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Abstract

%DFNJURXQG Crocin is an active ingredient of saffron (Crocus sativus L.) and its antioxidant properties have been previously investigated. This carotenoid scavenges free
radicals and stimulates glutathione (GSH) synthesis; consequently, it may protect cells
against oxidative stress. The aim of this research is to protect oocytes from oxidative
stress by the addition of a natural source antioxidant.

0DWHULDOVDQG0HWKRGV In the present in vitro experimental study, we collected cumulus oocyte complexes (COCs) from mouse ovaries of euthanized, 6-8 week-old female
1DYDO0HGLFDO5HVHDUFK,QVWLWXWH 105, PLFH2RF\WHVZHUHVXEMHFWHGWRin vitro matuUDWLRQ ,90 LQWKHSUHVHQFHRIHLWKHUFURFLQ RUȝJPO P0EXWKLRQLQH>65@
sulfoximine (BSO), or the combination of crocin plus BSO. Oocytes that matured in vitro
in a medium without crocin or BSO supplements were considered as controls. Following 16-18 hours of IVM, matured oocytes (n=631) were fertilized by capacitated sperm
IURP105,PDOHPLFHDQGFXOWXUHGin vitroIRUXSWRKRXUVWRDVVHVVSUHLPSODQWDWLRQ
embryonic development. The levels of GSH in metaphase II (MII) oocytes after IVM
Q   ZHUH DOVR DVVHVVHG E\ WKH  GLWKLRELV QLWUREHQ]RLF DFLG  '71% *6+
reductase recycling assay.
5HVXOWV Supplementation of IVM media with 10 μg/ml crocin significantly
(P<0.05) increased nuclear maturation, preimplantation development and GSH concentrations compared with the control group. Maturation of oocytes in IVM medium supplemented with BSO alone or the combination of 5 μg/ml crocin and BSO
drastically decreased GSH concentrations and subsequently resulted in low rates of
maturation, fertilization and blastocyst development. However, the combination of
10 μg/ml crocin with 5 mM BSO increased the level of nuclear maturation which
was comparable to the control group.
&RQFOXVLRQ Supplementation of IVM media with crocin can improve nuclear maturation
rates and subsequent developmental potential of mouse oocytes. This may occur by its
EHQH¿FLDOHIIHFWLQLQFUHDVLQJ*6+FRQFHQWUDWLRQVLQ0,,RRF\WHV
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Introduction
Oocyte maturation has two phases: nuclear
(visualized by the extrusion of the second polar
body) and cytoplasmic (1). Successful maturation, fertilization and development prior to
implantation depend on proper growth and differentiation of immature oocytes and the surrounding cumulus cells. In vitro culturing conditions have higher concentrations of O2 than in
vivo conditions. Oxygen tension in the oviduct
is approximately one-quarter to one-third of
atmospheric tension (2). This high concentration of O2 may cause oxidative stress. Herein,
oxidative stress is mediated by reactive oxygen
VSHFLHV 526  DQG UHVXOWV LQ DQ LPEDODQFH RI
WKHLQWUDFHOOXODUUHGR[SRWHQWLDO'XULQJLQvitro maturation (IVM), the oocyte is much more
YXOQHUDEOHWRR[LGDWLYHVWUHVVGXHWR526RYHUproduction and lack of an innate antioxidant
defense system (3, 4). IVM of oocytes and subsequent early embryo development have been
shown to be low in the absence of certain supplements such as amino acids and/or antioxiGDQWV  5HFHQWO\QXPHURXVDWWHPSWVKDYH
been made to improve the quality and subsequent development of in vitro matured oocytes
in several species. Modifications to the oocyte
culture conditions are considered potential approaches that can help to achieve this improvement. Several studies have shown that addition
RI DQWLR[LGDQWV VXFK DV ȕPHUFDSWRHWKDQRO DQG
vitamins C and E to the culture media could
protect the oocytes against oxidative stress that
results from IVM (3).
Throughout history, saffron (Crocus sativus
L.) has been used as a medicinal plant and a
culinary spice (7, 8). Among the constituents
of saffron stigmas, crocins and crocetin are the
most pivotal carotenoids. Investigations into
their specific pharmacological properties have
led to the discoveries of their antioxidant and
antitumor effects (8-11). The crocins are a group
of hydrophilic carotenoids that are either monoor di-glycosyl polyene esters of crocetin inside
ZKLFK'JOXFRVHDQGRU'JHQWLRELRVHRFFXUDV
carbohydrate residues (12). These carotenoids
scavenge free radicals, particularly superoxide
Int J Fertil Steril, Vol 10, No 1, Apr-Jun 2016
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anions and, as a result, they may protect cells
against oxidative stress (13). According to reports, the methanolic solution of crocin extracted from Crocus sativus L. possesses high
radical scavenging activity (14, 15). Numerous
studies have reported anti-apoptotic (16), antiinflammatory (17), and anti-hypertensive (18)
therapeutic effects of crocin. In vitro studies
show that crocin prevents cell death attributed
WRR[LGDWLYHVWUHVV  
The aim of the present study was to evaluate the
effects of crocin supplementation during IVM of
mouse oocytes on nuclear maturation rates, fertilization events, and subsequent preimplantation
development after in vitro fertilization (IVF). In
addition, we assessed glutathione (GSH) concentrations in MII oocytes after IVM in relation to
crocin treatment.
0DWHULDOVDQG0HWKRGV
In the present in vitro experimental study, all
chemicals were purchased from Sigma-Aldrich
(Germany) except GSH assay chemicals that
were prepared from Wako-Japan.
$QLPDOV
All procedures performed on animals received
WKHSULRUDSSURYDORIWKH(WKLFV%RDUGDW5R\DQ
,QVWLWXWH)HPDOH1DYDO0HGLFDO5HVHDUFK,QVWLWXWH 105, PLFHWRZHHNVROGDQGPDOHV
6 to 8 weeks old (Pasteur Institute, Iran), were
used in the current study. The animals were kept
on a 12 hour light/12 hour dark schedule at an
DGMXVWHG WHPSHUDWXUH &  DQG KXPLGLW\
of 50% with ad libitum access to both food and
water. Male and female mice were euthanized
by cervical dislocation to collect sperm and oocytes.
&ROOHFWLRQRIFXPXOXVRRF\WHFRPSOH[HVDQGin
vitroPDWXUDWLRQ
Ovaries (from 70 intact mice) were dissected and transferred into dissecting medium that
FRQWDLQHGPLQLPXPHVVHQWLDOPHGLXP Į0(0
Gibco, UK) supplemented with 5% fetal bovine
serum (FBS, Gibco, UK), 100 IU penicillin
and 100 IU streptomycin for collection of cu-
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mulus oocyte complexes (COCs). COCs were
retrieved by puncturing antral follicles under a
stereomicroscope (Olympus, America) using a
pair of 27 gauge needles. IVM was carried out
according to Behbahanian et al. (20). Groups
RI&2&VZHUHWUDQVIHUUHGWRȝOGURSlets of maturation medium ( covered with minHUDORLO WKDWFRQVLVWHGRIĮ0(0VXSSOHPHQWHG
with 100 IU penicillin, 100 IU streptomycin,
5% FBS, 100 mIU/ml recombinant human follicular stimulating hormone (rhFSH, Organon,
Holland) and 7.5 IU/ml human chorionic gonadotrophin (hCG, Organon, Holland), then covered with mineral oil. After the incubation of
oocytes for 16-18 hours at 37ºC and 5% CO2,
VRPHRIRRF\WHVZHUHGHQXGHGLQĮ0(0PHdium supplemented with 40 IU hyaluronidase
for the GSH assay. We recorded the percentages of oocytes at the germinal vesicle (GV)
VWDJHWKH*9EUHDNGRZQ *9%' VWDJH ZKHQ
the GV was absent), and the metaphase II (MII)
stage (when the first polar body was extruded)
by using an inverted microscope (Nikon, Japan). Other MII oocytes surrounded by cumulus
cells were used for IVF.
7UHDWPHQWRIRRF\WHVZLWKFURFLQDQGRUP0
EXWKLRQLQH>65@VXOIR[LPLQH
We performed the following treatments to
evaluate the effect of crocin and 5 mM buthioQLQH>65@VXOIR[LPLQH %62 VXSSOHPHQWDWLRQ
during IVM on the quality and subsequent development of mouse oocytes. Crocin was disVROYHG LQ Į0(0 PHGLXP DQG DGGHG WR WKH
,90 PHGLXP DW ILQDO FRQFHQWUDWLRQV RI  ȝJ
PORUȝJPO%62ZDVGLVVROYHGLQĮ0(0
medium and added to the maturation medium
either alone at a final concentration of 5 mM or
in combination with crocin.
*OXWDWKLRQHDVVD\
We evaluated the total intra-cellular GSH
concentration in the oocytes by the 5,5-dithioELV QLWUREHQ]RLF DFLG  '71% *6+ UHGXFtase recycling assay according to the method deVFULEHGE\9LHW/LQKHWDO  $IWHU,90DQG
removal of cumulus cells, oocytes were washed
four times in phosphate-buffered saline (PBS)

that consisted of 0.2 M sodium phosphate buffHUDQGP0('7$DWS+ :HWUDQVIHUUHG
0,,RRF\WHVLQWR/3%6LQWRWKHERWWRP
RIDQ(SSHQGRUIWXEHDIWHUZKLFK/RI
M phosphoric acid was added to each tube. The
WXEHV ZHUH NHSW IUR]HQ DW & XQWLO WKH DVsay was performed. For the assay, oocytes were
thawed at room temperature. Then, 175 μl of
0.33 mg/ml nicotinamide adenine dinucleotide
SKRVSKDWH 1$'3+ DQGORIP0'71%
were added to the tubes. Subsequently, 40 μl of
distilled water was mixed within a microfuge
tube. Up to 5 μl of 125 U/ml GSH reductase
was prepared on ice and added to initiate the
reaction. Absorbance was monitored at 412
QP XVLQJ D VSHFWURSKRWRPHWHU =LHVV -DSDQ 
for 7 times at 30 second intervals (from 0 to
3 minutes). The quantity was determined from
a constructed standard curve. For each group
and replicate, the experiments were repeated 4
times with 10 MII oocytes.
In vitroIHUWLOL]DWLRQ
Here and for IVF, we collected the epididymal sperm from the epididymides of male
105,PLFH ZHHNVROG 6SHUPDWR]RDZHUH
incubated in T6 medium for capacitation. IVF
and capacitating medium consisted of T6 medium supplemented with 15 mg/ml bovine serum albumin (BSA, combination of them were
equilibrated at 37ºC in 5% CO2) (22) Following IVM, MII oocytes surrounded by cumulus
cells was washed in IVF media. We transferred
 RU  RRF\WHV WR  ȝO GURSOHWV WKDW ZHUH IRUPHUO\ FRYHUHG E\ PLQHUDO RLO )RU ,9) î6
spermatozoa/ml were added to the droplets that
contained the oocytes and the combination of
sperm and oocytes were incubated at 37ºC and
5% CO2 for 4-6 hours. Then, we recorded the
numbers of two-pronuclear (2PN) formations
observed with an inverted microscope (Nikon,
Japan).
In vitroHPEU\RFXOWXUH
Inseminated oocytes were respectively collectHGZDVKHGDQGWUDQVIHUUHGWRȝOin vitro culture
droplets (KSOM with 4 mg/ml BSA) (22). At 72
DQGKRXUVDIWHU,9)ZHUHFRUGHGWKHQXPEHUV
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of morula and blastocyst embryos with an inverted
microscope (Nikon, Japan).
6WDWLVWLFDODQDO\VLV
%RWK $129$ DQG 'XQFDQ¶V PXOWLSOH UDQJH
tests were applied to analyze maturation, 2PN
and early development rate by using SPSS 16.0
VRIWZDUH $OO SHUFHQWDJH YDOXHV ZHUH VXEMHFWHG
to log transformation prior to analysis. One-way
$129$ DQG7XNH\ +6' WHVW ZHUH XVHG IRU WKH
GSH assay. All data were expressed as mean ±
SEM. P<0.05 was therefore considered to be staWLVWLFDOO\VLJQL¿FDQW

Results
([SHULPHQWHIIHFWVRIFURFLQRQin vitroPDWXUD
WLRQIHUWLOL]DWLRQDQGHDUO\HPEU\RGHYHORSPHQW
In this experimental study, we cultured the
oocytes for 16-18 hours in IVM medium supplemented with either 5 μg/ml or 10 μg/ml of
crocin. As depicted in Table 1, compared to the
control group, supplementation of the maturation medium with 10 μg/ml crocin significantly increased the percentage of MII oocytes
(P<0.05). There were no significant differences
LQ WKH SHUFHQWDJHV RI *9%' RRF\WHV EHWZHHQ
treated groups and the control group (P>0.05,
Table 1). Addition of 10 μg/ml crocin to maturation medium significantly increased 2PN formation (fertilization rate) compared to the control group (P<0.05, Table 1). Compared to the
control group, the oocytes treated with 10 μg/
ml crocin had the highest rate of embryo development and significantly increased blastocyst

formation percentages (P<0.05). Significant
differences did not exist for the 5 μg/ml dose
of crocin in different stages of development
(P>0.05).
([SHULPHQW  HIIHFWV RI FURFLQ SOXV  P0
EXWKLRQLQH>65@VXOIR[LPLQHRQin vitroPDWXUD
WLRQIHUWLOL]DWLRQDQGHDUO\HPEU\RGHYHORSPHQW
Oocytes treated with BSO were cultured for
16-18 hours in IVM medium or in medium
supplemented with either 5 μg/ml or 10 μg/ml
FURFLQDQGP0%627KHUHZDVQRVLJQL¿FDQW
GLIIHUHQFHEHWZHHQDOOJURXSVLQWHUPVRI*9%'
percentage. As depicted in Table 2, the percentDJH RI 0,, RRF\WHV VLJQL¿FDQWO\ GHFUHDVHG LQ
the BSO treated groups compared to the control group. Compared to BSO alone (P<0.05),
the addition of 10 μg/ml crocin to maturation
medium with BSO increased the maturation rate
to the same level as the control group (P>0.05,
Table 2).
Oocytes matured in the presence of BSO had
D VLJQL¿FDQWO\ ORZHU SURSRUWLRQ RI 31 ]\JRWHV
compared to the control group. Oocytes matured
in the presence of 10 μg/ml crocin and BSO exKLELWHGDQRVLJQL¿FDQWO\KLJKHUSURSRUWLRQRI31
zygotes compared to the groups treated with BSO
(P>0.05, Table 2).
2PN zygotes from each treatment group were
cultured further to assess the process of embryo
development. The development rate and morula
and blastocyst formation in both the BSO treatment and combined treatments of crocin plus BSO
greatly declined (P<0.05, Table 2).

Table 1: WĞƌĐĞŶƚĂŐĞŽĨŐĞƌŵŝŶĂůǀĞƐŝĐůĞďƌĞĂŬĚŽǁŶ;'sͿ͕ŵĞƚĂƉŚĂƐĞ//;D//Ϳ͕ƚǁŽͲƉƌŽŶƵĐůĞĂƌ;ϮWEͿ͕ŵŽƌƵůĂĂŶĚďůĂƐƚŽĐǇƐƚƐŝŶĐƌŽĐŝŶƚƌĞĂƚŵĞŶƚƐ
$IWHUKRXUV

$IWHU
KRXUV
&URFLQ

7RWDO *9%'
&2&


0



 

ȝJPO



ȝJPO

104

$IWHUKRXUV ,9)

KRXUVDIWHU,9)

KRXUVDIWHU,9)

0,,3YDOXH 

7RWDO0,,
LQVHPLQDWHG

31IRUPDWLRQ3YDOXH 

FHOOPRUXOD 

%ODVWRF\VW3YDOXH 

a

51 (52 ± 7)a

51

38 (70 ± 7)a

14 (40 ± 12)a

 

 

a

65 (65 ± 7)a

P=0.18

65

57 (84 ± 4)a

P=0.061

20 (43 ± 8)a

14 (24 ± 10)a

 

a

 

P=0.02

75

 

P=0.013

32 (47 ± 7)

 

b

b

a

a

b

3 
P=0.03

WĞƌĐĞŶƚĂŐĞŽĨϮWE͕ϴͲĐĞůůŽƌŵŽƌƵůĂ͕ĂŶĚďůĂƐƚŽĐǇƐƚĞŵďƌǇŽƐŝŶƌĞůĂƟŽŶƚŽϮWEĐĞůůƐ͘ĂƚĂĂƌĞĞǆƉƌĞƐƐĞĚĂƐŵĞĂŶц^D͘ůůĞǆƉĞƌŝͲ
ŵĞŶƚƐŚĂǀĞďĞĞŶƌĞƉĞĂƚĞĚƐĞǀĞŶƟŵĞƐ͘
ŝīĞƌĞŶƚ ƐƵƉĞƌƐĐƌŝƉƚƐ ŝŶĚŝĐĂƚĞ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞƐ ;WфϬ͘ϬϱͿ ĂŶĚ ƐŝŵŝůĂƌ ƐƵƉĞƌƐĐƌŝƉƚƐ ƐŚŽǁ ŶŽ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞƐ ŝŶ Ă ĐŽůƵŵŶ
;WхϬ͘ϬϱͿ͘ /s&͖ In vitro ĨĞƌƟůŝǌĂƟŽŶ͕ K͖ ƵŵƵůƵƐ ŽŽĐǇƚĞ ĐŽŵƉůĞǆ ĂŶĚ W ǀĂůƵĞ͖ ŽŵƉĂƌŝƐŽŶ ďĞƚǁĞĞŶ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĂŶĚ ĐŽŶƚƌŽů
ŐƌŽƵƉƐ͘
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Table 2:WĞƌĐĞŶƚĂŐĞŽĨŐĞƌŵŝŶĂůǀĞƐŝĐůĞďƌĞĂŬĚŽǁŶ;'sͿ͕ŵĞƚĂƉŚĂƐĞ//;D//Ϳ͕ƚǁŽͲƉƌŽŶƵĐůĞĂƌ;ϮWEͿ͕ŵŽƌƵůĂĂŶĚďůĂƐƚŽĐǇƐƚƐŝŶĐƌŽĐŝŶ
ĂŶĚϱŵDďƵƚŚŝŽŶŝŶĞͲ^ͲZͲƐƵůĨŽǆŝŵŝŶĞ;^KͿƚƌĞĂƚŵĞŶƚƐ
$IWHU
KRXUV

$IWHUKRXUV

$IWHUKRXUV ,9)

KRXUVDIWHU,9)

KRXUVDIWHU,9)

&URFLQ

%62

7RWDO *9%'
&2& 

0,,3YDOXH 

31IRUPDWLRQ3YDOXH 

FHOOPRUXOD3YDOXH 

%ODVWRF\VW3YDOXH 

0

0



  a

52 (55 ± 5)

 

15 (45 ± 7)a

7 (20 ± 3)a

0

5 mM

80

  a

33 (42 ± 2)b P=0.024

15 (47 ± 6)b

P=0.003

0b

P=0.000

0b

P=0.000

ȝJPO

5 mM

77

  a

33 (43 ± 3)b P=0.034

17 (52 ± 6)b

P=0.022

2 (7 ± 7)bc

P=0.000

0b

P=0.000

P=0.042

4 (11 ± 5)
P=0.002

2 (5 ± 3)b

P=0.001

ȝJPO

5 mM

80

  a

51(64 ± 4)a

P=0.021

 

a

b

c

WĞƌĐĞŶƚĂŐĞŽĨϮWE͕ϴͲĐĞůůŽƌŵŽƌƵůĂ͕ĂŶĚďůĂƐƚŽĐǇƐƚĞŵďƌǇŽƐŝŶƌĞůĂƟŽŶƚŽϮWEĐĞůůƐ͘ĂƚĂĂƌĞĞǆƉƌĞƐƐĞĚĂƐŵĞĂŶц^D͘ůůĞǆƉĞƌŝŵĞŶƚƐ
ŚĂǀĞďĞĞŶƌĞƉĞĂƚĞĚƐĞǀĞŶƟŵĞƐ͘
ŝīĞƌĞŶƚ ƐƵƉĞƌƐĐƌŝƉƚƐ ŝŶĚŝĐĂƚĞ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞƐ ;WфϬ͘ϬϱͿ ĂŶĚ ƐŝŵŝůĂƌ ƐƵƉĞƌƐĐƌŝƉƚƐ ƐŚŽǁ ŶŽ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞƐ ŝŶ Ă ĐŽůƵŵŶ
;WхϬ͘ϬϱͿ͘/s&͖In vitroŵĂƚƵƌĂƟŽŶ͕^K͖ƵƚŚŝŽŶŝŶĞͲ^ͲZͲƐƵůĨŽǆŝŵŝŶĞ͕'s͖WĞƌĐĞŶƚĂŐĞŽĨŐĞƌŵŝŶĂůǀĞƐŝĐůĞďƌĞĂŬĚŽǁŶ͕D//͖DĞƚĂƉŚĂƐĞ
//ŽŽĐǇƚĞƐ͕ϮWE͖dǁŽͲƉƌŽŶƵĐůĞĂƌ͕K͖ƵŵƵůƵƐŽŽĐǇƚĞĐŽŵƉůĞǆĂŶĚWǀĂůƵĞ͖ŽŵƉĂƌŝƐŽŶďĞƚǁĞĞŶƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĂŶĚĐŽŶƚƌŽůŐƌŽƵƉƐ͘

([SHULPHQW  JOXWDWKLRQH FRQWHQW RI in vitro
PDWXUHGRRF\WHVIROORZLQJPDWXUDWLRQLQFURFLQ
VXSSOHPHQWHGPHGLXP

any significant difference compared to the control group (P>0.05, Table 3).
([SHULPHQW  JOXWDWKLRQH FRQWHQW RI in vitro
PDWXUHGRRF\WHVLQWKHSUHVHQFHRIFURFLQDQG
P0EXWKLRQLQH>65@VXOIR[LPLQH

Intracellular concentration of GSH among
oocytes later to their maturation in culture media supplemented with 5 μg/ml or 10 μg/ml
crocin was measured. We assayed four samples
(40 oocytes per treatment) from four replications for the purpose of each treatment. Compared to the control group, the GSH concentration increased significantly in the group treated
with 10 μg/ml crocin (P<0.05). Addition of 5
μg/ml crocin to the medium did not generate

The GSH content of the oocytes matured in the
SUHVHQFH RI %62 VLJQL¿FDQWO\ GHFUHDVHG FRPpared to the control group. Compared to the group
treated with BSO alone, addition of 5 μg/ml or 10
μg/ml crocin to BSO treated oocytes did not sigQL¿FDQWO\DIIHFW*6+FRQWHQWRI0,,RRF\WHVDIWHU
maturation (P>0.05, Table 3).

Table 3: /ŶƚƌĂĐĞůůƵůĂƌŐůƵƚĂƚŚŝŽŶĞ;'^,ͿůĞǀĞůƐŽŶ in vitroŵĂƚƵƌĞĚŵĞƚĂƉŚĂƐĞ;D//ͿŽŽĐǇƚĞƐĨŽůůŽǁŝŶŐƐƵƉƉůĞŵĞŶƚĂƟŽŶŽĨƚŚĞŵĂƚƵƌĂƟŽŶ
ŵĞĚŝƵŵǁŝƚŚĐƌŽĐŝŶĂŶĚϱŵDďƵƚŚŝŽŶŝŶĞͲ^ͲZͲƐƵůĨŽǆŝŵŝŶĞ;^KͿ

$IWHURRF\WHPDWXUDWLRQ KRXUV
&URFLQ

%62

7RWDO*6+ SPRORRF\WH 3YDOXH

0

0

2.24 ± 0.43b

ȝJPO

0

2.71 ± 0.58ab3 

ȝJPO

0

a

P=0.046

0

5 mM

c

P=0.045

ȝJPO

5 mM

0.42 ± 0.15

c

P=0.018

ȝJPO

5 mM

0.64 ± 0.28c

P=0.010

ĂƚĂĂƌĞĞǆƉƌĞƐƐĞĚĂƐŵĞĂŶц^D͘ůůĞǆƉĞƌŝŵĞŶƚƐǁĞƌĞƌĞƉĞĂƚĞĚĨŽƵƌƟŵĞƐ͘
ŝīĞƌĞŶƚ ƐƵƉĞƌƐĐƌŝƉƚƐ ŝŶĚŝĐĂƚĞ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞƐ ;WфϬ͘ϬϱͿ ĂŶĚ ƐŝŵŝůĂƌ ƐƵƉĞƌƐĐƌŝƉƚƐ ƐŚŽǁ ŶŽ ƐŝŐŶŝĮĐĂŶƚ ĚŝīĞƌĞŶĐĞƐ ŝŶ Ă ĐŽůƵŵŶ
;WхϬ͘ϬϱͿ͘WǀĂůƵĞ͖ŽŵƉĂƌŝƐŽŶƐďĞƚǁĞĞŶĞĂĐŚĞǆƉĞƌŝŵĞŶƚĂůĂŶĚƚŚĞĐŽŶƚƌŽůŐƌŽƵƉ͘
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Discussion
The presence of high quality oocytes prior to
IVF is an important factor that affects developmental competence of subsequent embryos
(23). One of the most crucial and harmful factors which can affect in vitro oocytes and embryo
development are free radicals. Free radicals have
GHWHULRUDWLQJHIIHFWVRQ'1$UHSDLURRF\WHPDWXration, and meiotic spindle assembly (24). This
research has investigated the improving effect of
crocin (10 μg/ml) added to maturation medium
on oocyte maturation, 2PN formation, and developmental competence of oocytes. However the
lower dosage of crocin (5 μg/ml) did not affect either the maturation rate or the 2PN and blastocyst
formation rates. Former in vivo investigations of
different organs indicated positive effects of saffron extract and crocin against adverse effects of
free radicals and oxidative stress (25-27). In vitro
researches also demonstrated and emphasized the
antioxidant properties of crocin (16, 28-30).
Assimopoulou et al. (14) reported that a metabolic solution of crocin extracted from Crocus sativus L. possessed a high level of radical scavenging activity. In vitro studies determined the direct
linkage between total crocin concentration and
antioxidant properties. Antioxidant function has
VHHPHGWREHVWURQJO\LQÀXHQFHGE\WKHDWWDFKHG
sugar moieties in crocin structures (31, 32). This
natural antioxidant can impact cells by different
mechanisms including nitrite scavenging ability,
2, 2-azino-bis (3-ethylbenzthiazoline-6-sulfonic
DFLG UDGLFDOFDWLRQLQKLELWLRQ62'OLNHDFWLYLW\
and elongation of lipid peroxidation (6). The radical scavenging potential of crocin is the source
RI LWV QHXURSURWHFWLYH DQWLDJLQJ DQWLLQÀDPmatory, and anti-tumor activities (33). An in vitro
experiment has shown that crocin can modulate
cellular proteins and alter their functions. It can
particularly affect several cell processes through
the interaction with tubulin proteins or microtubules as an important cytoplasmic protein which
affects cell division (34). We have observed in
the current study, that the higher maturation rate
caused by crocin indicated its positive effects
during the in vitro culture. As observed, higher
dosages of crocin (10 μg/ml) increased the oocyte maturation percentage. The effect of crocin
appeared to be dose-dependent. By the time the
10 μg/ml dose of crocin was added to the maturaInt J Fertil Steril, Vol 10, No 1, Apr-Jun 2016
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tion medium, the higher quality of in vitro matured oocytes resulted in a higher capacity for
2PN formation and embryonic development ef¿FLHQF\$OWKRXJKWKHORZHUGRVDJHRIFURFLQ 
μg/ml) increased IVM, 2PN and blastocyst formation rate compared to the control group, this
¿QGLQJZDVQRWVLJQL¿FDQW7KHLQFUHDVHGHIIHFWV
of the higher crocin dosage (10 μg/ml) on IVM,
2PN and early embryonic development rate were
probably due to its dose-dependent antioxidant
effects.
The current study results of the GSH assay have
revealed that the addition of crocin (10 μg/ml) to
the maturation medium increased the GSH content of MII oocytes after IVM. GSH is one of the
fundamental non-enzymatic defensive structures
DJDLQVW 526 LQ WKH PDPPDOLDQ RRF\WH DQG HPbryo. GSH is considered an indicator of cytoplasmic maturation in oocytes (35, 36). GSH content
increases during development and oocyte maturation in the ovary, as the oocyte approaches the
time of ovulation, and protects oocytes at later
stages of fertilization (37). In oocytes, GSH stabilizes the meiotic spindle against oxidizing agents
and is involved in the enhancement of MII, normal formation of the egg, male pronucleus formation, and inhibition of two-cell stage arrest (38).
After fertilization, GSH participates in sperm
decondensation parallel to oocyte activation and
transformation of the fertilizing sperm head into
WKHPDOHSURQXFOHXV  In vitro culture condiWLRQV H[DFHUEDWH WKH IRUPDWLRQ RI 526 ZKLFK
exert oxidative stress and deplete intracellular
GSH content in the oocyte and embryo (40). A
decline in oocyte GSH levels results in failure of
2PN formation and reduced embryo development
(41). Previous studies have found that crocin can
enhance the activities of GSH reductase and a
UDWHOLPLWLQJ HQ]\PH ȖJOXWDP\O F\VWHLQH V\QWKHWDVH Ȗ*&6 ZKLFKLVDQHQ]\PHLQYROYHGLQ
the synthesis of GSH. Thus it can contribute to
a stable GSH supply in PC12 cells in vitro (42,
43). A series of studies by Soeda et al. (44) have
indicated that a GSH dependent mechanism is involved in the inhibitory effects of crocin on oxidative stress-induced cell death. There are in vivo
studies which indicate the effects of crocin on recovering levels of GSH and antioxidant enzymes
against oxidative stress (45, 46).
The increased rate of GSH contents in the cyto-
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plasm during IVM with the addition of 10 μg/ml
crocin suggested that aside from the different antioxidant functions of crocin, increased GSH was
one of the main causes of increased pronucleus
production and early developmental competence.
The effect of crocin increased the rate of IVM and
subsequent in vitro development of oocytes. Addition of BSO caused depletion of GSH in the two
JURXSVRIORZHUDQGKLJKHUFURFLQGRVDJHV'HSOHtion in the concentration of GSH caused by BSO
supplementation affected oocyte maturation rate.
However, the combination of crocin 10 μg/ml
DQG %62 KDG QR VLJQL¿FDQW HIIHFW RQ PDWXUDWLRQ
compared to the control group. The lower rate of
subsequent developmental competence in all BSO
treated groups appeared to be related to the lower
preservation of GSH which was probably due to
the impact of BSO during IVM. BSO decreased
GSH production and it appeared that crocin addition did not compensate for this depletion.
Tavana et al. (47) have reported that higher dosages such as 40 μg/ml of saffron extract in maturation medium increases maturation rate. However, in
order to have better IVF and embryo development,
addition of lower saffron dosages such as 5 μg/ml is
more effective. Our research has indicated that crocin
(5 μg/ml) as a component of saffron did not affect
any aspects of oocyte and embryo culture. Crocin, at
the lower dosage, did not induce GSH synthesis and
therefore it had lower antioxidant abilities. Saffron
extract has been depicted to have higher antioxidant
activities due to the presence of other components
with antioxidant properties and synergic effects (48).
We have reported that higher dosages of crocin (50,
100, 400 μg/ml) did not have any positive effect on
IVF and embryo development. It seems that crocin
affects cultured oocytes on a dose-dependent manner; hence 10 μg/ml of crocin would be the best dosage for supplementation.
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