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ABSTRACT

Green synthetic route of silver nanoparticles (AgNPs) has already been proved to be an
advantageous over other physico-chemical approaches due to its simplicity, cost effec-
tiveness, ecofriendly and nontoxicity. In this finding, aqueous Wedelia chinensis leaf extract
(WLE) mediated synthesis of AgNPs was approached. Surface plasmon resonance (SPR)
band at 408 nm preliminary indicated the formation of AgNPs, while TEM and XRD char-
acterization confirmed the formation of spherically shaped and crystalline AgNPs with an
average size of 31.68 nm, respectively. The plausible biomolecules in the aqueous leaf
extract responsible for the reduction and stabilization of AgNPs were identified by FTIR
analysis and found to be polyphenolic groups in flavonoid. Further, synthesized AgNPs was
explored for different biological applications. Biosynthesized AgNPs showed significant
free radical scavenging activity as compared to Wedelia leaf extract and antibacterial ac-
tivity against clinically isolated test pathogens where Gram-negative bacteria were found
more susceptible to AgNPs than Gram-positive one. In addition, in vitro cytotoxic response
was also evaluated on hepatocellular carcinoma Hep G2 cell lines and showed a dose-
dependent cytotoxic response with an ICs, value of 25 pg/mL.
Copyright © 2017, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

This era has witnessed the inception of novel technological
products specifically based on nanotechnology, and nano-
material synthesis is being widely explored since they exhibit
distinctive size and shape dependent properties in various
applications like catalytic systems, optoelectronics, bio-
medicals etc. [1—4]. Huge varieties of nanomaterials are
engineered to be introduced directly into the body for the
therapeutic and diagnostic purpose [5]. It has been proved
over the years that size of the nanoparticle is important to
improve their biocompatibility as well as bioavailability for
therapeutical applications in diseases like cancer [6]. Among
the nanoparticles, silver nanoparticles (AgNPs) play a signifi-
cant role in the cancer management by preventing the ATP
synthesis in mitochondria and altering the essential meta-
bolic pathways for cell survival [7,8]. According to Food and
Drug Administration (FDA) report, AgNPs are particularly
found to be effective against microbial mediated diseases and
possess an immense potential in treating diseases like AIDS,
cancer, retinal neovascularization, hepatitis B, diabetes, etc.
in the near future [9].

The oxidation reaction is crucial for the production of
cellular energy, but consequently generates a large amount of
oxygen-derived free radicals as by-products and initiate chain
reaction. Resulting damage of various complex biomolecules
like protein, lipid, carbohydrate, DNA which ultimately asso-
ciated with many health issues related to heart diseases,
cancer, aging, renal failure etc. [10,11]. Antioxidants play an
essential role in preventing the oxidative stress by terminat-
ing the chain reaction. AgNPs have been reported to be an
effective free radical scavenger due to donating properties of
an electron or hydrogen to a oxidant to form a stable molecule
[12,13]. Apart from antimicrobial and cytotoxic responses,
antioxidant studies also have prime importance and re-
searches are still underway to clarify these aspects.

Recent days several attempts have been made to fabricate
AgNPs with controlled size and shapes [14]. However, most of
the wet chemical methods reported rely heavily on organic
solvents and use hazardous reducing agents [15]. Hence, there
is an increased interest to design a green chemistry route to
minimize or eliminate the use and generation of toxic sub-
stances in synthetic processes [16]. Even though a number of
plants have already been attempted to synthesize AgNPs, but
synthesizing nanoparticles with controlled size and various
morphologies are still great challenges. Initially, Gardea-
Torresdey et al. identified the plant as a potential biomate-
rial to synthesize metal nanoparticles [17]. Later on, one pot
biosynthesis of stable nanomaterials with different di-
mensions was extensively studied for industrial needs [18,19].

To date no reports have been documented on biogenic
synthesis of AgNPs using the abundantly and commercially
available Wedelia chinensis as a biomaterial. The plant has been
claimed to have significant therapeutics effects in the man-
agement of cancer, inflammation, wound healing, CNS dis-
order, ulcer, etc. Wedelia also known for its antioxidant and
antimicrobial activities due to the presence of active constit-
uents such as triterpenoids, flavonoids, and wedelolactones,
and the research is still in progress to find uses for them [20].

Hence, the present research was aimed to investigate the
synthesis and characterization of the AgNPs and to explore for
antioxidant, antibacterial and in vitro cytotoxic properties.

2. Materials and methods
2.1. Chemicals

Silver nitrate (AgNOs), fetal bovine serum (FBS), Dulbecco's
modified eagle medium (DMEM), phosphate buffer solution
(PBS), dimethyl sulfoxide (DMSO), methyl thiozolyldiphenyl-
tetrazolium bromide (MTT), potassium ferricyanide (KsFe-
(CN)¢), L-ascorbic acid (AA), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), trichloroacetic acid (TCA), ferric chloride (FeCls) were
obtained from Sigma Chemicals, India and used as such
without any further purification.

2.2.  Biosynthesis of AgNPs

Freshly collected W. chinensis leaves were thoroughly washed,
shade dried and powdered for experimental use. To prepare
Wedelia leaf extract, 10 g of leaf powder in 100 mL Milli Q
water was heated to boil for 15 min and centrifuged to collect
the leaf extract. To carry out the biosynthesis, varying
amounts (0.1-1.0 mL or 1-10% v/v) of leaf extract were
separately added to 9 mL of 1 mM AgNO; solution. The final
volume of the reaction mixture was kept constant to 10 mL by
adding Milli Q water and heated at 60 °C until yellowish brown
color appears. UV—vis spectra were then observed to confirm
the formation of AgNPs. Finally, the synthesized AgNPs in
solution were purified by repeated centrifugation at
10,000 rpm for 10 min and dried using lyophilizer.

2.3. Characterization of biosynthesized AgNPs

Surface plasmon resonance (SPR) spectra of thus synthesized
AgNPs were confirmed using UV—visible double spectrometer
(Perkin—Elmer spectrophotometer) within the range of
300—700 nm. The morphology and elemental composition of
the AgNPs were characterized using transmission electron
microscopy (TEM; JEOL-2010), energy-dispersive X-ray spec-
troscopy (EDX; Sigma), X-ray diffraction (XRD; X'Pert Pro A
Analytical), X-ray photoelectron spectroscopy (XPS; ESCALAB
210) analysis. To identify the possible biomolecules associated
in the synthetic process, FTIR (Cary 600 Agilent) of Wedelia
leaf extract was performed before and after addition to the
AgNOs solution.

2.4.  Antioxidant assays

Antioxidant activity of the biosynthesized AgNPs were eval-
uated using two different methods as follows, where Wedelia
leaf extract and L-ascorbic acid (AA) were considered as a
control and reference, respectively.

2.4.1. DPPH free radical scavenging assay

The DPPH free radical scavenging activity of biosynthesized
AgNPs was carried out as described by Chang et al. [21]. Briefly,
different concentrations of AgNPs (12.25, 25, 50, 100, and
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200 pg/mlL) in methanol were mixed separately with equal
volume of 0.3 mM of DPPH and incubated at room temperature
for 30 min. Absorbance (A) of the samples was then recorded
at 517 nm and the ability of AgNPs to scavenge the DPPH
radical was determined as follows (Eq. (1)):

AContml - ASample

DPPH scavenging activity (%) = x 100 (1)

AControl

2.4.2. Reducing power assay

The reducing properties of AgNPs were determined by stan-
dard method described elsewhere where Fe*" ions reduced to
Fe?* ions [22]. Varying concentration of AgNPs solution (12.25,
25, 50, 100, and 200 pg/mL) was mixed with equal volumes of
0.2 M PBS (pH 6.6) and 1% K3Fe(CN)g (w/v) and incubated then
in water bath shaker at 50 °C for 20 min. The reaction was
terminated by adding 1% of TCA and the supernatant was
collected by centrifugation at 15,000 rpm for 10 min. Further,
0.1% of FeCl; solution was added to the supernatant and the
absorbance was finally measured at 700 nm.

2.5.  Antibacterial assay

Antibacterial activity of Wedelia leaf extract mediated AgNPs
was investigated against two different clinically isolated test
pathogens Escherichia coli (Gram-negative) and Listeria mono-
cytogenes (Gram-positive) by standard well-diffusion method
[23]. Fresh overnight culture of each strain (100 pL) was
swabbed uniformly onto the nutrient agar plates using sterile
cotton swabs. A diameter of 10 mm of five circular wells was
made using a sterilized gel puncture. 50 pL of leaf extract as
control and varying concentration of AgNPs (12.25, 25, 50, 100,
and 200 pg/mL) were then loaded serially into the well and
incubated at room temperature for overnight. After 24 h, zone
of inhibition (mm) was observed and mean of triplicates was
tabulated.

2.6. In vitro cell viability assay

Hep G2 cell lines were purchased from NCCS, Pune. Standard
MTT (yellow color tetrazole) assay was performed to study the
viability of Hep G2 cell lines [24]. The assay relies on the
mitochondrial activity of the viable cells by reducing the
tetrazolium salt (MTT) to water-insoluble blue formazan
product. Briefly, 1 x 10° cells/mL seeded into 96-well titre
plates containing 100 uL of 5% FBS—DMEM were incubated in a
5% CO, incubator at 37 °C for 48 h and then exposed to varying
concentrations of AgNPs (6.12, 12.25, 25, 50, 100 and 200 pg/
mL) for 24 h under same experimental condition. After the
exposure, the spent medium was changed and the cells were
washed with cold PBS to remove the dead cells. 100 uL. MTT
(5 mg/mL) solution was added into each well and incubated in
5% CO, incubator for another 5 h. 100 uL. DMSO was then
added into each well after the incubation and aspirated to
break the cells to dissolve the formazan crystals. The color
developed was read spectrophotometrically at 570 nm. OD
value was subjected to determine the cell viability (%) and ICs
values using following equation (Eq. (2)):

Gell viability (%) — Mean OD value of sample (AgNPs treated)

Mean OD value of control (untreated)
x 100

)

Further in vitro cell cytotoxicity or anticancer activity was
determined using the following equation (Eq. (3)):

Cell cytotoxicity or anticancer activity (%) = 100
— cell viability (%)
3)

2.7. LDH release assay

Lactate dehydrogenase (LDH) is an intracellular enzyme
which specifically converts lactate to pyruvate. But when cell
membrane loses its integrity, LDH releases into the extracel-
lular medium and consequently increases the concentration
of LDH which is proportional to the damaged cells. LDH
release assay was performed using LDH assay kit. Briefly, the
Hep G2 cells were pretreated with different concentrations of
AgNPs (6.12, 12.25, 25, 50, 100 and 200 ug/mL) for 24 h, and
100 pL of cell free supernatant was then transferred into 96
well titre plates. 100 pL of substrate mixture from the kit
containing catalyst diaphorase, NAD" and dye solution
(iodonitrotetrazolium chloride and sodium lactate) was added
into each well and incubated for additional 25 min at 37 °C.
The ODg44 was then measured which was directly propor-
tional to LDH activity and concentration of AgNPs. The level of
LDH released in culture media was expressed as LDH activity
(1U/L).

3. Results and discussion

Wedeleia chinensis is well known for its diverse pharmacolog-
ical activities as it contains various bioactive molecules. In the
present study, we investigated bioreduction properties of the
plant extract to reduce silver ions to produce silver nano-
particles. To synthesize AgNPs, different volume (0.1—1.0 mL)
of Wedelia leaf extract were mixed with aqueous AgNO; so-
lution at 60 °C. A yellowish brown color appeared in the re-
action tubes indicates the formation of AgNPs (Fig. 1a). Fig. 1b
shows, surface plasmon resonance (SPR) band of the AgNPs
are became broaden and concomitantly undergoes a red shift
i.e. shifting the SPR bands towards higher wave length region
as the concentration of leaf extract increase, suggesting a
possible formation of larger particle due to aggregation [25].
Similarly red shift phenomenon of the AgNPs was previously
reported by Link et al. According to their report such phe-
nomenon was observed due to interaction between the sur-
face capping molecules and the secondary reduction process
on the surface of preformed nuclei [26]. However in the control
experiment, without leaf extract no peak was observed.
Further on mixing 1.0 mL Wedelia leaf extract with 9.0 mL of
AgNO; solution under the same reaction condition, a well-
defined peak was noticed, which increases as the reaction
times increased (Fig. 1c). The strong absorption peak located
at 408 nm confirms the reduction of silver ions to form the
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Fig. 1 — (a) Color changes after addition of different
concentration of plant extract (1-10% v/v), (b)
corresponding SPR spectra of AgNPs, and (c) time
dependent absorption spectra of AgNPs.

metallic silver nanoparticles (AgNPs). The plausible mecha-
nism of synthesis is proposed in Fig. 2. According to the
scheme, monovalent silver ions and free radicals present in
the polyphenolic compound in flavonoids, wedelolactones
can form an intermediate metal-chelate complex which in
turn undergoes oxidation of hydroxyl groups (—OH) present in
the polyphenols of Wedelia leaf extract to carbonyl groups
(C=0) and subsequent reduction of monovalent silver ions to
zero-valent AgNPs. It is reported that antioxidant activity of
polyphenol mainly resides on their ability to direct scavenge
the molecular species of active oxygen and to donate the
electrons or hydrogen atoms [27,28]. The TEM analysis was
performed to visualize the size and shape of AgNPs formed.
TEM micrograph shows the particles were predominantly
spherical within 18—68.76 nm and distributed with little ag-
gregation in solution (Fig. 3a and b). The distribution of AgNPs
observed in the images could be due to the surface capping
hence stabilizing effect of leaf extract over the AgNPs.

EDX, XRD, and XPS were used to characterize the biogenic
AgNPs. EDX spectrum shows a strong signal at 3 keV confirmed
the presence of silver atoms along with weak signals of oxygen
and carbon (Fig. 4a). The weak signals might have generated
from the biomolecules present on the surface of AgNPs and
thus stabilizing the AgNPs upto 4 months after synthesis [29].
There is also a strong signal for aluminum (Al) which has

Q
HO, HO o
o
Ag* + O , O o — O | o +Ag® 4+ on*
HO o O Agt' O o) O o () O
o/ o/ o/

Fig. 2 — Plausible mechanism of biosynthesis of AgNPs.

originated from Al SEM grid used for sample analysis. XRD
pattern of AgNPs shows clear peaks at 38.08°, 44.26°, 64.67°, and
77.54° (Fig. 4b) correspond to miller indices of (11 1), (200), (22
0), and (3 1 1) of zero-valent silver, respectively [30]. The lattice
constant a = 4.086 A calculated from the XRD spectrum was
good agreement with standard diffraction data JCPDF Card No.
03-0921. The average diameter of particle (D) was estimated to
be 31.68 nm (Table 1) using Scherrer's equation D = KA/Bscosb,
where 2 is X-ray wavelength (1.5406 A), K is the shape depen-
dent Scherrer's constant (0.94), 6 is the Bragg angle, and Bs is X-
ray line width (FWHM). Wide base corresponding to the peak
indirectly indicates the presence small particle where little
changes in the peak positions confirms the presence of bio-
molecules on the crystal [31,32]. The XRD analysis strongly
supports the evidence of formation of bioreduced silver
nanocrystals obtained from UV—vis spectra and TEM images.
Further, to study the chemical state of the AgNPs, XPS analysis
was carried out. Deconvoluted spectra in the Ag 3d region show
binding energies of 367.90 and 373.99 eV due to Ag 3ds/, and Ag
3das/, respectively corresponding to Ag (0) state (Fig. 4c).

FTIR measurements were carried out to identify the
possible biomolecules present in aqueous Wedelia leaf extract
responsible for the bioreduction and stabilization of silver
nanocrystals. The spectra of leaf extract were recorded and
compared before and after addition of silver nitrate (Fig. 5).
The interferogram of dried leaf extract before the reaction
shows prominent peak at 1022, 1326, 1696, 2929, 3409 cm™?!
represent the complex nature of the biomolecules (Fig. 5a).
The very strong absorption bands centered at around 1022,
1326, 1696 cm* may arise from —C—0O, C—0—C and C=0
stretching modes of vibration, respectively [33,34]. A moderate
intense peak located at around 2929 cm™! is probably due to
presence of C—H deformation vibration [32]. Additionally, a
broad band centred at 3409 cm~* was observed confirming the
O—H stretching vibrations, present in the leaf extract [35].
Most of the characteristic vibrational bands, are originated
from the water soluble compounds like polyphenols, flavo-
noids, triterpenoids, wedelolactones etc. present in the
Wedelia leaf extract. The FTIR spectrum of biosynthesized
AgNPs exhibited few distinct peaks in the range of 1080, 1421,
1626, 2940 and 3463 cm ™! (Fig. 5b). Further, comparison study
between the FTIR spectrum of leaf extract and biosynthesized
AgNPs showed only minor changes in the position of ab-
sorption bands. On the basis of IR data, it may be inferred that
the biomolecules present in WLE significant have bio-
reduction property to synthesize AgNPs.

DPPH assay was carried out to measure the efficiency of
antioxidants to scavenge the free radical from DPPH. The
reduction of DPPH was assessed spectrophotometrically by
observing the decrease in absorbance due to the formation of
stable DPPH-H molecule (reduced form) [36]. Fig. 6a shows the
free radical scavenging activity of AgNPs increased gradually
with increasing concentration of AgNPs (12.25-200 pg/mL).
The maximum scavenging activity of AgNPs (200 pg/mL) was
found to be 80.2 + 0.15% as compared to control leaf extract
(67.53 + 0.34%), and reference L-ascorbic acid (96.32 + 0.33%).
Similar antioxidant activity of the AgNPs was previously re-
ported by Chanthini et al. [37]. Further, the reducing power of
Wedelia leaf extract, AgNPs, and AA was determined based on
reduction of Fe*' ions to Fe?" ions. As shown in Fig. b, the
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Fig. 3 — (a and b) TEM micrographs of biosynthesized spherical shaped AgNPs.
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Fig. 4 — (a) EDX, (b) XRD, and (c) XPS spectra of AgNPs synthesized using WLE.

reducing capacity of the biogenic AgNPs (200 pg/mlL) was
observed higher (absorbance 0.81 + 0.146) compared to control
leaf extract (absorbance 0.18 + 0.006) and lower than the
reference L-ascorbic acid (0.86 + 0.048). Because of their free
radical scavenging properties, AgNPs can be consider as a
potential candidate in the management of cancer, diabetes,
AIDS, neurodegenerative disease etc.

Table 1 — Particle size of biosynthesized AgNPs.

20 20 FWHM Miller  Particle Average size
(Ref.) (Exp.) (Exp.) indices size (nm)
38.09 38.08 0.3408 111 27.17 31.68
4459 44.26 0.3346 200 26.77

64.67  64.06 0.3346 220 29.25

77.54 77.93 0.2448 311 43.56

Biosynthesized AgNPs showed significant antimicrobial
activity against both the pathogenic bacteria i.e. E. coli and L.
monocytogenes (Fig. 7a and b). Mean diameter of the inhibitory
zone (mm) around each well was measured and tabulated in
Table 2. Result shows Wedelia leaf extract didn't exhibit any
significant antibacterial activity against test pathogens even
at high concentration, might be due to the active constituents
responsible for antibacterial activity is not present in aqueous
leaf extract. It was also observed that maximum zone of in-
hibition increases with increasing concentration of AgNPs
where E. coli (Gram-negative) exhibited higher zone of inhi-
bition as compared to L. monocytogenes (Gram-positive)
(Fig. 7c). This might be due to the presence of rigid peptido-
glycan layer on Gram-positive bacterial cell wall as compared
to Gram-negative bacteria preventing the AgNPs to penetrate,
resulting lower zone of inhibition. The exact mechanism
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Fig. 5 — FTIR spectrum of (a) WLE (alone) and (b)
synthesized AgNPs from WLE.

behind the antibacterial activity of AgNPs was not very clear,
but many proposals are put forward for the same. Most
accepted hypothesis are i) formation of pits on the outer
membrane progressively release the lipopolysaccharides and
membrane proteins [38], ii) cells treated with AgNPs lead to
increase the conductivity resulting leakage of the intracellular
molecules [39] and, iii) AgNPs interrupts the ATP metabolism
and DNA replication preferentially by targeting the sulfur and
phosphorous rich macromolecules resulting programmed cell
death [40].

The cytotoxic response of various concentrations of bio-
synthesized AgNPs (6.12—200 ng/mL) was determined against
transformed Hep G2 cell lines by MTT and LDH assays. Cell
lines without AgNPs were considered as control. Experimental
analysis of the sample showed a dose-dependent cytotoxicity;
where cell viability decreased with increasing concentration
of AgNPs (Fig. 8a—c). At concentration of 6.12 pg/mL, AgNPs
was able to inhibit the cell lines's growth by less than 11.77%
whereas at 200 pg/mL concentration, showed significant
in vitro cytotoxic effect (>93.34% cell death) after 24 h of in-
cubation. Reduction of cell viability by ~50% in comparison

w
(=}
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N
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[y
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L. monocytogenes
(Gram-positive)

Fig. 7 — Antibacterial activity (a) on Gram-negative bacteria
(E. coli), (b) on Gram-positive bacteria (L. monocytogenes),
and (c) mean zone of inhibition (mm) of biogenic AgNPs
synthesized against pathogenic bacterial strains.

with the control was achieved at a dose of 25 pg/mL (ICs)
concentration of AgNPs (Fig. 8d). The chi-square values were
significant at p < 0.05 level. This data strongly suggests that
the AgNPs may possess anticancer/antiproliferative proper-
ties. The cytotoxic response of the AgNPs was further vali-
dated by measuring LDH leakage from the treated cells. LDH is
considered as a cytoplasmic or intracellular stable biomarker
for the viable cells, thereby presence of LDH into the cell free
medium demonstrates the membrane disruption or cell
injury, resulting cell death [41]. As expected, AgNPs caused
cytotoxicity in a dose-dependent manner and subsequently

1004=0wLE | QA
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Fig. 6 — (a) DPPH free radical scavenging activity, and (b) Reducing power of WLE, biosynthesized AgNPs, and AA (L-ascorbic

acid) at different concentrations (12.5-200 pg/mL).
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Table 2 — Antibacterial activity of biosynthesized AgNPs against test bacterial pathogens.

Test Zone of inhibition (mm)
Conc. ™\ _bacteria WLE AgNPs Amp.
(ng/mL)?* 100 12.25 25 50 100 200 20
E. coli NI NI 17.2+0.47  20.5+0.19  22.4+0.46  25.4+0.83 35.1+£0.43
L. monocytogenes NI NI 11.940.39 14.9+0.84 19.1£0.90  21.7+0.17 27.3+0.21
A stock solution of 1 mg/mL was prepared.
NI : No inhibition
Data expressed as means of triplicate + standard deviation.
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Fig. 8 — Inverted microscopic images of Hep G2 cell lines (10 x magnification) after 24 h incubation (a) control cell lines, (b)
AgNPs treated cell lines at ICsy, (c) AgNPs (200 pg/mL) treated cell lines, (d) effects of AgNPs on the viability of Hep G2 cell

lines, and (e) effect of AgNPs on LDH activity on Hep G2 cell lines. (*) indicates a statistically significant difference compared
to control (p < 0.05).

increase in LDH leakage, as compared to control cells. The Hep oxygen species (ROS) like hydroxyl radical,

hydrogen
G2 cells treated with 200 pg/mL of AgNPs showed the highest peroxide, superoxide radical, singlet oxygen, etc. These
LDH activity in the cell culture supernatant, which is indica- radical induces damage to various cellular macromolecules

tive of maximum cellular damage and toxicity (Fig. 8e). The likes DNA, lipids, proteins and subsequently leading to cell
cytotoxicity was observed due to the generation of reactive death by apoptosis or necrosis [42,43]. This result suggested
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that the leaf mediated synthesized silver nanoparticles
possess great sensitivity to cancer cells and can display po-
tential applications in cancer chemoprevention and
chemotherapy.

4, Conclusion

Photosynthesis of spherical nanosilver particles was effec-
tively established without using any templates, additives or
accelerants. Flavonoid/wedelolactone comprises functional
groups as evident from the FTIR analysis might have associ-
ated in the reduction and stabilization of biogenic AgNPs.
Synthesized AgNPs possess significant antioxidant, and anti-
bacterial activity as compared to the control one. The nano-
particles also showed an ICsy value of 25 pg/mL against
hepatocellular carcinoma Hep G2 cell lines. Thus it can be
concluded that Wedelia leaf extract mediated AgNPs synthe-
sis can be considered as a cheap and ecofriendly approach,
possessing various biomedical applications. Further, in-depth
study on antioxidant, antibacterial and anticancer property in
mammalian immune system and mechanism behind the ac-
tion is essential for clinical significance.
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