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Introduction  

Tuberculosis (TB), a chronic bacterial infection caused by 

Mycobacterium tuberculosis, is reported to rank as the thirteenth 

leading cause of death worldwide and the second leading cause of 

death from a single infectious agent after COVID-19.
1
 Multi (MDR), 

extensively (XDR), extremely (XXDR), and total (TDR) drug-

resistant strains of the bacterium have emerged in the last two decades 

as a threat to global public health emphasizing the urgent need to 

develop new tuberculosis (TB) therapeutic strategies. The global 

economic cost implication of drug-resistant (TB) currently stands at 

16.7 trillion US dollars.
2
 There has been considerable interest in 

developing potential drugs from medicinal plants for treating 

tuberculosis. Ibekwe et al carried out an ethnobotanical study on 

traditional recipes composed mainly of plants that were used in 

Nigeria for the management of tuberculosis and related symptoms. 

Their findings revealed that Bacillus Camille Guerin (BCG) was 

susceptible to 69% of the recipes with activities at ≤ 500 µg/mL–2500 

µg/mL.
3
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Nigeria is endowed with a rich biodiversity of medicinal flora and a 

large percentage of the population domiciled particularly in the rural 

areas depends on the traditional medicine system for their primary 

health care. Cissampelos owariensis and Cissampelos mucronata both 

belonging to the family Menispermaceae are important medicinal 

plants, much widely spread over Africa and grow in a variety of 

habitats. They both have close physical similarities and more so, they 

are used for similar therapeutic purposes making it often difficult to 

distinguish between the species.
4
 Thus the roots of both plants are 

used to treat chronic cough and the anti-tubercular potentials of both 

plants have also been reported.
5,6

 An infusion of the bitter rhizome, 

leaves or stems of C. owariensis P. Beauvais is used to cure 

gastrointestinal complaints such as diarrhoea, dysentery, colic, and 

intestinal worms, and in the treatment of urogenital ailments such as 

menstrual problems, venereal diseases and infertility.
7,8

 The leaves and 

rhizomes or their ash are widely used in various forms to treat 

abscesses, ulcers and scabies.
9
 In Nigeria, the plant is reported to be 

used in the treatment of lung diseases.
10  

Two sesquiterpenes and other 

chemical constituents have been isolated from the roots of this plant 

species.
6,11

 The root extracts were reported to have displayed 

antimycobacterial activity against three different strains of M. 

tuberculosis.
6
 The rhizome of C. mucronata A. Rich, on the other 

hand, is used in West African countries for the treatment of catarrh, 

tonsillitis, cough, oedema, and lung infections, and similar to C. 

owariensis, also used to prepare arrow poisons in Nigeria.
4
 In the East 

of Africa, the rhizome decoction is administered for the treatment of 

fever caused by malaria or jaundice while the sap is formulated as ear 

drops to treat ear aches.
4
 Furthermore, in Southern parts of Africa, the 
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Two Nigerian medicinal plants Cissampelos owariensis and Cissampelos mucronata 

(Menispermaceae) are commonly used in traditional medicine for the management of 

tuberculosis-related symptoms. The rationale behind this study is based on the fact that the two 

plants possess similar appearances thus often mistaken for each other, and both have also been 

reported for antimycobacterial activity. Hence, the objective of this study was to profile the 

chemical constituents of the two plants, establish their respective chromatographic fingerprints 

as an identity marker, and compare their bioactivities against two Mycobacterium species. 

Aqueous methanol extract of the roots of both plants was screened for their secondary 

metabolite contents and were also evaluated for their action against Bacillus Camille Guerin and 

Mycobacterium smegmatis.  Alkaloids, flavonoids, steroids and terpenes were present in both 

plant extracts. In-vitro antimycobacterial assay showed that the extracts of C. owariensis and C. 

mucronata inhibited the growth of M. smegmatis at 3.13 mg/mL and 6.25 mg/mL, respectively 

and was bactericidal at 6.25 mg/mL and 12.5 mg/mL, respectively. Against BCG, the extract of 

C. owariensis displayed inhibitory and bactericidal properties at 0.39 mg/mL and 0.78 mg/mL, 

respectively, and C. mucronata at 3.13 mg/mL and 6.25 mg/mL, respectively. This indicates that 

both strains of the Mycobacterium were more susceptible to C. owariensis than C. mucronata in-

vitro. The HPLC fingerprint results were non-identical for the two plant extracts, and 

comparison with their alkaloid fraction chromatograph revealed that the crude extracts consisted 

largely of alkaloids. This study has established distinguishable chromatographic profiles 

between the two species. 
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rhizome is used as an ingredient in the treatment of cough, headache, 

neck pain, lumbago, bilharzia, and wound healing.
12

 All the plant parts 

of C. mucronata are rich in alkaloids; the classes of alkaloids detected 

include bisbenzylisoquinoline, aporphine, proaporphine and 

morphinane alkaloids.
4
 The root extracts of C. mucronata were 

reported to show anti-plasmodial properties, with activity against 

Trypanosoma cruzi and Trypanosoma rhodensiense, chloroquine-

sensitive and chloroquine-resistant Plasmodium falciparum strains.
13-15

 

Other pharmacological properties of the root extracts include sedative 

effect, antimicrobial, larvicidal, molluscicidal, anti-ulcer, uterine 

relaxant, and anti-tuberculosis activities.
5,16-21 

BCG is a slow-growing, 

non-virulent strain closely related in terms of genetic composition and 

drug susceptibility profiles to M. tuberculosis H37Rv, which is the 

representative virulent strain of the organism. M. smegmatis is a rapid-

growing non-virulent, saprophytic, surrogate Mycobacterium specie. 

Many researchers prefer to work with these strains because of the 

difficulty and practicability in meeting the biosafety guidelines for 

investigating M. tuberculosis H37Rv which demand the use of laminar-

flow hoods and level 3 facility equipment.
22

 The rationale behind this 

study is that closely-related plant species possessing similar 

appearances can often be mistaken for each other, and in this case, 

both species of Cissampelos have been reported for antimycobacterial 

activity and used traditionally for almost the same ailments. Hence, 

this study seeks to investigate both plants, profile their chemical 

constituents, establish their chromatographic fingerprints as a 

discriminating quality control marker, and compare their anti-

tuberculosis efficacy.
 

 

Materials and Methods 

General experimental procedures 

BCG and M. smegmatis ATCC 607 were cultured in the Diagnostic 

laboratories at the National Institute for Pharmaceutical Research and 

Development (NIPRD), Nigeria with Middlebrook 7H9 broth obtained 

from Difco, Detroit, Michigan. The organisms were reconstituted in 

Middlebrook 7H9 broth, supplemented with 0.2% (v/v) glycerol, 1.0 g 

of Casitone per liter, 10% (v/v), OADC (oleic acid, albumin, dextrose, 

catalase). All the reagents used for the HPLC fingerprinting were of 

HPLC grades, while those used for phytochemical screening were of 

analytical grades. HPLC analysis was performed on an Agilent 1100 

series equipped with a quadruple pump, degasser and a variable 

wavelength detector. Sample injection was carried out manually via a 

20 µL loop.  

 

Plant collection and identification 

The roots of C. owariensis were obtained from Suleja, Niger State, 

Nigeria while those of C. mucronata were collected from Abuja, 

Nigeria in February, 2020.  Specimens of both plants with voucher 

numbers NIPRD/H/7229 and NIPRD/H/7221, respectively were 

identified at the Herbarium Unit of NIPRD, Abuja. The plant materials 

were air-dried, pulverized and stored at room temperature.  

 

Preparation of crude extracts 

Three hundred grams (300 g) of the air-dried roots of C. owariensis 

and C. mucronata were individually macerated in 3 L 90% aqueous 

methanol for 48 hours. Crude extracts coded COE and CME, 

respectively were obtained after recovery of the organic solvent using 

a rotary evaporator and were further dried over a water bath at 100 °C 

to remove the residual water.  

 

Extraction of crude alkaloid portions 

The crude alkaloid portion present in COE and CME was extracted 

using the method of Yu si et al.
23 

Ten grams (10 g) of COE was 

dissolved in distilled water and acidified with a sufficient volume of 

2M HCl to attain a pH of 2. The solution was then partitioned with an 

equal volume of ethyl acetate to remove the non-alkaloids. Thereafter, 

the aqueous portion was basified with 10 M NaOH to a pH of 10 to 

precipitate the alkaloids, which were then partitioned with 

dichloromethane (1:1). The separated dichloromethane layer was 

concentrated with a rotary evaporator to obtain the alkaloid-rich 

fractions of aqueous methanol extract of C. owariensis (coded COE-

A). Thin layer chromatography (TLC) analysis on the alkaloid rich 

fraction was performed in a solvent system of chloroform and 

methanol (4: 1) using Dragendorff’s reagent as a detector and an 

orange colouration of the separated spots confirmed the presence of 

alkaloids. The same procedure was repeated for CME and the crude 

alkaloid portion was coded CME-A. 

 

Qualitative screening of extracts 

COE and CME were qualitatively assessed for the presence or absence 

of secondary metabolites according to the standard procedures 

described by Khalid et al.
24

 

 

HPLC Fingerprint of the crude extract and the crude alkaloid extract. 

HPLC sample preparation was carried out by dissolving 5 mg of COE, 

COE-A, CME, and CME-A in 10 mL of absolute ethanol to achieve a 

concentration equivalent to 0.5 mg/mL of each sample. Each resulting 

solution was filtered using a 0.45 µm membrane filter. Thereafter, 20 

µL of each filtrate was injected into the HPLC for fingerprint analysis. 

Each injection was carried out in duplicates to ensure reproducibility. 

A suitable HPLC-UV method of separation (Purospher
®
 STAR RP-18 

endcapped column, 4.6 mm × 250 mm, 3 µm, Acetonitrile and 

distilled water as the mobile phase in an isocratic elution mode with 

the appropriate ratio determined per extract) was used for the 

fingerprint analysis after some method development procedures such 

as sample solvent optimization, mobile phase optimization and choice 

of HPLC column. The detection wavelength was set at 254 nm, the 

column temperature was ambient, and the flow rate was set at 0.7 

mL/min.  

 

Determination of minimum inhibitory concentration  

The broth-microdilution method as described by Caviedes et al and 

Ncube et al was employed in this study.
25,26

 BCG and M. smegmatis 

were the test organisms. Two grams (2 g) of COE and CME each were 

dissolved in 1 mL of dimethyl-sulphoxide (DMSO) using a vortex 

mixer and 9 mL of sterile distilled water was added to give a 

concentration of 200 mg/mL. A further 1:2 dilution was made to 

obtain 100 mg/mL as the starting working extract solution. 50 µL of 

sterile Middlebrook medium was dispensed into 96 well micro-plates. 

50 µL of extract solution was dispensed each into the labeled well first 

well (1:2) followed by serially transferring 50 µL of the mixture to the 

2
nd

 well and 3
rd

 well and so on to the 9
th
 well. The 10

th
, 11

th
 and 12

th
 

wells were extract sterility, media and organisms viability controls, 

respectively. The above procedure was carried out in triplicates. 0.02 g 

of rifampicin powder was dissolved in 10 mL sterile distilled water to 

afford a concentration of 0.002 mg/mL. 50 µL of rifampicin solution 

was dispensed as a positive control at the same concentration of 0.002 

mg/mL in all the wells. The 5-day cultures of BCG and M. smegmatis 

were adjusted to an optical density (OD) of 0.5 McFarland turbidity 

standard. 50 µL each of BCG and M. smegmatis was dispensed into 

the labeled 96 microplates and incubated at 37 
°
C for 7 days. The 

tetrazolium solution (dye) was added to the 96 wells for the 

monitoring of growth by the colour change in the inoculated wells. 

The highest dilution that inhibited the growth of the BCG or M. 

smegmatis was taken as the minimum inhibitory concentration (MIC) 

of each test sample.  

 

Determination of minimum bactericidal concentration  

The method of Baron et al was adopted.
27 

One hundred microliters 

(100 µl) each of inoculum from the wells that showed no colour 

change was transferred and spread on the freshly prepared sterile 

Middlebrook 7H10 agar plates and further incubated for 7 days at 

37°C. The plates were compared with initial colonies of BCG and M. 

smegmatis and counts that were found to be less than 0.1% indicated 

the minimum bactericidal concentration (MBC) of extracts. 

 

Results and Discussion 

Aqueous methanol extraction of the roots of C. owariensis and C. 

mucronata yielded 15.1% and 18.6% of COE and CME, respectively 

while the alkaloid extraction of COE and CME afforded 1.3% and 

1.7% of COE-A and CME-A, respectively. Phytochemical screening 

http://jcm.asm.org/search?author1=Luz+Caviedes&sortspec=date&submit=Submit
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of COE and CME revealed the presence of alkaloids, flavonoids, 

steroids, and terpenes (Table 1). The component peaks for the 

chromatographic fingerprints of COE and CME showed relatively 

acceptable resolutions. The fingerprint chromatogram for COE in 

Figure 1 was characterized by eight notable peaks at the following 

distinguishable retention times; 8.23 mins (Peak 1), 8.59 mins (Peak 

2), 10.04 mins (Peak 3), 10.95 mins (Peak 4), 14.10 mins (Peak 5), 

24.19 mins (Peak 6), 31.14 mins (Peak 7), 32.91 mins (Peak 8), with 

CH3CN and distilled H2O (57:43) as mobile phase. In Fig. 2, the 

fingerprint chromatogram for CME extract was characterized by five 

distinct peaks at the following retention times; 5.13 mins (Peak 1), 

6.06 mins (Peak 2), 7.46 mins (Peak 3), 11.39 mins (Peak 4), and 

13.67 mins (Peak 5), with CH3CN and distilled H2O (50:50) as mobile 

phase. Furthermore, the chromatographic fingerprints showed sets of 

reproducible detectable component peaks, in which the peak-to-peak 

distribution patterns were stable and consistent. The HPLC fingerprint 

results from this study were non-identical for the two plant extracts, 

which confers a measure of distinction between the two species. 
 

HPLC fingerprint analysis has proven to be a veritable quality control 

tool to distinguish between extracts of plant species of the same 

genus.
28,29

 The established fingerprint method for COE and CME is 

convenient and feasible as a tool for plant species authentication and 

quality assessment of the plant extracts.
30

  

 

Table 1: Phytochemical screening for metabolites of C. 

owariensis and C. mucronata 
  

Test C. owariensis C. mucronata 

Tannins - + 

Saponins - - 

Flavonoids + + 

Anthraquinones - - 

Steroids  + + 

Terpenes + + 

Alkaloids + + 

Cardiac glycosides - + 

 Key: + = positive, - = negative 

 

 
Figure 1: Chromatogram showing the fingerprint separation of COE with a HPLC-UV method conditions of 57% CH3CN, 254 

nm, and 0.7 mL/min in an isocratic elution 

 

 
Figure 2:  Chromatogram showing the fingerprint separation of CME with a HPLC-UV method conditions of 50% CH3CN, 254 nm, 

and 0.7 mL/min in an isocratic elution. 
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Furthermore, through the utilization of the peculiar retention times of 

the characteristic peaks in the fingerprint chromatogram for each 

analyzed sample, extracts of C. owariensis and C. mucronata can be 

authenticated by using the applied HPLC fingerprint method. During 

this study, the HPLC fingerprint for the alkaloid fractions from both 

plant species; COE-A and CME-A, were also analyzed. The HPLC 

fingerprint analysis of COE-A resulted in 9 notable well-separated 

peaks at 8.66 mins (Peak 1), 9.70 mins (Peak 2), 10.11 mins (Peak 3), 

11.03 mins (Peak 4), 14.17 mins (Peak 5), 21.34 mins (Peak 6), 24.37 

mins (Peak 7), 31.37 mins (Peak 8), 33.13 mins (Peak 9), with CH3CN 

and distilled H2O (57:43) as mobile phase (Figure 3), while that of 

CME-A yielded the following distinguishable peaks at 5.27 mins 

(Peak 1), 5.99 mins (Peak 2), 6.42 mins (Peak 3), 6.59 mins (Peak 4), 

7.51 mins (Peak 5), 9.52 mins (Peak 6), 11.67 mins (Peak 7), 11.82 

mins (Peak 8), 13.18 mins (Peak 9), 13.73 (Peak 10) with CH3CN and 

distilled H2O (50:50) as mobile phase (Figure 4). The chromatographs 

for both COE and COE-A were superimposed and compared, it was 

observed that a good number of the peaks in the COE chromatogram 

thus matched with those of the alkaloid portion COE-A, as shown in 

Figure 5. The same observation was noted between CME and the 

alkaloid portion CME-A (Figure 6), and these observations are in sync 

with the literature report that the main metabolites found in this genus 

are alkaloids.
31-34

 This is particularly true with regards to C. 

mucronata, but for C. owariensis constituents, our study reports this 

observation for the first time via the demonstration of a simple 

chromatographic fingerprint comparison between the crude methanol 

extract and the crude alkaloid fraction. The results of the 

phytochemical screening concerning the fingerprint analysis 

confirmed the presence of alkaloids while revealing the presence of 

other secondary metabolites. Tables 2 and 3 represent the anti-TB 

activity of COE and CME against M. smegmatis and BCG at different 

concentrations in comparison with rifampicin. COE at 3.13 mg/mL 

inhibited the growth of M. smegmatis, and had a bactericidal action at 

6.25 mg/mL. The extract exhibited a higher activity against BCG at 

the concentration of 0.39 mg/mL (MIC) and 0.78 mg/mL (MBC). 

CME also demonstrated an anti-TB activity against M. smegmatis at 

6.25 mg/mL (MIC) and was bactericidal at 12.5 mg/mL (MBC). 

However, the MIC for CME against BCG was lower at 3.13 mg/mL 

while the MBC was at 6.25 mg/mL.  The results suggest that BCG 

was more susceptible to COE and CME than M. smegmatis. In a 

previous study, the root extracts of C. owariensis were evaluated 

against three strains of Mycobacteria; a resistant strain MDR048, a 

mixed strain ZMC128 and a susceptible strain ZMC128. The strains 

were all susceptible to the extracts with a MIC of 3.32 mg/mL.
6
 In a 

similar study in which nine Nigerian plants were assessed against 

BCG, the roots of C. mucronata showed activity at 5 mg/mL.
5
 The 

findings are comparable with the results of the present study which 

further provide support to the anti-tuberculosis potentials of the plants. 

 

 
Figure 3: Chromatogram showing the chromatographic fingerprint of the crude alkaloid extract from COE-A with a HPLC-UV 

method conditions of 57% CH3CN, 254 nm, and 0.7 mL/min in an isocratic elution. 
 

 
Figure 4: Chromatogram showing the chromatographic fingerprint of CME-A with a HPLC-UV method condition of 50% 

CH3CN, 254 nm, and 0.7 mL/min in an isocratic elution.
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Figure 5: Superimposed Chromatograms of both COE and 

COE-A showing similarity of constituents. 

 

 

Figure 6: Superimposed Chromatograms of both CME and 

CME-A showing similarity of constituents. 

 

Table 2: MIC AND MCB of C. owariensis and C. mucronata against M. smegmatis 
 

Test 

Sample 

Conc 

(mg/mL) 

Well 

1 2 3 4 5 6 7 8 9 MIC MBC 

COE 100 - - - - - + + + + 3.13 6.25 

CME 100 - - - -  + + + + 6.25 12.5 

Rif 0.002 - - - - - - - - - 0.001  

Key: (-) No growth, (+) Growth, (MIC) minimum inhibitory concentration, (MBC) minimum bactericidal concentration, (Rif) rifampicin 

 

Table 3: MIC AND MCB of C. owariensis and C. mucronata against BCG 
 

Test 

Sample 

Conc 

(mg/mL) 

Well 

1 2 3 4 5 6 7 8 9 MIC MBC 

COE 100 - - - - - - - - + 0.39 0.78 

CME 100 - - - - - + + + + 3.13 6.25 

Rif 0.002 - - - - - - - - - 0.001  

Key: (-) No growth, (+) Growth, (MIC) minimum inhibitory concentration, (MBC) minimum bactericidal concentration, (Rif) rifampicin 

 

Conclusion  

HPLC analysis can serve as quality control in the identification and 

differentiation of aqueous methanol extracts of C. mucronata and C. 

owariensis. The study has demonstrated that aqueous methanol 

extracts of C. mucronata and C. owariensis possess moderate in vitro 

antimycobacterial activity against M. smegmatis and BCG in 

comparison to rifampicin. The study justified the use of these plants in 

the management of tuberculosis and related symptoms by folks and 

traditional medicinal practitioners. 

 

Conflict of Interest  

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

References 

1. World Health Organization. Global Tuberculosis report 

2021[Internet]. Geneva, Switzerland: WHO; 2021. Available 

from https://www.who.int/publications/i/item/9789240037021 

(Accessed 2022 April 25).  

2. Allué-Guardia A, García JI, Torrelles JB. Evolution of drug-

resistant Mycobacterium tuberculosis strains and their adaptation 

to the human lung environment. Front Microbiol. 

2021;12:612675.  

3. Ibekwe NN, Nvau JB, Oladosu PO, Usman AM, Ibrahim K, 

Boshoff HI, Dowd CS, Orisadipe AT, Aiyelaagbe O, Adesomoju 

AA, Barry III CE. Some Nigerian anti-tuberculosis 

ethnomedicines: a preliminary efficacy assessment. J 

Ethnopharmacol. 2014;155(1):524‒532. 

4. Muzila M. Cissampelos mucronata. In: Schmelzer GH, Gurib-

Fakim A. (Eds.) Plant resources of tropical Africa 11: Medicinal 

plants I. Leiden, Netherlands: Backhuys Publishers; 2006. 174‒

176 p. 

5. Aska A, Kubmarawa D, Nkafamiya I, Shagal H, Oladosu P. 

Quantitative phytochemical analysis and anti-tuberculosis 

activity of some selected medicinal plants in some Northern parts 

of Bauchi state, Nigeria. IOSR J Appl Chem. 2019;12(6):15‒22. 

6. Akande R, Okwute SK, Iliya I, Efiom OO. Chemical constituents 

and anti-tuberculosis activity of the root extracts of Cissampelos 

owariensis (P. Beauv.) Menispermaceae. Afr J Pure Appl Chem. 

2013;7(1):21‒30. 

7. Efunsayo RO, Olagbende-Dada SO, Mohammed AH. Aqueous 

leaf extract of Cissampelos owariensis (P.Beauv) 

Menispermaceae exerts tocolytic activity on isolated gravid rat 

uterus. Trop J Nat Prod Res. 2018;2(7):354‒357.  

8. Earnest EO, Goodies MO, Paul C. Cissampelos owariensis: 

Experimental review. Pharm Innov J. 2015;3(11):75‒77. 



                                               Trop J Nat Prod Res, August 2022; 6(8):1249-1254                     ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

1254 
 © 2022 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

9. Akoègninou A, van der Burg WJ, van der Maesen LJG. 

Analytical flora of Benin. Leiden, Netherlands: Backhuys 

Publishers; 2006. 1034 p. 

10. Lawal IO, Olufade II, Rafiu BO, Aremu AO. Ethnobotanical 

survey of plants used for treating cough associated with 

respiratory conditions in Ede South local government area of 

Osun State, Nigeria. Plants. 2020;9(5):647. 

11. Efiom O. Isolation and characterization of bis (2–Methoxyethyl) 

phthalate and hexahydro-1 3–dimethyl–4–phenyl–1H–azepine 4–

carboxylic acid from the root of Cissampelos owariensis (P. 

Beauv). Nig J Basic Appl Sci. 2010;18(2):189‒192. 

12. Sparg S, Van Staden J, Jäger A. Efficiency of traditionally used 

South African plants against schistosomiasis. J Ethnopharmacol. 

2000;73(1‒2):209‒214. 

13. Tshibangu JN, Chifundera K, Kaminsky R, Wright AD, König 

GM. Screening of African medicinal plants for antimicrobial and 

enzyme inhibitory activity. J Ethnopharmacol. 2002;80(1):25‒35. 

14. Gessler M, Tanner M, Chollet J, Nkunya M, Heinrich M. 

Tanzanian medicinal plants used traditionally for the treatment of 

malaria: in vivo antimalarial and in vitro cytotoxic activities. 

Phytother Res. 1995; 9(7):504‒508. 

15. Van Zyl R, De Wet H, van Wyk B, Van Heerden F. Antimalarial 

activity of thirteen South African Menispermaceae species. 

Planta Med. 2009;75(09):11. 

16. Akah P, Nwafor S, Okoli C, Egbogha C. Evaluation of the 

sedative properties of the ethanolic root extract of Cissampelos 

mucronata. Boll Chim Farm. 2002;141(3):243-246. 

17. Taniguchi M, Chapya A, Kubo I, Nakanishi K. Screening of East 

African plants for antimicrobial activity. I. Chem Pharm Bull. 

1978; 26(9):2910‒2913. 

18. Nondo RS, Mbwambo ZH, Kidukuli AW, Innocent EM, Mihale 

MJ, Erasto P, Moshi MJ. Larvicidal, antimicrobial and brine 

shrimp activities of extracts from Cissampelos mucronata and 

Tephrosia villosa from coast region, Tanzania. BMC Compl 

Altern Med. 2011;11(1):1‒7. 

19. Nwafor S, Akah P, Okoli C, Ndu O, Ichu E. Uterine relaxant 

property of the ethanolic root extract of Cissampelos mucronata. 

J Nat Rem. 2002;2(1):59‒65. 

20. Nwafor S and Okoye C. Antiulcer properties of the ethanol root 

extract of Cissampelos mucronata. Pharm Biol. 2005;43(5):396‒

403. 

21. Kela S, Ogunsusi R, Ogbogu V, Nwude N. Screening of some 

Nigerian plants for molluscicidal activity. Rev Elev Med 

Vet Pays Trop. 1989;42(2):195‒202. 

22. McGaw L, Lall N, Meyer J, Eloff J. The potential of South 

African plants against Mycobacterium infections. J 

Ethnopharmacol. 2008;119(3):482‒500. 

23. Si Y, Ding X, Adelakun TA, Zhang Y, Hao XJ. Acotarines A-G, 

new diterpenoid alkaloids from Aconitum taronense induce 

lysosomal biogenesis. Fitoterapia. 2020;147:104738.  

24. Khalid S, Shahzad A, Basharat N, Abubakar M, Anwar P. 

Phytochemical screening and analysis of selected medicinal 

plants in Gujrat. J Phytochem Biochem. 2018;2:108. 

25. Caviedes L, Delgado J, Gilman RH. Tetrazolium microplate 

assay as a rapid and inexpensive colorimetric method for 

determination of antibiotic susceptibility of Mycobacterium 

tuberculosis. J Clin Microbiol. 2002;40(5):1873‒1874. 

26. Ncube NS, Afolayan AJ, Okoh AI. Assessment techniques of 

antimicrobial properties of natural compounds of plant origin: 

current methods and future trends. Afr J Biotechnol. 

2008;7(12):1797‒1806. 

27. Baron EJ, Peterson, LR, Finegold SM. Baily & Scotts diagnostic 

microbiology (9th ed.). Toronto: Mosby; 1994. 168‒187 p. 

28. Alaerts G, Van Erps J, Pieters S, Dumarey M, Van Nederkassel 

AM, Goodarzi M, Smeyers-Verbeke J, Vander Heyden Y. 

Similarity analyses of chromatographic fingerprints as tools for 

identification and quality control of green tea. J Chromatogr B. 

2012;910: 61‒70. 

29. Goodarzi M, Russell PJ, Vander Heyden Y. Similarity analyses 

of chromatographic herbal fingerprints: a review. Anal Chim 

Acta. 2013; 804:16‒28. 

30. Cahya S, Irmanida B, Mohamad R. HPLC Fingerprint analysis 

combined with chemometrics for authentication of Kaempferia 

galanga from related species. Indones J Chem. 2016;16(3):308–

314. 

31. Maroyi A. A Synthesis and review of medicinal uses, 

phytochemistry and pharmacological properties of Cissampelos 

mucronata A. Rich.(Menispermaceae). J Pharm Nutr Sci. 

2020;10:213‒222. 

32. Dandjesso C, Klotoé J, Dougnon T, Sègbo J, Atègbo J, Gbaguidi 

F, Fah L, Fanou B, Loko F, Dramane K. Phytochemistry and 

hemostatic properties of some medicinal plants sold as anti-

hemorrhagic in Cotonou markets (Benin). Indian J Sci Technol. 

2012;5(8):3105‒3109. 

33. Tshibangu JN, Wright AD, König GM. HPLC isolation of the 

anti‐plasmodially active bisbenzylisoquinone alkaloids present in 

roots of Cissampelos mucronata. Phytochem Anal. 

2003;14(1):13‒22. 

34. Mendes JW, Cunha WEM, Rodrigues FFG, Lima RDP, Costa 

JGM. Cissampelos genus: biological activities, ethnobotanical 

and phytochemical aspects. Phytochem Rev. 2020; 19:955–982. 

 

 


