
Original article

Absence of response to oestrus induction
and synchronization treatment is related to lipid

mobilization in suckled beef cows

B Grimard P Humblot JP Mialot N Jeanguyot
D Sauvant 3 M Thibier

1 Laboratoire d’épidémiologie et de gestion de la santé animale, Ecole vétérinaire d’Alfort,
7, avenue du Général-de-Gaulle, 94704 Maisons-Alfort cedex ;

2 Union nationale des coopératives d’élevage et d’insémination artificielle,
Services techniques, 13, rue Jouet, BP 65, 94703 Maisons-Alfort cedex ;

3 Station de nutrition, Institut national agronomique Paris-Grignon, 16, rue Claude-Bernard,
75231 Paris cedex, France

(Received 3 October 1995; accepted 5 November 1996)

Summary &horbar; Energy status, follicular growth, oestradiol and LH secretion were investigated in 17
suckled Charolais cows synchronised 59.0 ± 3.6 days after calving with a 10 day ear implant containing
3 mg of Norgestomet. The cows received 3 mg of Norgestomet and 5 mg of oestradiol valerate by IM
injection at implant insertion (day 0) and 600 IU PMSG at implant removal (day 10). They were
artificially inseminated (AI) 48 and 72 h after implant removal. Energy status was assessed by mea-
suring weekly plasma concentrations of non-esterified fatty acids (NEFA), (3 hydroxy-butyrate
(BHB), glucose and insulin 7 weeks before AI. Progesterone plasma concentrations were measured
during the same period to assess the presence of a functional corpus luteum. Follicular growth was
followed daily by ultrasonography from day -3 to day 13. Oestradiol secretion was measured on
day -3, day 6 and day 10 from five hourly samples. Oestradiol and LH plasma concentrations were
measured hourly from 29 to 48 h after implant removal for seven cows. Cows were checked for
pregnancy by ultrasonography 45 days after AI. Pregnant cows (P) were compared with non-pregnant
cows (NP) for energy status, follicular growth, and oestradiol secretion by split-plot ANOVA. Two
cows (11.8%) were cyclic before treatment, seven ovulated after treatment (41.2%) and five were found
pregnant 45 days after AI (29.4%). There was no difference in body condition score and body weight
between P and NP cows on day 0 (2.5 ± 0.2 and 685 ± 24 kg vs 2.5 ± 0.1 and 670 ± 13 kg; P > 0.05).
Mean plasma NEFA concentrations before treatment were significantly lower in P than in NP cows
(218 ± 29 peq/L vs 279 ± 18 peq/L; P < 0.05). No significant differences between P and NP cows were
found for BHB, glucose and insulin concentrations. P cows presented more medium sized follicles
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(5 mm < diameter < 10 mm) than NP females during the period of observation (2.65 ± 0.19 vs 2.50
± 0.12; P = 0.05). Plasma oestradiol concentrations were not different between P and NP cows on day
- 3 (8.4 ± 0.7 pg/mL vs 7.7 ± 0.4 pg/mL, P > 0.05), day 6 ( 10.4 ± 0.6 pg/mL vs 9.8 ± 0.4 pg/mL,
P > 0.05) but were higher in P than in NP cows on day 10 ( 10.9 ± 0,6 pg/mL vs 7.8 ± 0.4 pg/mL; P
< 0.05). After implant removal, oestradiol secretion only increased in P cows and a LH peak occurred
whereas no increases in oestradiol (11.0 ± 0.4 pg/mL vs 6.3 ± 0.3 pg/mL, P < 0.05) and LH (6.0 ±
0.5 ng/mL vs 1.2 ± 0.5 ng/mL, P < 0.05) secretion were observed in NP cows. The conclusion was
that follicular growth, oestradiol secretion, ovulation and pregnancy rate after oestrus synchronisa-
tion treatment are related to mobilization of energy stores before treatment in suckled beef cows in
the same body condition score.

beef cow / anoestrus / oestrus synchronization treatment / lipid mobilization / non-esterified fatty
acids

Résumé &horbar; L’absence de réponse au traitement d’induction de l’oestrus est associée à la mobi-
lisation des réserves corporelles chez la vache allaitante. Le statut énergétique, la croissance fol-
liculaire, la sécrétion de LH et d’oestradiol ont été suivis chez 17 vaches allaitantes charolaises sou-
mises à un traitement de maîtrise des cycles 59.0 ± 3.6 jours après vêlage combinant un implant de
3 mg de Norgestomet laissé en place 10 jours, 3 mg de Norgestomet et 5 mg de valérate d’oestradiol
à la pose (j0) et 600 UI de PMSG au retrait (j 10). Les vaches ont été inséminées (IA) 48 et 72 heures
après la fin du traitement. Le statut énergétique a été évalué par les concentrations hebdomadaires
d’acides gras non estérifiés (AGNE), de (3 hydroxy-butyrate (BHB) de glucose et d’insuline durant
les 7 semaines précédant l’IA. La progestéronémie a été mesurée dans ces échantillons afin de mettre
en évidence la présence d’un corps jaune fonctionnel. La croissance folliculaire a été mesurée quo-
tidiennement par échographie de j-3 à j 13. Les concentrations plasmatiques d’oestradiol ont été
mesurées à j-3, j6 et j 10 dans cinq prélèvements réalisés à 1 heure d’intervalle. Les concentrations
plasmatiques de LH et d’oestradiol ont été mesurées toutes les heures entre 29 et 48 heures après le
retrait de l’implant chez sept vaches. La gestation a été contrôlée par échographie 45 jours après IA.
Le statut énergétique, la croissance folliculaire, la sécrétion d’oestradiol et de LH des vaches gestantes
après traitement ont été comparés aux mêmes paramètres chez les vaches non gestantes après traitement
par split-plot ANOVA. Deux vaches étaient cyclées avant traitement (11,8 %), sept ont ovulé après
traitement (41,2 %) et cinq ont été gestantes après première insémination (29,4 %). La note d’état cor-
porel et le poids vif des vaches gestantes n’étaient pas différents de ceux des vaches non gestantes à
j0 (2,5 ± 0,2 et 685 ± 24 kg vs 2,5 ± 0, et 670 ± 13 kg ; p > 0,05). Les concentrations plasmatiques
d’AGNE ont été plus faibles avant traitement chez les vaches gestantes que chez les vaches non
gestantes (218 ± 29 peq/L vs 279 ± 18 peq/L ; p < 0,05). Aucune différence significative entre les deux
lots n’a été observée pour les concentrations de BHB, de glucose et d’insuline. Les vaches gestantes
ont présenté plus de follicules de taille moyenne (5 mm !! diamètre < 10 mm) que les vaches non ges-
tantes durant la période d’observation (2,65 ± 0,19 vs 2,50 ± 0,12 ; p = 0,05). Les concentrations plas-
matiques d’oestradiol ont été identiques dans les deux groupes d’animaux à j-3 (8,4 ± 0,7 pg/mL vs
7,7 ± 0,4 pg/mL ; p > 0,05), j6 (10,4 ± 0,6 pg/mL vs 9,8 ± 0,4 pg/mL ; p > 0,05) mais ont été plus
élevées chez les vaches gestantes que chez les vaches non gestantes à j 10 (10,9 ± 0,6 pg/mL vs
7,8 ± 0,4 pg/mL ; p < 0,05). Après le retrait de l’implant, une augmentation de la sécrétion d’oestradiol
et d’un pic de LH n’ont été observés que chez les vaches gestantes (respectivement 11,0 ± 0,4 pg/mL
vs 6,3 ± 0,3 pg/mL, p < 0,05 ; 6,0 ± 0,5 ng/mL vs 1,2 ± 0,5 ng/mL, p < 0,05). En conclusion, la
croissance folliculaire, la sécrétion d’oestradiol, le taux d’ovulation et le taux de gestation après
traitement de maîtrise des cycles sont associés à la mobilisation des réserves corporelles avant trai-
tement chez la vache allaitante.

vache allaitante / anoestrus / traitement de maîtrise des cycles / lipomobilisation / acides gras
non estérifiés



INTRODUCTION

Postpartum anoestrus corresponds to the
absence of ovarian cycles after parturition.
Recovery of ovarian function after calving
is preceded by restoration of pituitary sen-
sitivity to GnRH (Webb et al, 1977; Fer-
nandes et al, 1978; Schallenberger et al,
1978), an increase in the frequency and
amplitude of LH pulses (Terqui et al, 1982;
Nett, 1987; Weesner et al, 1987), re-estab-
lishment of the positive feedback of oestro-
gens (Schallenberger and Prokopp, 1985)
and resumption of the growth of dominant
follicles (Savio et al, 1990; Murphy et al,
1990).

Suckling delays resumption of oestrus
after calving (Williams, 1990) by depressing
basal LH concentrations in the peripheral
circulation (Webb et al, 1980) as well as the
frequency and the amplitude of LH episodic
release (Carruthers and Hafs, 1980). More-
over, suckling reduces the pituitary response
to GnRH (Foster et al, 1980) and the positive
feedback of oestrogens (Radford et al, 1978).

In suckled beef cows, progestogen
implant or intra-vaginal devices associated
with PMSG are widely used to induce and
synchronise oestrus after calving (Chupin,
1977; Aguer, 1981; Odde, 1990). Never-
theless, pregnancy rates (animals pregnant /
animals treated) are highly variable and
range from 30 to 70% (Grimard and Mialot,
1990; Odde, 1990). Parity, calving condi-
tions, interval from parturition to treatment,
body condition score, body weight at cal-
ving and at the time of treatment have been
shown to influence pregnancy rate at
induced oestrus (Chupin et al, 1977; Pelot et
al, 1977; Aguer et al, 1981; Deletang, 1983;
Walters et al, 1984; Fogwell et al, 1986;
Odde, 1990; Grimard et al, 1992a, b; Hum-
blot et al, 1996). Nevertheless the way these
factors influence fertility rate after oestrus
synchronisation treatment remains unclear.
Moreover, high within-body condition score
and body weight class variations were found

(Grimard et al, 1992b). Dynamic aspects of
lipid mobilization might be as important as
body weight and body condition score at
the time of treatment.

The present study was designed to deter-
mine if energy status, follicular growth,
oestradiol secretion during treatment and
oestradiol and LH secretion after implant
removal are related to pregnancy rate at
induced oestrus in synchronized suckled
beef cows.

MATERIAL AND METHODS

Animals, diets and treatments

Charolais cows (eight primiparous and nine mul-
tiparous) which calved between 27th November
and l9th January in an experimental herd of
Sa6ne-et-Loire were studied. Animals were kept
in tethered housing and calves were allowed to
suckle their dams twice daily. Diets were com-
posed of grass silage, hay, barley, soya bean
meal, minerals and vitamins to provide 100% of
the Inra requirements (Petit, 1988). Cow body
weight and body condition score (scale from 0 =
thin to 5 = fat, Agabriel et at, 1986) were respec-
tively 667 ± 11 kg (mean ± sem) and 2.6 ± 0.1 I
at calving and 674 ± I 1 kg and 2.5 ± 0.2 at
implant insertion. Mean calf daily weight gain
was 958 ± 28 g/day.

Oestrus synchronisation treatment was applied
59.0 ± 3.6 days after calving. This treatment con-
sisted of an ear implant lasting 10 days contain-
ing 3 mg of Norgestomet (Crestar ND, Intervet,
France) with an intramuscular injection of 3 mg
Norgestomet and 5 mg oestradiol valerate at the
time of implant insertion (day 0), followed by
an injection of 600 IU pregnant mare serum
gonadotropin (Chronogest PMSG ND, Intervet,
France) at implant removal (day 10). Cows were
artificially inseminated 48 and 72 h after implant
removal. Pregnancy was diagnosed by ultra-
sonography (Pierson and Ginther, 1984b; Mialot
et at, 1991 ) 45 days after insemination (AI).

Energy status

In order to quantify energy status, blood sam-
ples were collected weekly for 7 weeks before



AI into heparinized tubes by caudal venipunc-
ture before the morning feed. Plasma was col-
lected after centrifugation (2 500 g for 20 min)
and stored at -18 °C until measurement of non-
esterified fatty acids (NEFA), (3 hydroxy-butyrate
(BHB), glucose and insulin (Russel and Wright,
1983; Easdon et al, 1985).

Reproductive traits

Progesterone plasma concentrations were mea-
sured weekly in the previous samples to verify
cyclicity prior to treatment. A plasma proges-
terone concentration higher than 1.5 ng/mL was
considered to indicate the presence of a func-
tional corpus luteum.

Ovaries were examined daily between day -3
and day 13 by ultrasonography using a PIE
DATA linear scanner with a 5 mhz transducer
(Pierson and Ginther, 1984a; Mialot et at, 1991). ).
Follicles were assigned to three diameter classes
according to Murphy et al (1990), ie, small (dia-
meter < 5 mm), medium (5 mm < diameter <

10 mm) and large follicles (diameter >- 10 mm).
When a large follicle disappeared between two
measurements after implant removal, ovulation
was considered to have occurred.

Additionally, blood samples were collected
hourly for 5 h, 3 days before implant insertion
(day - 3), 6 days after implant insertion (day 6),
and on the day of implant removal (day 10) to
measure 17 (3 oestradiol concentrations.

Finally, seven cows were fitted with a jugular
catheter on day 10 and sampled hourly from 29
to 48 h after implant removal to determine oestra-
diol and luteinizing hormone (LH) concentra-
tions.

Assays

Plasma concentrations of insulin were measured

by radioimmunoassay (RIA Kit INSI-PR, CIS
bio international, France). Inter- and intra-assay
coefficients of variation were respectively 8.7
and 9% and the sensitivity was 3 ¡.¡IU/mL. Plasma
concentrations of glucose and NEFA were mea-
sured by photometric methods (Kits PM 7576860
Dart glucose, Coulter diagnostics, USA, inter-
assay CV = 0.6%, intra-assay CV = 0.8%
between 0.2 and 1.2 g/L; NEFA C 46551, Wako
Chemicals, Germany, inter-assay CV = 4.5%,

intra-assay CV = 0.3% between 20 and
1000 peq/L). Plasma BHB concentrations were
measured by a method adapted from Barnouin
et al (1986), (inter-assay CV = 3.7%, intra-assay
CV = 1% between 20 and 600 mg/L).

Progesterone was measured by an assay pro-
cedure modified from Thibier and Saumande
(1975) and previously described (Humblot et al,
1990). Inter- and intra-assay coefficients of vari-
ation were 8 and 2% respectively. The sensitiv-
ity of the assay was 50 pg/mL.

Blood concentrations of 17 (3 oestradiol were
measured from single aliquots of plasma ( 1 mL)
after extraction with 4 mL ether (Prolabo, Paris,
France). The radioimmunoassay was subse-
quently performed with a polyclonal antibody
(Ref 2054-S4, FRH, Fresnes, France) display-
ing less than 5% cross-reactivity with major
oestrogens susceptible to interfere during the
assay (oestrone 4%, oestriol 2.5%). This anti-
body was used at a final dilution of 1:30 000.
Blank ether was found most often equal to 0 and
was always lower than 2 pg. It was substracted
systematically from individual plasmatic con-
centrations. Inter- and intra-assay coefficients of
variations were respectively 8.8 and 6.7%. Sen-
sitivity of the assay was 2 pg/tube.
LH was measured by a double antibody

radioimmunoassay previously described by Thi-
bier (1975) and Abdel Malak and Thibier (1982).
Briefly, a highly purified ovine LH fraction
(LER-106-C2) iodinated with lzsI (Amersham,
France) was used as the labelled antigen. The
bLH antiserum (Schams and Karg, 1969) was
used at a final dilution of 1:200 000 and dis-

played low cross-reactivity with aTSH (< 4%),
(3FSH (0.3%) and aFSH (0.8%). The average of
duplicate determination in each sample was
expressed in term of bovine standard EHC-bL-1 I
concentrations (Loeber et al, 1987). Sensitivity of
the assay was 50 pg/tube. Inter-and intra-assay
coefficients of variation were 17 and 7% respec-
tively.

Statistical analysis

After the end of experiment, cows were allocated
to either the pregnant or the non-pregnant group
and these two groups were compared for zootech-
nical parameters (calving to treatment interval,
body weight, body condition score and calf daily
weight gain) by t-test (Sas, 1988). Results are
presented as mean ± standard error of the mean.



The sources of variation of plasmatic con-
centrations of NEFA, BHB, glucose and insulin
were analysed using the GLM procedure of Sas
(Sas, 1988) with the following model:

where:

- 

Yijkl is the concentration of blood metabolite of
the cow l, the week k

- a! is the fixed group effect (pregnant vs non-
pregnant)

- /3 is the fixed effect of the interval between
calving and treatment

- yk is the fixed effect of the week of sampling

- Sj * 
at is the random effect of cow within

group (pregnant vs non-pregnant)
All the tests were carried out using appropri-

ate error terms determined by the expected mean
squares (Sas, 1988).

Similar models were used to test 1) the effects
of interval between calving and treatment, preg-
nancy status after treatment, day of observation
and interactions on the number of follicles by
class and on the size of the largest follicle; 2) the
effects of interval between calving and treatment,
pregnancy status, time of blood sampling and
interactions on oestradiol plasmatic concentra-
tions 3 days before treatment; 3) the effect of
pregnancy status, period of observation (day 6
or day 10), time of blood sampling and interac-
tions on oestradiol plasmatic concentration dur-
ing and after treatment; 4) the effects of preg-
nancy status, time of blood sampling on

oestradiol and LH plasmatic concentrations
between 29 and 48 h after implant removal.

When a significant effect of interval between
calving and blood sample or calving and treat-
ment was found, a linear regression was calcu-
lated correcting the effect of postpartum inter-
val for cow effect (random effect). Post split-plot
ANOVA multiple comparisons were made using g
Scheffe’s test. Results are presented as Ismeans
± standard error of the lsmean.

RESULTS

Two cows presented a functional corpus
luteum before oestrus synchronization treat-
ment (11.8%; 0/8 primiparous, 2/9 multi-
parous; P > 0.05), seven ovulated (41.2%,
3/8 primiparous, 4/9 multiparous; P > 0.05)
and five were found to be pregnant 45 days
after AI (29.4%, 1/8 primiparous, 4/9 mul-
tiparous; P > 0.05). The two cows in their
cycle period before treatment ovulated after
treatment and were pregnant 45 days after
AI.

Zootechnical parameters

There were no significant differences
between pregnant and non-pregnant cows
for interval between calving and treatment,
body weight, body condition score and calf
daily weight gain (table I).



Energy status

Plasma NEFA concentrations decreased
with time postpartum (PP, interval effect;
P < 0.05; regression equation: NEFA =
- 7 PP + 575).
When adjusted for postpartum interval,

plasma NEFA concentrations were lower
in pregnant cows than in non-pregnant
cows during the 7 weeks before AI

(218 ± 29 peq/L vs 279 ± 18 !Leq/L; P < 0.05;
fig 1 No significant differences were found
between pregnant and non-pregnant cows
for BHB, glucose and insulin concentrations
(table II) and no interaction was found
between time of sampling and pregnancy
status for any variable studied.

Follicular growth

A significant day effect was found on the
number of small follicles, the number of large
follicles and the size of the largest follicle
(fig 2) but not on the number of medium
sized follicles (2.57 ± 0.41 ). After implant
insertion, the number of small follicles
increased while the number of large follicles
decreased. After implant removal, the num-
ber of large follicles increased. The size of the
largest follicle was higher after implant
removal than before or during treatment.

Pregnant cows presented more medium
sized follicles than non-pregnant cows dur-
ing the period of observation (2.65 ± 0.19 9
vs 2.50 ± 0.12; P < 0.05). Pregnant cows
had less large follicles than non-pregnant
cows 3 days before implant insertion (0.19 ±
0.37 vs 0.98 ± 0.25; P < 0.05) and 3 days
after beginning of treatment (0.57 ± 0.37 vs
1.99 ± 0.25; P < 0.05; interaction day of
observation * pregnancy status; P < 0,05).

Oestradiol secretion on day -3, day 6 and
day 10

Oestradiol plasmatic concentrations before
treatment (day -3) were not affected by
interval between calving and blood sample
nor by pregnancy status (8.1 ± 0.7 pg/mL).

Plasma oestradiol concentrations showed
no difference between pregnant and non-



pregnant cows on day 6 (10.4 ± 0.6 pg/mL
vs 9.8 ± 0.4 pg/mL; P > 0.05) but were
higher in pregnant cows than in non-preg-
nant cows on day 10 (10.9 ± 0.6 pg/mL vs
7.8 ± 0.4 pg/mL; P < 0.05).

Oestradiol and LH secretion after

implant removal and response to oestrus
synchronization treatment

Among the seven females frequently sam-
pled after implant removal and PMSG injec-
tion, three were found subsequently to be
pregnant vs four non-pregnant. Pregnant
cows presented higher oestradiol plasmatic

concentrations than non-pregnant cows
(11.0 ± 0.4 pg/mL vs 6.30 ± 3 pg/mL;
P < 0.05). A similar trend was found for LH
plasmatic concentrations (6.0 ± 0.5 ng/mL
vs 1.2 ± 0.5 ng/mL; P < 0.05). In the three
pregnant cows, oestradiol plasmatic con-
centrations increased and reached a maxi-
mum of 17.1 pg/mL, but, on the contrary,
no increase in oestradiol secretion was
observed in the four other non-pregnant
cows (interaction pregnancy status* time of

sampling, P < 0.05, fig 3). In the three preg-
nant cows, LH plasmatic concentrations
increased from 42 to 48 h after implant
removal and a subsequent ovulation was
observed by ultrasonography whereas there
was no LH peak during the whole sampling
period for the non-pregnant cows (interac-



tion pregnancy status* time of sampling,
P < 0.05, fig 3) and no subsequent ovula-
tion was observed.

In the ten remaining cows, only four ovu-
lated within 3 days after implant removal
and two were found to be pregnant 45 days
after AI. The ovulation rate was significantly
lower in the non-pregnant cows (2/12) than
in the pregnant ones (5/5, Yates Chi-square,
P < 0.01).

DISCUSSION

The low cyclicity rate before treatment
observed here was similar to that reported
previously in winter calving suckled Charo-
lais cows in the same region (7 to 15% in

primiparous cows, 25 to 30% in multiparous
cows; Grimard et al, 1992a, b; Kabandana et
al, 1993; Humblot et al, 1996) but lower
than those reported by Ducrot et al (1994)
and Pouilly et al (1994) in the same breed
but in different regions. In such populations
of cows, the treatment is designed to induced
and to synchronise ovulation. The ovula-
tion and pregnancy rate are lower than those
cited in previous reports (Odde, 1990; Gri-
mard and Mialot, 1990), but the females
were younger (47% primiparous) and cyclic-
ity rate was lower before treatment. These
two factors are known to have a negative
influence on ovulation and fertility rate after
oestrus synchronisation treatment (Chupin et
al, 1977; Pelot et al, 1977; Miksch et al,
1978; Aguer et al, 1981; Beal et al, 1984;
Odde, 1990; Grimard et al, 1992a, b; Kaban-
dana et al, 1993; Ponsart et al, 1996).

As shown by non-esterified fatty acids
plasmatic concentrations, cows were mobi-
lizing their energy stores after calving. In
beef cows in good body condition score at
the time of calving (BCS > 2), the Inra’ s
recommendations during the first month of
lactation are calculated to be lower than the

requirements (-0.72 Mcal net energy/day,
Petit, 1988). As previously described by

Easdon et al (1985) and Grimard et al (1995)
in restricted beef cows, mobilization of

energy stores decreased when postpartum
interval increased (decrease of NEFA plas-
matic concentrations) illustrating the adap-
tation of the cows to their diet. This fact has
to be taken into account when studying rela-
tionship between nutrition and reproduc-
tion.

The decrease in the size of the largest
follicles and the increase in the number of
small follicles after implant insertion illus-
trate the effects of exogenous hormones on
follicular growth. Oestradiol valerate is
known to induce atresia of antral follicles

(Rajamahendran and Walton, 1990; Bo et
al, 1991). These observations do not match
with the date of Lucy et al (1990), Rajama-
hendran and Taylor (1991) and Savio et al
(1993) who described maintenance or an
increase in follicular size after the begin-
ning of oestrus synchronisation treatment.
However, these authors administred

prostaglandins before progestogen inser-
tion. In this experiment, after atresia of the
large follicle present on the ovary, a new
wave of follicular growth was observed and,
as reported by Lucy et al (1992), the number
of large follicles increased. After implant
removal and in response to PMSG injec-
tion, the size of the large follicles increased
and some of them secreted oestradiol and
ovulated.

In this study, body condition score and
body weight at calving or at implant inser-
tion were not different between the preg-
nant and the non-pregnant cows. The body
condition score reached the value of 2.5 rec-
ommended by Petit (1988) and Petit and
Agabriel (1993). However, non-esterified
fatty acids patterns shown that cows were
in different energy status before AI’s: non-

pregnant cows were mobilizing their body
reserves before AI while pregnant ones had
reequilibrated their energy balance. This
confirms earlier results of Grimard et al

(1992b) who observed a lower fertility rate



after induction of ovulation in cows which
lost more than 30 kg body weight after cal-
ving than in cows which lost less weight.
Furthermore, in postpartum restricted beef
cows, a rapid decrease in lipid mobilization
is induced by flushing (Easdon et al, 1985)
and this may be related to the positive effects
on fertility rate usually reported after such
treatment (Petit et al, 1977; Pelot et al, 1977;
Aguer, 1981; Kabandana et al, 1993).

There is a trend for non-pregnant cows
to have a smaller postpartum interval than
pregnant cows (12.5 days) when synchro-
nized. Moreover, a greater variation was
observed in non-pregnant cows (more cows
at earlier stages; larger range of stages post-
partum). This may have contributed to the
higher fatty acids concentrations and to the
lack of conception. However, the effect of
postpartum interval on the response to
oestrus synchronization treatment observed
from field studies (Chupin et al, 1977; Pelot
et al, 1977; Aguer et al, 1981; Odde, 1990;
Grimard et al, 1992b; Humblot et al, 1996)
might be partly explained by the decrease
in lipid mobilization with time (Grimard et
al, 1995).

In this experiment, pregnant cows had
less large sized follicles than non-pregnant
females before implant insertion. Regula-
tion of dominance seemed to be more effec-
tive in less negative energy balance beef
cows as observed by Lucy et al (1992) in
dairy cows. After implant removal, ovulation
was observed in pregnant cows and the num-
ber of large follicles decreased on day 13 3
compared to non-pregnant cows which
maintained a large follicle and did not ovu-
late within the 3 days following implant
removal.

Ovulation rate was extremely low in non-
pregnant cows when using oestrus syn-
chronisation treatment and this confirms if

necessary that, in anoestrus beef cows, the
lack of induction of ovulation is the main

limiting source of pregnancy rate (Chupin et
al, 1977; Beal et al, 1984; Grimard et al,

1992a, b; Humblot et al, 1996). This was
especially reported in restricted, light or thin
cows treated soon after calving (Gauthier
et al, 1981; Grimard et al, 1992b, Humblot
et al, 1996; Ponsart et al, 1996). In this
experiment, absence of ovulation was related
essentially to mobilization of energy stores
before AI and was preceded by a lack of (or
delayed) increase in oestradiol secretion at
the end of the treatment and after implant
removal. In the absence of oestradiol secre-

tion, no LH peak was induced and no ovu-
lation was observed. On the contrary, in

pregnant cows induced to ovulate, oestra-
diol secretion was effective and induced a
LH surge at a time very similar to those

reported in previous studies (36 to 51 h after
implant or intra-vaginal device removal,
Barnes et al, 1981; Peters et al, 1981; Rober-
son et al, 1989).

In conclusion, the low fertility rate after
oestrus synchronization treatment observed
in this study was due to low ovulation rate
during the 3 days following implant removal
in cows in negative energy balance. This
was related to an absence of oestradiol secre-
tion by the growing follicles and absence
of a LH surge after treatment. Good body
condition score at the time of treatment is

important but this seems insufficient to
achieve systematically good pregnancy rate
when using treatments combining pro-
gestogen and PMSG. This study shows that
cows need to reequilibrate their energy bal-
ance and that NEFA patterns are good indi-
cators of individual energy status in beef
cows. Additionally, energy status is influ-
enced by the postpartum interval. Further
studies are needed to investigate more pre-
cisely interaction between metabolic

responses and fertility at different fixed
stages postpartum.
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