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ABSTRACT 

An ¢xpcrlment was conducted to mvesugate the temporal relauonsh~p of peripheral 
estron¢ (El) concentrauon to changes m the slze of the pelvlc opening preceding and 
immedlately following parturition Twenty-slx multiparous beef cows were observed 
from approxlmately 50 d prepartum to 7 d postpartum Blood samples were collected 
at 7 d intervals preceding calving and at I, 3 and 7 d following for El quantltauon 
Estimates of pelvlc opening area were made at the ume of blood sampling Perlpheral 
E, concentrations were elevated beginning at approxlmately 25 d prepartum Dams 
bearing male fetuses had greater (P<O 01) concentrauons of E~ than dld dams wlth 
female fetuses Calf b~rth weight was correlated (r ---- 0 44, P<O 01) wlth E, levels 
from 10 d prepartum through parturiuon Postpartum pelvlc area was greater for cows 
gwmg birth to male calves, wlth no slgmficant differences for calf blrth welghts by sex 
Correlations were observed between E~ concentrauon, and pelwc area measured from 
50 d prepartum to 7 d postpartum (r = 0 26, P<O 01), I0 d prepartum to calwng 
(r = 0 42, P<O 01), and from calving to 7 d postpartum (r = 0 33, P<O 01) Percentage 
increase m E~ concentration from 50 d prepartum to calwng was stgmficantly correlated 
(r = 0 75, P<O 0 I)  to percentage pelwc area increase over the same pcrlod A correlauon 
also exists Imtween maternal E~ concentratmns and fetal sex and pclwc area In summary, 
the increased estrogen concentrauons m cows wlth male calves may fac~htate pelvic 
spread, resulting m a larger pelwc opening 

INTRODUCTION 

A dramatic increase m the concentra t ion of  circulat ing estrogens occurs  lust 
pr ior  to partur i t ion m the bovine ( I ,  2, and 3) It is evident  since the first 
repor t  of  Pope ¢t al (4) that the predominant  estrogen during this p repar tum 
rlse Is estron¢ (El) Paralleling this rls¢ m serum El is the enlargement  of  the 
pelvic  open ing  in preparat ion for calving, as documen ted  by Rice and Wdtbank  
(5),  Ward (6) and Laster (7) Although these workers  indicated that smaller 
p repar tum pelvic  area measurements  are significantly associated with incidence 
of  dystocia, these measurements alone were not adequate mdlcators of  impending 
calving difficulties. The present  s tudy was executed  to determine if per ipheral  
E~ concent ra t ion  might  serve as a quantitative indicator of  per lpar tum changes 
in pelvic  area and elucidate  the relat ionship be tween  fetal sex, E~ concen t r auon  
and pr¢- and pos tpar tum pelvic area changes 

MATERIALS AND METHODS 

Twenty-six English crossbred muluparous  cows in good condi t ion  (511 __ 
20 kg, x __ SE) and in the latter one-third of  gestation were  randomly  selected 
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and maintained on f e scue / c love r  pastures Cows were  mated naturally, in the 
Fall, to Red Poll bulls,  and p r o d u c e d  the calves re fer red  to in this s tudy The 
exper imenta l  pe r iod  ex t ended  f rom early September  to late Oc tobe r  Blood 
samples were  co l l ec ted  f rom all cows by  jugular  v e m p u n c t u r e  at 7 d intervals 
beginning on September  14 unti l  calving Following calving, each cow was 
b led  on d 1, 3 and 7 pos tpar tum Blood was a l lowed to c lot  m unt rea ted  glass 
co l lec t ion  vials at ambient  tempera ture ,  then cent r i fuged at 1000 )< g for 20 
m m  Serum was s tored at - 2 0  C Cattle were  we ighed  at the t ime of  bleeding,  
and pelvic  measurements  were  made using a Rice Pe lv ime te#  Two estimations 
were  taken rectal ly  on each occasion,  a ver tmal  measurement  ex tending  from 
symphysls pubis  to sacral ver tebrae  and a horizontal  measurement  h n k m g  the 
shaft of  one  i l ium to the o ther  at the level of  the psoas tuberc les  The p roduc t  
of  the horizontal  and v e m c a l  distances was expressed  m square cent imeters  
(cm 2) Calf weights  and sex were  r eco rded  wi th in  12 hr of  bir th Statlsucal 
analysis of  results m c l u d e d  analysis of  variance of  the general  hnear  model ,  
de te rmina t ion  of  cor re la t ion  for data measured  over  t ime (8) ,  and s tudent 's  
t-test p rocedures  for  variables measured  m respec t  to sex 

Radioimmunoassay Validation: 
Unconjugated E1 was measured  by  the me thod  of  England et al (9) using 

dupl ica te  0 5 ml serum samples wh ich  were  ex t rac ted  wi th  4 volumes  of  
benzene  E1 recovery  was de te rmined  by the addi t ion of  labeled E~ pr ior  to 
extract ion,  and final Et concen t ra t ion  in unknown  samples was cor rec ted  
accord ing ly  Iodmated  tyrosme methyl  ester  of  E~ was p repared  by the me thod  
of  Bajpai et al (10)  The radioimmunoassay p ro ced u re  was validated by 
extract ing differing amounts  of  poo l ed  cow serum (Table 1) and by quanti ta t ive 
recovery  exper iments  (Table 2) Twenty  serum extracts  were  assayed for E, 
d i rec t ly  (~---- 1 59 ng /mg)  The same samples were  purif ied by Sephadex (LH- 
20) 5 c o l u m n  chromatography  and y ie lded  similar E, concent ra t ions  (~ = 1 51 
ng /ml )  Mean E~ concent ra t ions  of  bo th  ch romatographed  and non-chroma- 
tographed  extracts  varied by no more  than 5% from the overall  mean  of  extracts  
assayed Assay sensitivity was 0 02 ng/ml ,  as defined by that concent ra t ion  of  
E1 necessary to cause a 10% decrease  in b inding from a standard conta ining 
no E1 Antibody cross react ivi ty wi th  estriol,  17-(1 and 17-~ estradiol  was less 
than 1% and is shown m Figure 1 Pooled  bovine serum samples analyzed at 
each radioimmunoassay p r o d u c e d  inter- and lntra-assay coefficients of  variat ion 
of  9 1 and 3 7%, respec t ive ly  

RESULTS 

Per ipheral  E~ concent ra t ions  were  significantly (P<O 01)  greater  for cows 
bear ing male fetuses (n ---- 1 1 )  than for  those wi th  female fetuses (n = 15), 
for  per iods  ex tend ing  f rom - 5 0  d to calving (Table 3) No slgmficant differences 
in maternal  Et concen t rauons  occu r r ed  pos tpar tum Prepar tum pelv ic  area was 

TABLE 1 SERUM ESTRONE BY CONCENTRATION ( n g / m l )  FOLLOWING THE EXTRACTION OF VARIOUS 
VOLUMES OF POOLED COW SERUM 

Pooled  Cow  Serum Ext rac ted  Estrone t SE 2 
(ml )  
0 53 0 521 0 040  
1 0 0 547 0 048  
1 5 0 501 0 051 
2 0 0 480  0 082  

*Each mean  is the  resu l t  of  4 de termmat ions  
2Standard e r ror  of the  mean  
3Extraction v o l u m e  chosen  for use m assay 
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TAeLE 2 RECOVERY OF ESTaONE (ng /ml )  FROM Sa'e~R SEItUM AND XN STEER SERUm PLUS KNOWN AMOUNTS 
OF EXOC;ENOUS Esmo~m 

Estrone Estrone 2 
Added Measured SE3 

0 O0 0 014 0 009 
0 O1 O 016 0 013 
0 10 0 124 0 017 
0 25 O 364 0 067 
0 50 0 668 0 045 
1 O0 1 202 0 033 

10 O0 10 825 0 141 

~0 5 ml serum extracted 
ZEach mean ts the result  of 4 determinatmns 
3Standard error  of  the mean 

not influenced by fetal sex 'However, the postpartum pelvic area for cows that 
gave birth to male calves was sigmficantly (P<0 01) greater than for those that 
gave birth to females There was no effect of sex on calf birth weight All cows 
calved unassisted Significant correlations occurred between E 1 and pelvic area 
measured from 50 d prepartum to 7 d postpartum (r ---- 0 26, P<O 01), from 
10 d prepartum to calving (r = 0 42, P<0 01), and from calving to 7 d 
postpartum (r = 0 33, P<0 01) Calf birth weight was correlated (r----O 44, 
P<O 01) with maternal E~ concentration measured from lOd prepartum to 
calving Total percentage increase In E1 concentration measured from 50 d 
prepartum to calving was correlated (r = 0  75, P<O 01) with percentage pelvic 
area change 

DISCUSSION 

Both the timing of the prepartum E1 surge and the concentrations involved 
agree with others (1,2,3) The present study also confirms the observauon of 
Erb et al (11) associating calf weight with maternal E1 levels, as calf weight 
was correlated with the maternal Et concentration measured during the 10 d 
immediately preceding parturition Larger placentas that are associated with 
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TAeLE 3 MAamm~AL SERUM ESTRONE CONCENTRATIONS ( n g / m l ) ,  PELVIC AREA (cm 2) AND CALF BIRTH 
WEIGHT (kg) 

Cows wi th  Cows wi th  
Pooled  female  fe tuses  male  fe tuses  

Variable" x -+ SE b x -+ SE x -+ SE 

Et, d - 5 0  to 7 1 07 -+0  10 0 99 -+0  12 1 20-+0  2 
Et, d - 5 0  to - 2 1  0 50-+0  01 0 43+_0 18 c 0 62 -+0  24 
Et, d - 2 0  t o - 1 1  1 36-+0  05 1 22+_0 07 c 1 55-+0  1 d 
E,, d - 1 0  to 0 3 65 -+0  11 3 3 6 + 0  14 c 4 07 -+0  1 d 
E,, d 0 to 7 0 3 6 + 0  O1 0 36-+0  O1 0 3 6 + 0  0 
PA, d - 5 0 t o  7 1 8 7 2  + 1 6  1 8 5 9  - + 1 8  1 8 9 6  + - 3 0  
PA, d - 5 0  to - 2 1  1 7 1 6  -+1 7 1 7 1 6  -+2 3 171 7 -+2 3 
PA, d - 2 0 t o - l l  1 8 4 3  - + 1 5  1 8 2 0  - + 1 8  1 8 7 5  - + 2 5  
PA, d - l O t o  0 2 0 0 0  - + 1 9  2 0 0 0  - + 2 0  2 0 0 1  + - 3 6  
PA, d 0 t o 7  1 8 1 5  - + 1 3  1 7 7 9  + 1 6  c 1 8 7 6  _+21 a 
Birth Weigh t  - -  32 9 -+0 6 34 3 -+0 8 

• Estrone (El) concen t r a t ion  and  pe lv ic  area (PA) m e a s u r e d  f rom 50 days p r e p a r t u m  (d - 5 0 )  to 
7 days p o s t p a r t u m  (d  7) and  at pa r tu r i t ion  (d O) 

bStandard error  o f  the  m e a n  
cWithin a row, m e a n s  bea r ing  different  supersc r ip t s  are s lgmficant ly  different  (P<O 01)  

larger  fetuses  (12)  may  accoun t  for  differences  in materna l  se rum est rogens  
The or igin  of  the  major  po r t i on  of  materna l  es t rone  associa ted wi th  the pre- 
p a r t u m  surge was p rev ious ly  r epo r t ed  by  Hoffman et al (13)  to be  p lacenta l  
Al though p lacen ta l  es t rogens  may  be  p r o d u c e d  de n o v o ,  the bov ine  p lacen ta  
ts ful ly  capab le  of  conver t ing  fetal  andros tened ione  (Cig) and p r e g n e n o l o n e  
(C20 p recursors  into es t rogens  (14)  C h e w  et  al (15)  r epo r t ed  that  the 
concen t ra t ion  of  s e rum es t rogens  was h igher  in cows  carrying male  calves 
This d i f ference  was mos t  no t i ceab le  dur ing  the last 18 d of  p r egnancy  As m 
the p resen t  study, the researchers  did  not  observe  a difference in cal f  b i r th  
we igh t  by  sex In addit ion,  they  r epo r t ed  a pos i t ive  cor re la t ion  b e t w e e n  calf  
b i r th  we igh t  and El, es t radiol  17-~ and total  es t rogens  These repor ts ,  toge ther  
wi th  our  findings, indicate  that  cows carrying male  calves p r o d u c e  more  E~ 
than  cows  wi th  female  calves The increase  in se rum E1 concen t ra t ion  in cows 
wi th  male  calves may  be  due  to an increase  in fe ta l /p lacen ta l  we igh t  affecting 
es t rogen p roduc t ion ,  dec reased  pe r iphe ra l  metabo l i sm,  or o ther  factors In this 
regard,  it was  sugges ted  by  C h e w  et el (15)  that  male  calves may  be more  
act ive in  u t e r o  and c o n s e q u e n t l y  s t imula te  the p lacen ta  to p r o d u c e  more  
es t rogen Maternal tes tos te rone  concen t ra t ions  in ear ly human  p regnancy  are 
significantly h igher  in mothe r s  carrying male  fetuses  than m those wi th  female  
fetuses  (16)  I t  may  be  pos tu la ted ,  therefore ,  that  a s imilar  increase m androgens  
dur ing  b o v m e  p regnancy  cou ld  accoun t  for  increased p lacenta l  es t rogen pro- 
duc t ion  due  to an enhanced  avai labi l i ty  of  a romat izable  androgen  p recu r so r  

In the p resen t  study, n s m g  mate rna l  El levels  are a s s o o a t e d  wi th  increased 
pe lv ic  area P repa r tum pe lv ic  area measu remen t s  we re  not  different,  however ,  
pe lv ic  m e a s u r e m e n t s  taken p o s t p a r t u m  were  greater  in cows that  gave b i r th  
to male  calves Estrogens have b e e n  shown  to s t imula te  r e l a x m  p r o d u c t i o n  
(17)  w h i c h  may  resul t  in changes  in the symphysls  pub i s  However ,  a recen t  
r epo r t  (18)  suggests  that  r e l a x m  can |ncrease  o r c u l a t m g  es t rogens  dur ing  late 
gestat ion in this spec ies  Re laxm conver ts  the  symphysts  pub i s  f rom a compac t ,  
car t i laginous  connec t ive  t issue to a more  fired f lexible fo rm (19)  and synergizes 
wi th  es t rogen  to cause  a se lec t ive  e ros ion  of  the p u b m  bones  (20)  The data 
suggest  that  e leva ted  mate rna l  E~ levels  in cows d e h v e r m g  male  calves may  
faci l i ta te  a loosen ing  of  the pe lv ic  l igaments  that  is ref lected in a larger pe lv ic  
area open ing  pos t -ca lv ing  
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