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ARTICLE INFO ABSTRACT

Silybum marianum (L.) is a medicinal plant containing Silymarin — a complex of flavonolignans:
Silybin A, Silybin B, Isosilybin A, Isosilybin B, Silychristin A, Silychristin B, Silydianin, Silandrin,
Isosilandrin, Silychermin, Neosilychermin, Siliamandine and Siliymonine. Silymarin possesses
antioxidant, anticarcinogenic, anti-inflammatory, antifibrotic, hepatoprotective, immunomodulatory
and neuroprotective activity and is applied in liver cirrhosis, acute and chronic viral hepatitis.
Hepatoprotective action is a result of antioxidant, anti-lipid peroxidative activity and of reduction of
glutathione oxidation.

Objective: The aim of cuttent study was to compare the different modificated DPPH methods for
determination of free radical scavenging activity of Silybum marianum L. extracts.

Methods: A literature survey has been applied by using of different data bases as Scopus and Medline,

Google Scholar, PubMed.

Results:

For the estimation of free radical scavenging activity of Silybum marianum L. extract, the
modifications of DPPH method comprise the changing of :

1) reaction time (from 30 min. to 90 min.)

2) solvent for DPPH (methanol, ethanol, butanol)

3) concentration of DPPH (from 0.1 M to 0.006 mM, 0.15 mM, 0.2 mM, 0.3 mM, 1 mM)

4) proportion between volumes of DPPH and plant extracts

5) absorption maximum: from A =517 nm to A = 515 nm or A = 520 nm.

Conclusion:

For different modifications of DPPH method for the assessment of free radical scavenging activity of
Silybum marianum L. extract, the following most important conclusions can be summarized:

I) the most often applied modifications are in connection with the changing of:

1) concentration of DPPH solution: 0.1 mM to 0.006 mM, 0.15 mM, 0.2 mM, 0.3 mM, 1 mM,

2) proportion between volumes of DPPH and plant extract

1I) the most often used conditions for DPPH method are:

1) 30 min. reaction time between DPPH solution and plant extracts

2) application of methanol as solvent

3) absorption maximum: A = 517 nm.
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INTRODUCTION Hildebert Wagner. From Silymarin has been derived a

semipurified fraction — Silibinin: 1 1 mixture of 2
Chemical compounds in Silybum marianum L. diastereoisomers: Silybin A and Silybin B. A similar
Silypbum marianum (L.) Gaertn. (milk thistle, Marian  diastereoisomeric mixture contains Isosilybin A and Isosilybin
thistle, Mediterranecan milk thistle). (Asteraceae) is an B, Which are regioisomers of Silybin A and Silybin B (Fig. 1.).

important medicinal plant both in Europe and Asia. The crude
commercial product, termed Silymarin is a complex of at least
7 flavonolignans and comprises 65 % to 80 % of milk thistle
extract: Silybin A (Silibinin A), Silybin B (Silibinin B),
Isosilybin A, Isosilybin B, Silychristin A, Silychristin B,
Silydianin. The term ”Silymarin” have been introduced in
1968 by the German phytochemist prof.
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The other flavonolignans are Silychristin A, Silychristin B and
Silydianin (Fig. 1.) [1]. Other new found flavonolignans are
Silandrin, Isosilandrin, Silychermin, Neosilychermin
[2], Siliamandine and Siliymonine (Fig. 2.) [3]. Silibinin is
found in the roots [4] while Silyamandin can be found in the
fruits [3].
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Fig 2 Chemical structures of Silandrin, Isosilandrin, Silihermin,
Neosilihermin, Siliamandin and Silymonin.

Silymarin possesses hepatoprotective [5, 6], antioxidant [6, 7],
anticarcinogenic, immunomodulatory [8], anti-inflammatory,
antifibrotic [9], neuroprotective and neurotropic activity [8].
Flavanolignans from the seeds of Silybum marianum L. are
allosteric protein tyrosine phosphatase (PTP) 1B inhibitors
[10] and their effectiveness in ameliorating diabetes in-
vitro or in-vivo has been reported. The increased insulin
sensitivity and improved glucose tolerance are results from the
inhibition of PTP 1B [11, 12].

In oxidative stress, the reactive oxygen species induce
peroxidation of polyunsaturated fatty acids in the cell
membrane bilayer, which causes oxidation of lipids, proteins,
DNA and RNA, and damaging of other cellular components
[9]. Free radicals play an important role in the pathogenesis of
cardiovascular diseases; atherosclerosis [13];
neurodegenerative disorders [14] as Alzheimer’s [15] and
Parkinson’s disease; alcohol induced liver disease [16]; cancer
and psoriatic arthritis [17].

Natural antioxidants present in food of plant origin protect
against free radicals and are important for good health [18, 19].
Silymarin and it’s main isomer Silibinin (Silibin) have been
shown to possess antioxidant properties. By DPPH method has
been proved higher activity (78.2 %) of seeds of the purple
flowering plant than seeds of white flowering plant (49 %).
For white flowering plant the activity is 64.8 % for young
leaves and 67.2 % for roots, which is higher than the purple
flowering plant: 55.1 % activity for young leaves and 65 % for
roots. The maximum antioxidant activity of leaves have been
observed from 80-day-old plants [20]. Extract from the
cultured cells of Silibum marianum L. show 48 % inhibition,
compared to 55 % inhibition of the extract from the fruits [21].

Silymarin is applied in liver cirrhosis, acute and chronic viral
hepatitis, toxin or drug-induced hepatitis. Silymarin and
Slibinin hepatoprotective action is a result of antioxidant, anti-
lipid peroxidative and free radical scavenging actions,
reduction of glutathione oxidation and stimulation of
hepatocyte regeneration by induction of protein synthesis.
Silymarin possesses anti-inflammatory and anticarcinogenic
properties by inhibition of the transcription factor NF-kB,
which regulates the expression of genes involved in the
inflammatory process and carcinogenesis. Anti-inflammatory
action is results of inhibition of leukotriene synthesis and
formation of prostaglandins [9]. Silibinin inhibits proliferation
and promotes cell-cycle arrest of human colon cancer [22].

In-vivo and in-vitro methods for evaluation of antioxidant
activity

In-vivo methods for evaluation of antioxidant activity include:
Catalase (CAT) method: A = 240 nm; Glutathione peroxidase
(GSHPx) estimation: A = 340 nm; Glutathione-S-transferase
(GST) assay: A = 340 nm; y-Glutamyl transpeptidase activity
(GGT) assay: A = 405nm; Reduced glutathione (GSH)
estimation: A = 412 nm; Superoxide anion scavenging activity
assay (SOD) method: A = 420nm; Lipid peroxidation
inhibitory activity (LPIA) assay: A = 532 nm; Low Density
Lipoprotein (LDL) assay: A = 532 nm; Ferric reducing ability:
using FRAP reagent: TPTZ (2.,4,6-tripyridyl-s-triazine) and
ferrochloride: A = 593 nm; Glutathione reductase (GR) assay
[23-25].

In vitro methods for evaluation of antioxidant activity are:
Hydrogen peroxide scavenging activity (HPSA) assay: A =
230 nm; Xanthine oxidase method: A = 293 nmj; B-carotene
linoleic acid method/conjugated diene assay: A = 470 nm;
Peroxynitrite radical scavenging activity: A = 485 nm; Ferric
thiocyanate method (FTC) method: A = 500nm; N,N-
dimethyl-p-phenylene diamine dihydrochloride (DMPD)
method: A = 505 nm; 1,1-diphenyl-2-picryl-hydrazyl radical
scavenging activity (DPPH) method: A = 517 nm; Oxygen
radical absorbance capacity (ORAC) method: A = 520 nm;
Hydroxyl radical scavenging activity assay (HRSA) assay: A =
532nm;  Nitric  oxide  scavenging  activity: A

546 nm; Thiobarbituric acid (TBA) method; A

552 nm; Superoxide radical scavenging activity (SOD): A =
560 nm; Metal chelating activity: A = 562 nm; Ferric reducing-
antioxidant power (FRAP) assay: A = 593 nm;
Phosphomolybdenum method: A = 695 nm; Reducing power
method (RP): A = 700 nm; 2,2’-azino-bis3-
ethylbenzthiazoline-6-sulfonic radical cation decolourisation
assay (ABTS): A = 750 nm; Total radical-trapping antioxidant
(TRAP) method; Hydroxyl radical scavenging activity
(HRSA) assay [23-27].

DPPH radical scavenging activity

DPPH antiradical activity assay is based on the reduction of a
stable free radical DPPH (a,a-diphenyl-B-picryl-hydrazyl).
The delocalization of electron gives rise to the deep violet
color, characterized by an absorption at A = 517 nm [28] or at
A = 520 nm [29]. As electron becomes paired off in the
presence of a hydrogen donor, a free radical scavenging
compound, the absorption strength is decreased, and the
resulting decolorization is stoichiometric with respect to the
number of electrons captured. The substrate, that can donate
a hydrogen atom, reduce DPPH to DPPHH, the absorbance
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decrease and the violet DPPH is transferred to yellow (1,1'-
diphenyl-2-(2,4,6-trinitrophenyl)hydrazine (DPPHH) (Fig. 3.)
[29].

144 <> 4 7
124 ¢ —r ’ —
1.0 — p—
0.8-
0.6
0.4
0.2

Fig 3 Reaction of compound with DPPH (violet) to 1,1'-diphenyl-2-(2,4,6-
trinitrophenyl)hydrazine (yellow).

In accordance to Blois for DPPH method, 1 ml 0.1 mM DPPH
solution in methanol is added to 3 ml of various concentrations
of methanol extracts and reference standard
Butulhydroxytoluene (BHT) (125 pg/ml, 250 pg/ml, 500
pg/ml and 1000 pg/ml) and after 30 min. at 25 °C in dark the
absorbance is measured at A =517 nm [30].

For the assaying of free radical scavenging activity of
methanolic extract of medicinal plants, different modifications
of DPPH method of Blios has been applied by changing of:

1. temperature ( from 25 °C to 27 °C)

2. reaction time (from 30 min. to 20 min. or 100 min.)

3. concentration of DPPH solution (from 0.1 mM to 0.2
mM, 0.3 mM, 0.4 mM)

4. proportion between volumes of DPPH methanol
solution and extracts

5. solvent for DPPH (from methanol to ethanol).

In all of these methods compounds reacts with DPPH, which is
a stable free radical, that is reduced to the DPPHH and as
consequence the absorbance decreased from the DPPH radical
to the DPPH-H form. The degree of discoloration indicates the
scavenging potential of the compounds in extracts through
hydrogen donating ability [28].

For the assaying of free radical scavenging activity of
methanolic leaf extract of medicinal plant Cryptolepis
grandiflora, the modification of DPPH method of Blios has
been used: 5 ml 0.1 mM DPPH radical solution and 5 ml
methanolic leaf extract of plant have been incubated for 20
min. at 27 °C in dark after that the absorbance have been
recorded at A =517 nm [31].

Kumar et al. have been determined the scavenextract of
Hydrocotyle conferta on DPPH radicals according to the
method of Shimada et al. [32]: 1 mging effect of methanolic 1
0.2 mM methanolic solution of DPPH have been mixed with 4
ml of various concentrations of extracts and after 30 min. at 25

°C in dark, the absorbance has been measured at A = 517 nm
[33].The hydrogen donating ability of Vernonia cinerea has
been examined by modification of DPPH method of Blios, by
mixing of 1 ml 0.3 mM DPPH methanol solution and 1 ml
extract of Vernonia cinerea and after 30 min. reaction at room
temperature the absorbance values have been measured at A =
517 nm using methanol as blank. Ascorbic acid has been taken
as the positive control and 1.0 ml 0.3 mM DPPH solution with
1 ml methanol has been served as negative control. The
scavenging activity against DPPH (% inhibition) free radical
has been calculated by using: absorbance of the control
(Acontrol) @and absorbance in the presence of the extract (Ayg) by
the following equation: % inhibition = [(Acontrol — Atest ) - 100 ]
/ Acontrol [34]

The scavenging effect of Costus pictus leaf extraxts [35] and
of coumarin compounds [36] has been determined by the
application of the modification of DPPH method of Blios:
reaction between 1 ml 0.3 mM DPPH methanol solution and 1
ml extracts, and after 30 min. at 25 °C in dark, recording the
absorbance at A =517 nm.

In modification of DPPH method from Brand-Williams, the
reaction mixture consists of 0.5 ml sample, 3 ml absolute
ethanol and 0.3 ml 0.4 mM DPPH solution in ethanol and the
control solution contains 3.5 ml ethanol and 0.3 ml DPPH
solution. After 100 min. incubation, the following
absorbances: of sample (AbSgmpie), control solution (AbSgcontror)
and compensatory solution (Abspk), has been detected) at A =
517 nm, by using as compensatory solution a mixture of 3.3 ml
ethanol and 0.5 ml sample. Antiradical activity: AA (%) is
calculated by the following equation [37]:

(Ab‘sr.w-umph- - AbSMm.{' )I ] 00
Abs

conirol

AA% =100 -

Ekezie et al. have been analysed antioxidant potential of
Momordica charantia by reaction of 5 ml 0.004 % DPPH
solution with 5 ml of plant extract for 30 min. at 25 °C in dark
and the absorbance has been determined at A = 517 nm [38].
For the evaluation of antioxidant potential of tomato powder,
after reaction of 5.0 ml 0.04 % DPPH solution and 1 ml
extract for 30 min. at 25 °C in dark, the absorbance has been
measured at A =517 nm [28].

The very often applied method for determination of radical
scavenging activity of Silybum marianum L. extracts against
DPPH includes incubation of DPPH solution with extract for
30 min. at room temperature 25 °C in dark and measuring of
the absorbance at A = 517 nm.

For the assessment of free radical scavenging activity of
Silymarin, the method of Blois, with the following
modifications has been reported: a mixture from 0.5 ml 0.1
mM DPPH ethanol solution and 1.5 ml of Silymarin solution
in ethanol at different concentrations (10 mg/ml — 30 mg/ml)
has been incubated for 30 min. at 25 °C in dark and the
absorbance has been measured at A =517 nm [39].

DPPH radical scavenging activity of Silybum marianum L.
seeds has been studied by application of DPPH method of
Blois: reaction between 1 ml 0.1 mM DPPH methanol solution
and 3 ml of Silybum marianum L. seed ethanol extracts with
different concentrations (5 pug/ml, 10 pg/ml, 25 ug/ml, 50
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pg/ml, 100 pg/ml and 150 pg/ml). The absorbance has been
measured at A = 517 nm after incubation in for 30 min at 25 °C
in dark [40].

For the estimation of free radical scavenging activity of
Silybum marianum L. extracts, the very often modifications of
DPPH method of Blios include the changing of solvent for
DPPH (from methanol to ethanol) and the concentration of
DPPH (from 0.1 mM to 0.006 mM, 0.15 mM, 0.2 mM, 1 mM,
0.002 %, 0.004 %). The following methods reported, illustrate
these changes.

The DPPH radical scavenging activity of the seed extracts of
wild Silybum marianum L. populations growing in Greece, has
been determined using a method proposed by Blois, with some
modifications: 3 ml 0.06 mM DPPH methanol solution has
been reacted with 200 pl of seed extract, or 200 ul 1.0 m M
Ascorbic acid standard or 200 pl methanol (control) for 30
min. at 25 °C in dark and the absorbance has been detected at A
=517 mn [41].

The inhibitory effect of different concentrations of Silymarin
(0.05 mg/ml — 2 mg/ml) on DPPH have been estimated by
measuring of the absorbance of the reaction mixture of 1.95 ml
0.1 mM DPPH ethanol solution and 0.05 ml Silymarin at A =
517 nm after incubation in for 90 min. at 25 °C in dark [42].

The electron donation ability of the methanol extracts has been
estimated as follows: the mixture of 0.5 ml 0.2 mM DPPH
methanolic solution and 2 ml of methanolic extracts of
Silybum marianum L. seeds at different concentrations has
been left standing for 30 min. at 25 °C in dark and the
absorbance of the resulting solution has been measured at A =
517 nm. The antiradical activity is expressed as ICsyp mg/ml,
the concentration required to cause a 50 % DPPH inhibition. A
lower ICs, value corresponds to a higher antioxidant activity of
seed extract [43].

The decrease of the absorbance at A = 517 nm of mixture of 13
ml 1 mM DPPH 96 % ethanolic solution and 1 ml Silybum
marianum L. 96 % ethanolic extract at 25 °C in dark has been
observed [44].

The inhibitory effect of Silymarin has been estimated by
measurement of absorbance at A =517 nm of mixture of 2
ml 0.002 % DPPH methanol solution with 2 ml 0.5 mg/ml
butanol extracts or with 2 ml 0.5 mg/ml standard Ascorbic acid
after 30 min. reaction at 25 °C in dark [45].

The determination of radical scavenging activity against DPPH
has been obtained by measurement of the absorbance at A =
517 nm after 30 min. at 25 °C in dark reaction between 3 ml
0.004 % DPPH methanol solution and 3 ml of Silybum
marianum L. methanol extract [46].

The radical scavenging ability of the Silybum marianum L.
extracts has been determined according to the procedure:
micture of 2 ml 0.004 % DPPH ethanol solution and 2 ml of
Silybum marianum L. ethanol extract has been incubated for 30
min. at room temperature 25 °C in dark and absorbance has
been detected at A = 517 nm, by using of Butulhydroxytoluene
as positive control [47].

Other modifications of DPPH method of Blios include the
changing of reation time, proportions between volumes of
DPPH solution and extracts and absorption maximum.

For the enhancement of Silymarin and phenolic compound
accumulation in tissue culture of Milk thistle, the DPPH test
with minor modifications has been utilized. In this modificated
method by dissolving of 22 mg of DPPH in 50 ml methanol
has been obtained 1 mM stock reagent solution and has been
stored at —20 °C until use. By dilution of 6 ml of stock solution
with 100 ml of methanol has been prepared 0.06 mM working
solution. 0.1 ml of extracts of different concentrations and
0.1 ml of synthetic antioxidant Butulhydroxytoluene solution
has been vortexed with 3.9 ml 0.06 mM DPPH for 30 s and
after 30 min. incubation at 25 °C in dark, the absorbance of the
control, containing all reagents without extract (Aconyo) and
rhe absorbance of the test compound (Agmpe) have been
recorded at A = 515nm. Scavenging activity has been
calculated as follows [48]:

DPPH radical-scavenging
(%) = [(Acontrol - Asample)/Acontrol] . 100.

In modification of Mekky et al. 1 mM DPPH solution (0.394
mg/ml) in methanol has been diluted 1 : 10 to 100 pM
solution, which has been reacted with 100 pl of Silybum
marianum L extract, by using as negative control a mixture of
100 pl methanol and 100 ul DPPH solution. Absorbance has
been measured at A = 515 nm, after incubation for 15 min. at
25 °C in dark [29].

activity

DPPH radical scavenging activity of methanolic root extracts
of Silybum marianum L. has been determined by application of
the modified method of Blois, in which a mixture of 190 pl
0.15 mM DPPH methanol solution and 10 pl methanol extracts
at different concentrations (1 pg/ml — 100 pg/ml) has
been incubated for 30 min. at 25 °C in dark the and the
absorbance of the reaction solution at A = 520 nm has been
measured [49].

Free radical-scavenging activity of commercial milk thistle
food supplements has been carried out by using microplate
reader, performed in a 96 well plate with a total volume of 200
pl methanol, containing 0.004 ng DPPH and samples aliquots
at a series of concentrations of 1 pg/ml, 10 pg/ml, 20 pg/ml, 40
pg/ml, 60 pg/ml, 80 pg/ml, 200 ug/ml, 400 pg/ml, 800 pg/ml
and 2000 pg/ml. DPPH solutions at the same concentration
without the tested samples have been used as control. Plates
have been incubated in for 30 min. at 25 °C in dark, followed
by reading the absorbance at A = 520 nm [50].

CONCLUSION

For the estimation of free radical scavenging activity of
Silybum marianum L. extracts, different modifications of
DPPH method has been applied by changing of:

1. Reaction time (from 30 min. to 90 min.)

2. solvent for DPPH (from methanol to ethanol)

3. concentration of DPPH (from 0.1 mM to 0.006 mM, 1
mM, 0.15 mM, 0.2 mM, 0.3 mM)

4. Proportion between volumes of DPPH and extracts.

For different modifications of DPPH method for the
assessment of free radical scavenging activity of Silybum
marianum L .extracts, the following most important
conclusions can be summarized:
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The most of ten applied modifications are in connection with
the changing of

1.

2.

concentration of DPPH solution: 0.1 mM to 0.006
mM, 0.15 mM, 0.2 mM, 0.3 mM, 1 mM
proportion between volumes of DPPH and extracts

The most of ten used conditions of DPPH method are

1.

2.
3.

30 min. reaction time between DPPH solution and
extracts

using of methanol as solvent

absorption maximum: A =517 nm.
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