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Abstract
Background and Objective: Inflammation occurs via several mechanisms, one of which includes the production of Nitric Oxide (NO)
catalyzed by inducible nitric oxide synthase (iNOS), which is inhibited selectively by isothioureas. Ageratum  conyzoides  L. has shown
activity in reducing pain and inflammation, although the molecular mechanism had not been undertaken. The objectives of this work
were (1) to study the mechanism of anti-inflammatory activity of A.  conyzoides through inhibition of iNOS, (2) to correlate the iNOS
inhibitory activity of the plant with the total flavonoid content of the plants and (3) to identify the flavonol synthase (FLS), an enzyme that
catalyzes the production of quercetin. Materials and Methods: The inhibitory activity against iNOS was assayed by in vitro method. The
total flavonoids (calculated as quercetin) of A.  conyzoides  were determined by fluorometry. The protein extraction of the leaves was
carried out by employing Laing and Christeller’s (2004) method, followed with SDS-PAGE. Results: The inhibitory activity (IC50) of ethanol
extract and ethyl acetate fraction of A.  conyzoides  against iNOS was 92.05 and 4.78 µg mLG1, respectively. Pearson correlation analysis
resulted in 0.548 (ethanol extract) and 0.696 (ethyl acetate fraction). The total flavonoids (calculated as quercetin) contained in the ethanol
extract and ethyl acetate fraction of A.  conyzoides  were 0.71 and 7.65%, respectively. The FLS in A.  conyzoides  leaves was identified
at 31 kDa. Conclusion: A.  conyzoides  L.  is potential in inhibiting iNOS due to quercetin contained in the leaves. This report will add a
scientific insight of A.  conyzoides  for biological sciences.
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INTRODUCTION

Inflammation occurs via several mechanisms, one of
which includes the production of Nitric Oxide (NO) catalyzed
by  inducible  nitric  oxide  synthase (iNOS) from L-arginine.
The  three  isoforms  of  NOS  (nNOS, iNOS, and eNOS) utilize
L-arginine as the substrate, where as the co-substrates are
molecular oxygen and reduced nicotinamide-adenine-
dinucleotide phosphate  (NADPH)1.  The  NOS  enzyme 
undergoes  two steps  to  synthesize  NO:  (1) NOS
hydroxylates L-arginine to N-hydroxy-L-arginine and
eventually     (2)     NOS    oxidizes    N-hydroxy-L-arginine    to 
L-citrulline and NO2. Isothiourea derivatives have been
designed as L-arginine-competitive reversible  inhibitors  of 
human   iNOS   (Ki  =  47  nM)3,  although  S-ethylisothiourea 
(S-EITU) does not seem to be an adequate inhibitor for
therapeutic use in vivo due to its side effects on cardiovascular
functions. This drug increased the blood pressure and
concomitantly decreased the heart rate of rabbits4. NSAIDs,
e.g. indomethacin, ibuprofen, meloxicam, or sulindac sulfide
reduced   nitrite   production   on  murine  macrophage  cell 
line  J774 in a concentration-dependent manner5.
Furthermore,   a   novel   highly   selective   inhibitor  of iNOS,
N-[3-(aminomethyl)benzyl]acetamidine (1400 W), significantly 
increased  IL-12 p40 secretion and decreased TNF-" release6.

Many approaches to discovering plant-based therapy for
inflammatory diseases have been carried out to lessen the side
effects of synthetic drugs7-9. Ageratum conyzoides L. has
shown activity in reducing pain and inflammation, although
the molecular mechanism so far had not been undertaken10-13.
Okunade, in his review, described that A. conyzoides contains
mono- and sesquiterpenes, chromene, chromone, benzofuran
and coumarin, saponins, flavonoids, triterpenes and sterols,
alkaloids and miscellaneous compounds14. Taking this in view
and as part of our ongoing research on Indonesian medicinal
plants,  this work screened the inhibitory activity of the
ethanol extract and ethyl acetate fraction of A. conyzoides
against  iNOS. The  rationale  behind  this  work was three-fold:
(1) To study  the  mechanism of anti-inflammatory activity of
A. conyzoides, whether or not this activity is through inhibition
of iNOS, (2) to correlate the iNOS inhibitory activity of the plant
with the total flavonoid content of the plants and (3) to
quantify the intensity of flavonol synthase (FLS), an enzyme
that catalyzes the production of quercetin in A. conyzoides
leaves.

MATERIALS AND METHODS

Study   area:  The  study  was  carried  out  in  the Glasshouse
of  the  Faculty  of  Agriculture,  Universitas  Padjadjaran  and
at the  Central  Laboratory  of  Universitas  Padjadjaran,  Jl.

Raya  Bandung-Sumedang  km  21, West Java, Indonesia,
45363  from  June,  2019  to  January,  2020.

Plant material and identification: A. conyzoides was
purchased from Research Institute for Spices and Medicinal
Plants (Balittro) Manoko Lembang, West Java, Indonesia
(http://balittro.litbang.pertanian.go.id/?p=993 and lang=en).
The  plant  was  taxonomically  identified  at  the   Laboratory
of Plant Taxonomy, Department of Biology, Faculty of
Mathematics and Natural Sciences, Universitas Padjadjaran,
Indonesia and the voucher specimen was retained in our
laboratory for future reference. 

Chemicals and other materials: Nitric oxide synthase
inhibitor screening kit (fluorometric) (BioVision Cat. No.
#K208), quercetin (Sigma AldrichCAS No.6151-25-3),
recombinant Arabidopsis thaliana flavonol synthase (FLS1)
(CusabioCat. No. #CSB-MP842601DOA), coomassie
blue(SimplyBlue™ Safe Stain), SeeBlue™ Plus2 pre-stained
standard (Invitrogen™ Cat. No. #LC5925).

Vegetative propagation: Five stems of A. conyzoides were
cut and soaked in 100 µg mLG1 NAA ("-Naphthaleneacetic
acid) solution for approximately 5 min. The stems were
planted in 5 small polybags and were kept in the Glasshouse
of the Faculty of Agriculture, Universitas Padjadjaran,
Indonesia for 5 weeks. The plant was watered and its growth
was observed daily.

Extraction: Extraction of A. conyzoides was performed by
soaking 50 g of the dried herbs in ethanol 70% for 3×24 hrs.
The extract  was  filtered  and the solvent was evaporated at
60-70oC, 80 rpm in vacuo. The yield of the extract was 15.74%
(w/w). The viscous extract was fractionated further using a
mixture of ethyl acetate-water (1:1).

Phytochemical screening: Phytochemical screening was
carried out as per standard methods15 at the Central
Laboratory of Universitas Padjadjaran, Indonesia.

NOS inhibitory activity assay: The reagents were prepared as
per instruction written on the datasheet and the reaction
solutions were put into the wells. Fluorescence measurement
was set at ex/em 360/450 nm. NOS inhibitory activity was
calculated:

Determination of total flavonoids in the extract: The total
flavonoids in the ethanol extract and ethyl acetate fraction of
A. conyzoides were determined according to a method
proposed by Chang16. Quercetin was used as standard.
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Extraction of protein in A. conyzoides leaves: The crude
protein in 250 mg of A. conyzoides leaves was extracted
according to the method of Laing and Christeller’s (2004)17. In
this process, we used the upper part of the leaves.

Identification   of   FLS   in    A.  conyzoides  leaves   using
SDS-PAGE: The protein in the A. conyzoides leaves was
separated using SDS-PAGE for 150 min 80-100 V. The protein
bands were stained using coomassie blue, compared to that
of recombinant Arabidopsis thaliana FLS-1.

RESULTS 

Vegetative propagation: The propagation of  A.  conyzoides
in the glasshouse, which was observed daily for 5 weeks,
revealed that this plant was well-acclimatized and adapted in
its new environment, as follows:

C Polybag 1 (Fig. 1a-e): At the week I the plant has 10 leaves
with  9.6  cm  stem  height  and  at  the  week  V   it   has
49 leaves with 22.3 cm stem height

Fig. 1: Growth of A. conyzoides  in 5 polybags for 5 weeks in the glasshouse
Red box indicates the number of leaves, the black box indicates the height of the stem
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Fig. 2(a-b): (a) UV-spectrum and (b) 2D chemical structure of quercetin standard
Cinnamoyl structure is depicted as red dashed-square and benzoyl structure is depicted as blue dashed-square in Fig. 2b, without AlCl3, with the addition
of AlCl3

Fig. 3(a-b): UV spectra of A. conyzoides (a) Ethanol extract and (b) Ethyl acetate fraction
Without AlCl3, with the addition of AlCl3

C Polybag 2 (Fig. 1f-j): At the week I the plant has 12 leaves
with  8.3  cm  stem  height  and  at  the  week   V   it   has
36 leaves with 22.1 cm stem height

C Polybag 3 (Fig. 1k-o): At the week I the plant has 13 leaves
with  11.6  cm  stem  height  and  at  the  week  V  it  has
69 leaves with 30.4 cm stem height

C Polybag 4 (Fig. 1p-t): At the week I the plant has 9 leaves
with  6.9  cm  stem  height  and  at  the  week  V   it   has
58 leaves with 26.7 cm stem height

C Polybag 5 (Fig. 1u-y): At the week I the plant has 8 leaves
with  5.3  cm  stem  height  and  at  the  week  V   it   has
58 leaves with 27.8 cm stem height

Phytochemical    screening:    Phytochemical   screening   of
A. conyzoides  revealed that alkaloids, phenolic compounds,
flavonoids, quinones and steroids are detected in the extract,
whereas phenolic compounds, flavonoids and quinones are
positive in the ethyl acetate fraction.

NOS inhibitory activity assay: The ethyl acetate fraction
inhibits NOS activity (IC50 = 4.78 µg mLG1) better than the
ethanol extract (IC50 = 92.05 µg mLG1). Both activities are
weaker than that of quercetin (IC50 = 5.68 µM).

Determination of total flavonoids in the extract: The UV
spectrum  of  quercetin  standard  reveals  two main
absorption bands, which  peaks  are  located   at  374  nm
(band  I:  cinnamoyl  structure,  depicted   in   Fig.    2b)   and
257 nm (band II: benzoyl structure,  depicted   in   Fig.   2b). 
The  addition   of   AlCl3,  a  Lewis   acid,   confirms   the
presence   of   quercetin,   which  shifts  the  peaks  of  band I
from    374-430   nm   and   band    II    from    257-272     nm
(Fig. 2a). 

The  spectrum  of  A.  conyzoides   ethanol  extract
exhibits three bands, two of which are located at  the UV
range (273 nm for band II and 322 nm for band I), while the
third is at the  visible  wavelength  (407  nm)  as  depicted in
Fig. 3a. 

Not surprisingly, the spectrum of A. conyzoides ethyl
acetate fraction also show three bands, two of which are
located at the UV range (280 nm for band II and 322 nm for
band I), while the third is at the visible wavelength (411 nm) as
depicted in Fig. 3b. 

Reacting both the extract and the fraction with AlCl3 (in
the presence of acetate salt) resulted in a weak shift of the
third   peak  to  the   bathochromic   state   (dashed-lines  in
Fig. 3a-b).
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Fig. 4: SDS-PAGE electropherogram of A. conyzoides (No. 7)
compared  to  SeeBlue™  Plus2 pre-stained standard
(No.  1)  and  recombinant  Arabidopsis thaliana  FLS
(No. 2). The bands were stained using Coomassie blue

The total flavonoids in the ethanol extract and ethyl
acetate fraction of  A.  conyzoides  are 7.14 µg mLG1 (0.71%)
and 76.56 µg mLG1 (7.65%), respectively.

Protein separation using SDS-PAGE and the determination
of FLS: Several protein bands were observed on the
electropherogram of  A.  conyzoides. However, when
compared    to   recombinant   Arabidopsis   thaliana   FLS-1
(31 kDa), confirmed that FLS was also present in the leaves of
A. conyzoides  (Fig. 4; red rectangular). The 5 protein bands
observed in A. conyzoides  leaves  were (1) 88 kDa; (2) 65 kDa;
(3) 35 kDa; (4) 31 kDa and (5) 28 kDa. Band 4 was predicted to
belong to FLS.

DISCUSSION

The propagation of A.  conyzoides  in the glasshouse,
which was observed daily for 5 weeks, revealed that this plant
was well-acclimatized and adapted in its new environment. All
five plants planted in polybags showed the growth of leaves
and stem height.

This result was  in line with the name of Ageratum
(derived from the Greek word ageras, means non-ageing),
which refers to the longevity of this plant. This plant, a native
of Central America and the Caribbean, was introduced as an
ornamental plant in Asia. Ageratum can grow up to 1300 m
above sea level and has been found growing in different
habitats such as crops, pastures, plantations, wastelands and
roadsides18.

Various metabolites, e.g. alkaloids, phenolic compounds,
flavonoids, quinones and steroids, were positively detected in
the leaves of  A.  conyzoides, which confirmed other previous
studies on the same plant. The total phenols of A. conyzoides
were found to be 38.125±2.01 mg gG1  equivalent of gallic
acid and 333.37±4.22 mg gG1 equivalent of ascorbic acid,
respectively13. 

Previous works had reported  that  A.  conyzoides
revealed anti-inflammatory activity10-13. The leaves extract of
A.  conyzoides  L. that contains quercetin has been proven to
actively inhibits TNF-"  during  the inflammation process19.
The ethanolic extract of this plant can significantly reduce
carrageenan-induced inflammation20. 

The role of flavonoids in preventing and attenuating
inflammatory responses and serving as possible
cardioprotective, neuroprotective and chemopreventive
agents has been described20-21. Flavonoids have been proven
in inhibiting various important enzymes that play role in the
stages of inflammation22. One of the flavonoids, namely
quercetin, possesses main effects on suppressing
inflammation and increasing immune function23-27. Quercetin
also displays anti-inflammatory effects in  vitro, but not in  vivo
or ex vivo, in the blood of healthy volunteers28.

Chemically, flavonoids are based upon a fifteen-carbon
skeleton consisting of two benzene rings (A and B) linked via
a heterocyclic pyran ring (C). Band I is associated with the
absorption of the cinnamoyl structure (B-C ring, depicted in
Fig. 2b), while band II belongs to the absorption of the benzoyl
moiety (A-C ring, depicted in Fig. 2a)29. Quercetin bands of this
study confirmed those of Park and collaborators, which peak
maxima were 370 and 257 nm, respectively30. According to
Cornard and Merlin (2002), the spectra of the Al-quercetin
complex in the presence of acetate salt usually show a strong
absorption peak at 425-430 nm, which was predicted due to
the binding of two quercetin molecules to an aluminum ion31. 

The biosynthesis of flavonols from dihydroflavonols is
catalyzed by FLS32. More specifically, this enzyme catalyzes the
conversion of dihydrokaempferol and dihydroquercetin to
kaempferol and quercetin, respectively33. Quercetin has been
proven to be present in A. conyzoides, which probably is
responsible for its anti-inflammatory activity22-29,34.

This study confirmed the presence of quercetin in the
ethanol extract and ethyl acetate fraction of A. conyzoides
leaves. Quercetin, although exists only in a small quantity in
the leaves, may contribute to this plant’s inhibitory activity
towards iNOS. This study implied that A. conyzoides, despite
its growth as a wild weed in Asia, can be further explored and
developed as the future plant-based anti-inflammatory
therapy.
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CONCLUSION

A.  conyzoides L. inhibits  the activity of iNOS. The
inhibitory  activity  of  the ethyl acetate fraction is stronger
(IC50  =  4.78  µg  mLG1)  than  that  of  the   ethanol   extract
(IC50 = 92.05 µg mLG1). This inhibitory activity against iNOS is
due to  flavonoids  (calculated  as  quercetin)  contained   in
the   leaves.   This   report   will   add  a  scientific  insight  into
A. conyzoides  for biological sciences.

SIGNIFICANCE STATEMENT

This study discovers the inhibitory activity of Ageratum
conyzoides against inducible nitric oxide synthase (iNOS) and
the correlation between the  inhibitory  activity  versus   the
total flavonoid content of the plant. Moreover, the flavonol
synthase (FLS), an enzyme that catalyzes the production of
quercetin in A. conyzoides leaves was also identified. This
study  will  help  the researcher to uncover the critical area of
A.  conyzoides  bioactivity that many researchers were not
able to explore. Thus, a new theory on the plant’s anti-
inflammatory activity may be arrived at.
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