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Abstract Exogenous application of synthetic and natural elicitors of plant defence has been
shown to result in mass production of secondary metabolites with nutraceuticals properties in
cultured cells. In particular, salicylic acid (SA) treatment has been reported to induce the
production of phenylpropanoids, including cinnamic acid derivatives bound to quinic acid
(chlorogenic acids). Centella asiatica is an important medicinal plant with several therapeutic
properties owing to its wide spectrum of secondary metabolites. We investigated the effect of
SA on C. asiatica cells by monitoring perturbation of chlorogenic acids in particular. Different
concentrations of SA were used to treat C. asiatica cells, and extracts from both treated and
untreated cells were analysed using an optimised UHPLC-QTOF-MS/MS method. Semi-
targeted multivariate data analyses with the aid of principal component analysis (PCA) and
orthogonal projection to latent structures-discriminant analysis (OPLS-DA) revealed a
concentration-dependent metabolic response. Surprisingly, a range of chlorogenic acid deriv-
atives were found to be downregulated as a consequence of SA treatment. Moreover, irbic acid
(3,5-O-dicaffeoyl-4-O-malonilquinic acid) was found to be a dominant CGA in C. asiatica
cells, although the SA treatment also had a negative effect on its concentration. Overall SA
treatment was found to be an ineffective elicitor of CGAproduction in culturedC. asiatica cells.
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Introduction

The biotechnological manipulation of cultured cells with plant signalling molecules appears to be
the most technically feasible means to enhance secondary metabolite production [1]. The use of
cell cultures as bio-reactors for production of these natural products can be easily manipulated and
also offers a cost-effective and environmentally friendly alterative to using full-grown plants [2].
Plants have developed a sophisticated mechanism to defend themselves against biotic and abiotic
stressors. As part of the early mechanism of defence, phytohormones such as jasmonic acid (JA)
and salicylic acid (SA) and their methyl ester derivatives, methyl jasmonate (MeJA) and methyl
salicylate (MeSA), are produced and released [3, 4]. These phytohormones elicit the biosynthesis
of plant defensive proteins and secondary metabolites [5, 6].

Exogenous application of such phytohormones has been shown to induce metabolic
changes in plants and can provide insights into the biosynthesis of secondary metabolites
[7]. For instance, exogenous application of SA has been used to trigger the production of bio-
active compounds in plants [7, 8]. SA has been reported to activate the phenylpropanoid
pathway by enhancing the induction of phenylalanine ammonia-lyase (PAL), a key enzyme for
the production of cinnamic acid, a metabolic precursor in several phenylpropanoid metabolic
pathways [9].

Centella asiatica is a perennial herb classified under the Apiaceae family found in the
tropical and sub-tropical areas [3]. This medicinally relevant herb has received much attention
from the bio-pharmaceutical industry due to its bio-active metabolites [10–12], including the
pentacyclic triterpenoids asiatic acid, madecassic acid, asiaticoside and madecassoside
[13–15]. Its pharmacological relevance is largely attributed to these centelloids [3, 4, 10].
However, other terpenoid and phenolic metabolites with different bio-activities are also found
in addition to the centelloids [11, 16–19]. Among the therapeutic properties reported from
studies performed on animal models, cultured cells and in vitro analyses, are anti-ageing, anti-
cellulite, wound healing, anti-inflammatory, anti-bacterial, antioxidant activity and recently,
neuroprotection [20, 21]. In Indian Ayurvedic medical texts, C. asiatica was described
as a cure for dementia, and it is still used for memory improvement in modern day
age [22, 23]. The antioxidant activity of C. asiatica ethanolic extracts seems to be
responsible for the positive effect on neurodegenerative diseases [20], whereas water
extracts of C. asiatica on β-amyloid-associated behavioural abnormalities [21]. As
such, these results show the potential of the extracts in the treatment of Alzheimer’s
disease [22, 23]. Thus, there has been interest in determining the bio-active com-
pounds in C. asiatica responsible for these interesting therapeutic properties. Recent
reports have identified chlorogenic acids (CGAs) from C. asiatica as beneficial in
treatment/prevention of Alzheimer’s disease [22, 23], and the effect of CGAs on
neurodegenerative diseases including Alzheimer’s, Parkinsonism, Huntington chorea
and multiple sclerosis was reviewed [24].

CGAs are important constituents of plant secondary metabolites and possess nu-
merous bio-medical and pharmacological properties [25, 26]. CGAs are a family of
esters consisting of (−)-quinic acid (QA) esterified to different cinnamic acid (CA)
derivatives [27, 28]. The predominant naturally occurring CGAs result from the
acylation of QA with either p-coumaric acid, caffeic acid or ferulic acid to form
either p-coumaroylquinic acid (pCoQA), caffeoylquinic acid (CQA) or feruloylquinic
acid (FQA), respectively. The number and identity of the constituent cinnamic acids
defines a subgroup, and there are usually several isomers within each subgroup. Many
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plants produce chlorogenic acids in which esterification occurs at positions 3, 4 and 5
of the quinic acid moiety [25, 29].

Seemingly, C. asiatica possess a distinct CGA profile, some of which are characterised by
unusual chemical modification. In particular, irbic acid is a CGA derivative with a malonyl
group attached to its quinic acid moiety [16] that has mostly (if not only) been reported in
C. asiatica species [16, 22, 30]. In vitro, irbic acid has been reported to inhibit collagenase
activity [30, 31] and exhibit radical scavenging activity [30], thus showing a potential of using
C. asiatica as a natural source for anti-ageing and antioxidant products, respectively.

In our recent study, we found that tobacco cells treated with SA produced certain CGA
molecules in higher concentration [32]. In this communication, exogenous SA was used as a
chemical elicitor to trigger CGAs production inC. asiatica cells. A semi-targeted metabolomics
approach was used to monitor the levels and responses of CGAmolecules due to SA treatment.

Materials and Methods

Cell Culture and Elicitation

Cell suspensions of C. asiatica were established and maintained as previously described [12,
17]. Murashige and Skoog (MS) medium containing 1 μM 2,4-dichlorophenoxyacetic acid
and 1 μM benzyl aminopurine, 1 g/L casein hydrolysate and 30 g/L sucrose (pH 5.8) was used
to grow C. asiatica cell cultures in Erlenmeyer flasks of approximately 100 mL. After 3 days
of subculture, cells from three flasks were combined in a 1000-mL flask and gently shaken to
obtain a homogenous culture. The culture was divided into 20-mL aliquots into sterile 50-mL
Falcon tubes. The required amount of the sodium salicylate (100 mM, pH 5.8) (Merck,
Johannesburg, South Africa) stock solution used as inducing agent was added to reach final
concentrations of 0, 100, 200 and 300 μM, respectively (each condition in triplicate). The
tubes were then capped and placed horizontally on an orbital shaker at 130 rpm with a light/
dark cycle of 12 h/12 h, and low light intensity of 30 μmol/m2/s in a plant tissue culture room
at 23 °C for 24 h [33]. The experimental design consisted of three independent biological
replicates.

Metabolite Extraction and Concentration

After the incubation time, the cell suspensions were collected by filtration using a mild vacuum
filtration system (Millipore, Billerica, MA, USA) and washed with 50 mL with cold, sterile,
MS salts medium to wash the cells free of any original culture medium. Two grammes of the
air dried cells were weighed and re-suspended in 100 % methanol at a ratio of 1 g:10 mL in a
Falcon tube. A probe sonicator (Bandelin Sonopuls, Germany) set at 55 % power for 15 s with
4 cycles was used to sonicate the cells. The homogenates were centrifuged in a benchtop
centrifuge at 5100×g for 15 min at 25 °C. The supernatants were transferred to a clean 50-mL
round bottom flask, and the methanol evaporated to approximately 1 mL using a rotary
evaporator. The 1-mL crude extracts were transferred to Eppendorf tubes and dried to
completeness overnight at 55 °C in a dry bath. The amount of dried extract and the yield
per 2 g of dried cells were determined. The dried residues were reconstituted with 400 μL
50% aqueous methanol (Romil, Cambridge, UK) for all the samples and placed in pre-labelled
UHPLC glass vials fitted with unslitted caps (Separations, Johannesburg, South Africa).
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UHPLC-MS Analyses

LC-MS analyses were performed on a Waters Acquity UHPLC system coupled in tandem to a
Waters photodiode array (PDA) detector and a SYNAPT G1 HDMSQTOF mass spectrometer
(Waters Corporation, Milford, MA, USA). Chromatographic separation of the extracts was
achieved on aWaters Acquity UHPLC column (CSH C18 150×2.1 mm, 1.7 μm) thermostatted
at 60 °C with gradient elution. A binary solvent was utilised, consisting of water (eluent A) and
acetonitrile, both with 0.1 % formic acid (Romil, Cambridge, UK) (eluent B). The flow rate and
injection volume was set at 0.4 mL/min and 5 μL, respectively. The initial conditions were kept
constant for 0.1 min at 95 % A before gradient elution was introduced to change chromato-
graphic conditions to 10 % A over 0.1–16 min and held for 1 min. The analytical column was
restored to the initial conditions at 18 min for 2 min, resulting in a run time of 20 min.
Chromatographic elution was monitored with a PDA detector operating from 200 to 500 nm
(1.2-nm resolution) with a sampling rate of 20 points/s. Post-PDA detection, the SYNAPT G1
HDMS (Waters Corporation, Manchester, UK) was used in V-optics and operated in positive
and negative electrospray ionisation (ESI) modes to detect the compounds of interest. The MS
settings were as follows: capillary voltage of 2.5 kV, sample cone voltage of 60 V, extraction
cone voltage of 5 V, collision energy of 3 eV, detector voltage of 1660 V, source temperature of
120 °C,m/z range of 100–1100, scan time of 0.2 s and interscan time of 0.02 s, in centroid data
mode. High purity nitrogen was used as desolvation gas at 450 °C and cone gas at 50 L/h. To
achieve mass accuracy, leucine enkephalin (556.2771 Da, ESI+, 554.2615 Da, ESI−) was used
as calibrant at a flow rate of 0.1 mL/min and a mass window of 0.5 Da. For analyses, the
samples were randomised, and each sample was analysed in triplicate.

Multivariate Data Analysis

The raw UPLC-MS data were extracted and analysed using MassLynx XS software (Waters
Corporation, Manchester, UK). Software parameters were set to analyse the 2–14-min Rt range of
the chromatogram, mass range 100–900 Da, mass tolerance 0.01 Da, mass window 0.05 Da and a
Rt window of 0.20 min. The resulting data matrices were exported to SIMCA 13.0.2 software
(Umetrics, Umea, Sweden) for principal component analyses (PCA) and orthogonal projection to
latent structures-discriminant analysis (OPLS-DA) as well as variable importance in projection
(VIP) analyses as previously described [12, 17]. All models were Pareto-scaled. The OPLS-
DA models were computed to complement the PCA models, and had reliable CV-
ANOVA p values of < 0.01.

Metabolite Annotation

The selected mass ions from the OPLS-DA-derived S- and VIP plots were annotated
and putatively identified by generating molecular formulae (MF) which were further
used to search for molecule identities in databases such as the Dictionary of Natural
Products (DNP) (www.dnp.chemnetbase.com) and ChemSpider (www.chemspider.
com). For CGA identifications, tandem MS/MS analysis, based on the in-source
collision-induced dissociation (ISCID) approach [34], was used to generate character-
istic CGA fragments. Different regional isomers of CGAs were identified by generat-
ing diagnostic ions such as those of the quinic acid moiety at m/z 191 in Q1 [quinic
acid-H]− and m/z 173 in Q2 [quinic acid-H2O]

− at a higher cone voltage of 60 V and
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collision energy of 30 eV (for CQA as an example). In addition, 3,5-dicaffeoyl quinic
acid (PhytoLab, Vestenberggreuth, Germany) was obtained as authentic standard.

Results and Discussion

Chromatographic and Mass Spectrometric Analyses

Here, a semi-targeted metabolomic approach based on UHPLC-MS was used to determine the
qualitative and quantitative effects of SA treatment on C. asiatica cells. MS data acquisition
was carried out on both ESI negative and positive ionisation modes. However, previous
metabolite fingerprinting studies on chlorogenic acid derivatives have mostly been carried
out in ESI negative mode [25, 29, 35–37]. As the focus of this paper is to report the effect of
SA on chlorogenic acid profiles in C. asiatica cells, further data analyses were carried out only
on ESI negative ionisation mode data. Chromatograms generated from ESI negative ionisation
of the methanolic samples extracted from the different SA treatments are shown in Fig. 1.
Differences in peak intensities and presence/absence of peaks in crude extracts are not always
obvious and require multivariate data analysis approaches to scrutinise.

Multivariate Data Analysis

Multivariate data analyses (MVDA) were carried out to reveal the underlying differences of
the metabolite profiles obtained from C. asiatica cells treated with different SA concentrations.
As such, principal component analysis (PCA) (Fig. 2) and orthogonal projection to latent
structures-discriminant analysis (OPLS-DA) score plot (Fig. 3, Figure S1) revealed clustering

Fig. 1 UHPLC- QTOF-MS analyses of methanolic extracts from SA-treated C. asiatica cells incubated for 24 h.
ESI negative mode base peak intensity (BPI) chromatograms. The chromatograms show differences in some
peak intensities whereas there is presence/absence of other peaks across different concentrations of SA treatment.
The intensity of ion peak of m/z 137 at Rt 5.72 min increases from 100-μM to 300-μM SA treatment (a to c)
whilst the peak is not present on the non-treated samples (d). This ion peak corresponds to the inducer, salicylic
acid (C7H6O3, Mr 138). Contrary, the peak at m/z 529 at Rt 7.4 min decreases with increasing SA treatment and
was characterised as described below
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of data points corresponding to the different experimental conditions. The results thus show
that SA treatment induced concentration-dependent differential metabolic responses in
C. asiatica cells.

The use of OPLS-DA (Fig. 3, S1) further allowed the extraction of potential biomarkers
responsible for the significant separation between the non-treated and 300-μM SA-treated
samples [39, 40]. The mass ions in the upper right quadrant of the S-plot (Fig. 3b) are
positively correlated to the SA treatment (such as m/z 299 and 599) while the ions in the
lower quadrant are negatively related to the treatment (such as m/z 367, 601, 515 and 529). To
confirm the significance of these selected ions/variables as potential biomarkers, a variable
importance in projection (VIP) plot (Fig. 3c) was generated where p≥1.0 (y-axis) was set as
the minimum value for significance [41–43]. Interestingly, upon the evaluation of the OPLS-
DA loading S-plot generated from the ESI negative ionisation mode, the significant bio-
markers correlating to the non-treated samples appeared to be mostly CGA-related derivatives.
Marker ions positively correlated to the SA treatment included metabolites of SA (SA-
glycoside, SA-acylated hexose isomers and N-salicyloyl aspartic acid) and markers that could
not be identified (data not shown).

Relative Concentration of Identified Biomarkers

Due to the unavailability of most authentic plant standards, integrated peak area was used to
generate the relative quantification estimation for each of the represented ions as shown in
Fig. 4. The ion with m/z 515 appears to be the most abundant whilst the ion at m/z 367 has the
lowest peak intensity. With an increase of SA treatment of the C. asiatica cells, each identified
biomarker was found to decrease in relative concentration. This affirmed the finding from the
OPLS-DA S-loadings plot, where all the selected significant biomarkers appeared as down-
regulated. There is a distinct pattern of compound distribution across SA treatment, with all the
compounds being more pronounced in the control (non-treated) group.

A possible explanation for these observations is that SA-linked responses might be
diverting hydroxycinnamates (HCAs) towards other phenylpropanoid molecules such as

Fig. 2 Principal component analyses (PCA) generated from the ESI negative mode data of the SA-treated
C. asiatica cells incubated for 24 h. a Scores plot showing variation between and within clusters corresponding to
control, 100-, 200- and 300-μM SA-treated cells. The score plot, computed from PC1 and PC2, explains 54.8 %
of the total variation and shows similar clustering between and within each treated sample group. b Loadings plot
with each variable (m/z and Rt) representing each ion. The ions representing the statistically significant
biomarkers were annotated as 1, 2, 3 and 4 as assigned in Table 1, along with their fragments as 1f, 2f, 3f and
4f, respectively
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monolignols and benzoic acids, thus depleting the pool of activated HCAs available for
esterification to QA [32]. In comparison to our previous results with methyl jasmonate as
elicitor [12, 13, 17], the present results point to the fact that the phenylpropanoid pathway
appears not be a dominant pathway as in the case of the terpenoid pathway. Furthermore, C.
asiatica cells are known to accumulate considerable amounts of CGAs, especially irbic acid

Fig. 3 Multivariate data analysis of the ESI negative data, showing the orthogonal projection to latent structure-
discriminant analysis (OPLS-DA) generated from SA-treated C. asiatica cells incubated for 24 h. a Score plot
showing clear separation between control (non-treated) and 300-μM SA-treated groups. b S-plot (explaining
60,2 % of total variation) showing the selection of significant biomarkers associated with the SA-treated C.
asiatica cells. The mass ions in the upper right quadrant of the S-plot are positively correlated to the SA treatment
whilst the ions in the lower quadrant are negatively related to the treatment. The ions representing the statistically
significant biomarkers were annotated as 1, 2, 3 and 4 as assigned in Table 1, along with their fragments as 1f, 2f,
3f and 4f, respectively. c Representative variable influence on projection (VIP) plot showing variables that are
most important for both predictive and orthogonal components

Fig. 4 Relative peak intensity of the identified biomarkers in SA-treated C. asiatica cells. Shown are biomarker
1 (m/z 367) and biomarker 2 (m/z 515) (a) and biomarker 3 (m/z 601) and biomarker 4 (m/z 529) (b). These
biomarkers were annotated as trans-5-feruloylquinic acid, 3,5 di-caffeoylquinic acid, irbic acid (3,5-O-dicaffeoyl-
4-O-malonilquinic acid) and 3-caffeoyl, 5-feruloylquinic acid, respectively. Integrated peak area was used to
generate the relative quantification estimation for each of the represented ions, and standard deviation error bars
were calculated based on sample population
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[31], and it is possible that the treated cells have reached a metabolic ‘saturation’ point, beyond
which further stimulation of the phenylpropanoid pathway may be limited.

Characterisation of Identified Biomarkers

The manner of validating the annotated/putatively identified significant metabolites was
carried out as in our previous work [34]. Therefore, the biomarkers were putatively identified
through metabolite fingerprinting where the fragmentation patterns were compared. As such,
single mass extracted ion chromatograms (XIC) (Figure S2A–D) were generated from the
UHPLC-QTOF-MS ISCID data and used to monitor compounds harbouring common
cinnamic acid moieties in their core structure. As the identification and annotation of struc-
turally similar isomers of cinnamic acid derivatives have proven to be a challenging task [37],
an IUPAC numbering system was used in order to avoid ambiguity. In addition to the
chromatographic separation and the mass spectrometric behaviour as reported before [36],
all possible factors such as positional and geometrical isomerism were considered (Table 1).

Trans-5-feruloylquinic Acid Biomarker 1 (Figure S2A), that eluted at 7.56 min, was anno-
tated as trans-5-feruloylquinic acid of Mr 368 (C17H20O9) with a precursor ion at m/z of
367.0994 [M-H]−. This molecule produced peaks at m/z 191 [quinic acid-H] and another ion at
m/z 173 [quinic acid–H2O-H]

− [44]. This compound has been previously reported in
C. asiatica [45]. However, this molecule was found to be of very low peak intensity relative
to the other identified molecules. This is in agreement with a previous communication that
found it to be a low concentration molecule [44].

3,5 Di-caffeoylquinic Acid Biomarker 2 (Figure S2B), that eluted at 8.99 min, was annotated
as 3,5 di-caffeoylquinic acid of Mr 516 (C25H23O12). This molecule produced a precursor ion
at m/z 515.1201 [M-H]− and a base peak atm/z 353 [M-H-162]−, corresponding to the loss of a
caffeoyl moiety, and has product ions at m/z 191 [M-H-162-162]− corresponding to the loss of
the second caffeoyl moiety, and at m/z 179 [caffeic acid-H]− as well as m/z 135 [caffeic acid-
CO2]

−. With caffeoylquinic acids, the presence of a prominent ion peak at m/z 191 is
characteristic of a 5-CQA whereas an ion at m/z 179 at 1:2 ratio relative to m/z 191 is
indicative of a 3-CQA [29, 36, 46, 47]. The 1,5 di-CQA and 3,5 di-CQA isomers are
distinguished from each other by the presence of an ion at m/z 335 which is detectable only

Table 1 Annotation of the selected chlorogenic acids biomarkers based on MS spectra as shown in Figure S2

Biomarkers Rt
(min)

[M-H]−

(m/z)
Product ions (m/z) Putative identificationa

1 7.56 367.0994 191.0510, 173.0417, 134. 0376 trans-5-feruloyl-quinic
acid

2 8.99 515.1201 353.0836, 191.0497, 179.0289, 135.0408 3,5 di-caffeoylquinic acid

3 9.75 601.1159 395.0889, 353.0790, 233.0566, 191.0480,
179.0318, 135.0349

irbic acid
(3,5-O-dicaffeoyl-4-O-
malonilquinic acid)

4 10.46 529.1414 367.1035, 353.0860, 191.0526, 179.0309,
135.0395

3-caffeoyl,
5-feruloylquinic acid

a According to the level-2 annotation as prescribed by the minimal metabolomics reporting standards [38]
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in the former CQA [29, 36, 46, 47]. Comparison of the fragmentation pattern observed for this
molecule with an authentic standard further identified it as 3,5 di-CQA. Interestingly, this
molecule was reported as the active constituent of C. asiatica extracts to possess in vitro and ex
vivo inhibitory effects on thrombosis [48].

Irbic Acid (3,5-O-dicaffeoyl-4-O-malonilquinic Acid) Biomarker 3 (Figure S2C), that
eluted at 9.75 min, was annotated as irbic acid (3,5-O-dicaffeoyl-4-O-malonilquinic acid) of
Mr 602 (C28H26O15). This molecule produced a precursor ion at m/z 601.1159 [M-H]−. The
identity of this molecule was originally proposed by Antognoni (2011) [31]. The fragments
observed in the spectra of this molecule at m/z 515, 395, 353, 233 have been reported to be
characteristic for 3,5-O-dicaffeoyl-4-O-malonilquinic acid [16]. As mentioned, irbic acid has
been only identified in C. asiatica species, and our results also suggest that it is present in
relatively large amounts in cell cultures of this plant.

3-Caffeoyl, 5-feruloylquinic Acid Biomarker 4 (Figure S2D), that eluted at 10.46 min, was
annotated as 3-caffeoyl, 5-feruloylquinic acid (C26H26O12, Mr 530) [47, 49]. This molecule
produced a precursor ion at m/z 529.1414 [M-H]−, a base peak at m/z 353 [M-ferulic acid-
H2O]

− representing the loss of ferulic acid (194 Da) and another product ion at m/z 367 [M-
caffeic acid-H2O]

− representing the loss of a caffeic acid (180 Da). Thus, the ions at m/z 353
and 367 represent the caffeoylquinic acid (Mr 354) and feruloylquinic acid (Mr 368) moieties,
respectively whereas the product ions at m/z 179, 191 and 193 are characteristic for [caffeoyl-
H]−, [quinic acid-H]− and [ferulic acid-H]−, respectively [29, 36, 46, 47, 50, 51]. The
assignment as 3-caffeoyl, 5-feruloylquinic acid was based on the presence of the two peaks
at m/z 179 and 191 at an approximate ratio of 1:2, indicative of 3-CQA [36, 47, 50], while the
presence of the fragment peak at m/z 191 and a minor m/z at 193 (Figure S2) could then be
indicative of a 5-feruloyl moiety. According to the best of our knowledge, this is the first report
on the presence of this molecule in C. asiatica.

Conclusion

The treatment of C. asiatica cell suspensions with SAwas found to have a negative effect on
the biosynthesis of chlorogenic acid derivatives. The CGA derivatives that were found to be
downregulated as a consequence of the treatment were 5-feruloylquinic acid, 3,5 di-
caffeoylquinic acid, irbic acid (3,5-O-dicaffeoyl-4-O-malonilquinic acid) and 3-caffeoyl, 5-
feruloylquinic acid. CGA molecules from C. asiatica have been previously reported to possess
various pharmacological properties, including therapeutic effects against Alzheimer’s disease
and other neurodegenerative diseases. The upregulation of these CGA derivatives in cultured
cells of this plant would therefore contribute to their application in this bio-medical context.
However, an attempt to increase the biosynthesis of these molecules by SA treatment proved to
be ineffective and counter-productive. Irbic acid, a molecule confined to Centella species,
was also reported in this study whilst 3,5-feruloyl-caffeoylquinic acid was reported for
the first time in this plant. Interestingly, no glycosylated chlorogenic acid derivatives
were found to be affected by the SA treatment. Further studies could involve the
treatment of C. asiatica cells with different biotic or abiotic elicitor in an attempt to
increase the upregulation of CGA derivatives.
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