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ABSTRACT: Background: Kashmiri saffron is considered as a panacea for several disease conditions. The cellular damage
caused by reactive oxygen species (ROS) has been implicated in several diseases and hence antioxidants have significant
importance in disease management. This study elucidates the free radical scavenging and lipid peroxidation inhibition of
crocin from Crocus sativus.
Methods: Free radical scavenging  and lipid peroxidation  were evaluated by  DPPH (1, 1- diphenyl 2- picryl hydrazyl) assay,
FRAP (Ferric reducing antioxidant power) assay, Fe 2+ascorbate induced lipid   peroxidation and hydroxyl radical scavenging.
Results: The total crocin isolated from the Crocus sativus showed potent DPPH radical scavenging capacity. 0.1% of the total
crocin showed 29.36% DPPH radical scavenging activity and, 0.5% showed 44.52% where as 1.0% showed 50.07% DPPH
radical scavenging activity equivalent to 0.019% of trolox . The crocin at a concentration of 0.1% showed ferric reducing
ability equivalent to 0.058% of trolox, for 1.0% ferric reducing ability was equivalent to 0.356% of trolox. The IC50 value of
crocin in inhibiting lipid peroxidation was 179 ± 6.7 where as the IC50 value of crocin for hydroxyl radical scavenging was
227 ± 3.8. It was considered statically significant (P<0.05).
Conclusion: Our preclinical studies demonstrate that crocin is effective in inhibiting free radical formation and also to
scavenge the free radicals. Our data also suggest that the lipid peroxidation inhibiting effects of crocin induced by Fe 2+

ascorbate system and shows potential for treatment/or prevention .
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INTRODUCTION
Reactive oxygen species (ROS) are produced in the cells
by cellular metabolism and other exogenous
environmental agents. They are generated by a process
known as red ox cycling and are catalyzed by transition
metals, such as Fe2+ and Cu2+ 1. In vivo, some of these
ROS play positive roles such as energy production,
phagocytosis, regulation of cell growth and intercellular
signaling, or synthesis of biologically important
compounds 2. However, ROS may also be very
damaging as they can induce oxidation of lipids, causing
membrane damage, decreasing membrane fluidity, and
leading to cancer via DNA mutation 3,  4. A potent
scavenger of these ROS may serves as a possible
preventative against free radical mediated diseases 5 .
Crocin, one of the active components of saffron, is a
carotenoid pigment and has
the structure of crocetin di-gentiobiose ester 6 . Crocin
exhibits a variety of pharmacological effects in mice
including inhibition of skin tumour growth 7,

improvement of learning behavior previously impaired
by ethanol 8, and prevention of long-term potentiation
inhibition caused by ethanol in rat 8, anti-hyperlipidemic
effect 9, and treatment of colon adenocarcinoma in rat 10

anti-atherosclerotic effects 11.
The aim of the present study is to assess the free radical
scavenge and lipid per oxidation inhibition of crocin
from Kashmiri saffron. Our results suggested that the
crocin isolated from C.sativus exhibited significant in
vitro antioxidant activity.

MATERIALS AND METHODS
Animals
Male Swiss albino mice 6-8 weeks of age and weighing
25 ± 2 g, were selected from our mouse colony. They
were maintained in environmentally controlled
conditions with free access to standard food (Sai Durga
Foods, Bangalore.) and water. Animal experiments were
carried out with the approval and guidelines of
Institutional Animal Ethical Committee.
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Chemicals
Acetic acid, methanol, anhydrous sodium sulphate,
sulphuric acid, ferrous sulphate (FeSO4), hydrochloric
acid, potassium chloride (KCl), ferrous ammonium
sulphate (FeSO4(NH2)2SO4 7H20), sodium dodecyl
sulphate (SDS), thiobarbituric acid (TBA), pyridine,
butanol, ethylene diamine tetra acetic acid (EDTA),
hydrogen peroxide (H202), potassium dihydrogen
phosphate (KH2PO4), potassium hydroxide (KOH),
sodium chloride, acetic anhydride and formalin were
purchased from Merck India Ltd, Mumbai. 1.1-diphenyl-
2-picryl hydrazyl (DPPH), 6-hydroxy-2, 5, 7, 8–
tetramethyl chroman –2-carboxylic acid (Trolox), 2, 4, 6-
tripyridyl-s-triazine (TPTZ) and carrageenan were
purchased from Sigma Chemical Co. USA. Chloroform,
anisaldehyde, ferric chloride (FeCl3), tris-HCl, ascorbic
acid and deoxyribose were purchased from Sisco
Research Laboratories Pvt. Ltd, Mumbai.

Isolation of Crocin From saffron
Crocin was isolated from saffron by previously described
method12 with some modification. Briefly 500-mg
saffron was washed thrice with 20-ml ethyl ether, and the
residual ether was evaporated in air. It was then
suspended in 15 ml of 30% methanol (v/v) in distilled
water and stirred for 5 min at room temperature. The
extract was filtered through a 0.45-µm Millipore filter. It
was then diluted with 10 mmol/lphosphate-buffered
saline (PBS, pH=7.4), and the concentration of crocin
was adjusted to 25 µmol/l, using the coefficient
e443=89,000 M_1 cm_1 reported for crocin in aqueous
solution 13 . Crocin was stored at -20 °C in the dark for a
maximum of 2 months 14 .The crocin extracted from
Kashmiri saffron was shown to possess similar spectral
characteristics.

DETERMINATION OF IN VITRO ANTIOXIDANT
ACTIVITY
DPPH radical scavenging assay
In this method, a commercially available and stable free
radical (DPPH+, 2, 2-diphenyl-1-picrylhydrazil), which
was soluble in methanol, was used15. DPPH in its radical
form has an absorption peak at 515 nm, which
disappeared on reduction by an antioxidant compound.
An aliquot (37.5 µl) of Crocin was added to 1.5ml of
freshly prepared DPPH solution (0.25g/l in methanol).
Absorbance was measured at 515 nm, 20min after the
reaction. DPPH radical scavenged was calculated from
the calibration curve of %DPPH scavenged versus
concentration of the standard antioxidant (Trolox) 16.

Ferric reducing antioxidant power (FRAP) assay
The ferric- reducing ability was measured at low pH 17 .
The stock solution of 10mM 2, 4, 6-tripyridyl-s-triazine
(TPTZ),  40mM  HCl,  20mM  FeCl3.6H2O, and 0.3 M
acetate buffer (pH 3.6) were prepared. The FRAP
reagent was mixed with 90µl water and 30µl test
sample/methanol/distilled water/ standard antioxidant

solution. The reaction mixture was then incubated at
370C for 30 min, and absorbance was recorded at 595
nm. An intense blue color complex was formed when
ferric tripyridyl triazine (Fe3+ TPTZ) complex was
reduced to the ferrous (Fe2+) form and the absorption at
595nm was recorded. The calibration curve was plotted
with absorbance at 595 nm versus concentration of
FeSO4 which inturn plotted against concentrations of
standard antioxidant (Trolox) 16.

Inhibition of lipid peroxidation
The reaction mixture contained 0.1 ml of rat liver
homogenate (25 %, w/v) in Tris- HCl buffer (20mM, pH
7); FeSO4 (NH4)2 SO4. 6H2O (0.16mM); ascorbate (0.06
mM); and various concentrations of the crocin from
Crocus Sativus in a final volume of 0.5 ml.18.The
reaction mixture was incubated for 1 hour at 37°C. After
the incubation period, 0.4 ml was removed and treated
with 0.2 ml SDS (8.1 %), 1.5 ml thiobarbituric acid
(0.8%) and 1.5ml acetic acid (20%, pH 3.5). The total
volume was made upto 4 ml with distilled water and then
kept in a water bath at 95-100°C for 1 hour.
After cooling, 1 ml of distilled water and 5 ml of n-
butanol and pyridine mixture (15:1) were added to the
reaction mixture, shaken vigorously and centrifuged at
4000 rpm for 10 minutes. The n-butanol-pyridine layer
was removed and its absorbance at 532 nm was read.
Inhibition of lipid peroxidation was determined by
comparing the optical density of the treatments with that
of control19.
Hydroxyl radical scavenging activity
The reaction mixture contained deoxyribose (2.8 mM);
FeCl3 (0.1 mM); KH2PO4-KOH buffer (20mM, pH 7.4);
EDTA (0.1 mM); H2O2 (1mM); ascorbic acid (0.1mM)
and various concentration of crocin of C.Sativus in  a
final volume of 1 ml. The reaction mixture was
incubated  at  37°C  for  1  hour.  The  TBARS  formed  was
estimated by thiobarbituric acid method of 18. The
hydroxyl radical scavenging activity was determined by
comparing absorbance of control with that of treatments
19.
Statistical analysis:
All  data  were  expressed  as  mean  ±SD  of  number  of
experiments (n=3). The statistical significance was
evaluated by two-way analysis of software. A value of
p<0.05 was considered significant.

RESULTS
DPPH radical scavenging assay.
The total crocin isolated from the Crocus sativus showed
potent DPPH radical scavenging capacity. 0.1% of the
total crocin showed 29.36% DPPH radical scavenging
activity, equivalent to 0.011% of trolox, 0.5% showed
44.52% DPPH radical scavenging activity equivalent to
0.017% of trolox and 1.0% showed 50.07% DPPH
radical scavenging activity equivalent to 0.019% of
trolox. This indicated the significant DPPH radical
scavenging activity of crocin isolated from this spice
(Fig. 1).
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Ferric reducing antioxidant power (FRAP) assay
The crocin isolated from the Crocus Sativus showed
ferric reducing ability. The crocin at a concentration of
0.1% showed ferric reducing ability equivalent to
0.058% of trolox, for 0.5% ferric reducing ability was
equivalent to 0.212% of trolox and for 1.0% ferric
reducing ability was equivalent to 0.356% of trolox. This
indicated the significant ferric reducing ability of the
crocin isolated from saffron (Fig.2).

Inhibition of lipid per oxidation
The crocin isolated from the saffron were effective in
inhibiting the lipid peroxidation induced by Fe2+-
ascorbate system in rat liver homogenate. The IC50 value
of crocin in inhibiting lipid peroxidation was 179 ± 6.7.
This indicated the significant lipid peroxidation
inhibiting activity of total crocin isolated (Table: 1).

Hydroxyl radical scavenging activity
The crocin isolated from the Kashmiri saffron showed
significant scavenging activity of hydroxyl radical
generated from Fe2+ ascorbate  –  EDTA –  H2O2 system.
The IC50 value of crocin for hydroxyl radical scavenging
was 227 ± 3.8. (Table: 1). The hydroxyl radical
scavenging activity was found to increase in a
concentration dependent manner.

DISCUSSION
Saffron or Crocus sativus has been attributed many
properties , is used in folk medicine as an anti-spasmodic,
eupeptic, gingival, sedative, anti-catarrhal, carminative,
diaphoretic, expectorant, stimulant, stomachic,
aphrodisiac and emmenagogue 20 . Chemical studies
have shown that C. sativus contains constituents such as
crocin, crocetin safranal and picrocrocin 21, 22. All  these
constituents have been reported to possess significant
biological activity. The present investigation reveals that
the crocin isolated from this spice possesses profound
free radical scavenging property. The DPPH assay and
FRAP assay of crocin support this conclusion. The CS or
Crocus Sativus crocin fraction also possess significant
hydroxyl radical scavenging and lipid peroxidation
inhibiting activities.
Reactive oxygen species such as superoxide anions and
hydrogen peroxide are produced as byproducts in aerobic
organisms and have been implicated in the
pathophysiology of a vast number of human diseases
including cancer. 23. Therefore the elimination or
inactivation of reactive oxygen species or their cellular
function is considered as one practical approach to
reduce the risk of cancer.

During this investigation antioxidant activity of the
crocin is tested at various levels of antioxidant action.
Non-enzymatic antioxidants react with pro-oxidants and
inactivate them. In FRAP assay, an easily reducible
oxidant Fe3+ is used in excess. Thus on reduction of Fe3+-
TPTZ complex by antioxidants, blue coloured Fe2+-
TPTZ is formed 17 and, this antioxidant power can be
referred to as reducing ability.
The antioxidants scavenge free radicals to suppress chain
initiation and/or break the chain propagation reactions. In
the DPPH assay the ability of antioxidants to scavenge
stable purple coloured primary radical DPPH is tested by
its depolarization 15. The present study shows that the
crocin of Kashmiri saffron have strong ferric reducing
and DPPH radical scavenging activities.
Membrane lipids are particularly susceptible to lipid
peroxidation. Experimental and clinical evidence
suggests that aldehyde products of lipid peroxidation can
also act as bioactive molecule in physiological and
pathological conditions. The initial products of
peroxidation are conjugated dienes, to which is added
oxygen to form lipid hydroperoxide that further breaks
down to stable aldehyde and react with TBA to form
thiobarbituric acid- malonaldehyde adduct 24. The results
of the present study indicate that crocins are capable of
preventing lipid peroxidation that might lead to
membrane damage.
Trace amount of metal ions, primarily ferrous ion, react
with  H2O2 in iron-catalyzed Fenton reaction to produce
hydroxyl radical. Hydroxyl radicals cleave covalent
bonds in protein and carbohydrates, cause lipid
peroxidation and destroy cell membranes 25. our results
showed that crocin has significant hydroxyl radical
scavenging activity. Since free radicals are involved in a
variety of pathological events, their scavenging activity
has significant role in normal biological functions.
 In conclusion our results indicate the ability of Crocin to
suppress formation of free radicals (FRAP assay) and
also to scavenge the free radicals (DPPH) assay). Crude
drugs or natural diet, which possess antioxidant or free
radical scavenging activity, are of significant importance
to prevent or ameliorate tissue injury and disease
management. Since Saffron crocin possess profound
antioxidant activity, a part of the medicinal properties of
this spice can be attributed to its crocin components. The
results of the present investigation support this
conclusion. However before a conclusive statement on
potential usefulness of crocin as adjuvant, there is a need
for further studies including human trials.

.
Table-1: Hydroxyl radical scavenging and lipid peroxidation inhibiting activity of the
 crocins isolated from Crocus sativus (Inhibition %).

Activities Crocins (IC50)  (µg/ml) Catechin Standard (µg/ml)

Hydroxyl radical scavenging activity 227  ±  3.8* 850 ± 20.0
Lipid peroxidation Inhibiting activity 179 ± 6.7* 418 ± 28.6

*P<0.05            Values are mean ± S.D, n = 3.
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Fig: 1. DPPH radical scavenging activity of crocin isolated from C.Sativus.
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Fig: 2. Ferric reducing antioxidant capacity of Crocin isolated from C.sativus
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