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ABSTRACT - The effect of arachidonic acid (AA) cascade on bovine embryo development in a granulosa cell co-culture
system was studied. Arachidonic acid (100 µM) was supplemented from 1-cell to 8-16 cell block stage (first three days of co-
culture) and from 1-cell to hatching. Specific cyclooxygenase (indomethacin, 28 µM) and lipoxygenase (nordihydroguaiaretic
acid - NDGA, 28 µM) inhibitors were used from 1-cell to 8-16 cell block stage with AA. Embryo development was assessed
by cleavage, day 7-day 8 and hatched embryo rates and by measuring growth rates through development stages found in days
7-10 of culture (day 0 = insemination day). Embryo quality was scored at day 8. A 6.5-10.4% increase on cleavage rate after
AA supplementation was found. This AA supplementation from 1-cell to hatching delayed embryo growth rate beyond day
7 and a reduction on hatching rate was detected. When AA supplementation was restricted to the first three days of co-culture
those negative effects were overcome. Also, indomethacin and NDGA prevented the positive effect of AA and induced a
significant reduction on cleavage, respectively. NDGA further decreased day 7 embryo rate and quality. Results suggest that
AA has a two-phase action on bovine embryos, promoting early development and impairing embryo growth from day 7 onwards
and hatching rates. Both cyclooxygenase and lipoxygenase were found to be important pathways to promote cleavage.
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Influência do ácido araquidónico e da inibição da ciclo-oxigenase ou lipo-
oxigenase no desenvolvimento inicial de embriões bovinos

RESUMO - Estudou-se a influência da cascata do ácido araquidónico (AA) no desenvolvimento de embriões bovinos
produzidos in vitro em co-cultura com células da granulosa. Os embriões foram suplementados com AA (100 µM) desde o estádio
de 1 célula até 8-16 células (primeiros três dias de co-cultura) ou até a eclosão. Introduziram-se inibidores específicos da ciclo-
oxigenase (indometacina, 28 µM) e da lipo-oxigenase (ácido nordihidroguaiarético - NDGA, 28 µM), juntamente com o ácido
araquidónico, desde o estádio de 1 célula até 8-16 células. O desenvolvimento embrionário foi avaliado pelas taxas de clivagem
de embriões nos dias 7 e 8 (D0 = dia da inseminação) e eclodidos. Avaliou-se também a velocidade de crescimento dos embriões
entre os dias 7 e 10 de cultura e a qualidade dos embriões no dia 8. A suplementação dos embriões com AA aumentou a taxa de
clivagem (6,5 e 10,4%). Por outro lado, a presença deste percursor das prostaglandinas e dos leucotrienos com os embriões desde
o estádio de 1 célula até a eclosão atrasou sua velocidade de crescimento a partir do dia 7 e reduziu a taxa de eclosão em 20.4%.
Estes efeitos negativos desapareceram quando a suplementação do AA foi restringida apenas aos três primeiros dias de co-cultura.
A indometacina evitou o efeito positivo do AA na clivagem, tendo o NDGA reduzido esta taxa, mesmo em presença do AA, assim
como a taxa de embriões em D7 e a qualidade dos embriões D8. Os resultados sugerem que o ácido araquidónico tem efeito bifásico
nos embriões bovinos, promovendo o início do seu desenvolvimento e, após D7, diminuindo as taxas de crescimento e eclosão.
Ambas as vias metabólicas da ciclo-oxigenase e lipo-oxigenase parecem importantes na clivagem.
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Introduction

Arachidonic acid (AA) is metabolized by cells into
prostaglandins, hydroperoxyeicosatetraenoic acid (HPETE) and
derivatives such as leukotrienes, through the action of
cyclooxygenases (COX) and lipoxygenases (LOX) (Samuelsson

et al., 1979; Robertson, 1995). Prostaglandins, leukotrienes and
HPETE derivatives are implicated in a great variety of reproductive
processes, such as ovulation (Orczyk & Behrman, 1972; Reich
et al., 1983; Murdoch, 1988), oocyte maturation (Murdoch, 1988;
Marques et al., 1997), fertilization (Gurevich et al., 1993; Baptista
et al., 2000) and embryo development (Thatcher et al., 1984).
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Cyclooxygenase has been detected as early as two-cell
stage of embryonic development (Gurevich & Shemesh,
1994; Van der Weiden et al., 1996) while prostaglandins
have been implicated in a number of embryo physiological
processes including blastocyst expansion and hatching
(Biggers et al., 1978; Lewis, 1986 and 1989). Although
preimplanted bovine embryos are able to produce
prostaglandins from 2-cell stage onwards (Lewis et al.,
1982; Gurevich & Shemesh, 1994; Nadeau et al., 1994),
neither the expression of LOX enzymes nor the synthesis
of LOX pathway metabolites have been identified.
Nevertheless, Charpigny et al. (1997) established that ovine
embryos could metabolize AA into leukotrienes and
hydroxyeicosatetraenoic acids (HETE) during the
preimplantation period.

Our first objective was to study the effect of AA
supplementation from 1-cell to 8-16 cell block stage as well
from 1-cell to hatching on bovine embryo development.
Secondly, the role of COX and LOX metabolites on all
embryonic developmental stages was studied through
inhibition of the pathways from 1-cell to 8-16 cell block stage.

Materials and Methods

Bovine ovaries were collected at a nearby
slaughterhouse and transported to the laboratory within
2.5 hours in thermo flasks containing Dulbecco’s
phosphated buffered solution (PBS, GibCo, ref. 14040-91).
PBS was supplemented with 0.15% of bovine serum albumine
(w/v, BSA, Fraction V, Sigma, ref. A-7888) and 0.05 mg mL-1 of
kanamycin (Sigma, ref. K-4000). The thermo flasks were
maintained at 37ºC or 4ºC before using the ovaries for
embryo production or granulosa cell culture, respectively.

Selected unexpanded cumulus-oocyte complexes were
aspirated from 2-6 mm follicles and matured in Petri dishes
(Sterilin, Denmark) containing 3 mL of maturation medium
consisting of M-199 with Earle’s salts, L-glutamine and 25
mM Hepes (GibCo, ref. 22340-020). This medium was
supplemented with 10% of superovulated oestrus cow
serum (SOCS), 100 IU mL-1 penicillin and 100 mg mL-1

streptomycin (Sigma, ref. P0781). Maturation was
accomplished in an incubator at 39ºC with humidified
atmosphere in air and 5% CO2 for 22-24 hours according to
Gordon (1994).

After maturation, oocytes were partially denuded of
surrounding expanded cumulus cells and placed into 40 µl
drops of fertilization medium (10/drop) consisting of modified
Tyrode’s medium (TALP) overlaid by paraffin oil (Sigma, ref.
M-8410). TALP was supplemented with 5.4 USP mL-1 of

heparin (Sigma, ref. H-3393), 10 mM of penicillamine (Sigma,
ref. P-4875), 20 mM of hypotaurine (Sigma, ref. H-1384) and
0.25 mM of epinephrine (Sigma, ref. E-1635). Thawed bovine
semen was incubated as described for maturation during 1
hour in TALP without calcium supplemented with 2.4 mM
of caffeine (Sigma, ref. C-0750) for swim-up. Selected
spermatozoa (1x106 mL-1) and oocytes were incubated
altogether for 22 hours at the same conditions as described
for oocytes. After co-incubation, presumptive zygotes were
transferred to granulosa cell monolayers where embryo co-
culture proceeded for 12 days.

Granulosa cells (1x106 mL-1) collected from refrigerated
ovaries were cultured in 100 µl droplets of M199, 10% SOCS
and antibiotics, placed in 60 mm Petri dishes (Nunc®,
Denmark) and covered with paraffin oil. These cells were
cultured for 2-3 days previously to zygotes transfer allowing
a confluent monolayer to be formed.
Experimental design

Experiment 1
Arachidonic acid (100 µM, Sigma, ref. A-3555) was

added to embryo culture medium to refresh embryos from
1-cell stage to hatching (group AA1: 730 zygotes in 11
replicates). A group without AA supplementation (Control:
715 zygotes in 11 replicates) was also cultured
simultaneously.
Experiment 2

Indomethacin, a specific inhibitor for COX and
nordihydroguaiaretic acid (NDGA) a specific inhibitor for
LOX (Salari et al., 1984), were used in this experiment. The
following treatments were administered only for three days
starting at the moment of zygotes transfer to the monolayers.

Group AA2 (642 zygotes in 11 replicates): arachidonic
acid (100 µM, Sigma, ref. A-3555) was added to embryo
culture medium;

Group INDO (658 zygotes in 11 replicates): same as
group AA2 plus Indomethacin (28 µM, Sigma, ref. I-7378);

Group NDGA (648 zygotes in 11 replicates): same as
group AA2 plus NDGA (28 µM, Sigma, ref. N-5025); and

 Control group (646 zygotes in 11 replicates): with no
AA supplementation.

Experiments 1 and 2 were not conducted simultaneously.
Dosages used for AA, indomethacin and NDGA were based
on those previously used for bovine luteal cell culture and
in vitro fertilization experiments (Alila et al., 1990; Okuda et
al., 1995; Baptista et al., 2000).
Embryo evaluation

Embryo production was assessed by cleavage rate
(embryos/inseminated oocytes x 100) at 24 hours after zygote
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transfer to monolayers, day 7 (D7) and day 8 (D8) embryo
rates (D7 or D8 embryos / cleaved embryos x 100) and hatched
embryo rate (hatched embryos / D8 embryos x 100).

Quality was evaluated on D8 by scoring embryos
from grade 1 (very good) to grade 4 (bad) based on
Lindner & Wright (1983) classification. Grades 1, 2 and
3 are considered transferable and grade 4 non-transferable
embryos.

Embryo development was studied daily between D7
and D10 by identifying morulae (M), young blastocysts
(YB), blastocysts (BL), expanded blastocysts (XB) and
hatched blastocysts (HB). This evaluation was performed
in order to detect differences in embryo growth rate dynamics
among days and treatments.
Statistical analysis

Results on embryo production, development and quality
are expressed in tables and graphics by mean ± standard
error of the mean (s.e.m.) of 11 replicates.

Values calculated from all replicates were compared
among groups by 2x2 Chi Square using Fisher’s exact test
at least with a 95% confidence level (Statsoft inc, 1995).

Results

Experiment 1
Embryo supplementation with AA from 1-cell to hatching

resulted on a significant increase of cleaved embryos
(P<0.0001) and a decrease of hatched embryos (P<0.05)
(Table 1).

Quality rates of D8 transferable (grades 1, 2 and 3)
embryos were similar comparing control (47.3%) and AA1
(49.8%) groups (Table 2). However, a higher proportion of
grade 3 embryos was observed in group AA1 (P<0.02)
(Table 2).

Figure 1 - Arachidonic acid (AA1) effect on bovine embryos
growth rate dynamic. Embryo development stages:
M=morula, YB=young blastocyt, BL=blastocyst,
XB=expanded blastocyst, HB=hatched blastocyst
(% ± s.e.m.; n = 11 replicates; * P<0.05).
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Table 1 - Arachidonic acid (AA1) effect on in vitro produced bovine embryos (11 replicates)

Group IVF oocytes Cleavage D7 embryos D8 embryos Hatched embryos

n n % ± s.e.m. n % ± s.e.m. n % ± s.e.m. n % ± s.e.m.

Control 7 1 5 5 4 2 76.3±2.1 a 9 6 19.3±2.6 9 6 19.2±2.7 6 4 62.4±8.0 a

AA1 7 3 0 6 2 8 86.7±1.7 b 1 2 9 20.9±3.0 1 0 9 18.7±3.2 5 8 42.0±10.5 b

Data within the same columns with different superscripts are statistically different (P<0.05).

Table 2 - Effect of arachidonic acid (AA1) supplementation on quality of in vitro produced bovine embryos (grade 1=very good .... grade
4=bad, 11 replicates)

Group n Day 8 embryo quality (% ± s.e.m)

Grade 1 Grade 2 Grade 3 Grade 4

Control 9 6 6.9±3.8 21.1±6.2 19.3±5.2 a 52.7±10.5
AA1 1 0 9 5.3±3.9 16.2±4.9 28.3±6.6 b 50.2±11.3

Data within the same columns with different superscripts are statistically different (P<0.05).
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Supplementation with AA1 induced a delay on embryo
development on days 7-9 (Figure 1). At D7, AA1 induced a
significant decrease on BL production rate (10.7 vs. 21.5%;
P<0.008). Similarly, AA1 reduced YB production rate on D8
(24.3 vs. 12.4%; P<0.05) and that of BL on D9 (13.5 vs. 4.6%;
P<0.05) compared to the control. No significant differences
were observed on D10. Results above clearly showed a delay
on embryonic development in group AA1 from D7 to D9.
Experiment 2

As observed in experiment 1, supplementation with
AA2 resulted on a significant increase (P<0.003) of cleaved
embryos (Table 3). However, supplementation with AA2
restricted to the first three days did not affect the later
embryo development (Table 3). While INDO was an
intermediate between control and AA2 groups for number
of cleaved embryos, NDGA reduced significantly not only
the number (P<0.04) but also D7 embryo production (P<0.03,
Table 3).

Day 8 embryo quality was negatively affected only by
NDGA resulting in less grade 2 (P<0.05) and more grade 4
(P<0.004) embryos compared to the remaining treatments
(Table 4).

As opposed to AA administered during all co-culture
period in experiment 1, supplementation restricted to the
first three days did not induce a delay in embryonic growth
rate (P>0.05).

Arachidonic acid stimulated embryo development prior
to genomic activation as shown in both experiments. This

is the first report of such an early AA interference on
embryo development because in previous studies were
investigated embryos beyond 8-16 cell stage (Lim & Hansel,
1996 and 2000).

Genomic activation in bovine occurs at 8-16 cells (Barnes
& Eyestone, 1990) approximately 72 hours after fertilization.
Results showed that AA increased cleavage and according
to Lim & Hansel (1996 and 2000) it seems to have a long-
acting effect until the morula stage avoiding the
developmental block.

The results support the hypothesis of the beneficial
role of AA during early embryo development stages on
normal functioning of COX and LOX pathways. COX
inhibition only prevented the beneficial role of AA to be
expressed while LOX inhibition by NDGA reduced embryo
cleavage rate. Previous studies showed that COX
metabolites such as PGE2 (Pereira et al., 2001) and PGI2
(unpublished results) significantly increased cleavage rate
emphasising the role COX pathway on embryo development.
We are not aware of similar studies regarding LOX
metabolites. However, our results indicated a physiological
role of these metabolites during the first cleavages in
embryo development, although a direct toxic effect of NDGA
on embryo cells can not be excluded.

Arachidonic acid delayed embryo development beyond
D7 and reduced hatched embryo rate. We could prevent this
deleterious effect by avoiding supplementation after day 3.
Blastocyst formation was not observed in any treatment in

Table 3 - Effect of arachidonic acid (AA2), AA2 with indomethacin (INDO) or AA2 with nordihydroguaiaretic acid (NDGA) added to
medium culture (first 3 days) on subsequent in vitro bovine embryo development (11 replicates)

Group IVF oocytes Cleavage D7 embryos D8 embryos Hatched embryos

n n % ± s.e.m. n % ± s.e.m. n % ± s.e.m. n % ± s.e.m.

Control 6 4 6 3 3 7 51.8±3.0 a 8 4 23.3±3.4 a 8 2 22.5±3.5 5 3 60.7±8.1
AA2 6 4 2 3 8 8 58.3±2.9 b 9 9 24.4±3.0 a 9 7 24.2±2.9 6 5  55.3±11.3
INDO 6 5 8 3 6 4 54.8±3.4 ab 9 1 21.7±4.2 a 8 9 21.4±4.0 5 8 53.9±8.8
NDGA 6 4 8 3 0 0 46.7±4.9 c 5 4 13.9±3.5 b 5 7 14.6±3.5 3 3 26.8±9.9

Data within the same columns with different superscripts are statistically different (P<0.05).

Table 4 - Effect of arachidonic acid (AA2), AA2 with indomethacin (INDO) or AA2 with nordihydroguaiaretic acid (NDGA) added to culture
medium (first 3 days) on day 8 bovine embryo quality (grade 1=very good .... grade 4=bad, 11 trials)

Group n Day 8 embryo quality (% ± s.e.m)

Grade 1 Grade 2 Grade 3 Grade 4

Control 8 2 2.2±1.2 16.9±5.3 a 38.9±6.3 33.0±7.7 a

AA2 9 7 3.4±2.1 15.9±6.1 a 44.1±10.2 36.6±11.2 a

INDO 8 9 4.3±3.1 11.9±3.8 a 40.3±7.4 43.4±7.9 a

NDGA 5 7 0.5±0.5   2.6±1.8b 14.0±6.1 64.7±11.9 b

Data within the same columns with different superscripts are statistically different (P<0.05).
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a basic defined bovine embryo culture medium (BECM)
supplemented with AA. The detrimental effect of AA
observed in the BECM system on embryo development was
overcome by glutathione (GSH) showing the importance of the
antioxidative role of GSH at this stage (Lim & Hansel, 1996).

All the effects observed on embryos emerging from the
challenge with AA and COX/LOX inhibitors may arise from
metabolic processes within the embryo itself or from
granulosa cells used in our system. Granulosa cells
supplemented with AA are known to synthesize PGE1, PGE2
and PGI2 as well as 5- 12- and 15-HETE (Feldman et al., 1986).
Bovine embryos are able to metabolize AA into prostaglandins
(Lewis et al., 1982; Gurevich & Shemesh, 1994; Nadeau et al.,
1994) but LOX metabolites have not been identified prior to
hatching stage. Moreover, the mechanism through which
AA exerted its effects, besides COX and LOX metabolites,
could be through a direct action as an intracellular second
messenger or by interacting with other AA metabolic
pathways (O´Neill et al., 1990; Piomelli, 1996).

Conclusions

Arachidonic acid has a two-phase action on bovine
embryos, improving early embryo development and impairing
embryo growth from D7 onwards and hatching rates. Both
COX and LOX were found to be important pathways to
promote cleavage. Arachidonic acid and its cascade
metabolites positively affected embryo development when
AA was available until three days of in vitro culture.
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