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Abstract
Oxidative species are regularly formed in the physiological system as a result of a number of normal metabolic
activities especially the energy related processes. Although there is an innate mechanism of antioxidant defense system but
over production of the oxidative species may lead to a worse state formally called “oxidative stress”. The natural
endogenous antioxidant defense system is supplemented by phytochemicals with antioxidant potential. The present study
was conducted to determine antioxidant, antiglycation and immunomodulatory activities of various solvent based extracts of
selected medicinally important plants from Central Karakoram National Park (CKNP), Gilgit, Pakistan. The plants were
selected based on their traditional use in different ailments. Among the studied plants, ethyl acetate fraction of Pulsatilla
wallichiana showed promising activity against DPPH radicals with its 31µg/mL IC50 which was comparable with the
standard antioxidant compound (gallic acid with 23µg/mL IC50). Methanolic fractions of P. wallichiana and Saussurea
simpsoniana showed the highest antiglycation activity with 45% and 41%, respectively. The dichloromethane fractions of S.
simpsoniana and Salvia nubicola showed highest immunomodulatory activity (51.2 and 54.28 µg/mL IC50, respectively).
Among the studied plants, dichloromethane fraction of S. simpsoniana showed highest antiglycation potential (45%),
followed by methanolic fraction of P. wallichiana (41%) and S. nubicola (40%). Based on results, it can be concluded that
P. wallichiana and S. simpsoniana possess antioxidant, antiglycation and immunomodulatory activities that can be used in
drug discovery programme. The mechanistic studies are required to validate the activity of these plants at molecular level.
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Introduction
Medicinal plants are used as the main source of
therapeutic agents for the treatment of different ailments
and different health conditions since ancient times. These
plant species possess secondary metabolites with biological
potential. Some of the major diseases especially cardiac
diseases, aging, diabetes and cancer are caused by the
implication of oxygen derived free radicals (Nagavani &
Rao, 2010). The production of free radicals is the part of
routine metabolic process but excessive production of these
radicals usually leads to the impairment of biological
entities which eventually manifested as different
degenerative diseases (Cross, 1987). Oxidation plays an
important role in the formation of Advanced Glycation End
Products and the Plants extracts and their derived agents
with the antiglycation and antioxidant activities are highly
important to control the diabetic diseases (Illath & Subban,
2012). Although the production of reactive oxygen
derivatives is a normal response of peripheral system to
protect the biological system from external agents but in
chronic inflammation is a potential source of reactive
oxygen and nitrogen species. The over production of these
species are extremely harmful to biomolecules. They react
with other molecules in the environment wherever they are
produced therefore, it is imperative to monitor and regulate
the excessive production of reactive species by
supplementation.
The plant derived antioxidant compounds exhibit
potential to eliminate these free radicals and play a pivotal

role in attenuation of oxidative stress in different processes
of biological system (Pourmorad et al., 2006). The different
studies on medicinal plants, fruits and vegetables proved
that these are effective and safer source for medication as
compared to the synthetic medicines. The natural
compounds found in these medicinal plants have ability to
defend the physiological system against a number of
diseases. Antioxidant compounds showed significant
therapeutic potential by inhibiting the unwanted oxidative
events happened under pathological conditions (Abideen et
al., 2015: Qustri et al., 2010). Currently studies are mainly
focused on the natural antioxidants to counter disorders
caused by free radicals such as singlet oxygen, superoxide
radicals and hydroxyl radicals etc. (Mathew & Abraham,
2006). This study was conducted to discover certain plants
in terms of their fractions with antioxidant potential,
antiglycation and immunomodulatory activities (Veeru et
al., 2009).
Materials and Methods
Five selected medicinal plants such as Pulsatilla
wallichiana (Royle) Ulbr. (Voucher specimen no. IS167), belongs to family Ranunculaceae, Delphinium
brunonianum Royle (Voucher specimen no. HR-550),
belongs to family Ranunculaceae, Saussurea simpsoniana
(Fielding & Gardner) Lipschitz (Voucher specimen no.
HR 222), belongs to family Asteraceae, Salvia nubicola
Wallich ex Sweet, Brit. Fl. Gard. (Voucher specimen No.
BA-191), belongs to family Lamiaceae and Gentianodes
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tianschanica (Rupr. ex Kusn.) Omer et al., (Voucher
specimen No. HR-311), belongs to family Gentianaceae
were collected from different pastures of Central
Karakoram National Park for bioassay purpose. One set
of each collected specimens were identified by Dr. Sher
Wali Khan (taxonomist) by using Flora of Pakistan. The
voucher specimens were deposited in the Herbarium of
Karakoram International University Herbarium for future
record.
Extraction: The collected plant materials of five species
were dried in the shed in room temperature (26oC) for
three weeks. After three weeks when samples become
completely dry than these were grind into uniform powder
form. Around 2 kg of powdered plant material was soaked
in the 2 liters (L) ethanol for 72 h. The extract was filtered
with the help of Whatmann filter paper No. 42 (125 mm)
and then through Cotton wool. The extract was
concentrated using a rotary evaporator with the hot water
bath at 40oC.
Antioxidant activity: Various extracts of selected plant
species were assessed for their radical scavenging effect
by employing stable DPPH free radical assay (Braca et
al., 2002; Adom et al., 2003 and Uddin et al., 2011). The
reaction was set by mixing 50 µL of 0.1 mM DPPH
solution and plant extract (20 to 1000 µg/mL: 50 µL). The
reaction mixture was incubated at physiological
temperature for half an hour. The absorbance of the
reaction was then measured at 515 nm. A parallel control
group was set to compare the results. Gallic acid and nacetyl cysteine were used as standards to monitor the
reaction. The anti-oxidant activity was calculated by using
the fallowing formula.
% RSA= {1-(AS/AC)}*100

Keeping in view the dilute amount of active
metabolites in an extract anti-glycation activity can be
classified in following different categories.
1.
2.
3.
4.

Less than 20% is a weak inhibition
20-30 % moderate inhibition
40-50 % good inhibition
Greater than 50 % -excellent inhibition

Oxidative Burst assay using Chemiluminescence
technique: Luminol-enhanced chemiluminescence assay
was performed, as described by Helfand et al., (1982).
Briefly 25 µL of diluted blood with HBSS++ (Hanks
Balanced Salt Solution, containing calcium chloride and
magnesium chloride) [Sigma, St. Louis, USA] was
incubated with 25 µL of three different concentrations of
compounds (1, 10 and 100 µg/mL), each in triplicate.
Control wells received only HBSS++ and cells, without
test sample. Test was performed in white half area 96
well-plates [Costar, NY, USA], which was incubated at
37ºC for 15 minutes in the thermostat chamber of
luminometer [Labsystems, Helsinki, Finland]. After
incubation, 25 µL of serum opsonized zymosan (SOZ)
[Fluka, Buchs, Switzerland] and 25 µL of intracellular
reactive oxygen species detecting probe, luminol
[Research Organics, Cleveland, OH, USA] were added
into each well, except blank wells (containing only
HBSS++). The level of the ROS produced was recorded in
luminometer in term of relative light units (RLU).
Statistical analysis

RSA=Radical scavenging activity, AS= Absorbance of
sample, AC=Absorbance of Control

The obtained results were analyzed statistically by using
one-way analysis of variance (ANOVA).

Antiglycation assay: The assay was performed according
to the Gutierrez (2012). Bovine Serum Albumin solution
(10 mg/mL) was prepared in 100 mM phosphate buffer of
pH 7.4 containing 3 mM sodium azide as antimicrobial
agent. Methylglyoxal solution of 14 mM was also
prepared in same buffer. Test compounds and standard
inhibitor of 1 mM were prepared in dimethyl sulfoxide
(DMSO). Each well of 96-well plate was contained 20 µL
of inhibitor, 50 µL BSA, 50 µL of methylglyoxal and 80
µL of phosphate buffer, while control contained 20 µL of
DMSO instead of test sample, the total reaction volume
was 200 µl. The reaction mixture was then incubated for 9
days at 37oC. After incubation period, each sample was
examined for the development of specific fluorescence
(excitation 330 nm; emission 420 nm), against blank on a
microplate reader (Spectramax-384 Molecular Devices,
CA, USA)

Result and Discussion

Calculation of Inhibitory activity: The percent
inhibition of Advance Glycation End Products (AGEs)
formation by test sample versus control was calculated by
using following formula:

The present work was conducted to determine
antioxidant
activity,
Anti-Glycation
and
Immunomodulatory activities of selected medicinal plants
of different solvent soluble extracts from Central
Karakoram National Park, Gilgit, Pakistan. The plants were
selected on the basis of traditional knowledge and their
common use in treating different ailments. The obtained
results are expressed as mean of triplicate with mean
standard error in Table 1.
Medicinal Plants are the natural treasures for the
human beings. The phytochemical studies proved that
secondary metabolites are playing vital role to control the
number of diseases (Hussain et al., 2014). The present
study was also conducted to investigate the secondary
metabolites and antioxidant potentials of selected plant
species. These plants were traditionally much common for
the treatment of different ailments in the inhabitants of
different valleys of Karakoram ranges and CKNP, GilgitBaltistan of Pakistan (Khan et al., 2016).
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Sample
P. wallichiana

D. brunonianum
S. simpsoniana
S. nubicola
G. tianschanica

Gallic Acid
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Table 1. Free radical (DPPH) scavenging activity of the plants.
Fraction
% RSA (Radical Scavenging Activity)
Methanol
63.13
Ethylacetate
92.99
Dichloromethane
50.37
Methanol
79.81
Ethylacetate
90.34
Methanol
78.62
Dichloromethane
48.12
Methanol
85.92
Dichloromethane
62.32
Methanol
67.71
Ethylacetate
90.68
Dichloromethane
54.88
93.13

IC50 ± SEM µg/mL
325.3 ±0.62
31.3± 0.69
442.7 ± 6.7
190.4 ± 1.1
75.06± 1.3
241.8 ± 0.21
Inactive
75.03 ± 1.09
442.84± 1.2
287.61 ± 0.2
88.49 ± 0.46
378.77 ± 5.1
23.436 ± .43

SEM=Standard error of Mean

Fig. 1. IC50 values of different fractions of studied plant species.

Table 2. Anti-Glycation activity of selected plants.
Sample
P. wallichiana
D. brunonianum
S. simpsoniana
S. nubicola

G. tianschanica
Rutin

Fraction

Concentration (mg /mL)

% Inhibition

Methanol

2

41

Dichloromethane

2

33

Methanol

2

38

Dichloromethane

2

30

Methanol

2

45

Dichloromethane

2

32

Methanol

1

40

Dichloromethane

1

30

Methanol

1

35

Dichloromethane

1

30
92
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Five species viz., Pulsatilla wallichiana, Delphinium
brunonianum, Saussurea simpsoniana, Salvia nubicola
and Gentianodes tianschanica were evaluated for their
antioxidant potential by using DPPH (1,1-diphenyl-2picryl hydrazyl) radical scavenging assay. Although all
the studied plants showed antioxidant potential but P.
wallichiana was found to be the most potent, followed by
S. nubicola and then D. brunonianum, whereas S.
simpsoniana showed mild activity. Among the studied
plants, the ethyl acetate fraction of P. wallichiana showed
promising activity against DPPH radicals with 31µg/mL
IC50 which is comparable with the standard antioxidant
compound gallic acid i.e., 23µg/mL IC50. Besides, ethyl
acetate soluble fraction of D. brunonianum and
methanolic extract of S. nubicola also showed a
significant activity with their IC50 values of 75.06 and
75.03 µg/mL, respectively as shown in the Table 2 and
Fig. 1. These fractions were followed by ethyl acetate
fraction of G. tianschanica with 88.49 µg/mL IC50. The
current study is quite preliminary but it validates the
endogenous knowledge of the studied plant species and
discovered that P. wallichiana by S. nubicola and then D.
brunonianum. S. simpsoniana exhibited antioxidant
properties thus these plant species can serve as important
sources of constituents with biological potential.
Antiglycation activity: Glycation is also a source of
reactive oxygen species and are produced as a result of
involvement of certain metals therefore, the selected
plants were tested to evaluate antiglycation properties and
the obtained results are presented in the Table 2.
The different extracts of the selected plant species
have shown the moderate inhibition with respect to
standard antiglycation agent i.e. rutin (92%). Among the
studied plants, dichloromethane soluble fraction of S.
simpsoniana showed highest antiglycation potential i.e.,
45%, followed by methanol soluble fraction of P.
wallichiana (41 %), methanolic fraction of S. nubicola
(40 %). The other plant fractions showed their activity
below 40 % as presented in the Table 2. The methanolic

fraction of D. brunonianum showed 38%, again same
solvent soluble fraction of G. tianschanica exhibited 35%,
while dichloromethane soluble fractions of P. wallichiana
and S. simpsoniana showed 33% and 32%, respectively.
The remaining fractions including: dichloromethane
soluble fractions of D. brunonianum, S. nubicola and G.
tianschanica exhibited 30% antiglycation inhibition
activity. These fractions showed a moderate activity but
indicated the presence of antiglycation constituents in all
fraction of studied plant species.
Immunomodulatory activity: During inflammation, free
radicals and other reactive species are produced to defend
the body against external agents. Under chronic state the
over production of ROS can be damaging for
physiological system thus the plant species were assessed
on a based assay. All the fractions of targeted plants were
evaluated for their immunomodulatory activity by
employing cell based chemiluminescence assay to
validate their chemical based antioxidant potential. The
obtained results are presented in the following Table 3.
The dichloromethane soluble fraction of S.
simpsoniana showed a promising activity with its 51.2
µg/mL IC50. This fraction may contain some potential
candidates for the management of inflammatory
disorders. Similarly, the same fraction of S. nubicola also
showed a comparable activity with standard antiinflammatory agent i.e. ibuprofen (11.2 µg/mL IC50). The
IC50 of S. nubicola was 54.28 µg/mL. While P.
wallichiana
showed
a
moderate
activity on
immunomodulatory assay. Its IC50 was evaluated to be >
250 µg/mL. Some of the studies depicted cytoxic
activities of medicinal plants from salt range, Pakistan
(Maqsood et al., 2015 & 2017). All the remaining
fractions of plants showed an ordinary activity as shown
in the Table 3. This is preliminary step towards the
discovery of bioactive constituents of selected plants and
it is of prime importance to carry out further mechanistic
study, but it provides basic information for an easy
approach to bioactive plants and their active principles.

Table 3. Anti-Inflammatory/ Immunomodulatory activity of the plants
Sample Code
P. wallichiana
D. brunonianum
S. simpsoniana
S. nubicola
G. tianschanica
Ibuprofen

Fraction

% Inhibition

IC50 ± SD (µg/mL)

Methanol

--

˃250

Dichloromethane

3.9

--

Methanol

30.7

--

Dichloromethane

24

--

Methanol

33.7

--

Dichloromethane

--

51.2± 4.2

Methanol

28.6

--

Dichloromethane

--

54.28± 3.0

Methanol

NA

--

Dichloromethane

19.4

-11.2 ± 1.9
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Conclusion
Based on results, it can be concluded that all the
studied plants contained bioactive constituents which may
prove to be potential candidates to address the problems
of disorders which are provoked through the involvement
of reactive oxygen species. The activity of some of the
fractions against all the assays indicated that there is a
definite relation among inflammation glycation and
oxidative stress but is needed to be investigated in cellular
system.
Acknowledgement
We express the gratitude for financial support given
by Seed/ EvK2CNR and Karakoram International
University Gilgit, Pakistan.
References
Abideen, B.Z., M. Qasim, A. Rasheed and M.Y. Adnan. 2015.
Antioxidant activity and polyphenol content of Phragmites
karka under saline conditions. Pak. J. Bot., 47: 813-818.
Adom K.K., M.E. Sorrels and R.H. Liu. 2003. Phytochemical
profiles and antioxidant activity of wheat varieties. J. Agri.
Food Chem., 51: 7825–7834.
Braca, A., C. Sortino and M. Politi. 2002. Antioxidant activity
of
flavonoids
from
Licania
licaniaeflora.
J.
Ethnopharmacol., 79: 379-381
Cross, C.E., B. Halliwell, E.T. Borish, W.A. Pryor, B.N. Ames,
R. L. Saul, J. M. McCord, D. Harman. 1987. Oxygen
radicals and human disease. Ann. of Int. Medicine., 107(4):
526-545.
Gutierrez, R.M.P. 2012. Inhibition of advanced glycation endproduct formation by Origanum majorana L. in vitro and in
Streptozotocin-induced diabetic rats. Evidence-Based
Complementary and Alternative Medicine, 2012: 1-8.
Helfand, S., J. Werkmeister and J. Roader. 1982.
Chemiluminescence response of human
Hussain, J., N.U. Rehman, A.L. Khan, L. Ali, J.S. Kim, A.
Zakarova, A.A. Harrari and Z.K. Shinwari. 2014.
Phytochemical and biological assessment of medicinally
important plants Ochradenus arabicus. Pak. J. Bot., (46)6:
2027-2034.

175

Illath, S. and R. Subban. 2012. In-vitro Antimicrobial and
Cytotoxic activity of ethanolic extract of Osbeckia
wynaadensis. I. Res. J. Biol. Sci., 1(4): 33-38.
Khan, S.W., S. Khatoon, Q. Abbas, G. Raza, and A. Hussain.
2016. Inventory of the alpine flora of Haramosh and
Bagrote valleys (Karakoram ranges) district Gilgit, Gilgit
Baltistan, Pakistan. Pak. J. Bot., 48(4): 1559-1572.
Maqsood, M., R Qureshi, M. Ikram, S. Ali, M. Rafi, J.A. Khan
and M.S. Ahmed. 2015. Preliminary screening of
methanolic
plant
extracts
against
human
rhabdomyosarcoma cell line from Salt range, Pakistan. Pak.
J. Bot., 47(1): 353-357.
Maqsood, M., R. Qureshi, M. Arshad, M.S. Ahmed and M.
Ikram. 2017. Preliminary phytochemical screening,
antifungal and cytotoxic activities of leaves extract of
Moringa oleifera Lam. from Salt Range, Pakistan. Pak. J.
Bot., 49(1): 353-359.
Mathew, S. and T.E. Abraham. 2006. In Vitro antioxidant
activity and scavenging effects of Cinnamomum verum leaf
extract assayed by different methodologies. Food Chem
Toxicol., 44(2): 198-206.
Moein, S., M. Moein, M.J. Khoshnoud and T. Kalanteri. 2012.
In Vitro Anti-oxidant evaluation of 10 Iranian medicinal
plants by different methods. Iranian Red Cresc. Med. J.,
14(12): 771-775.
Nagavani, V. and T.R. Rao. 2010. Evaluation of antioxidant
potential and qualitative analysis of major polyphenols by
RP-HPLC in Nymphaea nouchali Burm flowers. Int. J.
Pharmacy & Pharmaceutical Sci., 2 (Suppl. 4): 98-104.
natural killer cells. I. The relationship between target cell
binding, chemiluminescence, and cytolysis. J. Exp.
Medicine, 156: 492-505.
Pourmorad, F., S.J. Hosseinimehr and N. Shahabimajd, 2006.
Antioxidant activity, phenols, flavonoid contents of
selected Iranian medicinal plants. S. Afr. J. Biotechnol., 5:
1142-1145.
Qustri, S.Y., N.A. Abo-Khatwa and M.A.B. Lahwa. 2010.
Screening of antioxidant activity and phenolics content of
some selected food items cited in the holy Quran. E.J.B.S.,
2(1): 40-51
Uddin, N., S. Bano, B.S. Siddiqui, S. Begum, H.A. Bhatti, A.
Khan, S. Parveen and M. Iqbal. 2011. Bioactive flavonoids
from the leaves of Lawsonia alba (Henna). Phytochemistry
Letters, 4(4): 454-458.
Veeru, P., M.P. Kishor and M. Meenakashi. 2009. Screening of
medicinal plants extracts for antioxidant activity. J. Med.
Plants Res., 3(8): 608-612.

(Received for publication 15 January 2016)

