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INTRODUCTION of secondary metabolites, and mankind has used
many species for centuries to treat a variety of
Medicinal plants (MPs) are the abundant diseases (1). Many of the natural products (NPs)
bioresources of medical substances of traditional have been shown to present interesting biological
systems of medicine, modern medicines, and pharmacological activities and serve as the
nutraceuticals, food supplements, folk medicines, starting point in the development of modern
pharmaceutical intermediates, and chemical medicine (3).
entities for synthetic drugs (1). Since time
immemorial, different parts of medicinal herbs A number of modern drugs have been derived from
have been used to cure specific ailments (2). They natural sources, many based on their traditional
are recognized for their ability to produce a wealth  medicinal claims. The plant products used in the
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treatment of diseases could be obtained from
barks, leaves, flowers, roots, fruits, or seed parts
of the plants (4). The use of biological resources
for various therapies has been known in many
different parts of the world, especially in remote
regions where traditional medicines (TMs) provide
an alternative to the modern health care system
(5). Many people in developing countries still use
TM due to its low cost and availability (6). Over
80% of people in developing countries rely on TM
for primary health care needs, of which a major
proportion corresponds to plant extracts (6,7). The
phytochemicals isolated from these plants have
shown in vitro and in vivo biological activities (8).

Ethiopia is the home of many plant species that
are commonly used in many disease treatments by
local healers (9). Some of the factors attributed to
these facts are accessibility, affordability as
compared to modern drugs, socio-cultural
background, and their effectiveness against several
health problems (1). For example, R. abyssinicus is
a widely spread medicinal plant in the highlands of
tropical Africa and is a common weed of cultivated
lands or disturbed grounds ranging from North
Africa to Ethiopia at altitudes between 1200 and
3300 m (10). It is a perennial herb, which grows
up to 3 m tall, with a thick, fleshy rhizome. The
plant is endemic to Ethiopia and it is referred to as
mekmeko in the Amharic language (11,12).

The genus Rumex belongs to the family
Polygonaceae, which consists of about 200 species.
Most of the species of Polygonaceae contain a
large number of bioactive compounds such as
anthraquinones, flavonoids, terpenes,
naphthalenes, stilbenoids, and steroids, flavonoid
glycosides, leucoanthocyanidins, and phenolic
acids (11). Traditionally, people use different parts
of Rumex species to treat several health problems
such as infections, diarrhea, constipation, mild
diabetes, oedema, jaundice, skin, liver, and
gallbladder disorders and inflammation, and as an
antihypertensive, diuretic and analgesic
preparation (9,13). The decoction of the leaves or
root powder of R. abyssinicus is taken as a

vermifuge. It is also used to treat malaria,
gonorrhea, poisoning, hepatitis, constipation,
sciatic neuralgia, hypertension, migraine,

rheumatism, breast cancer, stomach distention,
earache, hepatic diseases, hemorrhoids, typhus,
rabies, and wound (14). The roots of R.
abyssinicus are reported to possess antibacterial
activity against Streptococcus pyogenes (15). Its
antifungal activities were also tested against
several fungal pathogens (Aspergillus fumigatus,
Aspergillus flavus, Aspergillus versicolor,
Aspergillus niger, Blastoschizomyces capitatus,
Fusarium oxysporum, Fusarium moniliforme,
Fusarium semitectum , Pythium sp., Rhizopu ssp.,
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Sporotrichum sp., and Thermomyce ssp.) and
results showed its promising activity (16).

For this reason, medicinal plants are considered a
chemical factory as it contains a multitude of
chemical compounds which are suggested to be
natural bioactive like alkaloids, glycosides,
saponins, resins, oleoresins, sesquiterpene,
lactones, anthraquinones, and essential oils and
fixed oils (17). The emergence of antibiotic-
resistant microbial strains (including bacterial and
protozoan parasites) and the increasing failure of
available chemotherapeutics (18) urge the search
for microbiologically active MPs. Hence, the
bioactive phytochemical constituents present in the
plant play a significant role in the development of
medicine and drug discovery. Therefore, herein it
was aimed to carry out phytochemicals isolation
and evaluation of their in vitro antimicrobial
activities of extracts from the roots of R.
abyssinicus.

EXPERIMENTAL SECTION

Chemicals

Chemicals used for this study were petroleum
ether, chloroform, acetone, ethyl acetate, silica gel
60-120 mm mesh size. Dimethyl sulfoxide
(DMSO0), Mueller Hinton agar, and nutrient broth
were used for the antimicrobial test. All chemicals
and reagents used were of analytical grade.

Apparatus and Instruments

Apparatuses such as rotary evaporator (Heidolph,
Germany, laboratory 4000), round bottom flasks,
measuring cylinder, filter paper (cotton swab),
weighing balance (model NWT100001X) oven
(N50C GENLAB WIDNES, England) were used.
Analytical Thin Layer Chromatography (TLC) was
performed on precoated silica gel 60 Fas4 plates.
Incubator (Gene lab incubator) and Hood (CLB-
201-04, vertical laminar cabinet) were used for the
antimicrobial activity studies. Glass column
chromatography (500 mm, B-34/35) and UV
chamber (254 and 365 nm) were used for isolation
of compounds. The NMR spectra were recorded on
an Avance 600 MHz spectrometer (Bruker,
Billerica, MA, USA) using the DMSO solvent.

Sample Collection and Preparation

The roots of R. abyssinicus were collected from
Gomma District, Jimma Zone, Oromiya Regional
State, Ethiopia, in July 2019. Then, it was roughly
washed with tap water, chopped into smaller
pieces, and air-dried under a shade at room
temperature in the laboratory. The air-dried
sample was homogenized into a suitable size to
increase the rate of solvent penetration into the
cells by using mechanical grinding. Finally, it was
subjected to organic solvent extraction.
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Extraction and Isolation

The air-dried root sample of R. abyssinicus (1 kg)
was sequentially extracted by soaking in petroleum
ether, chloroform, acetone, and methanol (2 x 2.5
L) each using a maceration technique at room
temperature and was kept for 48 h. The extracts
were filtered with filter paper, plugged in cotton,
and concentrated using a rotary evaporator under
reduced pressure; the yellowish crude extracts
were kept in a desiccator until dryness for further
experimental purposes. Then, the crude products
weighing 5.45 g (0.55%), 8.50 g (0.85%), 14.50
(1.45%), and 14 g (1.40%), respectively were
obtained. Meanwhile, the four extracts were
applied for in vitro antimicrobial activity test and
TLC analysis to continue the isolation of pure
compounds, with the product having promising
bioactivity against the selected bacterial and fungal
strains.

Isolation of pure compounds was continued using
the crude products demonstrating promising
activity against the strains and good TLC profile.
Among the four crude extracts, acetone extract
has shown the highest zone of growth inhibition
against bacterial and fungal strains. Thus, based
on its bioactivity and TLC profile, it was subjected
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to column chromatographic separation. Petroleum
ether/ethyl acetate combination showed better
separation of the compounds on TLC tests.
Initially, the column chromatography was packed
with silica gel (60-120 mesh size) just by
activating in an oven at 100 °C for 2 h. Then, the
fine powder of the sample acetone extract (14.5 g)
was loaded to the column chromatography.

The elution was started with petroleum ether and
increased the polarity using 1 up to 100% ethyl
acetate. Meanwhile, a total of 148 fractions were
collected in a 20 mL small beaker for each. The
first 30 fractions were merged after TLC analysis.
Using TLC and Rf value results, fractions with
similar Rf values were combined. Fractions 52-65
were combined and washed repeatedly with n-
hexane to afford compound 1 (0.40 g). The elution
was continued by increasing the polarity of the
solvent. The second pure compound 2 was
obtained from fractions 66-81. It showed one spot
and some impurities which were later purified by
continuing washing it with n-hexane. Then, a
crystalline orange color product of compound-2
(0.38 g) was obtained. The isolated compounds
were characterized by using 'H-NMR, 13C-NMR, and
2D NMR spectroscopy techniques.

Figure 1. The proposed structure of compounds 1 and 2.

Antimicrobial Activity Test

Test strains and preparation of test samples:
Microorganisms used for evaluation of in vitro
antimicrobial activities were S. aureus ATCC25903,
K. pneumoniae NCTC13368, E. coli ATCC 25722, P.
aeruginosa DSMzZ 1117, C. albicans, and S.
cerevisiae. These strains were obtained from
Jimma University Microbiology Research
Laboratory, Biology Department. The in vitro
antibacterial and antifungal activities of the crude
extracts and isolated compounds were determined
against four bacteria and two fungal strains
mentioned above using the agar disc diffusion
method and was carried out following a standard
procedure as used earlier by Abdissa et al. (19).
Then, bacterial and fungal stock cultures were
incubated for 24 h at 37 °C on nutrient agar and
potato dextrose agar (PDA) media following
refrigeration storage at 4 °C. The bacterial strains
were grown in Mueller-Hinton agar (MHA) plates at
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37 °C (the bacteria were grown in the nutrient
broth at 37 °C and maintained on nutrient agar
slants at 4 °C), while the fungal strains were
grown in PDA media at 28 °C. The stock cultures
were maintained at 4 °C. The bacterial and fungal
stock cultures were incubated for 24 h at 37 °C on
nutrient agar and PDA medium.

Active cultures for this experiment were prepared
by transferring a loop full of bacterial cells from the
stock cultures to test tubes of Mueller-Hinton broth
(MHB) that incubated without agitation for 24 h at
37 °C. A cell suspension of each organism was
freshly prepared by transferring isolated colonies
selected from a 24 h agar plate into a broth and
the cell density was adjusted to turbidity
equivalence of 0.5 McFarland turbidity standards
(1x108 CFU/mL) in sterile saline solution. The
bacterial and fungal cultures were then streaked
onto MHA plate with a sterile cotton swab to obtain
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a uniform thick lawn of growth. Meanwhile, the
sterile paper discs (6 mm diameter, Whatman
No.3) were separately soaked in pre-prepared
crude extracts and pure compounds, whose stock
solutions were prepared at a concentration of 100
mg/mL by dissolving 0.1 g (100 mg) of the crude
extracts and pure compounds were separately
dissolved in DMSO before aseptically placed on an
already inoculated MHA plate. It was then allowed
to diffuse for 5 min at ambient temperature and
then incubated at 37 °C for 24 h. Gentamycin and
Mancozeb (10 pg) were used as a standard
positive control against bacterial and fungal
strains, respectively, DMSO was used as a
negative control. Finally, the zone of growth
inhibition was reported by measuring diameter
using a transparent ruler after 24 h of incubation.

RESULTS AND DISCUSSION

Characterization and Antimicrobial activities

Compound-1 was isolated as a yellowish crystalline
solid obtained from the fractions 52-65. Its Rf
value was 0.65 using 70% petroleum ether in ethyl
acetate as an eluent. The 'H-NMR spectrum is
given in supporting information (SI1), which
showed that the presence of five aromatic protons
at o4 7.22, 7.39, 7.55, 7.71, and 7.81 ppm (Table
1). Besides, hydroxyl proton (-OH) groups were
observed at o4 11.93. And 'H-NMR spectroscopic
data of compound-1 showed a singlet proton signal
at &4 2.44 ppm representing three protons
attached to C-3 of the aromatic ring A. The two
broad singlet peaks observed at on 7.22, 1H and
7.55, 1H represent the protons attached to C-2
and C-4 of the aromatic ring, respectively. The
aromatic protons that are attached to C-5 and C-7
are a doublet of a doublet at o4 7.72, dd, J=12,
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1H, and 7.39, dd, J=6, 1H, respectively. The
pseudo-triplet proton was observed at on 7.82, ¢,
J=6,12 (m,1H). These three mutually coupled
aromatic protons at C-5, C-6, and C-7 are in the
ABX spin system. Moreover, there are two chelated
protons at the peri-position (C-1 and C-8) of the
aromatic ring, a highly deshielded proton at ox
11.93 ppm and downfield shifted carbonyl signals
at &c 192.0 and 181.0 ppm (Table 1). Thus, the
presence of a 1,8-dihydroxyanthraquinone moiety
clearly indicates that as it is the chrysophanol (19).
And its molecular formula is Ci15sH1004 (12).

Its '3C-NMR spectrum (SI2) showed 15 signals
that represented 15 carbons including one methyl
group at & 22.0, five aromatic carbons at 8C: C-2
(124.6), C-4 (120.0), C-5 (119.8), C-6 (137.8),
and C-7 (124.9) as evidenced from HSQC data
(SI3). Besides, the spectra showed two-hydroxyl
carbons at 6C 161.8 and 162.0, which represent
carbons at peri-position and two aromatic carbonyl
groups were also observed at 6C C-9 (192.0) and
C-10 (181.0). Therefore, based on the combined
spectroscopic data (COSY (SI4), HSQC, HMBC
(S15), and 'H-13C), the proposed structure was
suggested chrysophanol (Compound 1, 0.40 g).
Based on this research finding and literature
review reports (19,20), Compound-1 was identified
as 1,8-dihydroxy-3-methyl-9,10-anthraquinone
(chrysophanol) (Table 2, Figure 1). It was reported
from the roots of R. abyssinicus, where pure
compounds were isolated using n-hexane, ethyl
acetate, and methanol (20). Other studies reports
also indicated that chrysophanol is present in
Polygonaceae, Rhamnaceae, Fabaceae, Liliaceae,
Asphodelaceae, Buphorbiaceae, Meliaceae, Podo-
carpaceae, Picramniaceae, and Hemerocallidaceae
plant families (21-23).

Table 1. 'H (600 MHz) and *3C (150 MHz) NMR Spectral Data of Compounds 1 and 2 in DMSO-ds.

Compound-1 Compound-2
position O'H (m, Jin Hz) d13C O'H(m, J in Hz) d13C
1 11.93, s 161.8 11.96, s 161.9
2 7.22,s 124.6 7.11,b, s 124.5
3 - 149.6 - 149.7
4 7.55, s 120.0 7.42, s 121.0
5 7.72 (dd, J=12) 119.8 7.06, s 109.2
6 7.82 (t, J=6,12) 137.8 - 164.9
7 7.39 (dd, J=6) 124.9 6.55, s 108.3
8 - 162.0. 12.04, s 166.0
] - 192.0 - 190.1
10 - 181.0 - 181.7
11 - 133.8 - 135.5
12 - 116.3 - 109.3
13 - 114.2 - 113.7
14 - 133.5 - 133.2
C-Me 2.44, s 22.1 H-Me 2.50, s 21.9
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Compound-2 (0.38 g) was isolated as an orange
crystalline solid with Rf value 0.58 using 70%
petroleum ether in ethyl acetate. The 'H-NMR
spectrum of the compound (SI6) shows the
presence of four aromatic protons at 61 7.42, 7.11,
7.06, and 6.55 ppm. It has also revealed the
presence of one set of methyl protons at & 2.50
and two-hydroxyl protons at o4 11.96 and 12.04
ppm.

Its 13C-NMR spectrum data shows (SI7) the
presence of 15 carbon signals (Table 1). Among
these carbons, there are four CH aromatic ring
protons at &C: C-2 (124.5), C-4 (121.0), C-5
(109.2) and C-7 (108.3) ppm, two-carbonyl
carbons that attached to benzene ring at ¢ C-9
(190.1) and C-10 (181.7) ppm, three oxygenated
carbons of the aromatic ring at 6C: C-1 (161.9), C-
6 (164.9), C-8 (166.0) and five quaternary
carbons indicated at C-3 (149.7), C-11 (135.5), C-
12 (109.3), C-13 (113.7) and C-14 (133.2) ppm.
The '3C NMR spectrum also showed the presence
of one methyl carbon at 6C of 21.9 and one
methyl-substituted carbon observed at oC
149.7(C-3). Furthermore, COSY (SI18), HMBC
(SI9), and HSQC (SI10) spectrum correlation data
have confirmed that the proposed compound
structure was named as 3-methyl-1,6,8-
trihydroxyanthraquinone (Emodin)(23-25) (Table
2, Figure 1). Emodin is found in Rhamnus and
Rumex of higher plant species, and it is a
metabolite of some Penicillium species (12,24,26).

From Table 2 above (compound 1), the COSY
correlation spectrum data show that there are
three pairs of couplings between partner protons of
3] value observed at 7.72 (H-5) with H-6 (7.82),
and H-6 (7.82) with H-7 (7.39) including the weak
meta-coupled protons of 4J value of H-5 coupling
with H-7. Similarly, a triplet proton for H-6, and a
doublet of doublet for its partners. The other
important heteronuclear multiple bonds correlation
spectrum is HSQC, which correlates the carbon-
proton of a single bond (YJ). For instance, the
correlation of H-2 (7.22) with C-2 (124.6), H-4
(7.55) with C-4 (120.0), H-5 (7.72) with C-5
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(119.8), and H-6 (7.82) with C-6 (137.8). On the
other hand, the HMBC spectrum shows the
correlation of protons with carbon in two to four
bond distances. For example, it is observed that at
proton OH: H-2 (7.22) correlated with C-11
(133.8), C-4 (120.0), and the correlation with C-1
(161.8). The correlation at & H-4 (7.55) showed a
long-range correlation with C-10 (181.0), C-2
(124.6), and C-13 (114.2). Based on the combined
spectroscopic data, the structure of compound 1
was proposed as Chrysophanol in Figure 1.

From Table 2 above (compound 2), HMBC
spectrum showed the correlations of protons H-2
(7.11) with C-1 (161.9), C-4 (121.0) C-11 (135.5)
and C-Me (21.9) and H-4 (7.42) to C-1 (161.9), C-
4 (121.0) C-13 (113.7) C-9 (190.1) and C-Me
(21.9). These correlations give us the information
of the partial aromatic structure of compound-2
indicated as ring A. Correspondingly, the
correlations of protons H-5 (7.06 ppm) to C-6
(164.9), C-9 (190.1), C-12 (109.3) and H-7 (6.55)
to C-5 (109.2), C-8 (166.0) give us the presence
of another partial aromatic cyclic structure of ring
C.

The correlation of H-7 with C-8 and C-6 indicates
the presence of two alcohols in this meta position
of the aromatic cycle. The correlations of H-5 to
the carbonyl signal C-10 and of H-2 (7.11 ppm) to
carbonyl signal C-9 confirm the presence of
anthraquinone. Moreover, the correlation of H-5 to
C-6 (an oxygenated quaternary carbon) indicates
the presence of an alcohol group (Figure 2). And
the COSY correlation spectrum (*H-H) helps to
indicate the partner protons coupling each other
like the two meta- coupling protons H-2 with H-4
(ring A) and H-5 with H-7 (ring C). Equally, the
single bond coupling of the HSQC correlation
spectrum (H-13C) plays a vital role in suggesting
the structure of the compound. The HSQC
correlation of the aromatic ring A of H-2 to C-2 and
H-4 to C-4 equivalently for ring B, H-5 correlated
to C-5 and H-7 to C-7, which helps to propose the
skeleton of the compound. Based on the combined
NMR spectrum, compound 2 was proposed as
Emodin.
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Antibacterial and Antifungal Activity
Evaluation

The in vitro antibacterial and antifungal activities of
crude extracts and isolated compounds (1 and 2)
were carried out using four human pathogenic
bacterial strains: P. aeruginosa, K. pneumonia, S.
aureus, and E. coli and two fungal strains: C.
albicans and S. cerevisiae by using agar disc
diffusion method. The bioassay test was conducted
using the petroleum ether, chloroform, acetone,
and methanol extracts of R. abyssinicus roots. Its
crude extracts have demonstrated a good yield of
the antimicrobial zone of growth inhibition (SI11),
but petroleum ether extract is not active against S.
aureus and K. pneumoniae. The previous research
report finding shows that the n-hexane extract of
leaves, shoots, and roots of Rumex dentatus did
not show any activity against several bacterial
strains tested and the methanol extract has no
prominent inhibition against fungal strains (27).
Therefore, based on its promising antimicrobial
activity in demonstrating a better zone of growth
inhibition, good TLC profile, and a high percentage
yield, the acetone extract was selected for the
isolation of pure compounds. It has demonstrated
zone of growth inhibition against S. aureus
21.0+£1.4, K. pneumoniae 15.5£0.4, P. aeruginosa
22.5+0.7, and E. coli 18.0£0.4 mm and the
positive standard (Gentamicin) has 34.5%0.7,
30.0£0.7, 30.0+0.1, and 32.0£0.1 mm,
respectively (Table 3). The previous report also
indicated that R. abyssinicus is used for wound
healing purposes in Ethiopia (12).

The pure compound-1 (Chrysophanol) and
compound-2 (Emodin) have also exhibited a
diameter of better zone of growth inhibition
against S. aureus (23.0£0.1 mm) and K.
pneumoniae (22.5+£0.4 mm) than P. aeruginosa
(18.0+0.2 mm) and E. coli (18.0+0.4) in mm and
the positive standard (Gentamicin) has 26.0+0.3
mm zone of growth inhibition (SI11). Compound-
2 has also shown a better zone of growth inhibition
against K. pneumoniae (20.0+0.7) and S. aureus
(20.0£0.2) than p. aeruginosa (19.0+0.3) and E.
coli (17.0£0.7) in mm. The results indicated that
compounds 1 and 2 have shown better
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antibacterial activity against K. pneumoniae and S.
aureus strains and their activity was close to the
positive standard (Gentamicin). These
anthraquinones themselves have little therapeutic
activity and need to be in the form of water-
soluble glycosides to exert their action (26).
Similarly, the antifungal activity of compounds 1
and 2 (SI12), was active over C. albicans with a
zone of inhibition 20.0+0.4 and 22.0+0.7 mm,
respectively which is almost equal to the zone of
inhibition exhibited by the positive standard
(Mancozeb). Conversely, both compounds 1 and 2
were not active on the S. cerevisiae fungal strains
(Table 3). Thus far, it was reported that
chrysophanol (1) and emodin (2) are antimicrobial
and wound healing active constituents isolated
from the rhizomes of R.abyssinicus and other plant
species (12,28).

CONCLUSION

The main objective of this study was to carry out a
phytochemical constituent investigation and in
vitro antimicrobial activity screening of the root
extracts of R. abyssinicus. Based on its promising
bioactivity and good TLC profile, the acetone crude
extract was subjected to column chromatographic
isolation packed with silica gel using petroleum
ether. As a result, from the root extracts of R.

abyssinicus, two compounds, Chrysophanol
(Compound 1) and Emodin (Compound 2)
anthraquinones were isolated and evaluated

against four bacterial and two fungal strains. It
was screened against S. aureus, P. aeruginosa, E.
coli, K. pneumoniae, C. albicans, and S. cerevisiae
using Gentamycin and Mancozeb as positive
standards, and DMSO as negative standard. The
antibacterial activity of isolated compound 1
showed higher activity against S. aureus 22.5£0.4
mm, P. aeruginosa 18.0x0.2 mm, E. coli 18.0+0.4
mm, K. pneumoniae 23.0+£0.1 mm than 2; while
antifungal activity 2 is higher than C. albicans
22+0.7 mm than 1 for C. albicans 20£0.4 mm. On
the contrary, compound 2 was not active against
the S. cerevisiae strain. And the structures of
these compounds were elucidated using 1D and
2D-NMR spectroscopic techniques.
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Table 2. COSY, HSQC, and HMBC Correlation Data of Compounds 1 and 2 in DM

Position Compound 1 HSQC (17) COSY (33,47) HMBC (3J)
acC oH
2 124.6 H-2 (7.22) C-C-2 <> H-2 - H-2 —» C-4,C-
4 120.0 H-4 (7.55) C-4 <> H-4 - H-4 —» C-2, C-10
5 119.8 H-5 (7.72) C-5 < » H-5 H-5 €<» H-6 H-5 —» C-10,C-7
6 137.8 H-6 (7.82) C-6 «» H-6 H-5 «<>» H-7 H-6 —)» C14,C-8
7 124.9 H-7 (7.39) C-7 <>» H-7 H-6 €«—» H-7 H-7 —» C-5, C-13
Me 22.1 H-Me (2.44) - - H-Me —) C-2,C-4
Compound-2

2 124.5 H-2 (7.11) H-2 €« C-2 - H-2 —» C-4,C-13
4 121.0 H-4 (7.42) H-4 €« C-4 - H-4 —» C-2,C-10,
5 109.2 H-5 (7.06) H-5 € C-5 - H-5 —» C-7,C-10,¢
7 108.3 H-7 (6.55) H-7 <» C-7 - H-7 —» C-5,C-12
8 166.0 H-8 (12.04) OH-8 «—» C-8 - -
Me 21.9 H-Me (2.50) H-Me €—» C-Me - H-Me —» C-2,C-4

Figure 2. COSY, HSQC, and HMBC correlations of the aromatic cycle A, B, and
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Table 3. In-vitro Antimicrobial Activities of Extracts and Isolated Compounds from Roots of R. .

Bacterial strain The diameter of zone of inhibition in mm (M+SD) Gentamycin DM¢S
PE CE AE ME

S. aureus 9.5+0.7 17.5+1.4 21.0+1.4 18.0+0.1 34.5+0.7 NI
P. aeruginosa NA 12.5+0.7 15.5+0.4 13.0+0.1 30.5+0.7 NI
E. coli 10.5+0.7 14.0+0.2 18.0+0.4 13.5+0.7 32.0+0.1 NI
K. pneumoniae NA 11.5+0.7 22.5£0.7 15.0+0.2 30.0+0.1 NI
Gentamycin - - - - - -
DMSO - - - - - -
Fungal strain Mancozeb

C. albicans 9.0+1.4 12.0+0.1 17.5+0.7 13.0£3 20.5+.07 NI
S. cerevisiae 7.5£0.7 10.0+0.7 15.0+0.7 15.0+1.4 24.5+0.7 NI
Mancozeb - - - - - -
DMSO - - - - - -

Key :

PE= petroleum ether extract, CE=chloroform extract, AE=acetone extract, ME=methanol extract, C-1 Compound-1, C
Not active, DMSO = Dimethyl sulfoxide, M£SD = Mean + Standard Deviation
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SI6a: 'HNMR spectral data of compound-2.
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SI11b: Antibacterial activity of isolated compounds (1 and 2) from the root of R.
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SI12b: Antifungal activity of isolated compounds (1 and 2) from the root of R. ¢
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