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ABSTRACT

The antioxidant activity for phytosterols present in avocado soybean unsaponifiables (ASU), DL methionine
and N-acetylcysteine (NAC) was analyzed by using different antioxidant assays such as total antioxidant
activity assay, 1, 1-diphenyl-2-picryl-hydrazyl free radical (DPPH") scavenging method and superoxide anion
radical scavenging method. Total antioxidant activity was measured according to ferric thiocyanate method,
NAC showed the highest ability to prevent linoleic acid peroxidation followed by phytosterols and DL me-
thionine. In addition, NAC showed an effective DPPH scavenging activity as indicated by high antioxidant
activity index (AAl = 4.152) which is higher than that of phytosterols (AAIl = 0.495) while DL methionine
showed no DPPH scavenging activity (AAl=zero). The superoxide scavenging activity had been studied in
vitro using PMS-NADH (phenazine methosulfate- NADH) system, from the values of IC_ (concentration
providing 50% inhibition), it isapparent that superoxideradical scavenging ability of NACis4.66 higher than

that of DL methionine.

INTRODUCTION

Free radicals are produced in normal and/or
pathological cell metabolismiY. Oxidationisessential
to many living organismsfor the production of energy
needed for biological processes?. However, theun-
controlled production of oxygen- derived freeradi-
casisinvolvedintheonset of many diseasessuch as
cancer, rheumatoid arthritis, cirrhosisand arterioscle-
rosisaswell asin degenerative processes associated
with ageing®®. Exogenous chemica and endogenous
metabolic processesin the human body or inthefood
system might produce highly reactive freeradicals,
especially oxygen derived radica's, which are capable
of oxidizingbiomolecules, resulting in cell death and
tissue damage®. Almost al organismsarewell pro-
tected against free radical damage by oxidative en-
zymes such as superoxide dismutase (SOD) and cata
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lase (CAT), or chemical compounds such as a-toco-
pherol, ascorbic acid, carotenoids, polyphenol com-
pounds and glutathione®. When the mechanism of
antioxidant protection becomes unbalanced by fac-
tors such asageing, deterioration of physiologicd func-
tions, diseases and accel erated ageing occur(??, How-
ever, antioxidant supplementsor antioxidant-contain-
ing foods may be used to hel p the human body to re-
duce oxidative damag€e'®. Natural antioxidants are
being extensively studied for their capacity to protect
organismsand cellsfrom damage brought on by oxi-
dative stress without any side effect which isshown
by synthetic antioxidants™. Thethree drugs studied
arephytosterols, DL methionineand NAC. For phy-
tosterols, they aretriterpenesthat areimportant struc-
tural componentsof plant membranes, and free phy-
tosterol sserveto stabilize phospholipid bilayersin plant
cell membranesjust as cholesterol doesinanimal cell
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membranes®. They have antioxidant activity® and po-
tent anti-inflammatory properties, specialy stigmas-
terol whichisableto bind to chondrocyte membrane
and possesses potentia anti-inflammatory and anti-
catabolic propertied’?. DL methionineisan essential
amino acid with animportant rolein biological methy-
|ation reactions. It congtitutesthe main supply of sul-
phur inthediet, preventing disordersin hair, skin or
nailg. Moreover, it hel psto reduce cholesterol lev-
elsby increasing thelecithin productioninliver and
actsasanatural chelating agent for heavy metal™. It
also acts as hepatoprotectant, antidote in acetami-
nophen poisoning and urinary acidifier’*3. DL methion-
ineisknown as an antioxidant asit actsasaprecursor
amino acid for important antioxidant molecules such
asglutathione, cysteine and taurinewhich protect the
cells from oxidative damage and play vital rolein
detoxification*¥. In addition, methionine has been
shown to chelatelead and removeit from tissues, it
also hasthe hydroxyl and peroxynitriteradical s scav-
enging ability!¥. For N-acetylcysteing, it isconsidered
to have mucolytic properties, it reduces complications
by 22%t0 29% in patientssuffering from chronic bron-
chitig®. It dso exhibitsdirect and indirect antioxidant
properties, itsfreethiol groupiscapableof interacting
with theeectrophilic groupsof ROS, thisinteraction
with ROSleadsto intermediate formation of NAC
thiol, with NAC disulfideasamajor end product . In
addition, NAC exertsan indirect antioxidant effect
related to itsrole as a GSH precursor!*®l, GSH isa
tripeptidemade up of glutamic acid, cysteine, and gly-
cine®. Theantioxidant power of DL methionine has
been evauated using different invivo and invitro tech-
niques'”9. It has been reported that phytosterols
exert aninhibitory effect against copper-induced lipid
peroxidation of low density lipoproteins(LDLs) and
haveradical scavenging activity!®. Direct activity of
NAC isachieved by counteracting accumul ated re-
active oxygen species??, such ashydroxyl radical?Y,
hypochlorous acid®?, it reacts slowly with H,0O,*
alsoit has scavenging activity against DPPH radical
and superoxide anion'®,

Inaresearch program dealing with thecomparison
of theantioxidant activity of thesethreedrugs, we ap-
plied threedifferent methodswhich aresuperoxide scav-
enging spectrophotometric method, Iron thiocyanate
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method and DPPH scavenging method.

Thethreemethods have been validated. Therules
for the measurementsand thelimitsfor the acceptance
are given by appropriate pharmacopoei ag?+?.

EXPERIMENTAL

Instrumentation

= Absorption spectra were recorded on Double
beam Shimadzu (Japan) 1601. Pc UV-VIS spec-
trophotometer connected to acomputer fitted with
UV PC personal spectroscopy software version
3.7, using matched quartz cuvettes in a
thermostated cell holder. Measurmentstook place
at 25°C (£ 0.2)

= Jenway pH meter 3310 pH/ mV/C meter

Materials
Chemicalsand reagents

Linoleicacid (Sgma), 4x102M inethanol. Ethanol
(Merck). Concentrated HCl (M erck). Ammoniumthio-
cyanate (Prolabo). 30% W/V in ethanol. Ferrouschlo-
ride (Prolabo). 0.1% wi/v in 3.5% HCI. Methanol
(Merck). 2,2-Diphenyl-1-picrylhydrazyl radical
(Sigma), prepared in two concentrations (0.2Mm,
0.124mM). Phenazine methosulphate (PMS) (Sigma,
Germany)60 uM in phosphate buffer. Nitro blue tetra-
zolium (NBT) (Sigma, Germany) 150 uM in phosphate
buffer. Nicotinamide adenine dinucleotide (NADH)
(Sigma, Germany) 486 uM in phosphate buffer. Diso-
dium hydrogen phosphate (Adwiac). Potassium
dihydrogen phosphate (Adwiac).

Sandard materials

DL methionine pure samplewaskindly supplied by
Hikma pharmaceutical Co., Cairo, Egypt. Purity was
reported to be 100 + 0.3%. NAC was kindely sup-
plied by Mepaco pharma, Cairo, Egypt. Purity was
reported to be 100 + 0.2%.

Unsaponifiablesof avocado and soyaextract (ASU)
werekindely supplied by Expansciencelaboratories,
Cairo, Egypt. Purity wasreported to be 99+ 0.5%.

Procedures
Superoxidescavenging method
The Superoxide scavenging activity wasdetermined
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using PMS-NADH system?, [Ina10 ml volumetric  of 150 uM NBT in phosphate buffer, each one sepa-
flask different diquots (0.2-4.2ml) of 1000 ugml*DL  rately wasadded then the volumewas compl eted with
methionine standard solution and (0.03-2ml) of 1000  phosphate buffer thenincubated at room temperature
pg mI*NAC standard solution weretaken separately,  for 5 min and the color was measured at 560 nm. Con-
1 ml of 60uM PMS in 0.1 M phosphate buffer (PH trol solutionswere prepared, in which phosphate buffer
7.4), 1 ml of 468 uM NADH in phosphate buffer,  ml wasused instead of the drug and the same procedure
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wascarried out. The reagents solutionswere prepared
dally.

M ethod validation
Precision
Repeatability

Theintraday variation was eval uated by applying
the previoudy mentioned procedure under Superoxide
scavenging method for theanaysisof different concen-
trationsof DL methionineand NA C separately (n=6)
and standard deviation was cal cul ated.

I ntermediate precision

Theinterday variation was eval uated by applying
the previoudy mentioned procedure under Superoxide
scavenging method for theanalysisof different concen-
trationsof DL methionineand NAC separately (n=6)
and standard deviation was calcul ated.

Robustness

Therobustness as ameasure of method capacity
to remain unaffected by small, but deliberate, variation
in method parameterswas carried out by changing the
solvent to potassium dihydrogen phosphate buffer and
standard deviation was cal cul ated.

I'ron thiocyanate method

Ina10 ml volumetric flask, 1 ml of ASU, DL me-
thionineand NAC stock standard (50 mg%o) solutions
separately weretaken, 2ml of 4x102M linoleic acid
and 0.2 ml of 0.1% ferrous chloridewere added and
themixturewas|eft at room temperatureindark for 48
hours. The peroxide content formed was eval uated by
measuring the absorbance at 500 nm, after theaddition
of 0.1 ml of 30% ammonium thiocyanate at different
timeintervasand thevolumewas completedto 10 ml
with ethanol. Control was carried out using the same
procedure without the addition of any drug.

M ethod validation
Precision
Repeatability

Theintraday variaionwasevd uated by applyingthe
previousy mentioned procedureunder Ironthiocyanate
method (n=6) and standard deviation was cal cul ated.
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Intermediateprecision

Theinterday variation was eval uated by applying
theprevioudy mentioned procedure under Iron thiocy-
anate method (n=6) and standard deviationwasca cu-
lated.

Robustness

The robustness was carried out by changing the
solvent to methanol and standard deviation was calcu-
lated.

DPPH spectrophotometric method

Inal10 ml volumetric flask different adliquots (0.25
- 3ml) of theASU stock standard solution (150 pug ml-
1, (0.25 - 3ml) of the DL methionine stock standard
solution (150 pg ml?) and (1-4ml) of NAC stock stan-
dard solution (10 pg m1t) weretaken separately, 1 ml
of 0.2mM, 0.124mM DPPH; each one separately was
added then the volume was compl eted with methanal.
The mixture was shaken and | eft to stand in dark at
room temperaturefor 30 minutes. The absorbances of
theresulting solutionsweremeasured at 517 nm. Con-
trol solutionswere prepared, in which methanol was
used instead of the sample and the same procedure
was carried out. The assayswerecarried out intripli-
cate and the sample solution, aswell asthe DPPH"
solutionswereprepared daily.

M ethod validation
Precision
Repeatability

Theintraday variation was eval uated by applying
the previoudy mentioned procedure under DPPH spec-
trophotometric method (n=6) and standard deviation
was cal cul ated.

Intermediateprecision

Theinterday variation was eval uated by applying
the previoudy mentioned procedure under DPPH spec-
trophotometric method (n=6) and standard deviation
was calculated.

RESULTSAND DISCUSSION

Super oxide scavenging method
Nitro bluetetrazoliumisachemica compound com-
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posed of two tetrazole moieties, which undergoes
direct reduction by superoxidefreeradical to form
blue formazan which has absorption at wavelength
560 nm2"1, production of superoxideradical isoc-
curred by reaction of phenazine methosulfate with
NADH.

Theinfluence of the sample on the scavenging of
superoxide was measured by means of spectropho-
tometric measurement of the decreasein absorption
compareto control. Results are expressed as:

% Scavenging = ((A controI_A sample)/A control) X 100

Theresultsof thismethod showed that DL me-
thionineand NA C have direct superoxide scaveng-
ing activity and by calculating IC,, value (concentra-
tion of drug required to scavenge 50% of superox-
ideradical) from the curves prepared from the con-
centrations of drugs and percentage scavenging of
superoxideradical asshowninfigurel, 2, 1C_ val-
ues of DL methioninewas found to be 27.5 pg/ml
and NAC wasfound to be 5.9 ug/ml, but this method
couldn’t be applied on ASU as the solvent aqueous
and phyosterolsaren’t soluble in aqueous solvents.

Theresultsof assay validation are presented in
TABLE 1, 2. Therulesfor the measurements and the
limits for the acceptance are given by appropriate
pharmacopoei as, from these data one can conclude
that the proposed method meet all criteriarequired.

I ron thiocyanate method

During thelinol el c acid peroxidation, peroxides
areformed and that |eads to oxidation of Fe** into
Fe*. Thelatter ionsform acomplex with ammonium
thiocyanate and this complex has amaximum absor-
bance at 500 nm. This step was repeated every 5 h.
High absorbanceindicates high linoleic acid emul -
sion peroxidation. Total antioxidant activity determi-
nation was performed triplicate. Theinhibition per-
centage of lipid peroxidation in linoleic acid emul -
sion was cal cul ated by following equation:

1% =[(Abs-Abs)/Abs] x100

whereAbs, wasthe absorbance of the control andAbs;
was the absorbance in the presence of the test com-
pound at different concentrations?®.

The ferric thiocyanate method measures the
amount of peroxide produced during theinitial stages
of oxidation whichisthe primary product of lipid oxi-
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TABLE 1: Validation par ameter sof superoxide scavenging
assay of DL methionine

Parameter Value
Repeatability (SD;) 0.476
Intermediate precision (SD i) 0.892
Robustness 0.378

TABLE 2: Validation par ameter sof super oxide scavenging
assay of NAC

Parameter Value
Repeatability (SD,) 0.292
Intermediate precision (SD i) 0.748
Robustness 0.246

TABLE 3: Validation parameter sof iron thiocyanateassay of
phytosterols

Parameter Value
Repeatability (SD,) 0.004
Intermediate precision (SD i) 0.009
Robustness 0.071

TABLE 4: Validation parameter sof iron thiocyanateassay of
DL methionine

Parameter Value
Repeatability ( SD;) 0.009
Intermediate precision (SD i) 0.01
Robustness 0.065

TABLE5: Validation parameter sof iron thiocyanateassay of
NAC

Parameter Value

Repeatability (SD,) 0.004

Intermediate precision (SD i) 0.005

Robustness 0.054
dation.

A collectivedataof the antioxidant activity of DL
methionine, phytosterols and N- acetylcysteine is
showninfigure 3, it isapparent from thefigurethat
N-acetyl cystei ne hasthe highest protection against li-
noleic acid oxidation and thiseffect increases at first
then decreasesd owly by time, phytosterolsgive mod-
erate protection againgt linoleic acid oxidationand DL
methionine hastheleast protection and thiseffectin
phytosterolsand DL methionine decreases by time.

Theresultsof assay validation are presented in
TABLE 3, 4, 5, from these data one can conclude
that the proposed method meet all criteriarequired.
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TABLE 6: Valuesfor theantioxidant activity index (AAI) of phytosterolswith different final concentrationsof DPPH "showing
intraday precision

DppH final conc 8 pg/ml Time mean ICsy  mean AAl  SD, of AAI
ICsp AAl ICs AAl ICsx AAl
ASU 10minutes 145 055 155 052 165 0.49 155 0.52 0.030
30minutes 145 055 175 046 17 047 16.3 0.49 0.049
| 1 Il
DppH final conc 4.9 pg/ml Time mean ICsy  mean AAl  SD, of AAI
ICsp AAl ICsy AAl ICsx AAl
ASU 10minutes 10 049 10 049 10 049 10 0.49 0
30minutes 95 05 95 05 95 05 9.5 0.5 0

I, Il and I11: Different measurements at the same day

TABLE 7: Valuesfor theantioxidant activity index (AAl) of phytoster olswith different final concentrationsof DPPH “showing
interday precison

DppH final conc 8 pg/ml Time mean ICsy  mean AAlI  SD;,, of AAI
ICsy  AAl ICsxy AAlI  ICgx AAI
ASU 10minutes 15 053 19 042 17 047 17 0.47 0.055
30minutes 185 043 145 055 16 050 16.30 0.49 0.060
| I 11
DppH final conc 4.9 pg/ml Time mean ICsy,  mean AAl  SD;,; of AAI
ICsp AAl ICsxy AAl ICgx AAl
ASU 10 minutes 11 045 105 047 10 0.49 105 0.47 0.020
30 minutes 9.5 0.52 9 054 10 049 9.5 0.52 0.025

I, 11 and I Different days of analysis

TABLE 8: Valuesfor theantioxidant activity index (AAl) of NAC with different final concentr ationsof DPPH * showing
intraday precison

DppH final conc 8 pg/ml Time mean ICs;  mean AAlI  SD, of AAI
ICsy  AAl  I1C5y AAI  ICg5 AAlI
NAC 10 minutes 18 444 18 444 19 421 1.83 431 0.133
30 minutes 2 4 19 421 21 381 2.00 4,01 0.200
| 1 1l
DppH final conc 4.9 pg/ml Time mean ICsy  mean AAl  SD, of AAI
ICsy  AAl  1Csy AAl  ICg AAlI
NAC 10 minutes 1.1 445 11 445 12 4.08 1.13 4.33 0.214
30minutes 12 408 115 426 12 4.08 1.18 4,14 0.104

I, II'and I11: Different measurements at the same day

TABLE 9: Valuesfor theantioxidant activity index (AAl) of NAC with different final concentrationsof DPPH* showing
interday precision

DppH final conc 8 pg/ml Time mean ICsg  mean AAlI  SD;,; of AAI
ICsy AAl ICs AAlI IC5 AAI
NAC 10 minutes 175 457 185 432 18 444 1.80 4.44 0.125
30minutes 22 364 18 444 19 42 1.97 4.09 0.411
I 1 Il
DppH final conc 4.9 pg/ml Time mean ICsy;  mean AAlI  SD;,; of AAI
ICsy AAl ICs AAlI IC5 AAI
NAC 10 minutes 1.2 408 13 377 135 363 1.28 3.83 0.230
30minutes 125 392 11 445 14 35 1.25 3.96 0.476

I, 11 and Il Different days of analysis
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DPPH spectrophotometric method

DPPH’ (2,2-diphenyl-1-picrylhydrazyl) is a stable
radical of organic nitrogen, characterised by atypical
deep purple col our and amaximum absorbanceinthe
rangeof 515-520 nm. The stable free radical DPPH"
iswell known asagood hydrogen abstractor yielding
DPPH-H as byproduct(?.

Inthe presence of ahydrogen/ e ectron donor (free
radica scavenging antioxidant) theabsorptionintensity
isdecreased, and the radical solution isdiscoloured
according to thenumber of e ectronscaptured. Thevio-
let colour of DPPH’ faints into the yellow colour of its
reduced congener (DPPH-H), withahighA-shiftinthe
visible spectra(from 517 nm to 330 nm).

Theradical scavenging activity was caculated as
follows
1% = [(Abs-Abs,) /Abs,]x100
whereAbs, istheabsorbance of the control andAbs is
the absorbancein the presence of thetest compound at
different concentrations.

ThelC, (concentration providing 50% inhibition
was cal culated graphically by plotting theextract con-
centration vs. the corresponding scavenging effect as
showninfigure4, 5, 6. Theantioxidant activity isex-
pressed astheantioxidant activity index (AAl), calcu-
lated asfollowsas:

final concentration of DPPHY (ug.ml-1)
IC50(ug.ml-1)

Thus, theAAI wasca culated considering themass
of DPPH’ and the mass of the tested compound in the
reaction, resulting in aconstant for each compound,
independent of the concentration of DPPH' and sample
used asshownin TABLE 6-9.When different DPPH"
solutionswere used for thesamesample, thelC_ vaue
varied, dthoughtheAAl va ueremained constant, since
no sgnificant differencesbetween theA Al vauesfound
for each compound tested were observed. Asit was
mentioned, thereisadeficiency to comparethe anti-
oxidant potential between samplesdueto the several
waysthat of theresultsare presented. The DPPH" in-
dex (1%) only showsthe capacity of thesample, ina
fixed concentration, to reduce or not the DPPH" radi-
cals, inwhich many cases, increasing the sample con-
centrationthe % will beincreased. ThelC_ showsthe
sampl e concentration necessary to decreasetheinitia

AAl =
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DPPH’ concentration by 50%, however, using differ-
ent DPPH" concentration the results will be different
for the same sample. So, theAAI relatesthe DPPH'
concentration used intheassay withIC, of thesample,
resulting in aconstant datafor each compound or plant
extract. DL methionineshowed no DPPH' scavenging
activity.

CONCLUSION

By applying thethree spectrophotometric methods
which detect the antioxidant activities of thethree stud-
ied drugs, it is apparent from IC_, vaues that N-
acetylcysteineis4.66 timeshigher than that of DL me-
thioninein superoxidescavenging activity; dsoitsAAl
indicatesvery strongantioxidant activity while phytoster-
olsshow moderate activity and DL methionine shows
no scavenging activity of DPPH radical. For ironthio-
cyanate method NA C hasthe highest ability to prevent
linoleic acid oxidation followed by phyosterolsand DL
methioninehaslowest ability.
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