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ABSTRACT

Isodon rugosus Wall. ex Benth (IR) is one of the ethnomedicinal important plants of Gilgit-Baltistan, Northern Pakistan.
The present study aims to evaluate the micro-morphological features, phytochemical screening, and pharmacological
potential of IR. SEM and LM were used as an identification tool. Five different solvents were used to prepare IR
extracts. Phytochemical and antioxidant activities were determined calorimetrically. To investigate antidiabetic, α-
amylase inhibition assay was adopted. Cytotoxicity was tested using a brine shrimp assay. Anti-leishmanial via MTT
assay. Disc-diffusion assay was used for protein kinase inhibitory, antibacterial, and antifungal activities. Pollen was of
monad, hexacolporate, and circular shape. Lophate sculpturing with outer exine pattern elevated on the rides. Seeds were
oblong-ovate, small projected with smooth-rough, variously ridges/wrinkled sculpturing. Epidermis cells were irregular
in shape with a slightly straight anticlinal wall. Stomata with diacytic, and unicellular glandular trichome were observed.
The extracts were rich in phytochemicals, the maximum amount of phenolic and flavonoid contents was found in
methanol extract (IRM) 89.76mg GAE/gm and 85.69mg QE/gm. All the extracts show substantial antioxidant activity
but highest in IRM (DPPH IC50 44.51 µg/ml, total antioxidant capacity 93.60 mg AAE/g, and total reduction power of
93.44 mg AAE/g). Potential antibacterial and antifungal activities were reported for IRM. Significant protein kinase,
alpha-amylase inhibition, and cytotoxic activity were revealed. Dose‐dependent cytotoxic activity was exposed against
Leishmania tropica (LC50 11.16 μg/mL). In conclusion, I. rugosus extracts have shown potential biological applications
and should be subjected to further research work to develop further biomedical applications.
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INTRODUCTION

Plants are serving mankind from the beginning
of their creation and are still being used as the major
constituent of herbal medicines. World Health
Organization, documented that more than eighty percent
population, using plant-based drugs. Therefore, scientists
of the present day are paying considerable attention to
natural resources amongst them the plants are considered
best (Khan et al., 2019). Family Lamiaceae consists of
236 genera and 7200 species. The Mediterranean region
and Central Asia have a diverse variety of Lamiaceae
(Perveen and Qaiser, 2004). Isodon with 100 species in
the genus of the family Lamiaceae. It comprises perennial
herbs, subshrubs, and shrubs. Plants from this genus are
the richest in diterpenoids and greater than 300 are being
extracted (Neelamkavil and Thoppil, 2017). Isodon
rugosus Wall. ex Benth of family Lamiaceae, are locally

recognized as Sperkai, Boi, and Phaypush. The aromatic
plant, 1-5ft tall, branched shrub that has an erect stem,
ovate shape leaves with notched margin, and small dense
hairs on the ventral side. The flowering period ranges
from July to September and the seedling period ranges
from August to October (Sadiq et al., 2018a).
Traditionally this plant is utilized for the treatment of
toothache, bronchodilator, diarrhea, and antiseptic.
Extract from fresh leaves are used to cure scabies,
earache, fevers, hypertension, toothache, and rheumatism.
Different extracts and fractions of I. rugosus exhibited
antibacterial, antifungal, and antioxidant activities
(Janbaz et al., 2014). Previous studies on phytochemicals
revealed the occurrence of flavonoids, saponin, cardiac
glycosides, reducing sugars, terpenoids, coumarins, and
steroids (Zeb et al., 2014).

Adulteration in broader terms is the replacement
of one substance with another, that has poor composition
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as compared to the original one (Hameed et al., 2020).
According to Mitra and Kannan (2007), sometimes
adulteration may occur in the transportation of raw
materials. This may occur due to shortage of medicinal
plants and an increase in its demand leading to
adulteration of the original crude drug. LM and SEM
microscopic techniques were applied for species
identification, characterization, and pharmacogenetics
parameters in recent years by many researchers (Gul et
al., 2019; Sufyan et al., 2018). The knowledge provided
by this research work will contemplate the therapeutic
potential of I. rugosus, as well as the implementation of
LM and SEM for its correct identification in order to
lessen the adulteration.

MATERIALS AND METHODS

Plant collection and Preparation of crude extracts:
Collection of I. rugosus was carried from the Northern
regions of Pakistan (Gilgit-Baltistan). Fresh plant
specimens during August 2019 along with 22
inflorescences were collected from studied plants located
at Nagar, Gilgit-Baltistan, Pakistan (36° 16' 36'' N, 74°
43' 10'' E). Seeds were also collected (September 2019).
Arial parts of I. rugosus were washed and at room
temperature, the plants were dried. The dried plant
samples were ground to fine powder (1mm diameter).
The grinded plant powder (25g) was soaked in 0.5 L of
methanol, ethanol, chloroform, ethyl acetate, and n-
hexane for 15 days at room temperature. Extracts were
further label as IRM, IRE, IRC, IEA, and IRH for
methanol, ethanol, chloroform, ethyl-acetate, and n-
hexane extracts of I. rugosus.

LM and SEM of Pollen and seeds surface
morphology: Mature pollen from ripens anthers was
separated and mounted onto the glass slide. The pollen
was crush using few drops of acetic acid. Debris was
removed with the help of a needle. Glycerin jelly was
used for staining purposes and the glass slide was fixed
with a cover slip. Different characters such as colpi
width, colpi length, polar diameter, exine thickness, and
equatorial diameter were examined were examined for
pollens. Photographs were taken by using an infinity
camera of LM (Naz et al., 2019). Micro-morphological
characters such as seed coat and surface were studied
with the help of SEM (Model JEOL JSM- 5910) (Munir
et al., 2019; Ayaz et al., 2020).

Foliar epidermal anatomy using LM: Leaves epidermal
anatomy was done by the adopted methodology of Sadia
et al (2019), but with little modification. Fully dried
samples of leaves were utilized for analysis. Few parts of
the leaf were firstly boiled in a mixture of nitric acid and
lactic acid (1:3) until the leaves showed transparent color.
Quantitative and qualitative characters such as stomatal
pore size, stomata size, epidermal cell shape and size,

trichomes number were measured with the help of a light
microscope.

Total phenolic content (TFC) and total flavonoid
contents (TFC) determination: Folin-Ciocalteu
modified method was used for the determination of TFC
(Wen et al., 2015). Gallic acid as a positive controller and
pure DMSO as a negative controller were used.

TFC of plant sample was calculated with the help of
spectrophotometer UV method (Chang et al., 2002).
Quercetin and pure DMSO as positive and negative
stander were utilized. Absorbance at 405 nm was taken
using a microplate reader.

Antioxidant Assays

DPPH radical scavenging antioxidant activity: The
antioxidant capacity of extracts was measured by using
the modified method of Phull et al (2016). As a standard
ascorbic acid was used. Further, calculations were made
for scavenging activity by using the given equation.

%age Scavenging Capacity = (1 – optical density of
plant extract) / (optical density of positive control) ×100

Phosphomolybdenum assay: The modified method of
Phull et al (2016) was used for the determination of the
Phosphomolybdenum antioxidant capacity of given plant
extract. Ascorbic acid is used as standard.

Total reducing power detection: Plant extract (100 µl)
was added with 0.2M of phosphate buffer (200 µl) into
the solution of 10% trichloroacetic acid (240 µl) in the
Eppendorf tube. The whole reaction mixture was
incubated for 10 minutes and after this at 3000 rpm
centrifuging the mixture. The supernatant (150 µl) mixed
with ferric chloride (50 µl) solution. On microplate reader
at 630 nm readings were taken, Ascorbic acid as a
standard was used (Chaves et al., 2020).

Antimicrobial Activity

Antibacterial and antifungal activity: Method of disc-
diffusion was used for measuring both antibacterial and
antifungal activity. S. aureus ATCC 6538, B. subtilus
ATCC 19659 gram-positive strains and P. aeruginosa
ATCC 90271, K. pneumonia ATCC 1705, E. coli ATCC
33456 gram-negative bacterial strains were used.
Different fungal strains such as M. racemosus FCBP
0300, C. albicans FCBP 478, A. niger FCBP 0918, F.
solani FCBP 0291, and A. flavus FCBP 0064 were used.
Filter discs with plant extracts (200 µg) were transferred
to media plates. After incubation of 48 hr at 28 °C, the
zone of inhibition was measured. MIC at different
concentration (100, 33.33, 11.11, 3.7 µg/ml) were
measured.

Anti-leishmanial activity: The modified method of
Khan et al (2014) was utilized for the in-vitro anti-
leishmanial activity of I. rugosus extracts against
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Leishmania tropica Kwh23 promastigotes strain.
Amphotericin B and pure DMSO were used for +ive and
-ive controls.

Cytotoxicity Assay

Brine shrimp lethality test (BSLT): A lethality test with
some modifications was used for the assessment of
cytotoxicity of I. rugosus extracts. Artemia salina eggs in
the artificial seawater (3.8 g/L) under light incubated for
36–48 hr at 37°C. After harvesting the mature 10
phototropic nauplii were transferred into the microplate
valves, having seawater and tested plant extracts.
Doxorubicin and pure DMSO as a standard were used.
After incubation of 24 hours in each valve, dead brine
shrimps were counted with the help of LM (Apu et al.,
2013). The values of LC50 were deliberate through the
help of Table curve 2D version

Protein Kinase Inhibition (PKI) test: PKI potential of I.
rugosus extracts was measured through the method as
described by Yao et al (2011): Muhammad et al. (2014).
Surfactin (20 µg) and pure DMSO as a positive and
negative controller was used.

Alpha-amylase inhibition (AA) test: In-vitro AA
inhibition test was performed on tested plant extracts
through the previously described method Khalil et al
(2018). Different doses of tested samples (250, 200, 100,
50, 25, 12.5, 6 µg/mL) were used. For standard Acarbose
was utilized.

RESULTS AND DISCUSSION

I. rugosus widely distributed in Pakistan,
Afghanistan, Oman, China, the Himalayas to Nepal.
Ethno-medicinally I. rugosus used against wound
healing, antibacterial infection, generalized body pain,
abdominal pain, analgesic, earache, cytotoxicity,
anticholinesterase, skin, gastric problems, angiogenic,
anti-tumor and toothache. Alkaloids, saponins,
flavonoids, tannins, phenolics, terpenoids, glycosides,
anthraquinones, and triterpenes were the phytochemicals
that were previously reported in this medicinally
important plant (Sadiq et al., 2019; Khan et al., 2019;
Zeb et al., 2017; Table 1).

Table 1: Botanical names, Voucher no, Family, Collection site, Growth form, Ethno-medicinal uses, reported
Phytochemicals and Distribution of Collected Plants.

Botanical
name,
Voucher no

Local
name

Family Collection
Site

Ethno-medicinal uses Reported
Phytochemicals

Distribution
in World

Isodon
rugosus
(Wall. ex
Benth.)
Codd.
AH 11

Sperkai,
Boi and
Phaypush

Lamiaceae Gilgit
(Hunza,
Nagar)

Wound healing, generalized
body pain, analgesic,
antibacterial property,
abdominal pain,
cytotoxicity, earache,
anticholinesterase, skin,
gastric problems,
angiogenic toothache, and
anti-tumor (Malik et al.,
2019), (Sadiq et al., 2018b),
(Siddiquah et al., 2018),
(Janbaz et al., 2014)

Flavonoids,
alkaloids,
phenolics,
saponins
terpenoids, tannins
anthraquinones,
glycosides,
triterpenes,
(Sadiq et al.,
2019), (Khan, S.
et al., 2019), (Zeb
et al., 2017)

Pakistan,
Afghanistan,
Oman,
China
Himalayas
to Nepal.

Taxonomic clarification: Plant taxonomic
characterization are important for the proper
identification of different plant species. Different
researchers in many studies had introduced various
techniques for the identification of original drugs but
these all techniques are expensive. Therefore, researchers
are paying attention to less expansive techniques, among
them palynological and taxonomic techniques were the
most simple, useful, and inexpensive (Rashid et al.,
2019).

In the present study different quantitative and
qualitative characters were studied including pollen, seed
morphology, and leaf epidermis anatomy. Flowers of I.

rugosus were whitish with dense purple veins projecting
from outside. Seeds were blackish. Leaves of I. rugosus
were an ovate shape, with a notched margin and small
dense hairs were also present on the ventral side. Pollen
of I. rugosus were monad and hexacolporate. The shape
of pollen in polar view was circular and intersemi angular
and in equatorial view sub-prolate. The polar diameter
was 16.5±2.1 μm (14.3-18.6 μm) and the equatorial
diameter was 16.6±1.7μm (14.6-19.3 μm). The
polar/Equatorial ratio was 0.9. Colpi length was 5.6±1.5
μm (4.5-6.8μm) and width 2.7±1.5 μm (2.5-3.7 μm)
Thickness of exine 1.6±1.2μm (1.4-1.8 μm). Sculpturing
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was lophate, with outer exine pattern elevated on the
rides as given in Plate1 (A-F).

Seeds micro-morphological characters along
with seed size and seed shape, were the diagnostic outfits
for the proper identification of different plant species
(Luqman et al., 2019). Seed color was black, with length
and width of 0.2–0.4 cm and 0.6–0.8 cm. When
visualized by SEM the seeds of I. rugosus were seen to
be oblong-ovate with small projection, cells were
polygonal elongated, Sculpturing was smooth-rough,
variously ridges or wrinkled with few projections,
margins were wavy slightly straight or deeply dentate, the
anticlinal wall was somewhat deep while the outer
periclinal wall was flat to concave as given in Plate 1(G-
L).

Implementation of foliar epidermal anatomy in
the field of systematic botany is nowadays dominant just
similar to the usage of other bio-markers e.g. chemical
compositions and DNA sequence (Mbagwu and Edeoga,
2007). Both adaxial and abaxial surfaces of I. rugosus
were studied to examine the leaf epidermis features.
Epidermis cell of irregular shape with the slightly straight
anticlinal wall. A significant difference in the size of the
epidermis cells on both adaxial and abaxial surfaces was
observed. At adaxial side the epidermis cell length and

width were 15-25 = 20.5±3.03 μm, 11-17.8 = 14±1.7 μm
and the abaxial side, length and width of epidermis cells
as 12-23 = 18.3±2.4 μm, 9-16 = 12.6±1.22 μm.
Subsidiary cells were found on both sides. In adaxial
side, subsidiary cell with length 16-22 = 19.3±1.82 μm
and width 7.51-13 = 10.4±1.45 μm whereas on abaxial
side, length and width of the subsidiary cell was of 15-24
= 19.2±2.76 μm and 5.7-14 = 9.9±1.56 μm. Diacytic
types of stomata were present on both sides. In adaxial
side, stomatal length was 15-21.4 = 18.9±1.6 μm and
stomata width 6.6-11 = 9.5±0.9 μm and on abaxial side
stomata length and stomata width was 13-23 =
18.3±1.8μm and 18.76-22.60 = 20.26±0.62 μm. Guard
cell, present on both adaxial and adaxial sides with length
and width 17-23.6 = 20.5±1.8 μm, 7.51-8.26 =
7.9±0.37μm and in abaxial side with the length and width
12-17.6 = 15.6±0.96 μm and 5.6-10.5 = 8.3±1.06 μm on
abaxial surface respectively. Trichome was unicellular
glandular type and was present on only the abaxial
surface of I. rugosus (Plate 1 M-O). Agreeing to Ahmad
et al (2010) shapes and types of epidermis cells,
trichomes, stomata, and glandular cells were the most
important features in anatomical studies and usually
serving as a support in the field of taxonomic verification.

Plate 1: I. rugosus; field photograph of seeds photograph (A), SEM of seed micrographs (B-F). field photograph
of Flower (G), LM of I Pollen micrographs (H-I), SEM Pollen micrographs (J-L). Field photograph of
leaves (M), Foliar anatomical micrographs of showing epidermal cell (EC), stomata (st), trichome (tri) on
adaxial and abaxial surfaces(N&O).

Quantitate phytochemical analysis of various extracts
of I. rugosus: An inclusive range of biological properties
are observed by phenolic compounds such as
antiatherogenic, antibacterial, antithrombotic,
antiallergenic, antioxidant, anti-inflammatory,
cardioprotective, and vasodilatory effects. Previously
reported that the phenolic compounds possess positive
relation with antioxidants (Csepregi et al., 2020). The

results of phenolic contents of I. rugosus various extracts
are summarized in Figure 1. IRM has the highest
phenolic content (89.76 mg GAE/gm), followed by IRE
(80.89 mg GAE/gm), IRC (75.33 mg GAE/gm), IRH
(51.14 mg GAE/gm), and IRA (44.40 mg GAE/gm).

Flavonoids belong to the class of polyphenolic
compounds, that have an extensive range of
pharmaceutical properties such as anti-inflammatory,
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anti-allergic, anti-hepatotoxic, anticancer, and anti-viral
properties. Naturally, flavonoids are produced in all plant
parts and have positive applications on human health
(Ruwali and Negi, 2019). IRM has the highest flavonoid
content (85.69mg QE/gm), followed by IRE (73.96 mg
QE/gm), IRC (63.37 mg QE/gm), (57.35 mg QE/gm),
and IRA extract (46.50 mg QE/gm). Our findings were in
agreement with Howlader et al (2016), mentioned that
methanol is the best solvent for phenolic and flavonoid
contents.

Antioxidant potential of various extracts of I. rugosus
: The scavenging activity of I. rugosus extracts for
radicals was calculated by DPPH assay. DPPH radical
scavenging assay was a very short time consuming and
sensitive assay for the determination of the antioxidant
capacity of plant extracts (Martinez-Morales et al., 2020).
IC50 values for IRM showed the best results (44.51 ± 2.2
µg/mL) followed by IRE (46.32 ± 2.5 µg/mL), IRC
(62.38 ± 3.2 µg/mL), IRA (123.7 ± 2.5 µg/mL), and IRH
(229.6 ± 3.5 µg/mL). The concentration-dependent
activity was observed as shown in Figure 1. The presence
of phenolic and flavonoid contents in plant extracts gives
them scavenging capabilities. Mostly the phenolic and
flavonoids were extracted in large quantities by using
polar solvents. Our findings were in accordance with
Nguyen et al (2020) depicting that there is a direct
connection between the phenolic contents and antioxidant
capacity.

The total antioxidant potential of plant extracts
was mostly assessed by the phosphomolybdate test. The
principal of this assay was an alteration of molybdenum
(VI) to molybdenum (V) by plant extracts which have
antioxidant potential and give results in green color
(Gupta et al., 2016). The highest antioxidant capacity was
given by IRM (93.60±2.34 mg AAE /g sample) followed
by IRE (82.40±2.24 mg AAE /g sample), IRC
(76.57±2.61 mg ascorbic acid/g sample), IRA
(70.39±2.26 mg AAE /g sample), and IRH (68.61 ± 2.76
mg AAE /g sample). Our findings have been in
agreement with the previous study of Talbi et al (2020)
that methanolic plant extract exhibited antioxidant
capacity. IRM showed the maximum reducing power
with 93.44± 2.38 mg AAE/g sample, followed by IRE
(82.43±2.13 mg AAE/g sample), IRC (71.65± 2.35 mg
AAE /g sample), IRA (51.13± 2.21 mg AAE /g sample),
and IRH (43.87± 2.22 mg AAE /g sample) as shown in
Figure 1. It was noticed that there was a strong
relationship between the reducing power and with TPC
(Islam et al., 2013). The present study has been in the
agreement of Sahreen et al (2014) that methanol plant
extract was the utmost sample in the reducing power
assay.

Antimicrobial activity: Qualitatively and quantitatively
antibacterial activity of I. rugosus was evaluated in
contradiction of five bacterial strains. The preliminary

screening results of bacterial strains were given in Table
2. IRM has a strong anti-bacterial capacity besides all
tested bacterial strains, The extremely sensitive bacterial
strain substantiated to be Staphylococcus aureus
(34.5mm), Klebsiella pneumoniae (33.33mm), and least
inhibition against K. pneumonia (15.53 mm). IRC
showed antibacterial activity against all tested bacterial
strains excluding Bacillus subtilis and K. pneumonia.
IRH extract tested in contradiction of all selected
bacterial strains but it did not give acceptable ZOI. In our
results, IRM contains the highest amount of flavonoids
and phenolic contents, which was in good correlation
with finding Mahboubi et al (2015) in which authors
described methanol extract have pronounced antibacterial
activity as compared to other solvents that are used for
extraction.

The antifungal potential of all extracts of I.
rugosus was assessed by using the disc diffusion method
in contrast to five fungal strains. IRM, IRE, and IRC
showed significant ZOI whereas IRA and IRH did not
give any activity (Table 3). The most susceptible fungal
strain towards IRM Mucor racemosus (26.5 mm) while
the less susceptible strain was Fusarium solani (ZOI
18.2  mm). Present findings are in compliance with the
findings of Karaman et al. (2003), that concludes that the
Juniperus oxycedrus methanol extract has strong
antimicrobial property as compared to other extracts.
Leishmaniasis is a disease that is transmitted with the
help of a vector, with visceral leishmaniasis in 500,000
cases and cutaneous 1–1.5 million cases occurring
annually (Maina et al., 2020). According to World Health
Organization (WHO), in about 88 countries leishmaniasis
is endemic including Pakistan, India, Sudan, and
Afghanistan and about 350 million people are at risk. Due
to a lack of inadequate motivation towards developing
affordable drugs and unsatisfactory vector control both in
treatment and prevention, there is a higher risk of the
separation of leishmaniasis (Goncalves et al., 2020).
Therefore, I. rugosus were evaluated contrary to the
Leishmania tropica , and results are given in Figure 1.
The noticeable inhibition in growth of L. tropica was
displayed by IRA and IRH IC50 27.62±1.32 and
11.16±1.12 μg/mL. The reasonable activity was revealed
by IRC extract, whereas no activity was found in IRE and
IRM (Figure 1). Our results were in exact correlation
with Zahra et al (2017) who reported the anti-leishmanial
activity of nonpolar solvents.

Cytotoxicity assessment: The cytotoxic potential of I.
rugosus extracts was tested against brine shrimp larvae to
explore the cytotoxic potential. Different extracts of I.
rugosus were initially screen for cytotoxic potential, 60%
of extracts displayed LC50 value under 60 μg/mL and
were identified to be extremely cytotoxic whereas 20%
were categorized as discreetly cytotoxic (LC50 value ≥60
but ≤200 μg/mL). 20% of residual extracts were
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considered low cytotoxic with LC50 values >200 μg/mL
Table 4. Among all tested extracts IRM was found to be
the best cytotoxic with 33.54 ± 0.66 μg/mL
demonstrating that the polar solvents that are highly

effective in the extraction of cytotoxic compounds as
compared to non-polar solvents. DMSO in <1% working

Table 2: Antibacterial screening and Minimum inhibitory concentration of I. rugosus extracts against gram-
positive and gram-negative bacteria.

Bacterial
strains

200 μg/disc
IRM IRE IRC IRA IRH

ZOI MIC ZOI MIC ZOI MIC ZOI MI
C

ZOI MIC

S. aureus
ATCC 6538

34.5 ±
 1.33

3.7 28.8 ±
 1.3

11.11 13.1 ± 
1.2

100 14.5±
2.42

100 ---- ----

B. subtilus
ATCC 19659

30.12±
1.23

3.7 22.43±
1.53

33.33 ---- ---- 12.54± 
1.54

100 13.54±
2.54

100

P. aeruginosa
ATCC 90271

21.16 ± 
1.76

33.33 19.43±
1.76

100 28.43±
1.54 

11.11 ---- ---- ---- ----

K. pneumonia
ATCC 1705

33.33 ± 
1.57

3.7 15.53±
1.76

100 34.5 ± 
1.33

3.7 ---- ---- ---- ----

E. coli ATCC
33456

28.43±
1.53

11.11 24.54±
2.43

33.33 22.43±
1.43

33.33 ---- ---- ---- ----

ZOI zone of inhibition, MIC minimum inhibitory concentration, IRM: methanol, IRE: ethanol, IRC chloroform, IRA: ethyl acetate,
IRH: n-hexane extract of I. rugosus.

Figure 1: Total phenolic and total flavonoid content, DPPH, Total antioxidant capacity and total reducing power
antioxidant assay, Anti-leishmanial activity on different extracts of I. rugosus. IRM: methanol, IRE: ethanol,
IRC: chloroform, IRA: ethyl acetate, IRH: n-hexane extracts.

Table 3: Antifungal screening and Minimum inhibitory concentration of I. rugosus extracts against tested Fungal
strains.

Fungal strains 200 μg/disc
IRM IRE IRC IRA IRH
ZOI MIC ZOI MIC ZOI MIC ZOI MIC ZOI MIC

M. racemosus
FCBP 0300

26.5 ± 
1.21

33.33 22.7 ± 
1.43

33.33 11.6 ± 
1.81

100 ---- ---- ---- ----

C. albicans
FCBP 478

20.2 ±
1.33

33.33 25.1 ±
1.11

33.33 12.53±
1.43

100 ---- ---- 2.4±2.1 ----

A. niger FCBP
0918

22.6 ± 
1.63

33.33 17.5 ±
1.14

33.33 14.3 ±
1.42 

 100 3.5±2.4 ---- ---- ----

F. solani FCBP
0291

18.2 ± 
1.22

100 12.2 ±
1.26

100 16.1 ± 
1.32

100 ---- ---- ---- ----

A. flavus FCBP
0064

20.3 ±
1.34

33.33 14.2 ±
2.21

33.33 20.4 ±
1.21

33.33 ---- ---- ---- ----

ZOI zone of inhibition, MIC minimum inhibitory concentration, IRM: methanol, IRE: I ethanol, IRC: chloroform, IRA: ethyl acetate,
IRH: n-hexane extract.
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concentration was used in the preparation of reaction
mixture is considered safe in BSLT in comparison to
Tween 20 (Wu, 2014). In the present study, 100% of the
tested extracts showed LC50 values <1000 μg/mL
signifying to be the presence of cytotoxic compounds that
become responsible for the experimentally observed
deaths. However, brine shrimp lethality activity in Melia
azedarach methanol extract (Zahoor et al., 2015) is in
strong agreement with our findings.

The results of the PKI assay in the measurement
of the zones in mm were recorded for the I. rugosus
extracts and are given in Table 4. A direct relationship
was noticed amid concentrations of tested plant extracts
and PKI activity. Amid all the tested samples, a
significant bald area zone with ZOI 27 ± 1.35 mm and
MIC = 11.11 μg/mL was measured around IRM followed
by IRE with the bald zone (22 ± 1.52 mm) and IRC (18 ±
1.22 mm). Recently many researchers are taken interest
in the protein kinase inhibition activity of plants.
Phosphorylation of protein at tyrosine and
serine/threonine residues by protein kinase is the major
phenomena in the regulation of biological processes like
metabolism, cell differentiation, apoptosis, and cell
proliferation. Abnormal phosphorylation by protein
kinase at tyrosine and serine/threonine residues results in
genetic alterations that will further proceed in

tumorigenesis and often become the cause of cancer.
Therefore for cancer treatment, protein kinase inhibition
plays a major role (Guangmin et al., 2011). Our findings
are in settlement with Ahmed et al (2017) in which
methanol extract of Quercus dilatata gives PKI activity.

Antidiabetic activity: Currently, there is an increase in
interest towards the use of the traditional system of
medicines used to cure different diseases including
diabetes mellitus. Due to fact that herbal medicines have
fewer side effects (Idm’hand et al., 2020). The alpha-
amylase enzyme present in the human pancreatic small
intestine and its activity is linked to surging in the level
of sugar post-prandial levels, governing of this enzyme is,
therefore, an important step for the treatment of type 2
diabetes caused by the deficiency in the secretion of
insulin hormone or the human body becomes resistant to
insulin (Justino et al., 2018). To analyze the antidiabetic
effect of I. rugosus different extracts, alpha-amylase
inhibition was used. IRH shows good activity with the
value of 80.8 ± 2.9% alpha-amylase inhibition. After this
extract, IRA & IRC with α-amylase inhibition of 76.7 ±
3.6% and 70.9 ± 2.4% respectively (Table 4). Our results
were in good relation with the findings of Zahra et al
(2017), discussing the antidiabetic activity of non-polar
solvents.

Table 4: Brine shrimp lethality and Protein kinase inhibition assay.

Samples

Brine shrimp lethality (µg/mL) Protein kinase inhibition (µg/mL) Alpha-amylase
(µg/mL)

% Mortality LC50 Diameter (mm) at 100
µg/disc

MIC %age
inhibition

IC50
µg/mL

250 Clear Zone Bald zone 250
IRM 100 ± 1.80 33.54 ---- 29 ± 1.35 mm 11.11 50.7 112.5
IRE 91.5 ± 1.94 44.62 ---- 22 ± 1.52 mm 33.33 60.9 98.7
IRC 80.50 ± 1.80 53.3 ---- 18 ± 1.22 mm 100 70.3 60.7
IRA 60.5 ± 1.44 ≤200 ---- ---- ---- 76.5 54.6
IRH 45.6 ± 1.5 >200 ---- ---- ---- 80.8 33.54

IRM methanol, IRE ethanol, IRC chloroform, IRA ethyl acetate, IAH n-hexane extract.

Conclusion: The current study conducted the first of its
kind, attempted for thorough examination of micro-
morphological traits and pharmacological evaluation
regarding I. rugosus. LM and SEM study of pollen
grains, seed, and epidermal micro-morphological
characters has played a vital role in the identification of
plants at species level. The biological & phytochemical
outlining permitted the traditional uses of I. rugosus
additionally also threw light on some important
characteristics of the studied plant. This study suggested
that the I. rugosus extracts are a good source of
antioxidants augmented with phytochemicals, with
elevated antimicrobial and protein kinase inhibitory
properties. The best cytotoxic activity against brine

shrimps was found in IRM. Anti-leishmanial and alpha-
amylase inhibition potential was noticed to be more
congregated in IRH. In this respect, additional
characterization & isolation studies would have to be
subjected to the assertion of the bioactive
phytochemicals.
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