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Summary

Introduction: Bryophyllum pinnatum is a plant with diverse ethnomedicinal claims yet to be verified scien- 
tifically. 
Objective: This work was aimed at evaluating the extract and vacuum liquid chromatographic (VLC) frac-
tions of B. pinnatum on methicillin-resistant Staphylococcus aureus (MRSA) and anti-proliferating seed 
radicle cells of Sorghum bicolor. 
Methods: The extract and VLC fractions of B. pinatum were screened phytochemically and subsequently 
tested against MRSA at concentrations of 3.125–100 mg/ml, while the antiproliferative assay at 1–30 and 
1–10 mg/ml. 
Results: The extract recorded zone of inhibition of 7.05 mm was only at 100 mg/ml against L20 MRSA 
strains. While VLC bulked fractions A(1), C (5–7), D (8–9) and E (10) had no zones of inhibition against 
the strains, fraction B had zones of inhibitions at all concentrations with the highest ones of 9.7 and 8.5 mm 
at 125 and 62.5 mg/ml, respectively, against MRSA sample (L20). The MIC of the active fraction B was 
observed at 3.9, 7.8 and 15.6 mg/ml for all samples used. At 96 h of seed incubation, 56 mm radicle length 
was recorded by the control seeds was reduced to 1.5 mm (97%) and 0.4 mm (99%) when treated with 20 
and 30 mg/ml of the extract. The VLC sub-fraction B at 10 mg/ml showed more inhibitory effects on the 
germinating radicles as it recorded 100% reduction when compared to the control at 96 h against 80 and 
70% recorded by fractions ‘A’ and ‘C‘, respectively. 
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INTRODUCTION

The evolution of the multidrug resistant (MTDR) 
pathogenic bacteria Staphylococcus aureus has 
created a serious threat to the scientific community 
in recent years [1]. Methicillin resistant Staphylo-
coccus aureus (MRSA) signifies a particular strain 
of the Staphylococcus aureus, which is resistant to 
methicillin and all β-lactams and it happens to be 
one of the most important nosocomial pathogens 
that caused septicaemia, suppuration, abscess for-
mation, a variety of infections and even death [2]. 
It is a leading cause of nosocomial infection, caus-
ing a variety of life-threatening syndromes such as 
bacteraemia, endocarditis, wound infections and 
pneumonia [3]. Treatment of MRSA infection using 
antibiotic has become uncertain following the high 
morbidity and mortality linked to MRSA due to 
the development of multidrug antibiotic resistance 
[4]. Resistance to methicillin is caused by the mecA 
gene, which resides in the staphylococcal cluster 
cassette chromosome mec (SCCmec) and encodes 
an altered penicillin binding protein 2a having re-
duced affinity for β-lactams, hence providing resis-
tance to practically all β-lactams antibiotics [5]. The 
prevalence of antibiotics resistant bacteria emerging 
from the extensive use of antibiotics have been on 
the increase and thus renders current antimicrobial 
agents insufficient to control at least some bacterial 
infections [6]. Therefore, there is a need to search for 
new, effective, cheap and easily affordable drugs in 
the management of MRSA infections.

Cancer is a deadly disease characterized by un-
controllable proliferation of cells in the body. Over 
the years of chemotherapy, serious side effects were 
described. The incidence of this disease, despite the 
influx of conventional medicines is still increasing, 
hence, there is a need to focus on an alternative form 
of treatment of this disease using medicinal plants [7].

Medicinal plants, apart from the complex nature 
of their chemical constituents, have played vital role 
in the development of novel substances influencing 

tumours and various forms of cancers. The screen-
ing of medicinal plants for anticancer remedies led 
to modern treatments with active cytotoxic pharma-
ceuticals [8]. Over the years, the search for medici-
nal plants with antitumour properties has employed 
the use of predictive bench-top assay methods such 
as brine shrimp lethality and frond inhibition assays 
[9]. For a number of years natural products have been 
a good source of agents for combatting cancer and 
plants have played a huge role in anti-cancer product 
development. Among natural products, plants have 
played a key role in treating a number of diseases in-
cluding microbial infections and cancer [10]. 

Bryophyllum pinnatum is known as a plant with 
air plant miracle leaf. Canterbury bell is broadly dis-
tributed and had been used in traditional medicine 
from ancient times in different civilizations. Tradi-
tionally, the leaves are known to possess the biologi-
cal activities, such as astringent, refrigerant, emol-
lient, mucilaginous, haemostatic, vulnerary, depura-
tive, constipating, anodyne, carminative, disinfect-
ant and tonic [11]. It is also useful in haematemesis, 
haemorrhoids, menorrhagia, cuts and wounds, dis-
colorations of the skin, boils, sloughing ulcers, oph-
thalmia, burns, scalds, corn, diarrhoea, dysentery, 
vomiting. A number of active compounds, including 
alkaloids, triterpenes, lipids, flavonoids, glycosides, 
bufadienolides, phenols and organic acids have been 
isolated [12]. The leaves of this plant have been re-
ported to have anti-diabetic, antihypertensive, anti-
microbial, antifungal, anti-inflammatory, analgesic 
and anti-ulcer activities [13]. In many developing 
countries, plant materials have been known to be 
used as traditional medicines. Thus, plants have 
become readily accessible and economical sources 
available for the treatment of many infections and 
diseases. The work is aimed at determining the anti-
MRSA and probable antiproliferative potentials of 
the extract of Bryophyllum pinnatum and its vacuum 
liquid chromatographic fractions using the agar well 
diffusion as well as Sorghum bicolour seed radicle 
antiproliferative assay methods, respectively.

Conclusion: The results obtained showed an evidence of susceptibility of methicillin-resistant Staphylococ-
cus aureus and growth inhibitory potentials of B. pinnatum, particularly the active VLC fraction “B”. Thus, 
further studies are required to support these findings. 

Key words: Bryophyllum pinnatum, Staphylococcus aureus, anti-methicillin resistant, fractiona-
tion, bulked fractions, vacuum liquid chromatography, chromatogram

Słowa kluczowe: Bryophyllum pinnatum, Staphylococcus aureus, działanie na szczepy metycilino-
oporne, frakcjonowanie, połączone frakcje, próżniowa chromatografia cieczowa, chromatogram
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MATERIALS AND METHODS

Collection and identification of B. pinnatum

The fresh leaves of B. pinnatum were obtained from 
the Pharmocognosy and Traditional Medicine Bo-
tanical Garden, Faculty of Pharmacy, Delta State 
University, Abraka site III and were identified by 
Dr. Emmanuel Ikpefan, a botanist and pharmarma-
cognosist. The plant specimen was further authen-
ticated by Mr. Samuel Odewo Akinniyi of Forestry 
Institute of Nigeria, Jericho, Ibadan where a voucher 
specimen number FHI 112300 was obtained.

Preparation and fractionation of plant extract 

Methanol (80%) was used to extract the powdered 
leave sample of B. pinnatum. Five hundred and fifty 
grams (550 g) of the powdered sample was extracted 
using cold maceration method, by soaking the sam-
ple in 80% methanol for 4 days after which it was 
concentrated by evaporating excess solvent present 
in it, using a rotary evaporator. A part of the result-
ing extract (25 g) was subjected to vacuum liquid 
chromatography (VLC) using C6H14 (100%), C6H14-
CH3COOC2H5 (1:1; 1:3), CH3COOC2H5 (100%), 
CH3COOC2H5-CH2Cl2 (1:1, 1:3), CH2Cl2 (100%), 
CH2Cl2-CH3OH (1:1,1:3) and CH3OH (200 ml) in in-
creasing polarity, to afford ten (10) fractions concen-
trated in vacuo at 45oC. Analytical thin layer chro-
matographic analyses of the vacuum liquid chroma-
tographic fractions of the dichloromethane fraction 
was carried out on a pre-coated aluminium plate of 
silica gel GF254 using C6H14-CH3COOC2H5 (4:6). Af-
ter development, the plates were sprayed with ceric 
sulphate spray and subsequently heated for 5 min at 
110°C. The coloured spots were noted and their Rf 
values were recorded. Based on observations made 
on the results obtained, coupled with the TLC pro-
file, VLC sub-fraction of B. pinnatum were bulked 
into 1 (A), 2–4(B) and 5–7(C), 8–9(D) and 10(E) ac-
companied by antimicrobial biological test at con-
centration between 3.9 and 500 mg/ml.

Phytochemical screening of extract and bulked 
fraction

The phytochemical screening of leaves extract and 
the bulked VLC fractions of B. pinnatum were 
performed using methods described in [14]. In 
brief, the phytochemical method was on the test 
samples (extract and fractions of B. pinnatum) are 
as shown in the figure 1.

Test for alkaloids 

This was achieved on the test samples using alkaloi-
dal reagents (Dragendroff ’s, Mayer’s, Wagner’s, and 
Hager’s) which yielded red, white creamy, reddish-
brown, and yellow precipitates, respectively.

Test for cardiac glycosides 

The test samples were treated with 2 ml glacial acetic 
acid and as well as a drop of FeCl3 solution under-
laid with 1 ml of sulphuric acid. The appearance of a 
brown to violet ring colour suggesting a deoxysugar 
at the interphase which in turn indicates the pres-
ence of cardiac glycosides.

Tannins 

A few drops of a 5% FeCl3 solution was added to the 
test samples (50 mg) dissolved in 5 ml of distilled 
water. A green colouration indicates the occurrence 
of tannins.

Saponins

In a graduated cylinder, a portion of the test sample 
(50 mg) was dissolved in 2 ml distilled water and 
shaken for 15 minutes. Saponins are identified by 
the formation of a 2 cm layered foam.

Test for terpenes 

To the test samples, 2 ml chloroform and 3 ml con-
centrated sulphuric acid were carefully added. The 
existence of terpenoids was determined by the appear-
ance of a reddish brown coloration at the interface.

Flavonoids

A part of test samples were treated with drops of di-
lute ammonia solution as well as a stepwise addition 
of concentrated sulphuric acid. The appearance of 
flavonoids was revealed by a yellow coloration that 
faded after standing for a while.

Sterilization of media

Media used were prepared in accordance with the 
method described by Balouiri et al. [15].
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Ethical consideration

Before samples were collected, information regarding 
the study was explained to the individuals after ap-
proval was sought from the University Health Centre 
(the approval number DELSU/HC/EC/76714). Oral 
consent for participation in the study was obtained.

Collection and purification of bacteria isolates

Eighty (80) sterile swab sticks were used to swab the 
nostrils of eighty different individuals and mannitol 
salt agar was prepared according to manufacturer’s 
specification and sterilized in an autoclave at a tem-
perature of 121°C for 15 min. After sterilization, 
other protocol was followed.

Identification of bacterial isolates and phenoty-
pic detection of MRSA 

All Staphylococcus aureus cocci isolates that were 
in clusters and that fermented mannitol were sub-
jected to standard biochemical characterization 
tests for Staphylococcus aureus [16]. The identity 
of identified MRSA isolates by specific phenotypic 
features were further confirmed for the presence of 
MecA gene by Polymerase Chain Reaction (PCR) 
methods previously described by Nwaogaraku et 
al. [17]. 

Resistance and anti-MRSA activity of extract 
and VLC bulked fractions of B. pinnatum test 

Mueller Hinton agar was prepared according to 
manufacturer’s specification and sterilized in an 
autoclave. It was then allowed to cool and trans-
ferred into petri dishes and left to solidify. After 
solidification, different strains of S. aureus earlier 
cultured on nutrient broth were spread on the sur-
face of the agar plate. 5 µg Sterile Cloxacillin disc 
(1 mg/ml; Sigma-Aldrich, France) was placed on 
the surface of each culture plate and incubated at 
37°C for 24 hrs. After incubation, zones of inhibi-
tions were noted. The anti-MRSA activity of the se-
lected resistant methicillin strains was carried out 
using the plant extracts and VLC bulked fractions 
at concentrations between 15.625–500 mg/ml us-
ing agar well diffusion technique (6 mm cork bor-
er) previously described by Okwu et al. [18] with 
slight modifications. The minimum inhibitory 

concentration (MIC) of the active VLC bulked 
fraction B against the isolates (mg/ml) was carried 
out adopting the method of Hamma et al. [19].

Sorghum bicolor seed radicle anti-proliferati-
ve assay

This assay was carried out with standard methods 
[20]. Twenty viable seeds of Sorghum bicolor ob-
tained via floatation method were placed on Petri 
dishes containing filter paper underplayed with 
cotton wool. Various concentrations of the extract 
(1–30 mg/ml) as well as the fractions (1–10 mg/ml) 
were independently placed in Petri dishes contain-
ing the seeds and the length of germinating radicles 
were measured in millimetres at 24 h intervals for 
4 days. The experiment was carried out in triplicate 
with control taken as distilled water. 

Statistical analysis 

GraphPad Prism 7.0 was used to analyse the data 
obtained and were represented as mean  ± SEM. The 
level of significance was determined using one-way 
analysis of variance (ANOVA).

RESULTS AND DISCUSSION

The 550 g of the powdered sample of B. pinatum 
yielded 28.92 g of the methanol extract which im-
plies to 5.78%. The 25 g of the extract gave 0.58, 
1.86, 2.12, 2.98 and 5.64 g of bulked fractions A, B, 
C, D and E, corresponding to percentage yield of 
0.12, 0.37, 0.42, 0.60 and 1.131%, respectively.

Results of phytochemical screening

The phytochemical screening of the extract and 
fractions of B. pinnatum was carried out to ascertain 
the class of secondary metabolites they contain and 
the result showed the presence of saponins, tannins, 
alkaloids, phenols and flavonoids in varying intensi-
ties, while cardiac glycoside, terpernoids and steroid 
were reported to be absent. This finding is in agree-
ment with the findings of Akinnibosun and Edion-
we [21]. The phytochemical screening of the extract 
and fractions of B. pinnatum showed the presences 
of a number of metabolites in varying intensities 
(tab. 1, fig. 1). These metabolites have been linked 
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to plant antibacterial activity [22]. For example, Sibi 
et al. [23] reported the antimicrobial potentials of 
flavonoids, tannins and terpenes obtained from the 
roots and leaves of Morinda citifolia. These metabo-
lites were recorded in the extract and fractions of 
B. pinnatum. 

Results of the methicillin resistant strain Iden-
tification

According to Helegbe et al. [24], an average mean 
≤10 mm zone of inhibition indicates that strain of 
S. aureus is methicillin resistant hence strains of 1, 
2, 15, 20 and 71 were methicillin resistant (tab. 2). 
Confirmation of MRSA for some of selected isolates 
was achieved by detection of the mecA gene em-
ploying the PCR assay. 

Table 1.
Phytochemical screening results of extract and bulked VLC fractions of B. pinnatum

Phytochemical groups Extract
Bulked fractions

A (1) B (2–4) C (5–7) D (8–9) E (10)
Alkaloids + – – – –
Tannins/Phenolic compounds + – + + – –
Flavonoids + – ++ – – –
Saponins + – + + ++ +++
Cardiac glycosides + – + ++ ++ ++
Terpenes + + ++ ++ + –

Key: +++: appreciable amount; ++: moderate amount; + : minute amounts; –: not detected

Table 2. 
Identification, sensitivity and resistance test of the bacteria strain to cloxacillin

Isolate number Species Resistance to cloxacillin Sensitivity to cloxacillin PCR mecA
L1 S. aureus R 8.5±0.41 +
L2 S. aureus R 9.0±0.00 +
L9 S. aureus NR 10.5±1.22 +
L15 S. aureus R 4.5±3.67 +
L20 S. aureus R 0.0±0.00 +
L38 S. aureus NR 13.0±0.82 +
L39 S. aureus NR 11.0±0.82 +
L42 S. aureus NR 10.5±0.41 +
L48 S. aureus NR 12.0±1.63 +
L52 S.aureus NR 11.5±1.22 +
L63 S.aureus NR 15.0±0.00 +
L62 S.aureus R 9.0±0.82 +
L64 S.aureus R 0.0±0.00 +
L71 S.aureus R 9.5±1.22 +

R: resistant, NR: non-resistant, colour change from pink to yellow +, n=3 

Figure 1. 
Chromatogram showing  the tlc profile of the vacuum liq-
uid chromatographic fractions of extract of B. pinnatum 

showing the spots before bulking (1) and after bulking (2). 
A-E = Bulked vacuum liquid chromatographic fractions 

of the extract
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B was more prominent against L20 MRSA strain at 
100 and 50 mg/ml as 9.7 and 8.50 mm zones were 
recorded, whereas bulked VLC fractions A, C, D 
and E had no inhibition on all MRSA bacterial 
strains at all concentrations (tab. 4, fig 3). 

Minimum inhibitory concentration (MIC) was 
carried out on MRSA isolates that showed activi-
ties using the well diffusion method at different 
dilutions. The MIC showed the activity of fraction 
B at 62.5 and 31.25 mg/ml concentrations against 
L20 MRSA sample, while minimum inhibitory 

Table 4. 
Sensitivity test for the bulked fractions B (fractions 2–4)

Concentration
(Fraction B)*

[mg/ml]

Zone of inhibition [mm]
Organisms

L1 L2 L15 L20 L71
100 6.02±0.61 7.11±1.02 6.0±1.18 9.70±1.24 4.62±0.10

50 5.52±0.32 7.01±0.61 6.51±1.02 8.50±0.28 4.01±0.20
25 4.11±0.12 5.12±0.42 6.21±1.00 7.50±0.21 –
12.5 2.00±0.11 3.27±0.51 4.02±0.81 7.00±0.32 –

6.25 – 2.18±0.03 3.21±0.30 6.01±0.14 –
3.125 – – – 4.80±0.01 –

Key: – no inhibition, values are mean ±SEM, n=3
*bulked fractions A, C, D and E had no inhibition on all MRSA bacteria

Figure 3
Plates showing the sensitivity test of the VLC bulked 

fractions of B. pinnatum on MRSA strain

Figure 2. 
Plates showing the sensitivity test of the  extract of 

B. pinnatum on MRSA strain

Sensitivity test of anti-MRSA to extract and 
VLC sub-fractions of B. pinnatum 

The methanol extracts of B. pinnatum was evaluated 
for its antibacterial activity and showed zones of in-
hibition for all strains of MRSA except for L20 and 
L64. The highest susceptibility was observed with 
sample L63-MRSA having mean zone of inhibition 
of 15.0±0.00 mm, while the least susceptibility was 
against L15 MRSA with mean zone of inhibition of 
4.50±3.67 mm. 

All isolated MRSA strains showed activity with 
varied zones of inhibition at different concentra-
tions. The sensitivity test of the extract of B. pinna-
tum revealed that zone of inhibition was recorded 
for L20 MRSA strain at 100 mg/ml with zone of 
inhibition of 7.05 mm while other strains of MRSA 
showed resistance. This finding is in agreement 
with that reported by Okwu and Nnamdi [25] 
who reported no zone of inhibition of S. aureus 
at 25 and 50 mg/ml of B. pinnatum (tab. 3, fig. 2). 
However, the zones of inhibition VLC sub-fraction 

Table 3.
Sensitivity test for methanol extract of B. pinnatum 

against MRSA

Organisms
Zone of inhibition [mm]

Concentration of crude extract [mg/ml]
100 50 25 12.5 6.25 3.125

L1 – – – – – –
L2 – – – – – –

L15 – – – – – –
L20 7.05±1.64 – – – – –
L71 – – – – – –

Key: – no inhibition, n=3
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concentration of fractions B for all strains of MRSA 
was at 15.625, 7.8 and 3.9 mg/ml, whereas no activ-
ity was recorded at 100, 50 and 12.5 mg/ml for all 
MRSA bacterial strains (tab. 5). This result is not in 
agreement with that reported by Akinsulire et al. 
[26] who stated that the minimum inhibitory con-
centration of aqueous extract of the leaves of B. pin-
natum on Staphylococcus aureus was 128 mg/ml. 

The antibacterial activity of the extract and active 
VLC fraction of B. pinnatum might be due to the 
presence of bioactive compounds found in them, as 
their presence in plants has been revealed to exhibit 
medicinal and physiological activities [27] with the 
largest and most appearing groups of secondary me-
tabolites being the phenolic compounds [28]. 

indirectly with specific biochemical processes. Also, 
there was a further continuous reduction in length 
of the radicle for seeds treated with fractions with 
an increase in incubation period when compared to 
their control.

The vacuum liquid chromatographic fractiona-
tion of the extract of B. pinnatum was observed to 
increase the activity of the extract against the seed 
radicle similar to that of the MRSA assay. For ex-
ample, the maximum zone of inhibition of 7 mm 
recorded by the extract at 500 mg/ml was increased 
to 9 mm when treated with fraction B. Similarly, for 
the growth inhibitory study, the extract at 10 mg/ml 
recorded 5.10 mm radicle length which was com-
pletely inhibited (100%) when treated with faction 
B at similar concentrations, after 96 h.

The radicle lengths were reduced with increased 
concentrations of the extract and fractions. For exam-
ple, after 24 h, the control seeds recorded an average 
radicle length of 5.2 mm which on treatment with 
10, 20 and 30 mg/ml of the extract was reduced to 
2.03, 1.76 and 0.62 mm, respectively. The same trend 
was also observed at the end of 96 h, as the 56.0 mm 
recorded for the control seeds was reduced to 5.10, 
1.50 and 0.40 mm at the same concentrations (fig. 
4, fig. 5).  The VLC sub-fraction B among the other 
fractions, recorded the highest inhibitory among the 
other fractions as it completely inhibited (100%) the 
radicles of germinating seeds at 10 mg/ml, compared 
to 52.2 mm recorded for the control seeds at 72 and 
96 h, respectively (fig. 6, fig. 7).

Table 5. 
Minimum inhibitory concentration (MIC) of bulked 

fraction B against isolated MRSA

Concentration 
(Fraction B)

[mg/ml]

Zone of inhibition [mm]

Organism

L1 L2 L15 L20 L71

125 – – – – –

62.5 – – – – –

31.25 – – – – –

15.625 – – – + –

7.8 – – – + –

3.9 + + + + +

Key: + growth; – no growth

Figure 4. 
Inhibitory effects of the extract of B. pinnatum on ger-

minating radicles of Sorghum bicolor. Error bars indicate 
standard error of mean of triplicate groups

Concentrations (mg/ml)

Effects of extract and fractions of B. pinnatum 
on proliferating seed radicle cells

The seeds of Sorghum bicolor, aside from their minia- 
ture sizes, have similarly been recorded to have the 
capacity to proliferate under pleasant circumstances 
similar to proliferating cancer cells. This assay serves 
as a predictive model for antitumor properties and 
has been used by most researchers in screening of 
biological samples for antitumour activities. These 
formed the support of their preference above other 
seeds. 

The extract and fractions were observed to show 
a significant concentration-dependent decrease in 
the radicle length of the seeds of S. bicolor. For the 
seeds, it was observed that as the incubation period 
increases, there was a remarkable continuous reduc-
tion in the length of the radical as compared to the 
control. This may be because components of the 
extracts/fractions might have interfered directly or 
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Figure 5. 
Representative plates show effect of extract of B. pinnatum on seed radicle length

Figure 6. 
Inhibitory effects of fractions of B. pinnatum on germinating radicles of Sorghum bicolor. Values are mean ±SEM, 

n=20. Error bars indicate standard error of mean of triplicate groups

            Control                     1 mg/ml                      5 mg/ml                       20 mg/ml                     30 mg/ml

              Control                         FrA (10 mg/ml)                         FrB (10 mg/ml)                      FrE (10 mg/ml)   

Figure 7. 
Selected plates show the effect of the VLC fractions of B. pinnatum on radicle length at 96 h. Fr – bulked fraction

Concentrations (mg/ml)
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CONCLUSION

Based on the results obtained, the plant has demon- 
strated growth inhibitory and anti-methicillin re-
sistant bacteria effects which support the folkloric 
use of the plant in the treatment of bacterial infec-
tions and various forms of cancer. However, isolat-
ing the active constituents from the active VLC frac-
tion B accompanied by biological studies will form 
the next phase of this work. 

Conflict of interest: Authors declare no conflict of 
interest.
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