
ABSTRACT
Tuberculosis is an infectious disease that kills approximately three million people annually worldwide. This high 
incidence of infection and the increased rate of multi-drug resistance and extensively drug resistance strains of the 
organism further complicated the problem of TB control and have called for an urgent need to develop new anti 
tuberculosis drugs from plants. The present study is aimed to evaluate the phytochemical investigation and anti 
mycobacterial activity of Solanum pubescens. Preliminary phytochemical analysis is done both methanolic and 
ethyl acetate extracts of leaves of Solanum pubescens. Both the extracts were subjected with estimation of total 
phenolic content, total flavonoid, total alkaloid and total antioxidant activity. The phenolic content, flavonoid 
content, alkaloid content and invitro anti-oxidant potential of methanolic extract was found to be 46.33±13.23, 
29.66 ± 8.08, 1.46±0.26 and 48.33±12.11 respectively. The phenolic content, flavonoid content, alkaloid content 
and invitro anti-oxidant potential of ethyl acetate extract was found to be 38.33±11.23, 23.43 ±5.05, 1.24±0.16 
and 43.66±9.07 respectively. Methanolic and ethyl acetate extracts were assessed for anti mycobacterial activity 
against mycobacterium tuberculosis using H37RV strain. Methanolic extract of leaves of Solanum pubescens 
exhibited very good anti tuberculosis activity having minimum inhibitory concentration of 6.25µg/ml. The ethyl 
acetate extract of Solanum pubescens having minimum inhibitory concentration of 10µg/ml.  Furthermore work 
is required to be undertaken for active principle or group of compounds responsible for such activity.
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INTRODUCTION

Tuberculosis (TB) continues to be one of the leading 
infectious causes of death in the world especially in a 
developing and densely populated country like india, 
(Rajesh Archana et al., 2017). mycobacterium tuberculosis 
is a pathogenic organism which causes Tuberculosis 
(Ravindran et al., 2020). TB, an old disease that has 
plagued humankind for centuries, is known to be a 
highly infectious disease and still remains the leading 
killer among infectious diseases in the world (Aro et al 
2019). Although anti-TB drugs have been in existence 
for many years, the disease continues to be prevalent. 
The primary reason behind this is the emergence of drug-
resistant strains of Mtb. Thus, although several drugs are 
available, the quest for newer and more effective ones 
continues (Sarkar et al., 2020). 

The indigenous plant resources provide medications 
to alleviate cough and related respiratory disorders 
associated with TB ( Sieniawska et al., 2020). Moreover, 
higher plant extracts have been considered as promising 
sources of novel anti-TB leads (Kahaliw et al., 2017). 
Traditionally Solanum pubescens has been used in 
treatment of headache, menstrual pain, rheumatoid 
arthritis, tuberculosis, ulcers, liver disorders, diarrheal 
disease and cancer disorder. But there is unavailable 
scientific data of Solanum pubescens against tuberculosis. 
The present study is undertaken to explore the preliminary 
phytochemical analysis and antimycobacterial activity 
of Solanum pubescens.

MATERIAL AND METHODS

Plant collection: Fresh leaves of Solanum pubescens, 
family Solanaceae were collected from Kadiri, 
Ananthapuramu district, Andhrapradesh state, india. 
 
Identification & authentication: Solanum pubescens 
was identified and authenticated by dr. J. Raveendra 
Reddy, M. Pharm, Ph. d, Raghavendra institute of 
Pharmaceutical education and Research [RiPeR], 
Ananthapuramu district, Andhrapradesh state, india.

Chemicals: The chemicals were used in this study were 
obtained from Hi-Media Pvt. ltd.

Extraction procedure: The powdered plant material 
was weighed using analytical balance and prepared for 
solvent extraction. Successive extraction was done using 
300g of powdered material of leaves in soxhlet apparatus. 
The solvents ethyl acetate (2l, 70˚c, 15-17 cycles) and 
methanol (2l, 70˚c, 15-17 cycles) were used (Fatemeh 
SR et al., 2014).

Phytochemical screening: The methanolic extract of 
Solanum pubescens (MeSP) and ethyl acetate extract 
of Solanum pubescens (eAeSP) were subjected to 
phytochemical screening (Borokini Ti et al., 2012).

Estimation of total phenolic content (TPC): Folin 
ciocalteu’s assay is used for the determination of total 
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phenolic content of the extracts 1ml of extract or 
standard solution of Gallic acid at concentration of 20, 
40, 60, 80, 100mg/ml is added to the 25ml of volumetric 
flask which is already containing 9ml of distilled 
deionized water. To the above solution added 1ml of 
Folin- ciocalteus reagent and shaken it well. Added 10 
ml of 7% sodium carbonate solution after 5min to the 
above solution. The above solution is diluted by using 
25ml of water and mixed it. incubated the solution for 
90 min at room temperature, absorbance was determined 
at 750 nm using UV-Visible spectrophotometer. The total 
phenolic content was expressed in units as milligrams of 
Gallic acid equivalents[GAe] per 100 grams dry mass[mg 
GAe/100MG] (Tab sum, SH et al., 2016).

Estimation of total flavonoid content (TFC): colorimetric 
assay is used for the determination of total flavonoids 
content 1ml of extract and standard solutions of 
quercetin at concentrations of 20, 40, 60, 80, 100mg/
ml was added to the 10ml volumetric flask already 
containing 4ml distilled water. To the above solution 
added 0.3 ml of 5% Sodium nitrate. Then added 0.3 ml of 
10% Alcl3 after 5min and 6 min, added 2ml of 1M naoH 
and total volume made up to 10 ml with distilled water. 
The whole solution was mix up and absorbance was 
measured at 510 nm in UV- Visible spectrophotometer. 
The data of the total flavonoid content was expressed 
as milligrams of quercetin equivalents [Qe] per 100g dry 
mass [mg Qe/100g] (Tabsum et al., 2016).

Estimation of total alkaloid content (TAC): TAc was also 
quantified by spectrophotometric method. This method is 
based on the reaction between alkaloid and bromocresol 
green [BcG]. The plant extract [1mg/ml] was dissolved in 
2 n Hcl and then filtered. The PH of phosphate buffer 
solution was adjusted to neutral with 0.1 n naoH. 1ml 
of this solution was transferred to a separating funnel, 
and then 5ml of BcG solution along with 5ml phosphate 
buffer were added. The mixture was shaken and the 
complex formed was extracted with chloroform by 
vigorous shaking. The extract was collected in a 10 ml 
volumetric flask and diluted to volume with chloroform. 
The absorbance of the complex in chloroform was 
measured at 470 nm (islam et al., 2013).

Total antioxidant activity: The antioxidant activity of 
the extracts was evaluated by the phosphor-molybdate 
method using ascorbic acid as a standard. The assay is 
based on the reduction of Mo [4]-Mo [5] by the extract 
and subsequent formation of green phosphate/ Mo[5] 
complex at acidic pH. An aliquot of 0.3 ml. extract was 
combined with 3ml of reagent solution [0.6M sulfuric 
acid, 28mM sodium phosphate and 4mM ammonium 
molybdate]. The tubes containing the reaction solution 
were incubated at 95degree centigrade for 90 min. 
After the samples had cooled to room temperature, the 
absorbance of the solution was measured at 695 nm 
against blank using a spectrophotometer. Methanol 
[0.3ml] in the place of extract is used as the blank. 
Ascorbic acid equivalents were calculated using standard 
graph of ascorbic acid (lourenco, et al., 2007).
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In vitro anti tuberculosis activity: The anti mycobacterial 
activity of compounds were assessed against M. 
tuberculosis using micro plate Alamar Blue assay [MABA]. 
This methodology is non toxic, uses a thermally stable 
reagent and shows good correlation with proportional 
and BAcTec radiometric method. Briefly, 200 micro liters 
of sterile deionized water was added to all outer perimeter 
wells of sterile 96 wells plate to minimized evaporation 
of medium in the test wells during incubation. The 96 
wells plate received 100 micro liters of the Middle brook 
7H9 broth and serial dilution of compounds were made 
directly on plate. The final drug concentrations tested 
were 100 to 0.2 micro gram per ml. plates were covered 
and sealed with parafilm and incubated at 37 0c for5 
days. After this time, 25µl of freshly prepared 1:1 mixture 
of almar blue reagent and 10% tween 80 was added to 
the plate and incubated for 24hrs. A blue colour in the 
well was interpreted as no bacterial growth, and pink 
colour was scored as growth. The Mic was defined as 
lowest drug concentration which prevented the colour 
change from blue to pink, (lourenco et al., 2007).

RESULTS AND DISCUSSION

Tuberculosis is a chronic disease caused by mycobacterium 
tuberculosis. Tuberculosis has been major health problem 
for developing countries including india. Tuberculosis is 
still a serious illness and a serious public health problem 
with medical, sociological and economic consequence 
that has a fatal end in more than 50% of untreated cases. 
The increase in multi drug resistance and extensively drug 
resistance strains of mycobacterium tuberculosis, there 
is an urgent need of finding newer anti-mycobacterial 
agents to combat this problem (ngadino et al., 2018).

in the current study the focus was to assess the 
phytochemical screening and antimycobacterial 
activity of methanolic and ethyl acetate extracts of 
leaves of Solanum pubescens. The physical appearance 
of methanolic and ethyl acetate extracts of leaves of 
Solanum pubescens was found to be green in colour, 
semisolid and pleasant odour. The methanolic extract 
of Solanum pubescens examined for phytochemical 
analysis and they contained the alkaloids, flavonoids, 
tannins, phenolic compounds and glycosides where as 
ethyl acetate extract of Solanum pubescens consisted 
of alkaloids, flavonoids, tannins, phenolic compounds, 
steroids and saponins. Both the extracts were subjected 
for quantification of the total phenolic content, total 
flavonoid content, total alkaloid content and total 
antioxidant activity. 

The content of the phenolic compounds in the methanolic 
extract of leaves of Solanum pubescens is expressed in 
gallic acid equivalents was 46.33±13.22. The content of 
flavonoid compounds in methanolic extract of leaves of 
Solanum pubescens is expressed in quercetin equivalents 
was 29.66 ± 8.087. The content of alkaloid compounds 
in methanolic extract of leaves of Solanum pubescens 
is expressed in atropine equivalents was 1.463±0.268. 
The content of total antioxidant activity of methanolic 
extract of leaves of Solanum pubescens is expressed in 

ascorbic acid equivalents was 48.33±12.11. The content 
of total phenolic compounds in ethyl acetate extract of 
leaves of Solanum pubescens is expressed in gallic acid 
equivalents was 38.33±11.23.
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S. No.                  Result
 Physical appearance MESP EAESP

01 color Green Green
02 Texture Semi solid Semi solid
03 odour Pleasant Pleasant
04 % yield 10% 8%

Table 1. Physical appearance of extracts of Solanum 
pubescens

S. No Test MESP EAESP

01 Alkaloids + +
02 Flavonoids + +
03 Phenolic compounds + +
04 Tannins’ + +
05 Steroids + +
06 Saponins + -
07 Glycosides + -

 + indicates present, - indicates absent

Table 2. Phytochemical screening of Solanum pubescens

Figure 1: Estimation of total phenolic content
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The content of flavonoid compounds in ethyl acetate 
extract of leaves of Solanum pubescens is expressed in 
quercetin equivalents was 23.43±5.057. The content of 
alkaloid compounds in ethyl acetate extract of leaves of 
Solanum pubescens is expressed in atropine equivalents 
was 1.246±0.168. The content of total antioxidant 
activity of ethyl acetate extract of leaves of Solanum 
pubescens is expressed in ascorbic acid equivalents was 
43.66±9.0.
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Figure 2: Estimation of total flavonoid content

Figure 3: Estimation of total alkaloid content

Figure 4: Total anti - oxidant activity

Table 3. Total TPC, TFC, TAC contents of methanolic extract of 
Solanum pubescens

Name of the plant  Solanum pubescens

Family  Solanaceae
Parts used  leaves
extract investigated  Methanolic
TPc (mg of GAe/gm)  46.33±13.23
TFc(mg of Qe/gm)  29.66±8.087
TAc(mg of /gm)  1.463±0.268
Total antioxidant activity  48.33±12.11
each value represents the mean ± S.e.M.(n=5).GAe=Gallic 
acid equivalents, Qe= Quercetin equivalents.

Name of the plant  Solanum pubescens

Family  Solanaceae
Parts used  leaves
extract investigated  ethyl acetate extract
TPc (mg of GAe/gm)  38.33±11.23
TFc(mg of Qe/gm)  23.43±5.057
TAc(mg of /gm)  1.246±0.168
Total antioxidant activity  43.66±9.07

each value represents the mean± S.e.M.(n=5) GAe= Gallic 
acid equivalents, Qe= Quercetin equivalents

Table 4. Total TPC, TFC, TAC contents of ethyl acetate 
extract of Solanum pubescens

Samples(µg/ml) mycobacterium tuberculosis

0.8  R
1.6  R
3.12  R
6.25  S
12.5  S
25  S
50  S
100  S

Table 5. Anti TB activity of methanolic extract by using 
MABA

Samples(µg/ml) mycobacterium tuberculosis

1.2  R
2.5  R
5  R
10  S
20  S
40  S
80  S
100  S

Table 6. Anti TB activity of ethyl acetate extract by using 
MABA

The anti-mycobacterial activity of methanolic and 
ethyl acetate extract of leaves of Solanum pubescens 
is evaluated by micro plate alamar blue assay using 
H37RV, a standard strain of mycobacterium tuberculosis. 
The plant extracts showed anti mycobacterial activity 
to different extents but methanolic extract of leaves of 
Solanum pubescens exhibited good anti tuberculosis 
activity having minimum inhibitory concentration 
of 6.25µg/ml. The ethyl acetate extract of Solanum 
pubescens having minimum inhibitory concentration of 
10µg/ml (Showed in table 6 and 7). Furthermore work is 
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required to be undertaken for active principle or group 
of compounds responsible for such activity.

CONCLUSION

The methanolic extract of Solanum pubescens was shown 
to be very active as is quite evident from its Mic of 
6.25µg/ml. The actual compound responsible for activity 
needs to be identified.
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