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ABSTRACT

Now a days the best way to treat human diseases is by using bioactive compounds obtained from natural sources like
plants, microbes etc. The present project was therefore planned for the isolation and purification of bioactive fractions
from Cassia glauca Lam leaves. Crude methanol extract (Sample Name F14) was prepared by Soxhlet extractor which
was further purified by column chromatography using silica gel 60 mesh (70-230) and fractions were eluted by using
gradient method. Thirteen fractions (F1-F13) were collected using three different organic solvents (n-Hexane, ethyl
acetate, methanol) mixed in different combinations. Crude extract and fractions obtained after purification were used to
evaluate antibacterial, antifungal, antioxidant and cytotoxic activities. Antimicrobial activities against two Gram positive
bacteria; S. aureus and B. subtilis, and two Gram negative bacteria; P. multocida and E. coli and four fungal strains;
Aspergillus niger, Aspergillus ustilago, Fusarium solani and Alternaria alternata were performed by using well
diffusion method. Antioxidant activity was performed by using DPPH free radical scavenging assay. The cytotoxicity
was done by hemolytic assay. In our experiments the maximum zone of inhibition (25 mm) was shown by F7 (100 %
Ethyl acetate) against E. coli and maximum zone of inhibition (19.7 mm) against A. niger was observed by F2 (n-Hexane
and Ethyl acetate 10:1). Maximum antioxidant activity (57%) was shown by F14. In our studies F9 (Ethyl acetate:
Methanol) showed maximum (64%) cytotoxic activity. Those fractions that showed all activities (antimicrobial,
antioxidant and cytotoxic) were further analyzed by thin layer chromatography (TLC). Finally, statistical analysis was
done. The results can further enhance the medicinal potential of Cassia glauca Lam leaves for the treatment of different
diseases.
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INTRODUCTION

The history of mankind is full of many
contagious diseases that were treated with herbal
medicines (Shenta and Maliki, 2017).  In many
developing countries even today, plant materials play a
very important role in therapeutics. Around 40% of the
world’s top selling drugs are derived from natural
products (Kumar et al., 2009). According to literature
survey 80% population of the world depend on plant-
based drugs (Ekor, 2014). In the early 19th century
compounds like morphine were isolated from opium and
a number of medicines, such as digitoxin, cocaine,
quinine and codeine, were isolated before the role of
medicinal plants in drugs was discovered (Balunas and
Kinghom, 2005). The extracts of most medicinal plants
are very useful in anti-microbial, anti-parasitic,
aphrodisiac, antimicrobial and inflammatory drugs and
used for the treatment of many diseases like bronchitis,
emaciation, asthma, ulcers, senile dementia and insomnia
(Heim et al., 2002) . Bioactive compounds in medicinal
plants can be classified into phenolic compounds,

glycosides, terpenoids, lignans, resins, protein, peptide,
furocomarines and tannin (Mustafa et al., 2017).

Separation of medicinally active portions of
plant by using suitable solvents through standard methods
is very important to separate the soluble plant metabolites
and leaving the insoluble residue. Certain initially
obtained extracts may be ready for use as therapeutic
agents in the form of fluid extracts and tinctures while
others need more processing (Nadkarni, 1954). Extrusion
microwave heating, ultrasound, enzyme digestion, pulsed
electric field, accelerated solvents and supercritical fluids
have been considered as non-conventional techniques to
enhance selectivity of bioactive compounds and overall
yield from plant materials (Azwanida, 2015). At the same
time conventional extraction technique like Soxhlet is
still considered as one of the reference techniques to
compare achievement of newly developed techniques
(Aga and Abida, 2019). Considering the toxic effects of
synthetic antibiotics, characterization of purified new
types of plant bioactive compounds could be a safer
alternative to synthetic compounds (Azmir et al., 2013).
To characterize both inorganic and organic compounds
from the complex material of extract column-
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chromatography is one of the most common and widely
used separation technique (Bajpai and Sun, 2011). Most
commonly used absorbent for the separation of bioactive
compounds by chromatography are alumina, polyamide
and silica. To analyze the fractions that are obtained from
the column chromatography, thin-layer chromatography
(TLC) has always been used (Altemimi et al., 2017).

Cassia genus belongs to the family Fabaceae,
which is also treated as a subfamily of Caesalppinioideae
of the large Leguminosae family. It consists of about 350
species of shrubs, herbs and trees which are commonly
spread all over the world of which only twenty species
are native to India. In pharmacological and
phytochemical research of Cassia species have been of
keen interest. Cassia species contain many important
medicinal properties such as anti-diabetic, wound
healing, anti-inflammatory hepato-protective, purgative
and antimicrobial (Gupta et al., 2013; Kittur et al., 2015).
Phytochemical investigation showed that the stem of
Cassia glauca contain stearic acid, β-D glucoside, β-
sitosterol, physcion and chrysophenol etc. In traditional
medicine leaves and bark of Cassia glauca are used to
cure gonorrhea, blennorrhagia and diabetes (Salahuddin
and Jalalpur, 2010).

Keeping in mind the importance of Cassia sp.,
and above mentioned discussion the present study was
designed for the isolation and purification of methanolic
bioactive fractions from Cassia glauca Lam leaves and
also to check their bioactive potential by performing
antimicrobial, antioxidant and cytotoxicity activities. This
study will lead to isolation of novel therapeutic
compounds from Cassia glauca Lam, a potential
medicinal candidate for the treatment of various diseases.

MATERIALS AND METHODS

Study area: The study was conducted at the Bioactive
Molecules Research Lab (BMRL), Department of
Biochemistry, University of Agriculture, Faisalabad,
Pakistan. Leaves of Cassia glauca Lam were collected
from old botanical garden of University of Agriculture,
Faisalabad and confirmed from Department of Botany,
UAF. Leaves were washed with sterile distilled water and
then air dried at room temperature and powdered to fine
mesh.

Extraction of Cassia glauca Lam leaves: 25 grams of
powder plant leaves sample was extracted by using
methanol by Soxhlet extractor for 24 hours. The solvent
was taken into the round bottom flask and heated to
boiling using a heating mantle. The extract was
evaporated and then dissolved in DMSO in different
concentrations and stored at 4 0C in refrigerator for
further use.

Purification or Fractionation of methanol extract by
column chromatography: Column was packed by

activated silica gel 60 (70-230 mesh). For the purification
of compound, methanol extract (2.1g) was loaded in to
the column and elution in non-polar to polar solvents was
performed with F1 100% hexane, F2 (10:1) hexane: ethyl
acetate, F3 (5:1) hexane: ethyl acetate, F4 (1:1) hexane:
ethyl acetate, F5 (1:5) hexane: ethyl acetate, F6 (1:10)
hexane: ethyl acetate, F7 100% ethyl acetate, F8 (10:1)
ethyl acetate: methanol, F9 (5:1) ethyl acetate: methanol,
F10 (1:1) ethyl acetate: methanol, F11 (1:5) ethyl acetate:
methanol, F12 (1:10) ethyl acetate: methanol and F13
100% methanol. Total 13 fractions were eluted or
collected in a volume of 30 mL. Then evaporated each
fraction in water bath while the dried fraction was
dissolved in DMSO (Bajpai et al., 2016).

Antimicrobial assay: In vitro antimicrobial activity of
crude extract (F14) and thirteen fractions (F1-F13) that
are obtained after purification was tested against two
Gram-negative bacteria P. multocida and E. coli, two
Gram-positive bacteria B. subtilis and S. aureus and four
strains of fungus A. niger, A. ustilago, F. solani and A.
alternata by following the method of Candan et al.
(2003).

Antioxidant assay (DPPH scavenging activity):
Antioxidant assay of each fraction was performed by the
method of Roopa et al. (2015). Briefly, into the 95 µL
methanolic solution of DPPH, 5 µL sample solution was
added and incubated in darkness for 30 minutes at room
temperature and absorbance was measured on plate
reader (Bio-Rad microplate reader iMark) at 517 nm.
Each experiment was performed in triplicate. As a control
ascorbic acid was used. Free radical scavenging by DPPH
was measured by using the following formula.

I (%) = {(A blank –A sample) / A blank} x 100
Where I (%) is the percentage inhibition of free

radical of DPPH, A blank is the absorbance of the blank
and A sample is the absorbance of the sample.

Cytotoxicity assay: Cytotoxicity assay of each fraction
was performed by following the method of Maqsood et
al., (2021) where hemolytic activity was performed using
RBCs and taking reading at 576 nm. PBS and Triton X-
100 were used as negative and positive controls.

Thin layer chromatography: Those fractions that
showed highest zone of inhibition against all strains, and
high DPPH activity and low cytotoxicity were further
analyzed by using thin layer chromatography by
following the method of Bajpai et al. (2016). For spotting
the fractions TLC plate was cut and marked by pencil. By
using capillary tube each fraction was applied on
activated TLC plate. For the preparation of TLC chamber
two solvent systems were used. Solvent system 1
contains methanol and ethyl acetate (90:10) and solvent
system 2 contained butanol, ethyl acetate and water
(4:1:3) (Chkraborty et al., 2010). After the preparation of
TLC chamber, TLC plates were placed into the
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developing chamber until solvent passed over the plate
and reaches to solvent front. TLC plates were removed
after the solvent completed travelling and reached the
solvent front. Distance traveled by the solvent (Solvent
front) was marked by the pencil and plates were dried.
For the visualization of bands, plates were also observed
under UV light, later on the plated were developed with
Ninhydrin spray. Distance traveled by each fraction was
also marked by pencil. Then Rf value of each fraction
was calculated by using formula.
Rf = Distance traveled by sample (cm)/ Distance traveled

by Solvent (cm)

Statistical analysis: Statistical analysis was done by
using one way ANOVA. The pair wise comparison was
performed by t-test (Tuckey’s test) using software
Statistix, version 8.1 (Subramaniyan et al., 2018).

RESULTS AND DISCUSSION

At present there is much significance of
medicinal plants as a great source of beneficial
compounds that may lead to the production of novel
medicines. Many bioactive compounds that are produced
from the plants have positive effects on human health
(Azwanida, 2015). Various extracted bioactive
compounds from plants are useful in different industries
such as pesticides, chemical, pharmacy and dye (Meena
and Vidya, 2008). For the treatment of many human
diseases medicinal plants have been used as traditional
medicines for thousands of years (Palombo, 2006). Due
to modern life style many chronic diseases are affecting
humanity leading to reduction in quality and span of life.
Diabetes, cardiovascular diseases and cancer are such
type of diseases. The recent treatments of increasing
chronic diseases such as oral anti-diabetic drugs (eg.
biguanides, sulfonylureas, α-glucosidase inhibitors)
anticancer drugs (e.g., camptothecin, etoposide, 5
Fluorouracil, cyclophosphamide and doxorubicin)
include monotreatment or in polytherapy. Though, these
agents have numerous adverse side effects. Therefore,

use of more effective and safer drugs for the treatment of
these deadly diseases is an active area of research. For the
cure and prevention of these diseases natural products
from herbal plants can play an important role (Zhang and
Reddy, 2018).

In the present study the extraction of Cassia
glauca Lam leaves were performed with methanol. The
percentage yield of methanolic extract was 24.91 %
(w/w) when compared with the weight of powdered
sample used. Concentration of 200 mg/mL was prepared
for crude extract F14 by dissolving in DMSO for
bioactive assays. The purification of methanol extract by
silica gel 60 mesh (70-230) column chromatography
yielded about 13 fractions (F1- F13) by using gradient
solvent system (from non-polar to polar solvent).
Gradient solvent system provides best separation and
elution of various organic compounds from any plant
based organic extract. All the fractions were further
dissolved in DMSO (100% pure) to make the final
concentration 20 mg/mL to check the bioactivity of
fractions.

In our experiments four strains of bacteria from
which two are Gram-positive and two are Gram-negative
were tested with all the bioactive fractions (F1-F14) by
using well diffusion method. From all the bioactive
fractions maximum zone of inhibition (25 mm) was
shown by F7 (100 % Ethyl acetate) against E. coli.
Streptomycin was used a positive control. Streptomycin
(SM) has proved to be panacea for patients suffering
from multidrug-resistant tuberculosis, since it attacks the
process of protein synthesis by interrupting the steps of
translation (Sharma and Bisht, 2017). Results of
antibacterial activity of all the bioactive fractions of
Cassia glauca Lam leaves extract are shown in Table 1.
Antibacterial activity of Cassia glauca Lam leaves have
been previously reported by Kittur et al. (2015) against S.
aureus (ATCC 25923), E. faecalis (ATCC29212), K.
pneumoniae (ATCC-1705) and E. coli (ATCC 25922)
and also reported similar activity against different
bacterial strains.

Table 1. Antibacterial activities of bioactive fractions of Cassia glauca Lam leaves extract.

Bioactive Fractions S.    aureus
B.

Subtilus
P.

Multocida
E.

coli
F1 Nill 18.800B±0.282 15.333C±0.942 19.75C±0.540
F2 13.0B±0.81 14.5CD±0.40 19.6B±0.47 16.6DEF±0.47
F3 11.0C±0.81 19.3B±0.47 12DE±0.81 11.6EF±0.94
F4 11.5C±0.40 13.0DEF±0.86 18.8B±0.84 11.3F±0.62
F5 10.1D±0.34 15.9C±0.85 9.6EF±0.94 11.3F±0.47
F6 Nill 14.6CD±0.47 15.4C±0.43 19C±0.89
F7 Nill 11.8F±0.64 10.667EF±0.94 22B±0.81
F8 Nill 11.7F±0.51 10.5EF±0.40 Nill
F9 Nill 14.0CD±0.89 9.9EF±0.81 11.3F±0.49
F10 Nill Nill 10EF±0.81 Nill
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F11 Nill Nill 11DEF±0.81 Nill
F12 Nill Nill 9F±0.81 16.33DE±0.942
F13 Nill Nill 12DE±0.94 Nill
F14 (crude) 10.7C±0.54 14.9CD±0.34 13.6CD±0.44 17.8DEF±0.28
Positive Control 33.0A±0.81 46.3A±0.92 48.6A±0.47 44.6A±0.47

*These values indicate the mean and standard
deviation of three independent experiments. F1: 100 % n-
Hexane, F2 : (10:1) n-Hexane: Ethyl acetate, F3: (5:1) n-
Hexane: Ethyl acetate, F4: (1:1) n-Hexane: Ethyl acetate,
F5: (1:5) n-Hexane: Ethyl acetate, F6: (1:10) n-Hexane:
Ethyl acetate, F7: 100% Ethyl acetate, F8: (10:1) Ethyl
acetate: Methanol, F9: (5:1) Ethyl acetate: Methanol,
F10: (1:1) Ethyl acetate: Methanol, F11: (1:5) Ethyl
acetate: Methanol, F12: (1:10) Ethyl acetate: Methanol
and F13:100% Methanol, F14: Crude extract.
Streptomycin was used as positive control. P> 0.05,
Means containing similar alphabets (in a column) are
statistically non-significant. All Zone of Inhibitions (ZOI)
are means of 3 experimental values represented as
millimeters (mm± S.D).

In our experiments four fungal strains Alterneria
alternata, Aspergillus niger, Fusarium solani and
Aspergillus ustilago were also tested with all the

bioactive fractions (F1-F14) by using well diffusion
method. The maximum inhibitory activity (19.5 mm) was
shown by F2 (n-Hexane and Ethyl acetate 10:1).
Terbinafine was used as a positive control. Terbinafine
can be used along with many antimycotic medications in
the treatment of rare and resistant mycoses because of
combined in vitro antimycotic action; high doses are
frequently used, however limited information is available
on general experience, and no assessment of
pharmacodynamics target has been made (Dolton et al.,
2014). Antifungal activities of purified fractions and
crude extract are shown in Table 2.

Kittur et al. (2015) also reported antifungal
activity of Cassia glauca Lam leaves against two strains
of fungi Candia ablicans (ATCC10231) and Aspergilus
fumigatus (ATCC102) and found that Cassia glauca Lam
leaves were highly active against different fungal strains.

Table 2. Antifungal activities of bioactive fractions of Cassia glauca Lam leaves extract.

Bioactive Fractions
Alternaria
Alternate

Aspergillus
Ustilago Aspergillus niger

Fusarium
Solanum

F1 18BC±0.81 12.1F±0.62 9.5H±0.24 11.4CD±0.41
F2 15.4DEF±0.42 18.3B±0.47 19.7B±0.47 15.9B±0.82
F3 18BC±0.82 19B±0.52 16CD±0.81 11CDE±0.81
F4 17CD±0.82 17.6B±0.47 14.3DE±0.47 10.6CDE±0.47
F5 13.3FG±0.47 13.3DEF±0.47 10.4G±0.43 11.8C±0.58
F6 14.3EF±0.46 14.3CDE±0.47 Nill 12.4C±0.43
F7 17.1CD±0.84 14.8CD±0.61 Nill 9.5E±0.40
F8 17.5BCD±0.41 13.7CDEF±0.52 11.5FG±0.40 Nill
F9 11.7GH±0.47 15.4C±0.41 16CD±0.81 Nill
F10 16.5CDE±0.40 18B±0.81 12.4EF±0.41 9.6DE±0.47
F11 14.6EF±0.47 12.6EF±0.47 11FG±0.82 11CDE±0.81
F12 Nill 14CDEF±0.81 10G±0.81 11.6C±0.51
F13 10.5H±0.41 14.7CD±0.32 10.6FG±0.51 11.4CD±0.43
F14 (crude) 19.4B±0.54 18.9B±0.41 17.6BC±0.47 Nill
Positive control 21.8A±0.62 28.3A±0.92 21.7A±0.47 25.4A±0.43

*These values indicate the mean and standard
deviation of three independent experiments. F1: 100 % n-
Hexane, F2 : (10:1) n-Hexane: Ethyl acetate, F3: (5:1) n-
Hexane: Ethyl acetate, F4: (1:1) n-Hexane: Ethyl acetate,
F5: (1:5) n-Hexane: Ethyl acetate, F6: (1:10) n-Hexane:
Ethyl acetate, F7: 100% Ethyl acetate, F8: (10:1) Ethyl
acetate: Methanol, F9: (5:1) Ethyl acetate: Methanol,
F10: (1:1) Ethyl acetate: Methanol, F11: (1:5) Ethyl
acetate: Methanol, F12: (1:10) Ethyl acetate: Methanol
and F13:100% Methanol, F14: Crude extract.

Streptomycin was used as positive control. P> 0.05,
Means containing similar alphabets (in a column) are
statistically non-significant. All Zone of Inhibitions (ZOI)
are means of 3 experimental values represented as
millimeters (mm± S.D).

Antioxidant activity of all the bioactive fractions
(F1-F14) was determined by DPPH free radical
scavenging assay (Table 3). The DPPH radical
scavenging assay is a highly sensitive antioxidant test and
is based on substrate polarity, and also on donation of
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hydrogen atom. Since, the DPPH radical has small
relevancy to living organism and their biological systems
therefore, this method is commonly considered as
suggestive of the capability of plant extracts to scavenge
free radicals (Safari and Salman, 2017). In our
experiment all the fractions showed significant results but
some are more active. For instance, F14 (Crude extract)
showed maximum antioxidant activity (57 %) in
comparison to other bioactive fractions. Elkmlichia et al.
(2017) reported that methanolic extract of C. villosa
subsp was more active and able to scavenge 76.15 ± 0.04
% of the DPPH radical at concentration of 4 mg/mL as
compared to ethyl acetate extract that showed very week
antioxidant activity.

Bioactive compounds or extracts from plants etc
besides being tested for antimicrobial and antioxidant
activities are also assessed by in vitro hemolytic assays as
a parameter of cytotoxicity towards human RBCs which
is most important before being used as a therapeutic
(Maqsood et al., 2021). In our experiments the
therapeutic efficacy or safe use of Cassia glauca Lam
samples F1-F14 were also assessed and it was found that
the maximum cytotoxic activity was shown by F9 (Ethyl
acetate: Methanol) i.e., 64%. This concludes that without
detailed study of F9 components it cannot serve as good
antimicrobial or antioxidant besides having significant
results. Results of percentage hemolytic activity and
antioxidant activity of bioactive fractions F1-F14 are
shown in Table 3.

Table 3. Percentage DPPH free radical scavenging
and cytotoxic activity of each purified and
crude bioactive fractions.

Bioactive
Fractions

%age inhibition in
Antioxidant assay

%age inhibition in
Cytotoxicity assay

F1 30.10HI±0.59 36.35EF±2.12
F2 39.95DEF±1.286 25.82G±3.83
F3 48.19C±1.58 50.00D±2.80
F4 43.60CD±2.35 31.04FG±1.18
F5 47.71C±1.115 52.10CD±1.82
F6 38.27DEFG±2.72 39.37E±1.69
F7 37.05EFG±2.03 39.28E±1.34
F8 35.62EFGH±2.03 26.19G±1.29
F9 32.30GHI±1.54 64.83B±1.47

F10 41.15DE±1.03 41.20E±1.83
F11 33.46FGHI±2.56 25.27G±1.55
F12 36.42EFGH±1.61 26.83G±3.05
F13 27.38I±1.58 41.75E±1.36
F14

(crude) 57.17B±0.51 59.52BC±2.46
Positive
control 73.89A±2.16 76.64A±2.54

*Data were expressed as mean (% DPPH radical
scavenging activity) ± S.D of three independent

experiments. . F1: 100 % n-Hexane, F2 : (10:1) n-
Hexane: Ethyl acetate, F3: (5:1) n-Hexane: Ethyl acetate,
F4: (1:1) n-Hexane: Ethyl acetate, F5: (1:5) n-Hexane:
Ethyl acetate, F6: (1:10) n-Hexane: Ethyl acetate, F7:
100% Ethyl acetate, F8: (10:1) Ethyl acetate: Methanol,
F9: (5:1) Ethyl acetate: Methanol, F10: (1:1) Ethyl
acetate: Methanol, F11: (1:5) Ethyl acetate: Methanol,
F12: (1:10) Ethyl acetate: Methanol and F13:100%
Methanol, F14: Crude extract. Ascorbic acid was used as
positive control in antioxidant assay and in cytotoxicity
assay 0.1% Triton X- 100 was used as positive control.
P> 0.05, Means containing similar alphabets are
statistically non-significant.

Among all bioactive fractions F2, F3 and F14
showed all activities (Antimicrobial, antioxidant and
cytotoxicity) hence they were selected for analyzing the
compound that are present in the mixture by thin layer
chromatography (TLC). Two different solvent systems
were used, solvent system 1 contains methanol and ethyl
acetate (90:10) and solvent system 2 contains butanol,
ethylacetate and water (4:1:3). Ninhydrin spray was  used
for the detection of spots. Rf values of the fractions were
obtained after measuring the distance traveled by sample
and distance traveled by solvent. Rf values of the TLC
fractions are shown in Table.4. The characteristic that
determines this ratio is polarity. The silica gel plate is
very polar. Compounds which are also polar will tend to
stick more to the plate, and will move more slowly.
Compounds which are less polar will tend to dissolve in
the solvent, and will move faster. So Rf value is essential
to determine which compounds  are more polar or which
compounds are less polar.

Table. 4:  Rf values of the TLC fractions.

TLC
Fractions

Solvent System 1
(Rf values)

Solvent System 2
(Rf values)

F2 0.91 0.88
F3 0.2 0.83

F14(crude) 0.41 0.7
*F2: (10:1) n-Hexane: Ethyl acetate, F3: (5:1) n-Hexane: Ethyl
acetate, F14: Crude extract

In our present project F2 separated at Rf value
0.91 and 0.882 indicating that F2 is less polar and move
faster in TLC plate then F3 and F14 while using solvent
system I and II respectively. Rf. value is used for
qualitative description of the nature of molecules
(Coskun, 2016) and can be used for identifications when
its compared with known standards.

Conclusions: The present study indicates that crude
methanol extract and purified fractions of Cassia glauca
Lam leaves showed significant results in antimicrobial,
antioxidant and hemolytic activities. Based on this
primary research more investigations are needed to
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enhance the medicinal potential of Cassia glauca Lam
leaves for the treatment of different diseases by
discovering potential drug candidates from reported
bioactive samples.
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