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Background: In spite of the great advances in modern medicine in recent decades, medicines of plant origin are still in use for several 
ailments in different parts of the world. There is always an urge to develop novel, effective and inexpensive antimicrobials. This study 
was aimed to evaluate the antimicrobial activity and phytochemical composition of the leaf extract of Clematis hirsuta against selected 
human bacterial and fungal pathogens.
Methods: The crude extracts of C. hirsuta leaves were prepared with five different solvents of varying polarity. Agar well diffusion 
assay on five different species of ATCC organisms, four clinical bacterial isolates, and four clinically isolated fungi were performed. 
The tube dilution method was used to determine the minimum inhibitory concentrations and the selected extract was subjected to bio- 
assay-guided fractionation using column chromatography and the active fraction obtained were pooled and GC-MS, FT-IR, and CHN 
analysis were conducted, and this study is actually bioassay-guided research.
Results: A varying patterns of antimicrobial activity against tested microorganism was observed. Acetone extract showed the highest 
spectrum of activity (17–32mm) in the well diffusion assay against bacteria and 16–23mm in the case of fungi. The MIC ranged from 
7.5–60 mg/mL in the case of bacteria and 15–60 mg/mL against fungi. The bioassay-guided column chromatography of the acetone 
extract followed by GC-MS showed the presence of three major compounds, specifically O-ethylhydroxylamine (43%), 2-ethyl 
heptanoic acid (20.6%), and 1-nonyl cycloheptane (19.5%). The finding was confirmed by FT-IR and elemental analysis of TLC- 
separated fractions.
Conclusion: The acetone extract showed better antimicrobial activity and the least minimum inhibition concentrations against 
bacteria compared to fungi. The observed antibacterial can be assigned to the presence of alkoxy amine, alkyl aliphatic acids, and 
cycloalkane. The overall findings substantiate the traditional usages of the parts of this plant, especially the leaves, in managing 
infectious diseases.
Keywords: antimicrobial analysis, Clematis hirsuta, pathogenic organisms, phytochemical analysis

Introduction
Infectious diseases are causing significant morbidity and mortality worldwide, and epidemiological data show that six of 
the ten top causes of the overall disease burden among children correspond to infectious diseases.1 Drug-resistant 
microbe are becoming a severe problem in both the developing and developed countries; WHO lists antimicrobial 
resistance as one of the top ten global public health threats to humanity.2 The alarming incidence of antibiotic resistance 
exhibited by bacteria and fungi create a constant need for introducing new and effective therapeutic agents. However, 
most of the available antibiotics have some sort of adverse effects; some are immuno-suppressants, and many end up in 
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allergic reactions.3 Despite the increasing drug resistance to common pathogens, the non-availability of modern 
medicines in developing countries, particularly in many African nations is challenging. Moreover, the cost factor is 
escalating, resulting in heavier hospital bills. There are several contributing factors, including the fast population 
growth.4

The demand for plant-derived isolable components which are medicinally is ever-increasing due to the adverse side 
effects associated with purely synthetic antibiotics and the high prevalence of drug-resistant microbial strains.5,6 In 
addition, the increase in the number of cases of opportunistic infections related to AIDS, and immunosuppressive 
chemotherapy, clubbed with the toxicity of many antibacterial and antifungal drugs, have imposed severe pressure on 
clinicians to look for alternative and novel therapeutic agents.7,8 Notwithstanding the global decline in the magnitude of 
contagious diseases, six of the top ten causes of mortality in low-income countries, even today, are associated with severe 
infections.1,4

Several types of mechanisms can be proposed to correlate the efficacy of phytochemicals in curing infections with 
their diverse molecular structures and functional identities. They may subjugate the growth of microorganisms by 
interfering with some of the microbial metabolic processes or may even modulate the gene expressions and signal 
transduction pathways.9–11 Secondary metabolites contained in plants may exhibit different modes of action against 
a number of fungi and bacterial strains and are probably linked to the alteration of the cytoplasmic membrane, disruption 
of proton motive force, electron flow, active transport, and even the coagulation of cell contents.12–14

In Ethiopia, several plant species continue to be the most affordable and easily accessible sources of medicines for 
treating different infectious diseases in humans and livestock. In most cases, medicines extracted from traditionally 
identified plants are utilised.15,16 However, many medicinal plants are not well studied or systematically evaluated in 
terms of their antimicrobial and phytochemical potentials. Ethno-botanical studies proved that there are about 6500 to 
7000 promising medicinal plant species in Ethiopia, of which approximately 12% are endemic.17–20

Clematis hirsuta family of Ranunculaceae has a local name of “Yeazo Areg” in Amharic and “Hidafeti” in the Afan 
Oromo region of Ethiopia. It is a woody climber, several meters long; young stems are densely hairy, but usually they 
become glabrous later. The leaves are pinnate with five leaflets; rarely bi-pinnate; well-developed leaves are often 
associated with inflorescence. The leaflets are sub-orbicular to ovate, more or less acuminate to sub-obtuse at the apex, 
cordate to rounded at the base and are often found with a central lobe and shorter lateral lobes on each side.21,22

Earlier ethnobotanical studies revealed that different parts of this plant are used to treat swellings and wounds.23 

Crushed leaves are applied on swellings as a bandage, and sometimes, the chopped stem is also used for this purpose, 
whereas the latex can be applied over wounds.23 Several species of the genus Clematis have been widely used in folk 
medicines in many countries. For instance, the decoction made from the fruits and leaves of C. vitalba is used for treating 
oral inflammation and rheumatic pain24,25 and the leaves of another species, C. drummondi are used as a disinfectant and 
antibiotic.26 There exists, however, a shortage of information on the antimicrobial activity of the title plant, particularly in 
Ethiopia. Therefore, this study is aimed to assess the phytochemical compositions and antimicrobial activity of C. hirsuta 
leaf extracts against a battery of pathogenic bacteria and fungi.

Methods
Study Design
An in-vitro bioassay-guided study was done to determine the phytochemical compositions and antimicrobial activity of 
C. hirsuta leaves extracted in six different solvents.

Collection and Extraction of C. hirsuta Leaves
Leaves of C. hirsuta were selected for this study based on the ethnobotanical details and information linked to its 
traditional utilisation in the cure of infectious diseases. Leaves of matured plants were collected from Nekemte in the 
western part of Ethiopia (latitude and longitude of 95’N and 36 33’E). The plant was taxonomically identified with the 
aid of an eminent plant taxonomist (Dr Garuma Gerbaba, Addis Ababa University, Ethiopia), and specimens were 
deposited in the Department of Medical Laboratory Sciences, College of Medicine and Health Sciences, Arba Minch 
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University (Voucher No. GAP 015) for future reference. Before solvent extraction, leaves were washed to remove dust 
and other associated debris and were chopped into small pieces and dried under shade to prevent photolysis and thermal 
degradation and finally ground to convert to coarser powder.

The secondary metabolites were isolated employing an immersion extraction process using appropriate solvents as 
described in detail previously.27–32 In a typical experiment, fifty grams of coarsely powdered dry leafy material was 
pulverised in a ceramic mortar carrying heavy round-ended pestle using six different solvents separately (200 mL each) 
(chloroform, ethyl acetate, acetone, absolute ethanol, methanol, and distilled water) of increasing polarity, at room 
temperature. The extracts were kept in an orbital shaker at 100 rotations per min for 24 hours at room temperature and 
were then filtered using a sterilised Whatman No. 1 filter paper and were evaporated to remove the excess solvent in a rotary 
vacuum evaporator at 40°C (Yamato RE 801, Japan); residues devoid of solvents were stored at a temperature of −20°C 
until further use. All solvents and chemicals used were of analytical reagent grade procured from Fisher Scientific co.

Culture and Maintenance of Test Microorganisms
The antimicrobial assay was carried out on a panel of three groups of microorganisms, such as ATCC standards 
(Staphylococcus aureus (ATCC-25923), Salmonella enterica (ATCC-10708), Klebsiella pneumoniae (ATCC-700603), 
and Escherichia coli (ATCC-25922)); clinical bacterial isolates (Pseudomonas aeruginosa, Shigella sp., E. coli, and 
S. aureus) and clinical fungal isolates (Candida albicans, Penicillium spp. Aspergillus flavus, and A. niger). They were 
obtained from the Ethiopian Public Health Institute and Arba Minch General Hospital. All bacterial strains were 
maintained on nutrient agar slants (Hi-Media) at 37°C±0.1°C. Sabouraud Dextrose agar slant (Hi-Media) was used for 
the routine propagation of fungi.30–34

Agar Well Diffusion Assay
Aliquots of the crude leaf extracts in respective solvents (10 mg/mL) were prepared and tested to find their antibacterial 
activity against human pathogens mentioned above, as per the agar well diffusion assay described previously.29,30 Sterile 
Mueller-Hinton agar (Hi-Media) was the medium used. Inoculums were prepared from overnight cultures and suspended 
in nutrient broth, and the turbidity was adjusted to 0.5 Mc Farland standard. Afterwards, the test organisms were 
uniformly swabbed, and a six-millimetre diameter well was made using a sterile cork borer. About 50 µL of the extract in 
each solvent separately (10 mg/mL) was added to the wells; Petri plates were then incubated for 24 hours at 37°C, and 
the inhibitory activity was measured by calculating the diameter (millimetre) of the inhibition zone around the wells. The 
antifungal assay was performed on Sabouraud dextrose agar (Hi-media). The cell suspensions of respective fungal 
isolates were evenly inoculated; wells were prepared and carefully filled with 50 μL of the leaf extract. Each solvent used 
for the respective extraction and dilution was considered as the negative control to validate inferences. All the assays 
were performed in duplicates. The diameter of the zone of inhibition after 48 hours, corresponding to the activity, was 
calculated.30–34

Determination of MIC
The tube dilution method was employed to determine the MIC of bacteria, whereas the agar dilution method was applied 
to determine the MIC of fungal isolates. For the latter test, the crude leaf extract was converted into a stock solution of in 
respective solvents (200 mg/mL) and was dispensed into a double-strength sterilised molten SDA at 45°C in a water bath. 
A dosing range corresponding to a factor of 2 (antilog 0.3) (100, 50, 25, 12.50, 6.25, 3.125, 1.56 and 0.78 mg/mL) was 
applied. These diluted extracts were then mixed with agar and poured aseptically into a sterile Petri dish. A suspension 
(equal to 0.5 McFarland standard) of each fungal isolate was added, and the dishes were kept at 27°C for 48 hours. The 
minimum dilution of the extract that completely inhibited the growth of each test organism corresponds to MIC. The 
positive and negative controls comprised sterilised SDA plates, inoculated with each test organisms with and without the 
solvent used for extraction, respectively.30–34

The tube dilution method was carried out on nutrient broth in the case of bacterial isolates and the dosing range 
remained the same as in the case of fungi. Tubes were aseptically inoculated with suspensions (equivalent to 0.5 
McFarland standard) of each bacterial isolate and were incubated at 37°C for 24 hours; the minimum dilution of the 
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extract without turbidity corresponds to MIC. The positive and negative controls comprised broth inoculated with each 
test organism with and without the extraction solvent, respectively.30–34

Bioassay-Guided Column Fractionation
An aliquot of the solvent free crude Me2CO extract (5 gm), the most bioactive one was chromatographed on a silica gel 
(60–120 mesh) (Merck) column packed using hexane and was eluted with a mixture of hexane and ethyl acetate of 
varying volume ratio (9:1 of hexane and ethyl acetate and 100% ethyl acetate) yielding ten fractions. Individual fractions 
were collected and subjected to the antimicrobial assay, after carefully evaporating the solvent off and then preparing 
a solution of concentration 1 mg/mL, in EtOAc. The three fractions eluted using hexane and ethyl acetate (eluent 
mixtures rich in EtOAc, ie, 80, 90, and also 100% EtOAc) were found to retain consistent activities against the tested 
microorganism and were further pooled and subjected to gas chromatography-mass spectroscopy.31 The remaining seven 
fractions were discarded from analysis due to inconsistent and marginal activities.

Gas Chromatographic and Mass Spectroscopic Analysis (GC-MS)
The pooling of fractions was done by blending the obtained volumes (ie, 70, 60 and 100 mL) of the three consistently 
bioactive fractions collected as it is (as described above). After mixing (pooling), the solvents (hexane + EtOAc) were 
completely removed by means rotavap. The pooled active column fraction was then subjected to gas chromatographic 
and mass spectroscopic analysis, after proper dilution prior to injection in EtOAc. The concentration remained 
approximately 5 µg/mL. Shimadzu QP-2010 GC-MS system equipped with a capillary column, Rtx 30 m and 
0.53 mm internal diameter (RESTEK, USA) and flame ionization detector was used. The temperature of the GC oven 
was kept at 100°C for two minutes and was further programmed to 280°C at the rate of 10°C/min and then kept at 280°C 
for 13 min. The split ratio was 1:25, and the injection volume was 2 μL of sample and linear velocity of 30 cm−1. The 
injection port and detector port temperatures were 260°C and 250°C, respectively. The helium, 5.0 Pas was the carrier 
gas with a flow rate of 40 mL/min. The GC-MS electron ionisation mode was 150 eV. The mass scanned ranged 
between m/z 20–500 amu (70 ms accumulation time), and the eluted components from GC were subsequently subjected 
to mass spectral analysis. Active constituents were identified based on the retention indices and by comparing the mass 
spectra with the National Institute of Standards and Technology Library of mass spectral data.31,32

Preparative TLC
The highly active pooled column fractions were further fractionated using thin layer chromatographic (TLC) plates 
(Merck TLC plates (20 × 20 cm, aluminium plates, silica gel 60 f254)) with a 1:9 mixture of hexane and EtOAc. After 
the development of the chromatogram, the three resolved spots (F1, F2 and F3) were scraped out and extracted in EtOAc. 
The process was repeated to several times obtain sufficient quantities of individual components, which were further 
subjected to FT-IR analysis after evaporating the solvent.31,32

FT-IR Analysis
The functional groups in the isolated individual components present in the TLC fractions. ie, F1, F2 and F3 were 
analysed and identified by recording the spectra between 400 and 4000 cm−1 (FT-IR spectrometer; Thermo Fisher).31

Elemental Analysis
Elemental analyses were done in a 5 E- series C/H/N elemental analyser (5 E-CHN 2200) and determined the carbon, 
hydrogen, and nitrogen contents in individual samples obtained from the preparative TLC.31

Statistical Analysis
Descriptive statistics were used to summarise the data; a one-way analysis of variance was used to compare the influence 
of solvents used for extraction and the differences in susceptibility of the test microorganisms. It was carried out using 
the SPSS version 25; P-values <0.05 were considered statistically significant.
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Ethical Considerations
Prior to data collection, ethical clearance was obtained from Arba Minch University, College of medicine and public 
health ethical review committee. All important ethical issue was considered while collecting the medicinal plant and 
determining antibacterial and antifungal activity of the medicinal plants the test pathogenic organisms were handled with 
great care.

Results
Antimicrobial Activity of C. hirsuta Leaf Extracts
The leaf extract of C. hirsuta showed broad and high antimicrobial activities against the tested pathogenic bacteria and fungi. 
The highest zone of inhibition was observed against the reference isolate, E. coli, in the case of the acetone extract (32 mm), 
followed by ethanolic extract (30 mm). The chloroform extract also showed some antimicrobial activity (P = 0.019), whereas 
the aqueous extract was found to be ineffective in most of the cases, except against Shigella sp. and C. albicans. There is no 
considerable difference among the test microorganisms in terms of their susceptibility to the extracts, except in the case of 
Salmonella and the standard strain, E. coli, irrespective of the solvent used for extraction (P = 0.043) (Table 1).

Minimum Inhibitory Concentrations
The MIC values of crude extracts ranged from 7.5 to 60 mg/mL for all tested microorganisms. Comparatively, ethanolic 
and methanolic extracts required only minimum concentrations to inhibit the growth of tested fungal isolates (15 to 
30 mg/mL); however, all the other three non-aquos extract showed higher MIC values (15 to 60 mg/mL) (Table 2).

Bacterial isolates were found to be more susceptible with regard to the level of minimum inhibitory concentrations, 
compared to the fungal isolates. Among the tested bacteria, the standard strain, E. coli, was inhibited by a relatively 
lower concentration of the leaf extract (7.5 to 30 mg/mL). In contrast, the concentrations of extracts required to inhibit 
Salmonella (30 to 60 mg/mL) and Shigella (15 to 60 mg/mL) were comparatively higher (Table 2).

Table 1 Antimicrobial Activity of C. Hirsuta Leaf Extracts Against Test Organisms by Agar Well Diffusion Assay

Category of the Test 
Organism

Species of the Test 
Organism

Zone of Inhibition (mm)

Acetone Chloroform Ethyl Acetate Ethanol Methanol Water

Bacteria S. aureus (ATCC) 20 18 19 19 20 –

E. coli (ATCC)a 32 24 26 30 26 –

S. aureus 18 13 18 15 18 –

E. coli 20 18 22 21 19 –

K. pneumoniae (ATCC) 27 22 16 24 20 –

Shigella sp. 26 14 14 16 18 10

Salmonella enterica (ATCC)b 17 15 18 16 13 –

P. aeruginosa 20 14 18 16 16 –

Fungi C. albicans 23 21 20 22 23 12

Penicillium sp. 18 13 12 21 20 –

A. niger 16 12 14 26 22 –

A. fumigatus 18 14 11 25 23 –
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Activity of Column Fractions
The crude Me2CO extract was fractionated using column chromatography with a number of mixtures of hexane and 
EtOAc of varying volume ratios. The fractions obtained were subjected to antimicrobial assay. As mentioned earlier, the 
residual antimicrobial activities of fractions were determined against a particular Gram-positive and Gram-negative 
bacteria, they are S. aureus and E. coli, respectively. In the agar well diffusion assay, fractions obtained by using eluents 
such as mixtures of 1:8 and 1:9 (v/v) of hexane, EtOAc as well as 100% EtOAc showed remarkable activity against both 
the tested pathogens S. aureus (18 ± 2.1 mm) and E. coli (26 ± 2.5 mm). The activity of the remaining fractions were 
found to be inconsistent and only marginal and therefore were discarded from further evaluation and analysis, since this 
is a bioassay-guided study.

Identification of Chemical Constituents
The chromatogram of chemical constituents of the pooled active column fractions identified by GC-MS analysis is shown 
in Figure 1. Three main components contained in the pooled active fractions were found to be O-ethylhydroxylamine 
(43%), 2-ethyl heptanoic acid (20.6%), and 1-nonyl cycloheptane (19.5%) as per the NIST library, which comprise the 
base peaks, molecular ion peaks, and the typical fragmentation patterns. Several minor compounds also exist, as shown in 
Table 3. The highly active pooled column fractions were further purified by preparative TLC, which yielded only three 
fractions with diverse Rf values, ie, F1-0.92, F2- 0.69, and F3- 0.41. The procedure was repeated to accumulate sufficient 
amounts of these three fractions to obtain the FT-IR spectrum.

As per the FT-IR spectra of the three fractions obtained (Table 4) from the preparatory TLC, three individual 
components were identified corresponding to F1, F2 and F3; F1 was found to be an alkyl-substituted cycloalkane, with 
specific IR bands at 2850–3000, 1440–1470, and 1380 cm−1 corresponding to C-H stretching, C-H bending and -CH3 

scissoring, respectively, as described in Table 2. At the same time, the fraction F2 has shown several IR bands such as 
3400 (broad), 2971, 1721, 1419, 1296, and 948 cm−1 matching with O-H stretching, C-H stretching, C=O stretching, 
O-H bending, C-O stretching, O-H bending (out of plane) vibrations, respectively, and hence the compound could be an 
alkyl substituted aliphatic acid.

Table 2 Minimum Inhibitory Concentrations of C. Hirsuta Leaf Extracts Against Test Organisms

Category of the Test 
Organism

Species of the Test 
Organism

MIC (mg/mL)

Acetone Chloroform Ethyl Acetate Ethanol Methanol

Bacteria S. aureus (ATCC) 15 60 30 30 30

E. coli (ATCC) 7.5 30 15 7.5 15

S. aureus 60 60 30 60 30

E. coli 30 60 15 15 60

K. pneumoniae 60 30 60 15 30

Shigella sp. 15 60 60 60 60

Salmonella sp. 60 60 30 60 60

P. aeruginosa 30 60 30 60 60

Fungi C. albicans 15 30 30 30 15

Penicillium sp. 60 60 60 30 30

A. niger 60 60 60 15 30

A. fumigatus 60 60 60 15 15
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The third fraction, F3 showed IR bands such as 3250–3330 (well-defined), 3350–3400 (well-defined), 650–850 (broad), 
1580 to 1600, and 851–840 cm−1 corresponding to N-H stretching (symmetric), N-H stretching (asymmetric), -NH2 out of 
plane wagging, -NH2 scissoring and -CON stretching vibrations (very typical of alkoxyamines), respectively. Results from 
the elemental analysis of F1, F2 and F3 perfectly match the theoretical values for 1-nonyl cycloheptane, 2-ethyl heptanoic 
acid, and O-ethyl hydroxylamine, as given in Table 5.

Table 3 GC-MS Analysis of Pooled Active Column Fractions

No. RT Name of the Compound MF & MW PA* % Base 
Peak m/ 
z

Molecular 
Ion Peak

Fragmentation Functional 
Group

1 12.26 O-Ethylhydroxylamine C2H7NO 
61

43 27 61 61, 43, 33, 29, 27 Alkoxy amine 
(aliphatic)

2 26.68 Ethylene glycol diallyl ether C8H14O2 

142
1.5 57 Not 

obtained
73, 60, 57 Allyl Ether

3 30.41 3-Butanoic acid, ethyl ester 114 
C6H10O2

1.8 55 Not 
obtained

69, 55, 41, 29 Alkyl ester

4 31.08 2-Ethyl-heptanoic acid C9H18O2 

158
20.6 88 Not 

obtained
101, 88, 73, 69, 
55, 29, 27

Ethyl substituted 
aliphatic acid

5 33.01 Propanoic acid, 2-methyl-, 2-ethyl- 
1-propyl-1,3-propanediyl ester

C16H30O4 4.3 43 Not 
obtained

81, 71, 69, 57, 
43, 41

Alkyl ester

6 34.2 1-nonyl cycloheptane C16H32 

224
19.5 55 Not 

obtained
97, 81, 69, 55 Alkyl substituted 

cyclo alkane

7 34.75 (2S,3S)-(-)-3-Propyloxiranemethanol C6H12O2 

116
3.4 55 Not 

obtained
83, 73, 55, 43, 29 Alkyl substituted 

oxiranealcohol

8 37.4 3-Hexene, 2.4-dimethyl- 112 
C8H16

3.8 55 Not 
obtained

97, 83, 69, 55, 41 Dialkyl olefin

Note: A peak area below 0.5% is not considered.

Figure 1 Chromatogram obtained from the GCMS analysis of pooled active column fraction.
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Discussion
All the five non-aqueous leaf extracts of C. hirsuta showed promising antimicrobial activity in agar well diffusion assay. 
The values of minimum inhibitory concentrations obtained are impressive. Only lower concentrations of the leaf extracts 
were needed to inhibit test microorganisms. In a previous study, methanol (80%) and chloroform extracts of C. hirsuta 
showed antimicrobial activity against some pathogenic bacteria.35

In our current study, the aqueous extract of C. hirsuta showed only a weak antimicrobial activity; only Shigella sp. 
and C. albicans were susceptible to this extract at a concentration of 60 mg/mL. All the other five extracts showed 
significant antimicrobial activities against the tested microorganisms. Salmonella and the standard culture, E. coli, 
showed significantly varying susceptibility profiles, and other test microorganisms had no notable differences in a pair- 
wise comparative analysis done among them. Antimicrobial activities of chloroform and 80% methanol extracts of 
C. hirsuta were determined in an earlier study in Ethiopia and the highest zone of inhibition was 12.33 mm;35 the zone of 
inhibition obtained in our study was, however, higher (at 60 mg/mL concentration). This variation could be attributed to 
the difference in the method of antimicrobial analysis employed, ie, agar well diffusion and disc diffusion assays.

Table 5 CHN Analysis of F1, F2 and F3 Fractions from the Preparative Analysis

No. Compound Structure Element Percentage

C H N O*

1 O-Ethylhydroxylamine
H2N

O

39.31 11.53 23.1 36.1

2 2-Ethylheptanoic acid 67.95 11 - 21

3 1-nonyl cycloheptane 85.3 14.3 - -

Note: *By difference.

Table 4 FT-IR Analysis of TLC Fractions

No Compound IR Band (cm−1) Corresponding Vibrations

1 O-Ethylhydroxylamine 851–840 CON stretching vibration (very typical)
1580 to 1600 -NH2 scissoring

650–850 (broad) -NH2 out of plane wagging
3350–3400 (well defined) N-H stretching (asymmetric)

3250–3330 (well defined) N-H stretching (symmetric)

2 2-Ethylheptanoic acid 3400(broad) O-H stretching
2971 C-H stretching
1721 C=O stretching

1419 O-H bending

1296 C-O stretching
948 O-H bending (out of plane)

3 1-nonyl cycloheptane 2850–3000 C-H stretching (-CH3 and -CH2 - groups)
1440–1470 C-H bending (-CH3 and -CH2 - groups)

1380 (weak) -CH3 scissoring
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The MIC values corresponding to the leaf extracts of the title plant in different solvents are more or less at par with 
the results of the qualitative agar well diffusion assay. Our findings indicate that extractions done using acetone and 
ethanol are worthy because of the lower MIC values obtained corresponding to several bacterial and fungal pathogens 
tested using these extracts. The least value of inhibitory concentration was observed in the case of the standard strain, 
E. coli (7.5 mg/mL for acetone and ethanol extract each), whereas both acetone and methanol extracts were equally 
effective against C. albicans with the same value, which is also the lowest. Similar is the case of A. fumigatus, where 
methanol and ethanol extracts showed an identical performance (15 mg/mL).

Extensive research on the phytochemical and biological aspects of some Clematis sp., including C. hirsuta grown in 
Saudi Arabia, revealed their antimicrobial and anti-inflammatory activities.36 Especially, the volatile constituents con-
tained in C. hirsuta showed remarkable antimicrobial activities against Gram-positive and negative bacteria and the 
fungus C. albicans. For instance, in the case of B. subtilis, S. aureus and C. albicans the MIC corresponded to 
a concentration of 0.2 mg/mL of the plant extract. However, in the case of E. coli, the MIC value was 0.45 mg/mL.36 

This great disparity in MIC values can be correlated to several factors, such as the nature of the crude extract, fluctuations 
in concentrations of metabolites, cytoplasmic permeability, and virulence factors associated with different types of 
bacteria.36

Various members coming under this species contain a diverse array of chemical constituents, such as carbohydrates, 
flavonoids, tannins, triterpenes/sterols, and fatty acids having multiple functionalities.36 Important drug leads for 
a number of infectious diseases have long been known, and many of them are constituents of secondary metabolites 
obtained from several species. Depending on GC-MS, FT-IR and elemental analysis, three major secondary metabolites 
from the C. hirsuta leaf extract were identified in our study; these three major compounds are O-ethyl hydroxylamine, 
2-ethyl heptanoic acid and 1-nonyl cycloheptane. The minor compounds include 3-hexene, 2.4-dimethyl-, propanoic 
acid, 2-methyl-, 2-ethyl-1-propyl-1,3-propanediyl ester, and (2S,3S)-(-)-3-propyloxirane methanol. Surprisingly, 
C. hirsuta has not yet been shown to contain these three compounds in much greater proportions in earlier studies as 
seen in this work.

The most prominent compound, as per the peak area in GC-MS analysis and FT-IR of TLC fraction, is O-ethyl 
hydroxylamine, which is an aliphatic primary amine. The hydroxylamine derivatives, especially N-substituted hydro-
xylamine compounds, have antimicrobial activity, and they act as radical scavengers and inhibit the ribonucleotide 
reductase enzyme.37 However, similar properties of O-ethyl hydroxylamine are not much described in the open literature. 
As per Duke’s Phytochemical and Ethnobotanical databases, O-ethyl hydroxylamine has anti-tumour and anticancer 
activities.38 Amine compounds found in some plant cells are responsible for the high responsivity of plants to the 
development and also to environmental signals. Also, amines are needed for the growth of the plant and the smooth 
cellular metabolism in them. In other words, phytochemicals containing amine functionality fulfil a series of roles in 
cellular metabolism and also they integrate the micro-evolutionary signals.39

The second most predominant compound identified is 2-ethyl heptanoic acid, an aliphatic monocarboxylic acid (short- 
chain fatty acid); short and medium-chain fatty acids possess some antimicrobial activity.40 Search results from Duke’s 
phytochemical and ethnobotanical databases showed that 2-ethyl heptanoic acid had been detected in plant species such 
as Sarcostemma acidum, Hymenocardia acida, Cicca acida, Rumex acetosella, Phyllanthus acidus, Citrus acida and 
Uncaria acida.38

The third most abundant compound found in the analysis of the extract is nonyl cyclo-heptane, which is an alkyl- 
substituted alicyclic compound. It is a hydrocarbon contained in flowers and leaves of plants such Thevetia peruvian and 
Plumeria rubra;41 essential oils from these plants have shown antimicrobial activity against S. aureus, E. coli, 
P. aeruginosa and C. albicans.41 Cycloheptane has also been detected in other plants, such as Piper guineense and 
Cnidoscolus quercifolius.42,43

According to an extensive literature survey conducted as part of this study, we found that protoanemonin is the major 
volatile compound in plants belonging to the Ranunculaceae family, along with thirty-five other components. Those 
involve butylated hydroxytoluene, phenyl ethyl alcohol, carvacrol, benzyl alcohol, and lipoxy linalool.36 When extracted 
using butanol, the aerial parts of the title plant gave protoanemonin in large excess. However, in our study, we could not 
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find the presence of this compound; variations in the type and the concentration of individual compounds found during 
such phytochemical analysis could be attributed mainly to the specific plant part extracted and solvent systems used.

It is reported that the amount, composition, and proportions of phytochemicals in many plant species are influenced by 
a variety of internal and external factors, such as the age of the plant, extent of pollution, evolution, climate, type and pH of 
the soil, plant materials studied (leaves, flowers, etc.), altitude, precipitation, or even stress conditions that can inhibit or 
trigger the occurrence of specific compounds within the plants.44,45 Other factors influencing the presence or absence of 
compounds with particular bioactivities are the timing of harvest, storage temperatures, the type of solvent used, extraction 
methods, and several other procedural factors involved.46 In the present study, the factors mentioned above would have 
contributed a lot, and there can be some variations in terms of the type of phytochemical constituents and the therapeutic 
activity. We have not studied the activity of individual compounds; there can be a synergistic effect exerted by all the major 
and minor compounds in the plant extract. Nevertheless, as per an extensive literature survey conducted and to the best of 
our knowledge, this is the first report describing the phytochemical analysis of the Ethiopian C. hirsuta leaf extract and its 
antimicrobial activity. The GC-MS, FT-IR, and elemental analysis of leaf extracts in the solvent acetone revealed the 
presence of three major compounds such as O-ethyl hydroxylamine, 2-ethylheptanoic acid, and 1-nonyl cyclo-heptane, 
along with certain minor compounds viz., 3-hexene, 2.4-dimethyl-, propanoic acid, 2-methyl-, 2-ethyl-1-propyl-1,3-pro-
panediyl ester and (2S,3S)-(-)-3-propyloxiranemethanol. This study is significant in providing inspiring leads for future 
research, especially in the background of the emergence of drug-resistant bacteria. Further in-depth studies related to the 
mode of bioactivity and in vivo toxicity may bring forth new drug leads helping the control of human bacterial and fungal 
pathogens.

Other than the existing pathogens (bacteria and fungi), various newly emerging and remerging variants impart 
detrimental effects on human health and economy. For instance, SARS CoV-2, Zika, Nipah, dengue, and chikungunya 
have resulted in severe damages to millions.46–50 In addition, numerous human oncogenic viruses, such as HBV, HCV, 
EBV, and HPV, are responsible for 18% of cancers. Several antiviral drugs or vaccines are available to manage them 
effectively, however emerging drug resistance pose serious threats. Therefore, physical scientists and medical researchers 
are interested in the diverse applications of secondary metabolites from terrestrial and marine flora. Ethnomedicines are 
gaining popularity due to their safe and broad-spectrum activity over synthetic drugs. Herpes Simplex Viruses, Dengue, 
and Chikungunya are just a few examples of infections controlled by medicinal plants.51–53 The results of the present 
study point towards the fact that C. hirsuta is a rich and novel source of drug leads for antimicrobials. Further 
comprehensive studies on the in vivo medicinal properties of this plant are warranted.
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