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ABSTRACT
Heliotropium strigosum plant is widely used in traditional medicines for treatment of various ailments. In current study, an effort was made to evaluate
phenolic profile as well as antidiabetic and antioxidant activities of crude methanol extract and different solvent (n-hexane, ethyl acetate, chloroform and aqueous)
fractions of H. strigosum. Total phenolic contents were determined by spectrophotometric assay. Polyphenolic compounds in crude methanol extract and each
solvent fraction were identified by reverse phase high performance liquid chromatography (RP-HPLC). Antioxidant and antidiabetic activities were determined
using DPPH and α-amylase inhibition assays, respectively. The outcome of spectrophotometric assay showed that methanol extract had higher amount of total
phenolic (84.50 ± 0.06 µg GAE/ mg of plant extract) contents than aqueous, ethyl acetate, chloroform and n-hexane fractions, respectively. The RP-HPLC analysis
revealed the maximum number of phenolic (chromotropic acid, quercetin, trans-4-hydroxy-3-methoxy cinnamic acid, vanillic acid, gallic acid, caffeic acid,
m-coumaric acid, p-coumaric acid, syringic acid, sinapic acid and ferulic acid) compounds in methanol extract. Methanol extract (IC50 = 8.97 µg/mL) exhibited the
maximum antidiabetic activity followed by aqueous (IC50 = 20.04 µg/mL), ethyl acetate (IC50 = 27.79 µg/mL), chloroform (IC50 = 56.87 µg/mL) and hexane (IC50
= 32.16 µg/mL) fractions, respectively. The outcome of antioxidant assay revealed that methanol extract was the leading one with regard to antioxidant activity at
different doses (10 to 250 µg/mL). The current study concludes that H. strigosum solvents extracts with significant phenolic profile and potent biological activities
could be explored for potential uses in neutraceutical and pharmaceutical industries.
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INTRODUCTION
Heliotropium strigosum of vernacular name “Gorakhpamo” is a herb
which may reach the height of 28 cm. It is wildly distributed in hot arid
regions of world including Pakistan 1,2. It is traditionally used for treatment of
different ailments such as constipation, muscle pains, boils and sore eyes 3. It
is an effective remedy for cure of snake bites. H. strigosum belongs to family
Boraginaceae. Boraginaceae is scientifically known for its anti-inflammatory,
antimicrobial, antineoplastic, antinociceptive, antiplasmodial, antioxidant,
antitrypanosomal, nephroprotective and wound healing activities 4,5,6,7,8,9.
Although some studies on the use of H. strigosum as natural cytotoxic,
phytotoxic, anti-inflammatory, antimicrobial and antioxidant agent are
available in literature 10,11, but there was complete gap of knowledge about
detailed phenolic profile and antidiabetic attributes of different solvent extracts
obtained from whole plant of H. strigosum. Therefore, in current study an effort
was made to investigate the phenolic components, antidiabetic and antioxidant
activities of different solvent (methanol, n-hexane, ethyl acetate, chloroform
and aqueous) extracts of H. strigosum so as to explore their potential uses
as natural antidiabetic and antioxidative agents for food and pharmaceutical
industries.

MATERIALS AND METHODS
Chemicals and reagents
Phosphate buffer (pH 6.9), DNSA (3,5-Dinitrosalicylic acid), starch
solution, alpha amylase, DPPH, methanol, n-hexane, chloroform, ethyl
acetate, hydrochloric acid and Folin-Ciocalteu reagent were obtained from
Merck (Darmstadt, Germany). All other chemicals were of analytical grade
and purchasedfrom Sigma Chemical Co. (St. Louis, MO, USA), unless stated
otherwise.
Collection of plant materials
The dried sample of Heliotropium strigosum was collected from Chitral,
Province Khyber Pakhtunkhuwa, Pakistan. The whole plant material was
extensively washed with distilled water to remove dust or any other particulate
matter. The shade dried whole plant material of H. strigosum was ground into
fine powder with the help of coffee grinder (Westpoint coffee grinder, WF
9222). The powdered material was passed through seiver (0.25 mm). Sieved
fine powdered plant material was stored in opaque screw-capped containers at
room temperature.
Preparation of plant extracts
The plant sample in fine powder form (3 kg) of H. strigosum was macerated
in methanol solvent for 15 days. After the maceration, the soluble fractions in
methanol were filtered and the filtrate was concentrated at 400C by using rotary
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evaporator to give crude extract (Yield = 150 gm). The 50 gm crude extract
was then dissolved in 150 mL of distilled water and sequentially portioned
with 150 mL of n-hexane, 150 mL of chloroform and 150 mL of ethyl acetate.
The n-hexane, chloroform, ethyl acetate and aqueous solutions yielded 1.9, 1,
0.5 and 8 gm of solvent free extracts, respectively. The concentrated extracts
of methanol, n-hexane, ethyl acetate, chloroform and water were transferred to
sample vials and stored at -4°C for further analysis.
Total phenolic content
Total phenolic contents were determined using Folin-Ciocalteu method
12,13
. Briefly, 1 mL solution of each solvent extract (methanol, n-hexane, ethyl
acetate, chloroform and aqueous) was mixed with 7.5mL of double deionized
water, 500µL of Folin-ciocalteu reagent and one mL of 5% Na2CO3. The reaction
mixture was incubated at room temperature for 90 minutes. Absorbance of
reaction mixture was measured at 760 nm by using UV-Vis spectrophotometer
(Lambda EZ 201, Perkin Elmer, USA). The content of phenolics was expressed
as µg gallic acid equivalents (GAEs) per mg of extract.
Analysis of phenolic compounds
The hydrolysis of H. strigosum extracts was performed as described
previously 14. Briefly, the test samples (50 mg) of each extract was dissolved
in 24 mL methanol and was homogenized. 16 mL distilled water was added
followed by 10 mL of 6M HCl. The mixture was then thermostated for 2 hr
at 95oC. The final solution was filtered using 0.45 µm nylon membrane filter
(Biotech, Germany) prior to high performance liquid chromatography (HPLC)
analysis.
The separation of plant samples on gradient HPLC (LC-10A, SHIMADZU,
JAPAN ) was performed using shim-pack CLC-ODS (C118), 25cm X 4.6 mm,
5 µm column. The chromatographic separation was carried out using as mobile
phase gradient : A (H2O: Acetic acid-94:6, pH = 2.27), B (acetonitrile 100%).
The gradient used was 15% solvent B (0-15 min), 45% solvent B (15-30 min)
and 100% solvent B (35-45 min) with 1 mL/min flow rate. The UV- visible
detector (λ max 280 nm) was used for separation of phenolic compounds.
The identification of phenolic compounds was established by comparing the
retention time and UV-Visible spectra of the peaks with those previously
obtained by injection of standards. The quantification was performed by
external calibration.
Αlpha amylase inhibition assay
Antidiabetic activity of each extract obtained from methanol and different
solvent (n-Hexane, ethyl acetate, chloroform and aqueous) fractions of H.
strigosum was determined by α-amylase assay as described previously 15. The
500 µL of different concentrations (10 to 250 µg/mL) of methanol extract and
each solvent fraction was mixed in 500µL solution of alpha amylase enzymes
and then incubated at 25˚C for 10 minutes. 500µL of starch solution was added
in above solution and incubated at room temperature for 10 minutes. Then1
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mL of DNSA solution was added in the mixture and placed in boiling water
bath for 5 minutes and cooled at room temperature. 10 mL water was added for
dilution and measured the absorbance at 540 nm wavelength. The percentage
inhibition was calculated by following formula
I (%age) = {(Ablank-Asample)/Ablank} ×100
Where Ablank and Asample are the absorbance of the blank and test sample
respectively.
DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay was
used to estimate antioxidant potential of H. strigosum extract solutions 16.
Briefly, 4 mL of methanol solution of 2,2-diphenyl-1-picrylhydrazyl (0.1mM)
was mixed with 1 mL of different dilutions (10 to 250 µg/mL) of each extract.
The reaction mixture was incubated in dark room for 30 minutes. Then the
absorbance was measured at 515 nm with UV-Vis spectrophotometer (Lambda
EZ 201, Perkin Elmer, USA). The inhibition percentage of 2,2-diphenyl-1picrylhydrazyl (DPPH) radicals was calculated as:
Inhibition (%) of DPPH radicals = Ac – As/ Ac X 100
Where Ac is absorbance of control (reaction in which all reagents
participated except plant extract) and As is absorbance of sample (plant extract).
Statistical analysis
All the assayed for methanolic crude extract and various fractions was
performed in triplicate and represented in mean and standard error. One Way
Analysis of variance (ANOVA) technique was used for the statistical analysis.

RESULTS AND DISCUSSIONS
Total phenolic contents
It is widely accepted that phenolic compounds are major contributors of
antioxidant activity 17. In current study total phenolic contents of methanol
extract and different solvent (Hexane, chloroform, ethyl acetate and aqueous)
fractions of H. strigosum were determined using Folin-Ciocalteu method, which
is described in different pharmacopieias 18. The reaction is based upon the fact
that phosphomolybedate and phosphotungstate in the reaction mixture react
with phenolic compounds in the plant sample and generate a blue chromophere
that had maximum light absorption at 760 nm 19. Higher the extent of phenolic
compounds in the plant sample, greater will be the intensity of blue pigment
and so on. It is evident from the results (Table.1) that total phenolic contents of
methanol extract and different solvent fractions of H. strigosum ranged from
12.81 ± 0.93 to 84.50 ± 0.06 µg GAE/ mg of plant extract. Methanol extract of
H. strigosum exhibited significantly higher (P < 0.05) total phenolic contents
(84.50 ± 0.06 µg GAE/ mg of plant extract). These results are in agreement
with previous study, in which maximum amount of total phenolic contents was
examined in methanol extract of medicinal plant 20,21. Among the other solvent
fractions, aqueous fraction (70.41 ± 0.82 µg GAE/ mg of plant extract) had the
highest total phenolic contents followed by ethyl acetate (31.99 ± 1.57 µg GAE/
mg of plant extract), chloroform (25.36 ± 2.44 µg GAE/ mg of plant extract)
and n-hexane (12.81 ± 0.93 µg GAE/ mg of plant extract) fractions. Difference
in total phenolic contents among different solvent fractions might be linked to
chemical nature of extracting solvent 22. Significant difference (P < 0.05) was
observed among total phenolic contents of different fractions of H. strigosum,
with regard to variation in extracting solvent. These results are in accordance
with previous study, which showed strong influence of extracting solvents on
extraction of total phenolic compounds from Limnophila aromatica herb 23. As
the FC-method does not provide complete quantitative and qualitative profile
of phenolic compounds, therefore, HPLC study for determination of individual
of phenolic compounds was obligatory.
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Table. 1. Total phenolic contents, antidiabetic activity and antioxidant
activity of different solvent fractions of H. strigosum

Heliotropium
strigosum
solvent
fractions
and positive
controls

Total phenolic
contents
*(µg QE/
mg of plant
extract)

α-amylase
inhibition
activity,
IC50(µg/mL)

DPPH
inhibition
activity,
IC50(µg/mL)

Methanol

84.50 ± 0.06a

8.97 ± 0.01b

10.45 ± 0.01d

Aqueous

70.41 ± 0.82b

20.04 ± 2.65c

28.41 ± 0.36a

Ethyl acetate

31.99 ± 1.57c

27.79 ± 1.74a

32.16 ± 1.74b

Chloroform

25.36 ± 2.44

56.87 ± 0.35

45.37 ± 0.92c

Hexane

12.81 ± 0.93e

194.8 ± 0.59d

100

Acrobose

----

3.06 ± 0.08

----

Ascorbic acid

----

----

4.15 ± 0.05f

d

e

ab

± 0.15e

(----) = Not tested. Values are Mean ± SD (Standard deviation) of three
samples of each extract, analyzed individually in triplicates. Mean with
different superscript letters in the same column indicate significant difference
(P<0.05) among solvent extracts tested.
Reverse phase high performance liquid chromatographic (RP-HPLC)
analysis
The most suitable tool for chemical characterization of phenolic compounds
from natural products is the HPLC analysis 24, therefore in present study crude
methanol extract and different solvent fractions (Hexane, chloroform, ethyl
acetate and aqueous) of H. strigosum were analyzed for presence of eleven
different phenolic compounds including chromotropic acid, quercetin, Trans
4-hydroxy-3-methoxy cinamic acid, vanillic acid, gallic acid, caffeic acid,
m-coumaric acid, p- coumaric acid, syringic acid, sinapic acid, ferulic acid and
chlorogenic acid using reverse phase high performance liquid chromatography
(RP-HPLC). The results are shown in Table. 2. Chromotropic acid (86.16 µg/g
of dry plant material) was found to be major phenolic compound in methanol
extract followed by gallic acid (55.98 µg/g of dry plant material), vanillic
acid (38.58 µg/g of dry plant material), syringic acid (19.46 µg/g of dry plant
material), ferulic acid (8.88 µg/g of dry plant material), p-coumaric acid (8.45
µg/g of dry plant material), quercetin (6.44 µg/g of dry plant material), caffeic
acid (6.26 µg/g of dry plant material) and sinapic acid (2.48 µg/g of dry plant
material), respectively. Chromotropic acid (72.58 µg/g of dry plant material)
was the major phenolic compound of aqueous fraction followed by vanillic
acid (35.24 µg/g of dry plant material), gallic acid (32.83 µg/g of dry plant
material), syringic acid (20.62 µg/g of dry plant material), trans-4-hydroxy-3methoxy cinamic acid (10.14 µg/g of dry plant material), m-coumaric acid
(8.09 µg/g of dry plant material) and p-coumaric acid (5.72 µg/g of dry plant
material), ferulic acid (4.97 µg/g of dry plant material) and quercetin (4.47 µg/g
of dry plant material). Ethyl acetate and chloroform fractions were found to
be rich in trans-4-hydroxy-3-methoxy cinnamic acid (40.23 µg/g of dry plant
material) and syringic acid (18.16 µg/g of dry plant material), respectively.
Chlorogenic acid (9.70 µg/g of dry plant material) and quercetin (1.25 µg/g
of dry plant material) were minor phenolic constituents of ethyl acetate and
chloroform fractions. From the hexane fraction chromotropic acid (10.20 µg/g
of dry plant material) was found to be major phenolic acid followed by gallic
acid (4.45 µg/g of dry plant material) and ferulic acid (9.70 µg/g of dry plant
material). The extent of other phenolic compounds in n-hexane fraction was
less than 1 (µg/g of dry plant material).
Many scientific studies had revealed that amount of phenolic components
is diversified at sub cellular level in plants 25. Phenolic compounds are potent
marker of antioxidant activity and had beneficial effects on human health 26.
The presence of phenolic compounds in several plants was reported to possess
anti-inflammatory, antidiabetic, antioxidant and several others therapeutic
activities 27,28. Therefore, in current study, the excellent antioxidant potential of
methanol extract might be correlated with higher level of phenolic compounds
in it. These results are similar to earlier study, who explored a strong correlation
between antioxidant activity and phenolic compounds 29.

J. Chil. Chem. Soc., 61, Nº 2 (2016)
Table. 2. High performance liquid chromatography (HPLC) study of methanol, aqueous, ethyl acetate, chloroform and hexane fractions of H. strigosum for
identification of polyphenolic compounds.
Solvent extracts

Phenolic compounds
(µg/mg)

Methanol

Aqueous

Ethyl acetate

Chloroform

Hexane

Chromatotropic acid

86.16 ± 0.04a

72.58 ± 0.13c

32.5 ± 0.08b

18.16 ± 0.21d

10.20 ± 0.04e

Quercetin
Trans 4-hydroxy-3-methoxy
cinamic acid
Vanillic acid

6.44 ± 0.01b

4.47 ± 0.05d

----

1.25 ± 0.02c

0.25 ± 0.01c

16.38 ± 0.13c

10.14 ± 0.06b

40.23 ± 0.04a

----

0.73 ± 0.02f

38.58 ± 0.06

35.24 ± 0.11

c

----

----

----

Gallic acid

55.98 ± 0.21d

32.83 ± 0.07a

----

4.59 ± 0.06b

4.45 ± 0.13b

Caffeic acid

6.26 ± 0.09c

----

23.42 ± 0.26f

2.19 ± 0.01a

----

m-coumeric acid

10.23 ± 0.05

8.09 ± 0.31

21.74 ± 0.43

----

----

p-coumeric acid

8.45 ± 0.49a

5.72 ± 0.01b

----

1.67 ± 0.08c

----

Syringic acid

19.46 ± 0.12

20.62 ± 0.08

----

11.75± 0.02

0.80 ± 0.04d

Sinapic acid

2.48 ± 0.01e

----

----

----

0.25 ± 0.01a

Ferulic acid

8.88 ± 0.07

4.97 ± 0.03

----

----

3.38 ± 0.09c

Chlorogenic acid

----

----

9.70 ± 0.09

----

----

a

d

a

a

c

a

b

b

c

(----) = Not detected. Data are shown as Mean ± SD of triplicate determinations. Mean with different superscript letters in the same row indicate significant
difference (P < 0.05) in amount (µg/mg) of same phenolic compound with regard to different solvent (methanol, aqueous, ethyl acetate, chloroform and n-hexane)
extract.
Antidiabetic activity (alpha amylase inhibition assay)
In present research work ,methanol extract and different solvent
(n-hexane, chloroform, ethyl acetate and aqueous) fractions of H. strigosum
were investigated for their potential against the inhibition of activity of
α-amylase enzyme. It is depicted from the results (Fig. 1) that methanol extract
and four different solvent fractions of H. strigosum significantly inhibit the
activity of α-amylase enzyme in dose dependent manner (10 to 250 µg/mL) and
could be used for the treatment of postprandial hyperglycemia. We examined
minimum inhibition of α-amylase enzyme activity (%) in methanol extract
and different solvent fractions at 10 µg/mL, while maximum inhibition (%) of
α-amylase enzyme activity was examined at dose of 250 µg/mL. Our findings
are consistent with previous study, in which increase in α-amylase enzyme
inhibition (%) was examined with increase in concentration of Urtica dioica
and Juglans regiultsa extracts 30. Overall, the order of antidiabetic activity
of different solvent fractions was as: methanol > aqueous > ethyl acetate >
chloroform > n-hexane. Maximum antidiabetic potential of methanol extract
could be due to presence of higher extent of phenolic compounds which would
likely to offer more potential for inhibition of porcine pancreatic α- amylase.
Variation in antidiabetic activity of different solvent fractions of H. strigosum
might be attributed to difference in chemical compounds extracted with
different nature of solvents.

Antioxidant activity (DPPH assay)
2,2-diphenyl-1-picrylhydrazyl (DDPH) scavenging assay was used
to characterize the antioxidant potential of crude extract (methanol) and
different solvent fractions (n-hexane, ethyl acetate, chloroform and aqueous)
of H. strigosum. DPPH is single electron transfer mechanism which had
been used to assess antioxidant potential of wide variety of plant extracts
31
. This assay is based on transfer of electron from antioxidant compound to
scavenge 2,2-diphenyl-1-picrylhydrazyl radicals in the reaction mixture 32. As
a result the color of 2,2-diphenyl-1-picrylhydrazyl (DPPH) solution changes
from purple to yellow 33. Stronger the intensity of yellow color higher will
be the ability of plant extract to scavenge 2,2-diphenyl-1-picrylhydrazyl
radicals and ultimately stronger will be the antioxidant activity. In current
study antioxidant potency of crude extract (methanol) and different solvent
fractions (n-Hexane, ethyl acetate, chloroform and aqueous) of H. strigosum
was examined in dose dependant manner (10 to 250 µg/mL). The results (Fig.
2) showed an increase in 2,2-diphenyl-1-picrylhydrazyl radicals scavenging
ability with increase in dose of methanol extract and all solvent fractions of H.
strigosum. This trend is in line previous finding, who demonstrated an increase
in 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity with increase
in dose of plant extracts 34. In our study methanol extract (IC50 = 10.45 µg/
mL) exhibited significantly (P < 0.05) higher 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) scavenging activity than aqueous ethyl acetate, chloroform and
n-hexane fractions. Overall, the hierarchy of 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) scavenging activity of methanol extract and four different
solvent fractions was as: methanol extract (IC50 = 10.45 µg/mL) > aqueous
fraction (IC50 = 28.41 µg/mL) > ethyl acetate fraction (IC50 = 32.16 µg/mL)
> chloroform fraction (IC50 = 45.37 µg/mL) > n-hexane fraction (IC50 = 100
µg/mL). Our results are in line with previous findings, which revealed that
antioxidant activity of plants dependent on extracting solvent 35.

CONCLUSION

Fig. 1. Inhibition (%) of α-amylase by methanol, aqueous, ethyl acetate,
chloroform and hexane extracts of H. strigosum

In conclusion, our study is first report on phenolic composition and
antidiabetic activity of different solvent extracts of H. strigosum. The results
of current study revealed that methanol extract had consistently high total
phenolic contents, number of individual phenolic compounds, antioxidant
as well as antidiabetic activities. The knowledge of phenolic composition in
different solvent (methanol, aqueous, ethyl acetate, chloroform and aqueous)
fractions will help to explore their potential as source of natural antioxidants.
Moreover, the comparison of phenolic composition among solvents of variable
polarity will help to optimize the solvent for extraction of phenolic compounds.
The considerable antidiabetic and antioxidant activities of different extracts
may assist in preparation of herbal drugs for treatment diabetes and oxidative
stress based disorders.
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Fig. 2. Inhibition (%) of free (2,2-diphenyl-1-picrylhydrazyl) radicals
by methanol, aqueous, ethyl acetate, chloroform and hexane extracts of H.
strigosum.
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