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ABSTRACT: Shikimic acid (SA) has witnessed a strong increase in recent years due to the increasing demand of the pharmaceutical and
cosmetic industry. The SA is used as a precursor for the synthesis of oseltamivir phosphate (Tamiflu®), a potent viral inhibitor and is extracted
from the plant Illicium verum Hook which has a limited availability. This article proposed the use of Urochloa plantaginea (Link.) webster
and glyphosate, as an alternative source of SA. U. plantaginea plants with 3 - 4 tillers and 4 — 6 leaves were harvest at 3, 6, 9 and 12 days
after application (DAT) of low rates of glyphosate. Samples were dried, extracted, analyzed by HPLC and LC-MS/MS. The maximum SA
concentrations were observed at 6 days after glyphosate at 36 g.a.e.ha’ was applied in plants of U. plantaginea with 4 to 6 leaves. The
capability of this annual gramineae to produce elevated SA levels throughout the entire biomass affords its potential for a greater yield on a
per hectare basis.

Key words: oseltamivir phosphate, Influenza, Illicium verum, 5-enol pyruvyl shikimate-3-phosphate synthase (EPSPs), Brachidaria plantaginea.

Efeito do glifosato no acido chiquimico em Urochloa plantaginea

RESUMO: O interesse pelo acido chiquimico (SA) tem apresentado um forte incremento nos ultimos anos devido a crescente demanda da
industria farmacéutica e cosmética. O SA é utilizado como um precursor para a sintese do fosfato de oseltamivir (Tamiflu®), um potente
inibidor viral. Este dcido é extraido principalmente da planta Illicium verum Hook. A disponibilidade desta planta é um fator limitante para
o crescimento do mercado no futuro proximo. Este artigo propoe Urochloa plantaginea (Link.) webster tratada com sub doses de glifosato,
como uma fonte alternativa de SA. Plantas de U. plantaginea com 3 - 4 perfilhos e 4 a 6 folhas foram tratadas com subdoses de glifosato e
coletadas aos 0, 3, 6, 9 e 12 dias apds sua aplicagdo (DAT). As amostras foram secas, extraidas e analisadas por HPLC e confirmadas por
LC-MS/MS. As concentragoes mdximas de SA foram observadas aos seis dias apds aplicagdo do glifosato a 36 g.e.a.ha’ em plantas de U.
plantaginea com 4 - 6 folhas. A capacidade anual dessa graminea para produzir niveis elevados de SA em toda a biomassa, pode ser uma fonte
economicamente viavel de SA.

Palavras-chave: fosfato de oseltamivir, Influenza, Anis estrelado, EPSPs, Brachiaria plantaginea.

INTRODUCTION

Shikimic acid (SA) has witnessed a
strong demand in recent years due to the increasing
use in the pharmaceutical and cosmetic industry
as a chiral binding block for the synthesis of a
wide range of products (QUIROZ et al, 2014). The
growing demand for cosmetic products, especially

by the female population, coupled with technological
advances in the pharmaceutical industry, is expected
to increase. Shikimic acid is used as a precursor for
the synthesis of oseltamivir phosphate (Tamiflu®),
a potent viral inhibitor, the only drug to combat bird
flu (SHIBASAKI et. al., 2011). The focus on SA has
increased in recent years due to the increasing number
of flu victims worldwide (BORAH, 2015). This acid
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is also used in the synthesis of biologically based
products, including aromatic amino acids (RAWAT
et al., 2013). The increased demand for oseltamivir
phosphate from the agricultural sector is the key factor
in boosting demand for SA for the coming years. This
acid is mainly extracted from the plant I. verum, and
the limited availability of this plant is expected to
prevent market growth in the near future (FARINA &
BROWN, 2006). The SA content in the plants varies
according to the vegetable source and the harvest
season and other factors (GHOSH et al., 2012).

The transition from traditional agriculture
with low impact practices to intensive pesticide-
based agriculture has influenced farming systems and
the introduction of the glyphosate (N-(fosfonometil)
glicina) herbicide was the milestone of a new age
in control of weeds (HELANDER et al., 2012).
Glyphosate inhibits the enzyme S5-enol pyruvyl
shikimate-3-phosphate synthesis (EPSPs), with
consequent accumulation of SA in plants and
microorganisms (ANDERSON et al, 2001; FRANCO
et al, 2012). The extent of accumulation of SA in
response to inhibition of EPSPs by glyphosate,
in addition to determining plant exposure to this
herbicide, has been used as a quick and accurate way
to identify resistant weeds (MUELLER et al, 2003).
In a transient period, the accumulation of SA has
been reported to occur one day after application of
glyphosate, reaching peaks of concentration between
4 and 7 days after, or more (KOGER et al., 2005).

Originally from Africa, U. plantaginea,
Poacea family, is a grassy annual cycle, common in
Brazil, where it grows for green forage, producing a
rapid spring growth, high nutritional value allowing
up to three cuts per cycle (VELHO et al, 2012).
Its phenotypic characteristics, combined with the
edaphoclimatic requirements, allow its cultivation
practically all over the Brazil territory.

Based on hypothesis of that U. plantaginea
will be a good source of SA after treated with
glyphosate associated with your geographic
distribution, as well as its ease of cultivation and low
maintenance cost, the objective of this research was
to verify the production of in plants of U. plantaginea
induced by application of low rate of glyphosate as
a potential technique in producing a precursor for
synthesis of oseltamivir phosphate.

MATERIALS AND METHODS

Seeds of U. plantaginea were sown
in two liter pots kept in greenhouse and irrigated
automatically by spraying. After emergence, thinning

was done, leaving five seedlings per pot. When the
plants reached 3 - 4 tillers (Growth Stage 1 - GS1) and
4 — 6 leaves (GS 2) the treatments with glyphosate at
0.00, 0.36, 3.60 and 36.00 g. a.c.ha! were applied by
means of a constant pressure backpack sprayer (CO,),
equipped with tips 80.02, pressure of 40 1b.pol? and
consumption of 100 L ha'! of solution.

The experiments were conducted at
Campinas, Sao Paulo, Brazil (22°54'507” S and
47°1°029” W). Prior spraying and 3, 6, 9 and 12
days after (DAT), all epigeal parts of the plants were
harvested and oven dried at 60 °C for 3 days, milled
at 25,000 rpm (IKA 25 Basic) and immediately kept
in a freezer at -10 °C. Basically, the extraction of SA
was performed according to the method developed by
MATALLO et. al. (2009). 100 mg sub-samples were
weighed and then added 5 mL of acidified distilled
water with phosphoric acid at pH 2.0. The extraction
was carried out in microwave oven (Panasonic model
NN-S62B) at100 W for 10 seconds; then the samples
were filtered through Whatmann no.1 filter paper and
Milli-GV, Millipore, 0.22 pm membrane filter and
analyzed by LC-MS/MS.

The SA concentration in the samples
was determined by using a liquid chromatograph
(Shimadzu LC 2010A), at the wavelength of 212.0
nm. The employed column was Phenomenex brand,
model Gemini C18 (250.0 mm x 4.0 mm, 5.0 pm
particle size) with pre-column C ¢ of the same brand.
The injection volume used was 20.0 uL. The isocratic
system utilized as the mobile phase the MilliQ water
mixture at pH 3.0: Methanol (HPLC grade) in the ratio
95: 5 and flow of 1.0 mL.minute!. The confirmation
of the SA was carried out in a Liquid Chromatograph
- UFLC - Shimadzu coupled to the Bruker Daltonics
mass spectrometer - Amazon Model X - Type Ion
Trap with ionization source - Electrospray (ESI)
under the following conditions: UFLC Modules:
Auto Sampler: SIL - 20 AC; Column oven: CTO-
20; Communications Bus Module: CBM-20%
Pumps: LC-20AT; Degasser: DGU-20As, Column
- Lichrosorb-RP-18 - 100A, 250 x 4.60mm - 5 pm-
Phenomenex; Security Guard cartridges - Fusion - RP
- 4 x 3.0mm - phenomenex; Injection volume - 20
pL; Flow Rate: 0.800 mL min'; Oven temperature:
40 °C; Mobile Phase: Isocratic: 10% Methanol HPLC
Grade: 90% Ammonium Acetate; Running Time: 7
minutes. The mass spectrometer was operated in MS
mode with electrospray ionization in the negative ion
mode. The capillary voltage was optimized at - 4500
V. The nitrogen was used as nebulization gas at 320
°C with a flow of 10 L min "' and a pressure of 60 psi.
Helium was used as a collision gas.
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The experiment was conducted in the 4 x 4 x 2 factorial
scheme, combining the factors glyphosate rates (4)
and leaves collection times (LCT) (4), and different
stages of growth (SG) (2). The experimental design
was a completely randomized. Data were analyzed by
the F test and adjusted to a exponential model Y=a.
e® where Y is the shikimic acid concentration at each
glyphosate rate, a the inicial rate of glyphosate, b the
rate of change in the SA concentration and x,the LCT
When necessary the comparisons between treatments
was made by the Tukey test (p<0.05), using the
ASSISTAT program.

RESULTS AND DISCUSSION

An analytical curve with SA with
concentrations ranging from 2.04 to 407.2 pg.mg’!
was constructed for quantifying SA concentrations. The
relationship between the concentrations and the areas of
the chromatographic peaks was linear with correlation
coefficient (R) of 0.9999. The detection limit of the
method was 0.395 ug.mg’!, the limit of quantification
of the method was 2.04 pg.mg! (the lower point of
the curve) and total run time was 10 minutes.

In order to confirm the presence of SA
in the samples the Liquid Chromatography coupled
to Mass Spectrometry was used. In this instrument,
the retention time was 3.2 min. and quantification
fragment m/z 172.7. SA was identified on the basis
of the retention time and the mass spectra of the
chromatographic peak by comparison with the
retention time and the mass spectra of commercial
standard. The standard exhibits a peak at 3.2 minutes
and it’s mass spectra had a [M-H] ion at m/z 172.6,
with is in according to C_H, O,. Confirmed also by
spiking the standard into the extract, the peak at 3.2
minutes and its mass spectra had a [M-H] ion at m/z
172.7. The retention time of SA was reported normally
to be in the range of 3.0 to 5.5 minutes (ENRICH et
al., 2008; CARDOSO et al 2014; MATALLO et al.,
2014; BECERRA-MORENO et al., (2012); although,
depending on methodology, it could be longer like
19,8 min (SUI, 2008).

Other strategies have been developed for
extraction of SA in different matrices like Ginkgo
biloba leaves (USUKI et al, 2011). A fast and low
cost method employing SA extraction from 1. verum
using pressurized hot water (PHWE) with an espresso
coffee machine was developed by JUST et al (2015).
More recently, COSTA et al. (2016), combining
near infrared spectroscopy and multivariate analysis
using partial least squares regression, quantified the
accumulation of SA in U. plantaginea.

The results showed an exponential
growth of the SA concentration in the leaves of U.
plantaginea with glyphosate at all rates (Figure 1). At
3 DAT in both growth stages (SG1 and SG2) a higher
rate of increase in SA level was observed (Figure
1A). This accumulation continues to raise reaching
a peak at 6 DAT (Figure 1B), with the later sprayed
plants (SG2) showing the highest rate of change
in SA concentration throughout the experiment
(b = 0.04305 mg.kg?'). After that, a drop in the
concentration for both growth stages was observed,
especially when glyphosate was applied at the initial
stage (3-4 tillers), with a limitability of elevation at
12 DAT in the plants treated with the herbicide at the
SG2 stage (Figure 1C and D).

Comparing the treatments at the peak
of SA accumulation (6 DAT), significant increase
in concentration of SA in SG2 was observed when
glyphosate was applied at 36 g. a.e ha'! representing
SA levels increased by 4.45 fold when compared with
non-treated plants over time (Table 1).

Despite the efforts of the research to
obtain SA from other sources such as production
from recombining microorganisms such as E. coli
(GHOSH et al., 2012), the major source are extracted
from plants, specially Chinese star anise, which grows
primarily in a limited region of China and Vietnam,
a long time consuming period to production (WANG
etal., 2011).

The increase in the SA concentrations
observed in this study are in agreement with HOBBIE
et al. (2017), in which glyphosate-susceptible forage
crops can be biologically enhanced via glyphosate
application to produce a reliable feedstock for SA
markets. Depending on the rate and the environmental
conditions the maximum of SA level can be reached
between 96 to 196 h after glyphosate application
at levels up to four-fold in glyphosate-treated Gulf
annual ryegrass. The overall mean SA content at
the highest peak over all treatments at 6 DAT was
31.88% (w/w), a value much higher than the range
found by RAGHAVENDRA et al. (2009) screening
193 trees species, and shortlisted seven angiosperms
that contained 0.17% of SA (w/w) without glyphosate
application.

The highest significantly treatment
observed (36.00 a.i.ha'/SG 2/6 DAT) was used to
estimate the potential SA yield from crop biomass
on a per-hectare basis. Forage crops such as U.
plantaginea used in this study, could yield 3.5 to 7.5
tha! of dry matter depending on planting density,
environmental conditions and forage management
(VELHO etal., 2012), it could produce approximately
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Figure 1 - SA accumulation at 3 (A), 6 (B), 9 (C) and 12 (D) days after application of low doses of
glyphosate in U. plantaginea at 3-4 tillers (SG1) and 4-6 leaves (SG2).

24.0 kg.ha! of SA (gross production). Considering
that U. plantaginea is i) an angiosperm with C4
photosynthesis, if) rapidly yield large estimated mass
and with a wide distribution throughout the Brazilian
territory, iii) a grass with high dry mass production,
iv) adapted to a wide range of soil types, with well
distributed growth during most of the year, and
v) provided that the formation of seeds is allowed,
this forage is renewed annually there potentially
advantage in producing this forage for SA feedstock.

Applying the same estimates, HOBBIE
et al. (2017) estimated that alfalfa treated with
glyphosate bio enhanced the SA production from 31.5
to 299 kg.ha' as compared with Chinese star anise,

that could produce 14 to 18 kg.ha! of SA from dried
fruit (FARINA & BROWN,., 2006) maturity over
60 wk, with only annual fruit production (WANG et
al., 2011). The overall profitability to the producer
would need to be explored in further detail, as cost
of planting, harvest yield, processing and extraction
efficiency (HOBIE et al. (2017).

The present study confirmed that SA
accumulates by low rates of glyphosate applied
to forage crops generating a feedstock of this acid
at a commercial scale, specially due to the wide
distribution and relatively non-specific growing
requirements as compared with other plant sources
of SA. Future studies are required to extrapolate

Table 1 - Shikimic acid content (mg.kg") and ratio to the untreated plants at different times after low rates of glyphosate applied in

U.plantaginea at 4-6 leaves (SG2).

Rates 3 DAT ratio 6 DAT ratio 9 DAT ratio 12 DAT ratio
0.00 604.2aA 1.00 717.2aA 1.00 892.1aA 1.00 629.4aA 1.00
0.36 827.7aA 1.34 541.9aA 0.76 867.1aA 0.97 693.1aA 1.10
3.60 710.7aA 1.18 892.1aA 1.24 998.7aA 1.12 402.4aB 0.64
36.00 1724.4bB 2.85 3187.9bA 445 1780.5bB 1.99 2013.2bB 3.20

Means followed by same letter (lowercase) in each column and uppercase in each row do not differ significantly (P<0.05 ) by Tukey
test. DAT=Days After Treatment, Rates=(g a.e. ha™), grams of acid equivalent per hectare.

Ciéncia Rural, v.50, n.9, 2020.



Glyphosate on shikimic acid on Urochloa plantaginea. 5

our results to the industrial level and investigate
impacts on environment, forage and crops yield. U.
plantaginea can be an economically viable source of
SA and may contribute to the increase availability of
this acid at market.
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