goji
fruits have been prescribed by medical doctors
and nutritionists, and therefore widely marketed
in drugstores around the world, in the form of
industrialized natural powdered pharmaceutical
products,
reduction and control (Carnés et al., 2013).

as a potent supplement in weight
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As a standard procedure, pharmaceuticals for internal
use, such as goji powder, during industrialization are
added with chemical excipients, which are inactive
micro-ingredients devoid of therapeutic activities and
added intentionally. These ingredients are added for the
purpose of making such products palatable and
protected  from the action of undesirable
microorganisms, among other characteristics (Aratjo &
Borin, 2012; Vasconcelos, Rolim, & Peixoto, 2012).
Among the excipient additives extensively used by
pharmaceutical laboratories are preservatives, colorants,
flavorings, sweeteners, thickeners, emulsifiers and
stabilizers (Balbani, Stelzer, & Montovani, 2006; Aratjo
& Borin, 2012).

However, in their technical regulations, the
Agéncia Nacional de Vigilancia Sanitdria (ANVISA) and
the Codex Alimentarius, declare that the flavoring,
sweetening, anti-wetting and acidulant additives,
although released for use, raise a number of doubts
about their potential cytotoxic, genotoxic and
mutagenic effects. It also highlights the relevance
and urgency of conducting research to evaluates the
cytotoxic and genotoxic effects of products added
with artificial microingredients (Brasil, 2007). The
adverse effects observed from toxicity assessments are
very relevant, since they represent important
parameters in the elaboration and/or modification of
documents that regulate the use of excipients by the
industries (Konishi, Hayashi, & Fukushima, 2013;
Bezerra, Malaquias, Sousa, & Peron, 2016; Sales,
Santos, Sousa, Silva, & Peron, 2017).

However, in a broad search in the scientific
literature, we verified that to date there are no
studies evaluating cytotoxicity and genotoxicity of
goji berries marketed powdered in industrialized
form. In contrast, for fresh goji berry fruit, we found
studies that evaluate its toxic potential at the cellular
level, such as the work of Sayeed et al. (2017), who
evaluated the toxicity of this fruit through in vivo
micronucleus test and comet assay using colon cells
from Wistar rats and reported that the aqueous goji
extract was neither cytotoxic nor genotoxic to the
test systems used. In addition, Yang, Zhao, Chen,
Chan, and Wu (2015) and Potterat (2010) verified
that goji fruit tea did not alter cell division and was
antigenotoxic to normal cell lines. Thus, it is
relevant to evaluate, through appropriate toxicity
bioassays, the cytotoxicity and genotoxicity of the
powdered fruit added with excipient compounds, in
order to determine if this has toxic potential
significantly different from its fresh form.
Evaluations like these can contribute to the safe and
effective consumption of these industrialized natural
products by the population.

Moura et al.

Plant bioassays are appropriately sensitive and
simple in monitoring the toxic effects at the cellular
level of chemical compounds (Caritd & Marin-
Morales, 2008; Campos-Ventura, & Marin-Morales,
2016). Among them, the root meristem of Allium
cepa L. (onion) is considered in the scientific circle as
an efficient bioassay for the initial screening of the
genetic toxicity of chemical compounds due to the
low number of chromosomes (2n = 16), which
favors the detection of mitotic spindle or aneugenic
defects, and disturbances in the cell proliferation
index (Neves, Ferreira, Lima, & Peron, 2014;
Bianchi, Mantovani, & Marin-Morales, 2015). It is a
test system accepted internationally by research
agencies as an instrument of evaluation with
accurate sensitivity to analyze the cytotoxicity and
genotoxicity of a substance of interest, since the
results obtained often show satisfactory similarity to
those obtained through animal testing systems and
cell cultures (Herrero et al, 2012; Lacerda,
Malaquias, & Peron, 2014; Tabrez et al., 2011;
Bianchi et al., 2015; Campos-Ventura et al., 2016;
Santana et al., 2016). As an example, we can cite the
researches conducted by Gomes, Oliveira, Carvalho,
Menezes, and Peron (2013) and Oliveira, Alves,
Lima, Sousa, and Peron (2013), which evaluated in
root meristem cells of A. cepa the toxic potential of
synthetic colorings wused in the food and
pharmaceutical industries and obtained results
similar to those obtained via animal testing systems
and via cell cultures.

In this context, the present study aimed to
evaluate, in root meristem cells of A. cepa, the
cytotoxicity ~ and  genotoxicity of  natural
pharmaceutical products of goji berry fruit powder
obtained from three different pharmaceutical
laboratories of relevant performance in the Brazilian
and international marketing of medicines. The
evaluation of dried goji berry, without additives, tea
was also performed with the purpose of comparing
the results with data observed for the industrialized
form considering the same test system.

Material and methods

The dried goji fruit, without addition of artificial
excipients, was acquired in an herbal store, in the
city of Teresina, State of Piaui, Brazil, specialized in
the commercialization of natural products. In the
industrialized form, the goji fruit marketed in
powder form, was acquired in a unit of a national
drugstore network in the municipality of Picos,
State of Piaui, Brazil. The industrialized products,
from three pharmaceutical laboratories, were
discriminated in the present research as A, B and C.

Acta Scientiarum. Biological Sciences, v. 40, e37844, 2018



Toxicity of the goji berry

For determination of goji concentrations to be
analyzed for toxicity, the form of preparation and
ingestion indicated on the labels of each product,
fresh and industrialized, was used as the definition
parameter. For the preparation of the tea, 70 grams
of the dried fruit should be mixed with a liter of
boiling water. Thus, three concentrations of the tea
were defined for analysis, which were 0.035; 0.07
and 0.14 ¢ mL". Regarding the industrialized goji
for laboratory A, the suggested concentration was 70
grams fruit powder for 200 mL water. Thus, the
analysis concentrations for A were 0.012; 0.025 and
0.05 ¢ mL". For laboratories B and C, the ideal
concentration suggested for consumption was 5 g of
goji powder for 200 mL water, and concentrations
for toxicity analysis were 0.012; 0.025 and 0.05
g mL™". To obtain all the concentrations evaluated in
the present study, we used distilled water.

For toxicity analysis, onion bulbs were placed in
aerated bottles with distilled water, at room
temperature (= 27°C), to obtain 2.0 cm long roots. For
the analysis of each goji sample, an experimental group
with five onion bulbs was established. Before placing
the roots in contact with their respective goji samples
(treatments), some roots were collected and fixed to
serve as control of the bulb itself. Then, the remaining
roots were placed in contact with their respective
treatments for 24 hours, a procedure called 24 hours
exposure time. After 24 hours, some roots were
collected and fixed. After, the remaining roots of each
bulb were returned to their respective treatments,
where they remained for additional 24 hours, which
was called 48 hours exposure time. Subsequently, roots
were again collected and fixed. The 24 and 48 hours
exposure times were chosen with the purpose of
evaluating the action of goji in more than one cell
cycle. Roots were fixed in Carnoy 3: 1 (ethanol: acetic
acid) for 24 hours. In each collection, on average, three
roots were taken per bulb.

The slides, on average 03 per bulb, were mounted
according to Guerra and Souza (2002) and analyzed
under an optical microscope (Zeiss brand) using 400x
objective lens. For each onion bulb, we analyzed 1,000
cells, totaling 5,000 cells for each control, 24 hours
exposure time and 48 hours exposure time of each
treatment group analyzed. Thus, for each goji
concentration, we analyzed a total of 15,000 cells. Cells
were observed in interphase, prophase, metaphase,
anaphase and telophase. From this analysis, the mitotic
index (MI) was determined by means of the following
equation: (total number of cells in mitosis =+ total
number of cells analyzed) x 100. The MI value was the
parameter used for the determination of the cytotoxic
potential of goji berry in the forms analyzed.

In addition, we examined the genotoxicity of goji
by the frequency of cell alterations or mitotic spindle
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defects, including C-metaphases, Multipolar anaphase,
Anaphase and telophase bridges, Gene amplifications,
Cells with adhesion, Nuclear buds and Micronuclei.
For the statistical analysis of data on cytotoxicity and
genotoxicity of the samples, we applied the Chi-square
test (%), with <0.05 probability level, statistical
program Bioestat, version 5.3.

Results and discussion

As described in Table 01, the root meristems
exposed to the three concentrations of goji berry tea at
the 24 and 48 hours exposure times, when compared
to the observed cell division for their respective
controls, showed no alteration in their mitotic indices.
There was also no significant difference between the
mitotic indices obtained for the two exposure times of
each tea concentration evaluated. Thus, it can be stated
that the evaluated goji teas, under the conditions of
study established, caused no cytotoxicity to root
meristem cells of A. cepa. In addition, there were no
cellular alterations in plant tissues exposed to such
solution. These results corroborate the data of non-
cytotoxicity and genotoxicity of goji fruit found in the
scientific literature (Yang et al., 2015; Potterat, 2010),
previously mentioned in this work.

However, the three concentrations of goji referring
to PL A (Table 01), at 24 and 48 hours of exposure,
significantly reduced the cell division of the
meristematic tissue when compared to the mitotic
indices obtained for their respective controls.
Moreover, for the concentration 0.035 g mL-1 of PL A,
mitotic indices obtained for the two exposure times
evaluated differed from each other, since in the 48
hours exposure time, the cell division was markedly
lower than that observed for the exposure time of 24
hours. However, for PL A at concentrations of 0.07
and 0.14 g mL-1, inhibition of cell division was
observed shortly at the 24 hours exposure time. For the
three concentrations of goji berry products of PLs B
and C (Table 1), the mitotic indices verified for 24
hours exposure time were considered the same as those
obtained for their respective 48 hours exposure time.

In view of this, based on the data described in Table
1, there is a difference in the action of fresh goji berry
in relation to the industrialized goji as to the toxicity
caused, once the excipients added were cytotoxic to the
meristem tissue evaluated for causing a marked
antiproliferative effect at the lowest concentrations and
in the shortest exposure time. It is also noted that all
goji  concentrations considered as ideal for
consumption by the pharmaceutical laboratories by
which they were produced have caused significant
inhibition of cell proliferation, demonstrating relevant
cytotoxic potential.
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Table 1. Number of cells observed in each phase of the cell cycle of the root meristem of Allium cepa exposed for 24 and 48 hours to goji
berry tea and to industrialized powdered goji berry, of the chemical laboratories A, B and C.

DRIED GOJI BERRY
TR Conc ET TCIL P M A T TCD MI (%)
CO 3029 599 479 492 401 1971 39.4°
0.03 gmL"’ 24h 3465 433 333 398 371 1535 30.7°
48h 3534 429 341 355 355 1466 29.3°
Tea CO 2952 587 581 479 401 1971 41.0°
0.07 gmL" 24h 3107 499 494 487 371 1535 37.9°
48h 3141 504 483 475 355 1466 29.3°
CO 2780 603 591 594 432 2220 444
0.13 gmL" 24h 2899 613 559 532 397 2101 42.0°
48h 2942 594 507 539 418 2058 41.2°
GOJI BERRY WITH EXCIPIENTS
PL Conc. ET TCl P M A T TCD MI (%)
CO 2827 689 671 581 232 2173 43.5
0.035 g mL" 24h 4644 103 93 77 53 326 65"
48h 4792 82 67 59 00 208 42"
A CO 3200 321 351 224 191 1087 21.7¢
0.07g mL™! 24h 4883 19 12 03 03 37 0.7°
48h 4976 07 09 07 05 28 05"
CO 3209 500 705 362 224 1791 36.0°
0.14 gmL" 24h 4965 27 07 01 00 35 0.7°
48h 4958 39 39 00 00 42 0.8"
GOJI BERRY WITH EXCIPIENTS
PL Conc. ET TCl P M A T TCD IM (%)
CcO 4192 333 258 107 110 808 16.2°
0.02 gmL" 24h 4738 71 14 08 99 262 23"
48h 4901 73 12 09 05 99 05"
B CO 3200 675 542 349 234 1800 21.7¢
0.04 gmL"’ 24h 4883 53 44 17 03 117 0.7°
48h 4976 17 07 00 00 24 05"
CO 3581 522 439 324 134 1419 28.4*
0.08 gmL" 24h 4729 92 84 71 24 271 5.4°
48h 4875 99 19 07 00 125 25"
GOJI BERRY WITH EXCIPIENTS
PL Conc. ET TCl P M A T TCD IM (%)
CcO 2306 701 713 609 671 2694 53.9°
0.02 g mL" 24h 4767 55 76 65 37 233 47°
48h 4948 32 11 01 08 52 1.0°
c CO 3208 590 427 427 348 1792 359°
0.04 gmL"’ 24h 4872 94 03 07 07 128 2.6°
48h 4950 31 15 01 03 50 1.0°
CO 2634 709 821 514 322 2366 47.3°
0.08 gmL"' 24h 4948 30 17 00 05 52 1.0°
48h 4964 25 07 02 02 36 0.7°

TR — Treatment; Conc. — Concentration; ET — Exposure Time; ; TCII — Total number of cells in interphase and undifferentiated cells; P — Prophase; M — Metaphase; A — Anaphase;
T — Telophase; CO — Control; IM — MI — Mitotic Index; TCD — Total number of dividing cells; TAC — Total Cellular Alterations; MI — Mitotic Indices; PL — Pharmaceutical
laboratory. Values followed by different letters within the same treatment are significantly different by 3 test at 5% probability.

According to Caritd and Marin-Morales (2008),
significant alterations are triggered when there is a
pronounced antiproliferative effect in tissues with
intense  proliferation and normal  metabolic
performance - such as the meristem of roots used in
the present study - exposed to chemical compounds
with potential to cause genetic instability, significantly
compromising the growth and functioning of the
organs in which they are acting. Furthermore, Gomes
et al. (2013); Bezerra et al. (2016) and Carvalho et al.
(2016) state that the inhibition of cell proliferation
triggered by cytotoxic compounds in tissues of intense
cell proliferation and normal functioning and/or
without cellular alterations - once again mentioning
the root meristems used as bioassays in the present
research - is harmful to the organisms by inhibiting or
limiting the replacement of cells, modifying the

production of proteins and, consequently, resulting in
malfunction of the organ or tissue where it is located.
No significant cellular alterations
registered in the meristematic cells exposed to the
goji concentrations from PLs A, B and C.
Nevertheless, Sales et al. (2017) explain that
inhibition of division in normal tissues occurs by
the action of agents that affect the integrity of the
nuclear spindle during mitosis promoting
significant chromosomal derangement.
Considering that the principle of the cell cycle is
the formation of identical cells, the production of
cells with alterations in structure and/or
chromosome number make the cellular operation
unfeasible and tend to be eliminated from tissues
with normal performance, a condition that is
suggested to explain the result of a marked

were
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antiproliferative effect against the non-significant
frequency of cellular alterations observed in the
present study.

As aforementioned, natural pharmaceutical
products, such as the industrialized goji berries
evaluated herein, contain artificial excipients in their
formulation. Similarly, a toxicity evaluation of
Ginkgo biloba L. leaves in natura and associated
excipients in different bioassays showed that the
industrialized forms were toxic at the cellular level
(manuscript in press). These results corroborate the
results obtained in the present study, suggesting that
the excipients in the industrialization of natural
products have cytotoxic effects.

Results from studies on cellular toxicity of some
excipient compounds used in the formulation of
pharmaceuticals and food products, according to
Brazil (1999), during industrialization will be
reported. However, it is important to state that, with
the exception of colorings and preservatives, all the
microingredients to be reported were insufficiently
evaluated, according to ANVISA, regarding their
toxic potential at the systemic and cellular levels
(Brasil, 2007; Sales et al., 2017).

For colorings, the only authorized for use in
pharmaceutical products in general are Twilight
Yellow, Tartrazine and Red 40, azo additives because
they contain the azo group, a nitro derivative with
the property of producing aromatic amine and
sulphanilic acid, as well as Ponceau 4R, Erythrosine
and the Bright Blue (Gomes et al., 2013; Sardi et al.,
2010). These six dyes showed potential in altering
the turner-over of the cells during interphase,
expressively inhibiting cell division, and the process
of regenerative hyperplasia, which contributed
significantly to the development of cancers in the
digestive tract of rodents (Sardi et al., 2010).

Aspartame, sodium  cyclamate, potassium
acesulfame and sodium saccharin are among the
sweeteners permitted as excipients (Balbani et al.,
2006; Vasconcelos et al., 2012). Using cell lines
Caco-2 (colon cells), HT-29 (colon cells) and HEK-
293 (kidney cells), Van EyK (2015) reported that
these sweeteners were cytotoxic and genotoxic to the
cells studied. Corroborating with the results of these
researchers, Zaineddin et al. (2012), through the
comet assay, found that sodium saccharin and
sodium cyclamate were genotoxic and mutagenic to
rodent colon cells, significantly reducing the cell
division of the analyzed tissue.

The anti-wetting agents used in pharmaceuticals
are calcium phosphate, silicon dioxide, calcium
carbonate and magnesium carbonate (Villanova,
Oréfice & Cunha, 2010). There were no studies in
the scientific literature evaluating cytotoxicity and
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genotoxicity for the calcium phosphate and calcium
carbonate. In turn, for silicon dioxide, Rajiv et al.
(2016) argued that this compound had the property
to significantly decrease the cell viability of human
lymphocytes in normal cell culture, as well as to

promote significant cellular alterations,
demonstrating a broad genotoxic potential. For the
magnesium carbonate, Ahamed et al. (2015)

observed that this chemical had the ability to reduce
cellular metabolism in normal human liver cell
culture, showing to be significantly cytotoxic.

As for flavorings, the aroma and flavor
ingredients used in medicines are only those of fruit
(Balbani et al., 2006). Sales et al. (2017) and Moura
et al. (2016) evaluated some of these flavorings and
verified that such additives had the property of
inducing significant damage to the mitotic spindle,
and consequently the cell division of human
peripheral blood cells, and were genotoxic to mouse
blood tissue erythrocytes, significantly inducing the
formation of micronucleated cells in the bone
marrow of treated animals. In relation to the
chemical constituents responsible for retarding the
action of microorganisms, enzymes, as well as
physical agents in pharmaceuticals, include
potassium  benzoate, sodium benzoate and
potassium nitrate, preservatives which, according to
Mpountoukas et al. (2010) and Zeguin, Yiizbasioglu,
Unal, Yilmaz, & Aksoy (2011), were cytotoxic and
genotoxic to normal human peripheral blood cells.

The toxicity results of the mentioned excipients
validate those obtained in the present study for the
industrialized goji evaluated, as they also caused
genetic instability mainly to the cell cycle of the
bioassays in which they were evaluated. No studies
were found in the literature to evaluate the toxicity
at the cellular level of additives of thickening,
emulsifying and stabilizing action.

Conclusion

The data obtained in the present study with the
meristematic root cells of A. cepa showed that the
industrialized goji berries evaluated had a significant
potential to cause toxicity to the cells tested at all
evaluated concentrations, including those indicated
for use by pharmaceutical laboratories.

These results indicate the need to evaluate
powdered goji pharmaceuticals in animal testing
systems, from treatments with longer exposure times,
to verify and deepen the results obtained here.

It is important to emphasize that the results
obtained here with respect to genetic instability
caused by the action of the industrialized goji are of
great relevance since to date there are no toxicity
studies involving such pharmaceutical products.
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