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ABSTRACT

These study was carried out to investigate the effects of the supplementation with sodium nitroprusside (SN) and 
nitric oxide (NO) of canine oocytes on IVM rates. Oocytes  were incubated in TCM-199 supplement with at 0.03～0.10 
mM SN and 0.3～1.0 mM NO for 48 hrs. Oocytes were transferred to 50 ul drops of maturation medium covered 
mineral oil and cultured in a CO2 incubator (5% CO2, 95% air, 38℃). The in vitro maturation rate of oocytes cultured 
for 48 hrs in TCM-199 medium supplement with 0.03, 0.05, 0.07, 0.10 mM SN were 25.9±3.5%, 36.4±3.2%, 33.3±3.5%, 
28.8±3.2%, respectively. The in vitro maturation rate of oocytes cultured for 48 hrs in TCM-199 medium supplement 
with 0.03～0.07 mM SN were significantly increased compare to the control (26.0±2.2%). The in vitro maturation rates 
of oocytes cultured for 48 hrs in TCM-199 medium supplement with 0.3, 0.5, 0.7, 1.0 mM NO were 28.0±4.2%, 36.5± 
3.6%, 30.0±3.8%, 19.2±3.5%, respectively. The in vitro maturation rate of oocytes in TCM-199 medium supplemented 
with 0.3 and 0.5 mM NO were significantly increased compare to the control (26.0±2.2%). The in vitro maturation rates 
of oocytes cultured for 12～48 hrs in TCM-199 medium supplement with 0.05 mM SN were 26.0±3.2%, 28.0±3.4%, 
38.0±3.2%, respectively. The in vitro maturation rate of oocytes cultured for 12～48 hrs in TCM-199 medium su-
pplement with 0.5 mM NO were 22.0±3.0%, 30.0±3.8%, 36.0±4.2%, respectively. These result was significantly increased 
compare to the control. 
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INTRODUCTION        

Canines, several studies have demonstrated the pres-
ence of the three isoforms in the ovary by immunohis-
tochemistry and western blotting, which are involved 
in several aspects of female reproduction such as: ovar-
ian follicular development (Jablonka-Shariff and Olson, 
2000), oocyte maturation (Jablonka-Shariff and Olson, 
2000; Kazuo et al., 2001; Matta et al., 2002), ovulation 
(Jablonka-Shariff et al., 1999; Olson et al., 1999), and em-
bryo development (Gouge et al., 1998). 

Nitric oxide (NO), a highly reactive free radical, has 
been shown to be a molecule involved in intra- and in-
tercellular signaling. It is generated in various cells by 
nitric oxide synthase (NOS) from L-arginine (Lamas et 
al., 1992; Herrero and Gagnon, 2001). NOS exists in 
three isoforms, which are dimers of identical subunits 
(Lamas et al., 1992; Xie et al., 1992). Constitutional iso-
forms of NOS; neuronal NOS (nNOS) and endothelial 
NOS (eNOS); are calcium- and calmodulin-dependent 

and produce small amounts of NO for a short period 
of time (Lamas et al., 1992; Nathan, 1992). An inducible 
isoform of NOS (iNOS) produces a stable amount of 
NO for a much longer period (Moncada et al., 1991; Na-
than, 1992), and this NO-production is independent fr-
om calcium or calmodulin (Bian and Murad, 2003). Ce-
lls often contain more than one isoform of NOS (Mehta 
et al., 1995). NO can induce cytotoxicity in different cell 
types, as well as increase the cytotoxicity of different 
agents, being able to cause cellular apoptosis (Messmer 
et al., 1995). However, it can also function by protect-
ing the cell from oxidative stress, acting as an anti-
oxidant (Kanner et al., 1991; Kuo et al., 1996). Adequate 
concentrations of NO are required for normal nuclear 
and cytoplasmic in vitro maturation in bovine oocytes 
(Matta et al., 2002). However, Sengoku et al. (2001) ob-
served that nuclear maturation was stimulated in a 
dose-dependent manner when sodium nitroprusside (SN), 
a NO donor, was added during in vitro maturation. An 
understanding of the mechanisms of action of NO dur-
ing nuclear and cytoplasmic maturation of canine oo-
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cytes and the identification of the adequate NO con-
centration for increasing the efficiency of in vitro ma-
turation. 

In order to determine better conditions for in vitro 
maturation of canine oocytes, this study also evaluated 
the effects of SN and a NO supplementation during in 
vitro maturation of canine oocytes.  

MATERIALS AND METHODS

Collection of Oocytes

Canine ovaries were collected at a local slaughterhou-
se and transported to the laboratory in sterile physio-
logical saline containing 100 IU/ml penicillin G and 100 
ug/ml streptomycin sulfate at 25～30℃. Oocytes were 
aspirated from medium size follicles with an 18 gauge 
fixed to a 10 ml disposable syringe. The cumulus-oo-
cytes complexes (COCs) that had an evenly distributed 
cytoplasm and washed three times in oocyte matura-
tion medium containing hormonal supplements.

In Vitro Maturation of Oocytes

All chemicals, unless noted otherwise, were purcha-
sed from Sigma Chemical Company (St. Louis, U.S.A.). 
Then each group of 50 COCs was cultured in 500 μl 
of TCM-199  medium supplement with 2 IU/ ml hCG 
and 10% FCS which had previously been covered with 
mineral oil and equilibrated in a humidified atmos-
phere of 5% CO2 and 95% air at 38℃. Follicular oo-
cytes was classified by morphology of oocytes as exce-
llent (with multiple layers of compact cumulus cells and 
evenly granulated cytoplasm).    

Effects of SN and a NO Supplementation 

This study was evaluated the effects of SN and a 
NO supplementation during in vitro maturation of ca-
nine oocytes. COCs were cultured for 48 hrs in TCM- 

      Fig. 1. Canine reproductive organ, ovary and immature oocytes.

199 medium with supplement with 0.03, 0.05, 0.07, 0.10 
mM of SN and 0.3, 0.5, 0.7, 1.0 mM NO. Oocytes were 
cultured in TCM-199 medium supplemented with 5% 
FCS at 38℃ in 5% CO2 and air.

 
Assessment of Meiotic Stage

Oocytes were fixed in acetic acid : ethanol (1:3) sol-
ution for 24 h then stained with 1% acetoorcein (Sig-
ma, U.S.A.) or 10 μg/ml bisbenzimide (Hoechst 33342) 
and observed under an fluorescence microscope. The 
judgement of oocytes maturation in vitro was carried 
out depending on the criteria of maturation by cell and 
nuclear division, or in vitro development by investigat-
ing embryo development.

Statistical Analysis

In each experimental group, oocytes were randomly 
distributed. Each experiment was repeated four times. 
The results were expressed by treatment as mean±SD. 
For comparison of means. Duncan's multiple verificati-
on was performed using SAS package of general Li-
nears Model procedures (SAS Institute).

RESULTS 

Effect of SN Concentration on In Vitro Maturation  

Rate

This experiment was carried out to investigate the 
effect of SN concentration on in vitro maturation rate 
of canine oocytes. As shown in Table 1. 

The in vitro maturation rate of oocytes cultured for 
48 hrs in TCM-199 medium supplement with 0.03, 0.05, 
0.07, 0.10 mM SN were 25.9±3.5%, 36.4±3.2%, 33.3±3.5%, 
28.8±3.2%, respectively. The in vitro maturation rate of 
oocytes cultured for 48 hrs in TCM-199 medium sup-
plement with 0.03～0.07 mM SN were significantly in-
creased compare to the control (26.0±2.2%). 
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Table 1. In vitro maturation of oocytes after incubation for 48 hrs 

in SN containing media

SN
 (mM)

No. of 
oocytes 

examined

No. of at the 
stage of

Rate of 
in vitro 

maturation (%)MI MII

Control 50 19 13 26.0±2.2a

0.03 54 22 14 25.9±3.5
b

0.05 55 28 20 36.4±3.2
b

0.07 54 23 18 33.3±3.5b

0.10 52 21 15 28.8±3.2

a,b
 Values within column with different superscript differ (p<0.05).

Table 2. In vitro maturation of oocytes after incubation for 48 hrs 

in NO-containing media

NO
 (mM)

No. of oocytes 
examined

No. of at 
the stage of

Rate of 
in vitro 

maturation (%)MI MII

Control 50 19 13 26.0±2.2
a

0.3 50 22 14 28.0±4.2b

0.5 52 27 19 36.5±3.6
b

0.7 50 23 15 30.0±3.8

1.0 52 19 10 19.2±3.5

a,b
 Values within column with different superscript differ (p<0.05).

Effect of NO Concentration on In Vitro Maturation Rate

The effect of NO concentration on in vitro matura-
tion rate of canine oocytes and the results were shown 
in Table 2.

The in vitro maturation rates of oocytes cultured for 
48 hrs in TCM-199 medium supplement with 0.3, 0.5, 
0.7, 1.0 mM NO were 28.0±4.2%, 36.5±3.6%, 30.0±3.8%, 
19.2±3.5%, respectively. The in vitro maturation rate of 
oocytes in TCM-199 medium supplemented with 0.3 
and 0.5 mM NO were significantly increased compare 
to the control (26.0±2.2%). 

Effect of Culture Time and SN or NO on In Vitro Ma-

turation Rate

The effect of SN, NO and culture time on in vitro  
maturation rate of canine oocytes. As shown in Table 
3, the in vitro maturation rate of oocytes cultured for 
12～48 hrs in TCM-199 medium supplement with 0.05 
mM SN and 0.5 mM NO.

The in vitro maturation rates of oocytes cultured for 
12～48 hrs in TCM-199 medium supplement with 0.05 
mM SN were 26.0±3.2%, 28.0±3.4%, 38.0±3.2%, respec-
tively. The in vitro maturation rate of oocytes cultured 

Table 3. In vitro maturation of oocytes after incubation for 12～48 

hrs in 0.3 mM NO-containing media 

Concentration 
of SN or NO 

(mM)

No. of 
oocytes 

examined

Development of MII stage (hrs)

12 24 48

Control 40 22.0±3.2  25.0±3.4  27.5±2.2a 

SN (0.05) 50 26.0±3.2 28.0±3.4 38.0±3.2
b
 

NO (0.5) 50 22.0±3.0 30.0±3.8 36.0±4.2
b

a,b Values with different alphabets (a, b) within columns are 
significantly different (p<0.05). 

for 12～48 hrs in TCM-199 medium supplement with 
0.5 mM NO were 22.0±3.0%, 30.0±3.8%, 36.0±4.2%, res-
pectively. These result was significantly increased com-
pare to the control (26.0±2.2%). 

DISCUSSION

Adequate concentrations of NO are required for nor-
mal nuclear and cytoplasmic in vitro maturation in bo-
vine oocytes (Matta et al., 2002). However, Sengoku et 
al. (2001) observed that nuclear maturation was stimu-
lated in a dose-dependent manner when sodium nitro-
prusside (SN), a NO donor, was added during in vitro 
maturation. An understanding of the mechanisms of 
action of NO during nuclear and cytoplasmic matura-
tion of canine oocytes and the identification of the ad-
equate NO concentration for increasing the efficiency of 
in vitro maturation. 

The effect of SN concentration on in vitro maturation 
rate of canine oocytes. As shown in Table 1, The in vi-
tro maturation rate of oocytes cultured for 48 hrs in 
TCM-199 medium supplement with 0.03, 0.05, 0.07, 0.10 
mM SN were 25.9±3.5%, 36.4±3.2%, 33.3±3.5%, 28.8±3.2 
%, respectively. The in vitro maturation rate of oocytes 
cultured for 48 hrs in TCM-199 medium supplement 
with 0.03～0.07 mM SN were significantly increased 
compare to the control (Table 1). The in vitro matura-
tion rate of oocytes cultured for 48 hrs in TCM-199 
medium supplement with 0.03～0.07 mM SN were sig-
nificantly increased compare to the control (36.5±2.2%). 
Although the experimental animal was different, there 
are only a few reports published on bovine oocyte 
(Viana et al., 2006) cultured in TCM-199 medium sup-
plement with SN. The above result was lower than 
Viana et al. (2006) reports that the MI rate of bovine 
oocytes when cultured TCM 199 +10% FCS supplement 
with 10—3 mM SN for 44 hrs were significantly higher 
than control group (p<0.05). In the present study, the 
addition of high concentration of SN (10

—3 M) to the 
maturation medium blocked the progression from MI 
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to MII after 24 hrs culture and also impaired total cu-
mulus expansion (Bu et al., 2003). At the end of the 
maturation period (44 hrs), cumulus cell expansion was 
inhibited by the presence of the 10—3 mM SN. However, 
cumulus cells were easily removed from oocytes treat-
ed with this dose of SN compared to other treatments. 

The in vitro maturation rates of oocytes cultured for 
48 hrs in TCM-199 medium supplement with 0.3, 0.5, 
0.7, 1.0 mM NO were 28.0±4.2%, 36.5±3.6%, 30.0±3.8%, 
19.2±3.5%, respectively (Table 2). The in vitro matura-
tion rate of oocytes in TCM-199 medium supplemented 
with 0.3 and 0.5 mM NO were significantly increased 
compare to the control (26.0±2.2%). Although the ex-
perimental animal was different, the above result was 
lower than Viana et al. (2006) reports that the MI rate 
of bovine oocytes when cultured TCM 199 +10% FCS 
supplement with 10—3 mM NO for 44 hrs were sig-
nificantly higher than control group (p<0.05). These da-
ta suggest that NO in greater concentrations could be 
inhibiting progression from MI to MII, by modulating 
the components required for normal meiotic progre-
ssion, such as MAPK and MPF, inhibiting their actions 
and thus impeding these oocytes from completing meio-
sis (Mehta et al., 1995). However, more experiments are 
necessary to advance this hypothesis in bovine oocytes 
(Bertagnolli et al., 2004; Tornell et al., 1990). More stud-
ies are necessary to understand the mechanism of ac-
tion of NO during in vitro maturation and to define 
whether NO at this concentration acts or not increasing 
oocyte of glutathione content. The above result was 
similar to Matta et al. (2002) reports that adequate con-
centrations of NO are required for normal nuclear and 
cytoplasmic in vitro maturation in bovine oocytes. How-
ever, Sengoku et al. (2001) observed that nuclear matu-
ration was stimulated in a dose-dependent manner 
when sodium SN, a NO donor, was added during in 
vitro maturation. Also, breakdown of GVC stops the 
transfer of inhibitory cAMP from the granulosa cells to 
the oocyte enabling the resumption of meiosis. The 
ovarian NO concentration seems to be essential for al-
lowing the stimulation of both, oocyte maturation as 
well as ovulation, by this gonadotropin. There are only 
a few reports published on mouse (Bu et al., 2003) and 
murine oocyte (ablonka-Shariff and Olson, 2000; Kazuo 
et al., 2001; Sengoku et al., 2001) cultured in TCM-199 
medium supplement with NO.

The in vitro maturation rates of oocytes cultured for 
12～48 hrs in TCM-199 medium supplement with 0.05 
mM SN were 26.0±3.2%, 28.0±3.4%, 38.0±3.2%, re-
spectively (Table 3). The in vitro maturation rate of oo-
cytes cultured for 12～48 hrs in TCM-199 medium sup-
plement with 0.5 mM NO were 22.0±3.0%, 30.0±3.8%, 
36.0±4.2%, respectively. These result was significantly in-
creased compare to the control (26.0±2.2%). We can not 
find a similar papers, but the above result was similar 
to Ingram et al. (2000) demonstrated that NO can cause 

alterations in the cytoskeleton, leading us to suggest 
that the inhibitory concentration (10—3 M) used in the 
present study might have caused changes in the con-
formation of the microtubule present in the transzonal 
projections of cumulus cells (Albertini et al., 2001). No 
was causing these projections to retract precociously, 
thus abolishing the gap junctions between oocytes and 
cumulus cells (Webb et al., 2002). 
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