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Abstract

Hundreds of plant species, including many economically important crop plants, are
attacked by a highly destructive soil-borne fungus Macrophomina phaseolina (Tassi) Goid.
In the present study, methanolic root extract of septicweed [Senna occidentalis (L.) Link]
was evaluated against this fungus. Different concentrations of the extract (0.5 to 3.0%)
considerably decreased fungal biomass by 33-43%. Nine compounds were identified when
the extract was analyzed by GC-MS. The major compound was 1ll-octadecanoic acid,
methyl ester (26.49%) followed by (5B)pregnane-3,203-diol, 14a d-mannose (13.85%);,
18a-[4-methyl-3-0x0-(1-o0xa-4-azabutane-1,4-diyl)]-, diacetate (13.61%); ethyl iso-
allocholate (11.37%); pentadecanoic acid, 14-methyl-, methyl ester (11.01%); and 9,12-
octadecadienoic acid, methyl ester, (E,E)- (9.76%), which might be the cause of antifungal
activity.
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Introduction

Macrophomina phaseolina is a
seed- and soil-borne plant pathogen
(Ghosh et al., 2018). It has a wide
geographic distribution, especially
reported from tropical and subtropical
regions with arid to semi-arid climates in
Asia, Africa, South America, North
America, and Europe (Jana et al., 2003;
Machado et al., 2019). Being necrotrophic
in nature, it causes seedling blight, root
and stem rot, leaf blight, collar rot, and
charcoal rot in over 500 plant species
involving several economically important
crops viz. cotton, sorghum, maize,
soybean, chickpea, alfalfa, and sunflower
(Amin and Javaid, 2007; Khan et al.,
2017; Lodha and Mawar, 2020). Over the
decades, many fungicides have been
recommended for effective control of plant
pathogens but ever-increasing cost,
fungicide usage restrictions, and
environmental concerns clearly indicated
the need to explore for substitute
managing plans (Parmar et al., 2017;
Marquez et al.,, 2021). In addition,
presently there is not any registered
fungicide for control of M. phaseolina.
Scientists have recommended the
likelihood of using natural products as a
convincing option for the control of fungal

pathogens (Javaid et al., 2020; Khan et
al., 2020; Javed et al., 2021). It provides
an environmentally safe and potentially
stable alternate to synthetic chemicals.
Several plant species such as Sonchus
oleraceous, Chenopodium quinoa and
Ageratum conyzoides have been reported
to possess antifungal agents that
considerably deter the growth of M.
phaseolina (Banaras et al., 2020, 2021;
Khan and Javaid, 2020).

Senna occidentalis, native to South
America, also grows in tropical areas of
Australia, Europe, Africa and Asia
(Tokarnia et al., 2000; Gotardo et al.,
2017). In Pakistan, this plant is generally
found at waste areas and along roadsides
(Fig. 1). Its different parts are used across
the globe in various traditional medicines
as an expectorant, laxative, anthelmintic
analgesic and diuretic (Yadav et al., 2010;
Teles et al., 2015). However, studies
regarding antifungal activity of S.
occidentalis are very rare. In general, the
few studies carried out with respect to its
antifungal activity were restricted to aerial
parts of S. occidentalis (Yadave et al.,
2010; Javaid et al., 2017). Therefore, this
study was carried out to examine
antifungal activity of S. occidentalis root
extract against M. phaseolina.

Fig. 1: A mature plant of Senna occidentalis growing in Lahore, Pakistan.
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Materials and Methods

Mature plants of S. occidentalis
were collected from Lahore, Pakistan.
Roots were detached from aerial portions
and thoroughly washed with water. These
were first dried under shade and then fully
dried at 40 °C in an oven. These roots
were cut into very small parts and
crushed. For one week at room
temperature, crushed roots (200 g) were
drenched in 1.0 L methanol. Thereafter, a
cheese cloth was used to filter the soaked
plant material, followed by filtration by
filter paper. Methanol in the extract was
vaporized in a rotary evaporator and 5.64
g root extract was acquired. For in vitro
bioassays, 4.725 g root extract was added
in 4 mL of dimethyl sulfoxide (DMSO)
followed by the addition of distilled water
to prepare 10.5 mL of the stock solution.
The control solution was made by adding
4 mL of DMSO in 6.5 mL autoclaved
distilled water. To 42 mL of autoclaved
malt extract broth (MEB), 3 mL of
mixtures of stock and control solutions in
different ratios were added to prepare 0.5,
1, 1.5, 2, 2.5, and 3% concentrations. The
45 mL of each treatment were separated
into 3 uniform shares in 100 mL flasks to
serve as replicates. For the control
treatment, 3 mL of control solution was
added to 42 mL of MEB. Flasks were
inoculated with 5 mm discs of one-week
old culture of M. phaseolina and incubated
at 28 °C for seven days. Pre-weighed filter
papers were used for the filtration of
fungal mat in order to get the fungal
harvest. The obtained fungal harvest was
dried at 60 °C in order to obtain dry
weight. Data were examined by ANOVA
and afterwards LSD test was employed at
P<0.05 by using Statistix 8.1.

Methanolic root extract was
analyzed by GC-MS procedure to obtain a
profile of chemical constituents. The
analysis was executed on Agilent 7890A
GC system with 5975C mass
spectrometer. The capillary column was
30 m x 250 pm x 0.25 pm. Helium was
used as a carrier gas at 1 mL min™ flow

rate. An injection volume of 1 yL was used
in splitless mode. Injector and ion-source
were set at 250 °C and 280 °C,
respectively. Temperature of the oven was
first increased from 100 to 200 °C at 5 °C
min! and later on up to 240 °C at a rate
of 10 °C min! and continued at 240 °C for
10 min. Total GC running time was 23
min.
Results and Discussion

Antifungal effect of  various
concentrations of root extract is illustrated
in Fig. 2. All the concentrations were
highly effective against M. phaseolina.
Maximum fungal biomass (0.218 g) was
documented in the control that was
decreased to 0.124-0.146 g in different
concentrations of the extract. A 33-43%
reduction in M. phaseolina biomass was
recorded due to different concentrations of
the root extract. In most of the previous
studies, scientists investigated
antimicrobial activities of above-ground
parts of S. occidentatlis. Javaid et al.
(2017) showed the similar result of leaf
extract of S. occidentatlis against M.
phaseolina. Its leaves and fruits are used
as antifungal agents in Brazilian folk
medicines, mainly to cure wounds and
mycoses, for example, ringworm caused
by Tinea corporis and the skin eruption
caused by Ptiriase versicolor as stated by
Fenner et al. (2006). Extracts of different
parts of this plant have been discovered
as very efficient against bacteria and fungi
namely Candida albicans, Aspergillus
flavus, A. niger and Fusarium oxysporum
(Ali et al., 1999; Abo et al., 2000).
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Fig. 2: Effect of different concentrations of methanolic root extract of Senna
occidentalis on biomass of Macrophomina phaseolina. Vertical bars show standard
errors of means of four replicates. Values with different letters at their top show
significant difference (P<0.05) as determined by LSD Test.

GC-MS chromatogram of the root extract
showing 9 compounds as shown in Fig. 3.
These peaks were found at retention times
ranging from 11.605 to 23.813 minutes.
The names of various compounds that
were identified in this extract along with
percent peak areas are shown in Table 1.
Principal compound in the extract was 11-
octadecanoic acid, methyl ester with a
peak area 26.49%. It belongs to fatty acid
methyl esters group. The members of this
group are quite renowned for their
antifungal activities against a range of
fungal species, including Macrophomina
phaseolina, Paracoccidioides spp., Candida
albicans and C. krusei (Aliyu et al., 2017;
Banaras et al., 2017; Pinto et al., 2017).
Other frequently occurring compounds
were  (5B)pregnane-3,20B-diol, D-

mannose (13.85%), 14a, 18a-[4-methyl-
3-oxo0-(1-oxa-4-azabutane-1,4-diyl)]-,
diacetate (13.61%), ethyl iso-allocholate
(11.37%), pentadecanoic acid, 14-methyl-
, methyl ester (11.01%) and 9,12-
octadecadienoic acid, methyl ester, (E,E)-
(9.76%). D-manose is known to possess
inhibitory effects against Candida and
Pichia species as reported by Regente et
al. (2014). Three compounds were
classified as less frequent ones including
16-hydroxyhexadecanoic acid (4.98%),
2H-indeno[1,2-b]furan-2-one, 3,3a,4,5,6,
7,8,8b-octahydro-8,8-dimethyl  (4.86%)
and 2,7-diphenyl-1,6-dioxopyridazino[4,5:
2',3"lpyrrolo[4',5'-d]pyridazine (4.02%).
Structures of the compounds present in
root extract are illustrated in Fig. 4.
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Fig. 3: GC-MS chromatogram of methanolic root extract of Senna occidentalis.

. . o

e N L {

C 1] ~on

] / Ho—_ .
H HO—(

1- 2H-Indeno[1,2-b]furan-2-one,
3,3a,4,5,6,7,8,8b-octahydro-8,8-dimethyl

T

o

3- Pentadecanoic acid, 14-methyl-, methyl
ester

e

o

5- 11-Octadecanoic acid, methyl ester

Hd
2- d-Mannose

O

a

4- 9,12-Octadecadienoic acid, methyl
ester, (E,E)-

L |

6- 16-Hydroxyhexadecanoic acid
9

8- Ethyl iso-allocholate

77

7- 2,7-Diphenyl-1,6-
dioxopyridazino[4,5:2°,3” [pyrrolo[4°,5°-
d]pyridazine
R,O r,./
N J/ :r
o r )

/0/1/1

9- (5.beta.)Pregnane-3,20.beta.-diol, 14.alpha.,
18.alpha.-[4-methyl-3-oxo0-(1-0xa-4-azabutane-1,4-diyl)]-, diacetate

Fig. 4: Structures of compounds identified from methanolic root extract of S. occidentalis
through GC-MS analysis.
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Table 1: Compounds identified from methanolic root extract of S. occidentalis through GC-

MS analysis.
Comp. f d Molecular Molecular Ret_entlon Peak
No. Names of compounds formula Weight tlrr-le area
(min) (%)
1 2H-Indeno[1,2-b]furan-2- Ci3H1505 206 11.605 4.86
one, 3,3a,4,5,6,7,8,8b-
octahydro-8,8-dimethyl
2 D-Mannose CeH1,056 180 12.480 13.85
3 Pentadecanoic acid, 14- Ci7H340, 270 15.853 11.01
methyl-, methyl ester
4 9,12-Octadecadienoic acid, CigH340, 294 17.501 9.76
methyl ester, (E,E)-
5 11-Octadecanoic acid, Ci9H360, 296 17.552 26.49
methyl ester
6 16-Hydroxyhexadecanoic Ci6H3,05 272 17.764 4.98
acid
7 2,7-Dipheny|-1,6- Cy0H13Ns50, 355 21.366 4.02
dioxopyridazino[4,5:2',3"]py
rrolo[4’,5'-d]pyridazine
8 Ethyl iso-allocholate Cy6H4405 436 21.655 11.37
9 (5B)Pregnane-3,20B-diol, CosH43NOg 489 22.403 13.61

14a, 18a-[4-methyl-3-0x0-
(1-oxa-4-azabutane-1,4-
diyl)]-, diacetate

Conclusion

This study concludes that root
extract of S. occidentalis has the potential
to control growth of M. phaseolina. The

antifungal activity could be attributed to
the occurrence of D-manose and various
fatty acid methyl

extract.

esters in the

root
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