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A B S T R A C T  o f  t h e s i s

THE E F F E C T  OF HIGH AMBIENT TEM PERATURE 

ON PROGESTERONE CONCENTRATIONS IN THE 

CORPUS LUTEUM AND ADRENALS 

OF THE BOVINE

C orpus lu teum  .weights, a d ren a l gland w eights, lu te a l tis su e

p ro g es tin  concentra tions^  and ad ren a l p ro g es te ro n e  concen tra tions

w ere  com pared  in fo rty -fiv e  h e ife rs  and cows tha t w ere  divided into

four g roups. Tw enty-tw o w ere  p laced  in a con tro lled  te m p e ra tu re

cham ber and th e ir  body te m p e ra tu re  e levated  (h ea t-trea ted ) on day

one (day an im al was b red ). E leven w ere  s lau g h te red  on day 14 and

eleven on day 32, Tw enty-;three con tro l an im als w ere  b red , with eleven

slau g h te red  on day 14 and tw elve On day 32. E ach  of the fou r groups

was divided into subgroups a s  de te rm ined  by the p re se n c e  of no rm al

embryo* dead o r  degenera te  embryo* o r  . no em bryo.

No s ta t is t ic a l  d ifferences w ere  detected  betw een subgroups

fo r e ith e r  the co rp o ra  lu tea  o r ad ren a l w eigh tsk

S ta tis tica l d iffe ren ces .in  to ta l p ro g es tin  concen tra tion  of the

lu tea l t is su e  w ere  observed  in  the following 32-day subgroups: con tro l

v ii



nonpregnant v e rs u s  con tro l pregnant* con tro l nonpregnant v e rsu s  h ea t-  

tre a te d  nonpregnant with the  h ighest av erag e  leve l of p ro g es te ro n e  in 

the con tro l nonpregnant group.

In the fo u r 32 -day nonpregnant h e a t- tre a te d  an im als no 

detectab le  am ount of 20 -B -o l was p re se n t.

L im ited  data  on ad ren a l p ro g es te ro n e  found le v e ls  ranging 

from  6 ,7  m eg to  34, 9 m eg in con tro l an im als and fro m  36, 9 m eg to 

71, 6 m eg in h ea t-th ea ted  an im als .

Evidence sug g ests  heat s t r e s s  does in c re a se  the  production  

of ad ren a l p rogesterone*  and the  p o ss ib ility  of an a d re n a l re la tionsh ip  

to  low ered  b reed ing  efficiency m ay ex ist in a re a s  w here  high am bient 

te m p e ra tu re s  a re  com m on.
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INTRODUCTION

F a ilu re  to rep ro d u ce  in d a iry  ca ttle  is  undoubtedly due to a 

num ber of cau ses , which include am ong them  poor quality  sem en , 

genetic influence, im p ro p e r nu trition , horm onal im balance , d isease , 

p a ra s i te s , and c lim atic  conditions. E xact d o lla r lo s se s  due to 

rep roduc tive  fa ilu re  a re  ex trem e ly  difficult to e s tim a te . H ow ever, 

it is  g en era lly  believed  tha t rep ro d u c tiv e  fa ilu re  co s ts  the A m erican  

dairym an  and beef p ro d u ce r m ore  than  a q u a rte r  of a? .billion do lla rs  

annually.

The c lim atic  effect on rep rd d u c tiv e  efficiency is  of co n sid erab le  

econom ic im portance  in A rizona and m any of the Southern s ta te s . In 

the Salt R iver V alley , which contains over 80% of the dairy ing  in 

A rizona, b reed ing  efficiency during the  supam er m onths d rops con­

s id e rab ly , e spec ia lly  in the H olstein  and G uernsey  b ree d s .

In A rizona 50-60 p e rc en t of the d a iry  cows a re  b red  artifieid&ly 

to bulls tha t have been te s te d  fo r high fe r ti li ty . Many of thencl a re  b red

with sem en  p roduced  in  a re a s  of coo ler sum m er te m p e ra tu re 6. F o r
• •

th ese  re a so n s  it seem s reaso n ab le  to conclude that a b n o rm a litie s  in 

the fem ale  a re  resp o n sib le  fo r a la rg e  p o rtio n  of the m icH sum m er ' 

se aso n a l b reed ing  difficulty . .

1
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R esea rch  w o rk e rs  have suggested  tha t the decline  in breieding 

efficiency during the m id -'sum m er m onths is  not the fa ilu re  of the sp e rm  

to fe r ti l iz e  , the ovum > but the fa ilu re  of the embbyo to live  longer than 

35-40 days. Thus, the question  a r i s e s ,  what is  the exact.physio log ica l 

abnorm ality  tha t c au ses th is  e a rly  eriibryonic death?

The p re se n t study was designed to investiga te  the p oss ib lity  

of a horm onal im balance due to  e levated  body te m p e ra tu re s  during the 

tim e  of e s tru s  and sh o rtly  th e re a f te r .  The quan tita tive  a sp ec ts  of 

p ro g es tin  production  in  the corpus lu teum  and a d re n a ls  in re la tio n  to  

em bryonic death  during  the f i r s t  m onth of pregnancy  o ffe rs  a unique 

m echanism  to exp lore  th is  hypo thesis .

U nfortunately ex perim en ts  of th is  type a re  d ifficu lt to  conduct 

because of the p rob lem  of handling la rg e  an im als in  su fficien t num bers 

to p roduce s ta tis t ic a l  d iffe ren ces . T h ere  is  a lso  the p rob lem  of the 

s te ro id  ch em is try  which is  indeed tr ic k y  even with the em ploym ent of 

the advanced techniques which have been developed in  the la s t  four 

y e a r s .  However, experim en ts of th is  n a tu re  do o ffer hope in e lucidating 

the physio log ical cau ses of abnorm al b reed ing  efficiency.



REVIEW OF LITERATURE

Seasonal V aria tion  in  B reeding  Efficiency

Seasonal v a ria tio n  in b reed ing  efficiency of d a iry  ca ttle  has 

been re p o rte d  by num erous au tho rs (6, 8, 17, 20, 38, 40, 41, 45, 48, 

59, 60, 68, 69, 73, 75, 80, 91, 93, 94, 97, 98), L ow ered  b reed ing  

efficiency coincides with high am bient te m p e ra tu re  in  a re a s  w here 

high sum m er te m p e ra tu re s  a re  com m on (17, 38, 41, 45, 48, 60, 80, 

91, 92, 97). Stott and W illiam s (93) dem onstra ted  th a t in  A rizona 

low ered  b reed ing  efficiency co rre sp o n d s not only to the  high tem ­

p e ra tu re  season  but a lso  p a r tic u la r ly  to  the p e rio d  of h ighest 

hum idity  during th is  season . In a re a s  of coo ler su m m er te m p e ra ­

tu re s , low ered  b reed ing  efficiency c o rre la te s  with the seSSOh of 

the sh o r te s t  p e rio d s  of daylight (8, 40, 48, 68, 69).

C onsiderab le  w ork has been published on the  bull, ram , 

rabb it, and r a t  in an a ttem pt to  e lucidate  the m a le 's  contribution  

to  low ered  seaso n a l b reed ing  efficiency (9, 14, 16, 20, 29% 32, 33,

37, 38, 40, 45, 48, 59, 65, 72, 94), T h ere  is  g e n e ra l ag reem en t 

tha t high am bient te m p e ra tu re s  a re  d e trim en ta l to  the b reed ing  

efficiency of the  m ale  in a ll sp ec ie s  tha t have been stud ied  (16, 20,

37, 59, 65, 67, 72, 98).
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D ata on the fe m a le 's  p a r t  in seaso n a l b reed ing  difficulty  is  

lim ited  fo r  the cow (36, 75, 91, 92). How ever, co n sid erab le  work has 

been done with the ewe (3, 4, 5, 26, 27, 29, 30, 31, 54, 77, 78, 104)* 

r a t  and m ouse (1, 10, 21, 57, 66, .7O)*, and rabb it (19, 81).

E a rly  E m bryo M orta lity

Dutt (28), w orking with sheep exposed to high te m p e ra tu re s , . 

found no sign ifican t d ifference  in  the num ber of ova fe r tiliz e d , but did 

find a h igher incidence of abnorm al ova. By vary ing  the day that the 

ewe was exposed to  the heat tre a tm e n t he de te rm ined  th a t the zygote 

of the sheep is  m ost su scep tib le  to dam age by high am bient, te m p e ra tu re  

while it is  in the oviduct,

R yle (77), w orking with sheep that w ere acc lim ated  to  h ea t, 

re p o r ts  36% p regnan t in the hot room  at 25 days v e rsu s  75% pregnant 

in  the con tro l y a rd . D aily in jection  of p ro g es te ro n e  and v itam in  A 

appeared  to  have no effect on em bryo su rv iv a l. Of considerab le  

in te re s t  is  the apparen t effect of thyroxine in jec tions which re su lted  

in  90% pregnan t a t 25 days fo r the ho t-room  ew es and 92% pregnant . 

with, live  em bryos fo r  the c o n tro l-y a rd  ew es.

F rom  th is  obse rva tion , Ryle suggests  that hypo thyro id ism , 

which is  known to be p rev a len t in hot c lim a tes  (15, 54, 62, 97), has 

a d e trim en ta l effect on rep roduc tive  p e rfo rm an ce . Two po ssib le
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explanations b^sed  on the apparen t in c re a se  in em bryo weight by 

thyroxine in jections a re  offered . F irst* , in the absence  of sufficient 

m a te rn a l thyro id  horm one*. the trophob last rpay en large  too slowly 

to give p ro p e r  endom etria l resp o n se  to  m ain tain  the embryo* or* 

second* im p ro p e r grow th of the conceptous m ay cause, d ire c t em bryonic 

death.

T his was in con tract with the w ork with d a iry  ca ttle  of 

Spielm an et a l. (84) and W illiam s (101) in which they  both concluded 

tha t b reed ing  efficiency was not. reduced  by thyro idectom y.

A llis ton  and U lberg (6) by the u se  of o v a rtra n s fe r  technique 

have i llu s tra te d  the inab ility  of n o rm al fe r ti liz e d  ova from  te m p e ra -  

tu r e - s t r e s s e d  ewes to  develop in the u te ru s  of a n o n -s tre s se d  ewe.

They suggest tha t the  speed  the  em bryo tra v e ls  th rough  the  oviduct 

m ay be in c re a se d  in the case  of the S tre sse d  ewe and the em bryonic 

m o rta lity  m ay be due to " im m a tu re 11 efnbryos reach ing  the u te ru s .

T his is  in ag reem en t with Dutt (28) tha t the c r i t ic a l  p e rio d  is  the tim e  

when the  fe r tiliz e d  ova is  in the oviduct,

Shah (81) pointed out that high te m p e ra tu re s  did in te rfe re  

with pregnancy  in rab b its , but concluded that the heat w as ad v erse ly  

affecting the m a te rn a l t is su e  and not the em bryo its e lf .

R e se a rch  w o rk e rs  using  r a ts  and m ice a s  the  experim en ta l 

an im al have found tha t an e levated  te m p e ra tu re  in te r fe re s  with the
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e s tro u s  cycle (21) a s  w ell a s  p regnancy  (42, 43, 57). A ld red  et a l . (1) 

observed  that p ro g es te ro n e  tre a tm e n t p r io r  to heat tre a tm e n t reduced  

the  em bryo re so rp tio n  ra te . M cL aren  and M ichie (66) obtained the 

low est p e r  cent su c ce ss fu l fe rtiliz ed -o v u m  tra n s fe r s  When the donor 

was 2 -1 /2  days and the rec ip ie n ts  3 -1 /2  days p ast co itu s, which gives 

s tren g th  to the  view of A llis ton  and U lberg (5) tha t the fe r ti liz e d  ovum 

rea ch e s  the u te ru s  too e a r ly » ,

C am eron  (19), using  a h o t-w a te r bath to r a is e  the body tem ­

p e ra tu re  6 -7 °F  of 72"to~80 h o u r-p reg n an t ra b b its , re p o r ts  17 out of 18 

m atings fa iled  to p roduce  l i t t e r s .

W ith the developm ent of a r t if ic ia l  in sem ination  and te s te d  

fe r ti li ty  of bulls,, a tten tion  has been draw n to e a rly  em bryo m o rta lity  

in ca ttle . H ansel (51) re p o r ts  that effic ien t cows have a fe r tiliz a tio n  

ra te  of 96%, but a subsequent 10% em bryo m o rta lity  lo s s . Tanabe and 

C asida (96) in a study of rep roduc tive  fa ilu re s  in cows of known low 

fe r t i li ty  found an em bryonic m o rta lity  of 39. 2% during the f i r s t  34 days 

of p regnancy . A la te r  study with d a iry  h e ife rs  of low fe r t i li ty  by Tanabe 

and A lm quist (95) showed a fe r tiliz a tio n  ra te  of 66, 7%, but a lso  found 

a subsequent high em bryonic death  of 54.1% within the f i r s t  m onth of 

p regnancy . O lds (71) e s tim a te s  em bryo m o rta lity  accountable  fo r up 

to 65% of a ll  fe r tiliz a tio n s  w ith rep e a t b re e d e r  cows.



7

B earden  et a l .  (13) re p o rte d  tha t n ea rly  all. of the lo ss  in 

breed ing  efficiency when h ig h -fe rtility  sem en was u sed  in a r tif ic ia l  

in sem ination  re su lte d  from , em bryo m o rta lity . He ca lcu la ted  th is  

m o rta lity  to  be 10. 5%* as he found 96, 6% of the cows c a rry in g  

fe r tiliz e d  ovum at 3 days com pared  to 86.1% ca rry in g  no rm al 

em b ry o s.a t 33. days. In the case  of cows b red  to bulls of low 

fe r ti li ty , 76. 9% had fe r ti liz e d  ovum at day 3, dnd only 57. 7% had 

n o rm al em bryos a t day 33. Thus when com pared  w ith cows b red  

to bulls of known high fertility^  the fe r tiliz a tio n  ra te  w as 19,7% 

low er, and the  em bryo m ortality , ra te  w as 9. 1% h ig h er.

Hawk et a l . (52) studied em bryonic m o rta lity  in  low fe r ti li ty  

cows and de term ined  the w astage betw een day 16 and day 34 p o st-  

b reed ing , F ifty -e ig h t p e rcen t had n o rm al em bryos a t day 16, while 

only 28% w ere n o rm al at day 34, fo r an e stim ated  em bryonic death
i

of 51. 7%.

W orking with beef h e ife rs , L aing (61) re p o rte d  a 25% em bryonic 

death lo ss  fo r the f i r s t  25 days of p regnancy . With d a iry  cow s, F osgate  

and Sm ith (44) found a 6. 38% fe ta l m o rta lity  betw een pregnancy  check at 

34-50 days and p a rtu r itio n .

In an a ttem pt to b e tte r  un d ers tan d  the cau ses of em bryo m o r­

ta lity , considerab le  w ork has been c a r r ie d  out with s e v e ra l  fa rm  an im al 

sp ec ies  (7* 22, 24, 25, 39, 49, 53, 58, 74, 79, 83, 85, 86, 92, 102, 103),
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and lab o ra to ry  experim en ta l sp ec ie s  (43, 55, 99, 100) to  de te rm ine  

what horm ones a re  needed to p rev en t em bryo w astage.

Day et a l , (24), w orking with ovariec tom ized  g ilts , found 

that e s tra d io l benzoate alone would not m ain tain  p regnancy . Pro** 

g este ro n e  alone did m ain tain  the em bryo, but optim um  conditibhs 

w ere  obtained in  the u te ru s  by a com bination of e s tra d io l benzdate 

and p ro g es te ro n e . In a la te r  study with in tac t g i |tsa Day et a h  (25) 

re p o rte d  tha t 100 m g p ro g es te ro n e  cap ro a te  and 50 m eg of e s trad io l 

benzoate p e r  100 lb s , body weight on the 11th day a f te r  m ating  fa iled  

to show s ta tis tic a l im provem ent in em bryo su rv iv a l. In an a ttem pt to 

reduce  the  n o rm al incidence of em bryo m o rta lity  in in tac t g ilts , H aines 

et aH. (49) found tha t p ro g es te ro n e  in jec tions fa iled  to produce m o re  

live em bryos. T his is  in ag reem en t w ith the w ork of Sam m elw itz (79) 

with r a ts  and sw ine, who re p o rte d  th a t h igher dosages of p ro g es te ro n e  

appeared  to be d e trim e n ta l to em bryo su rv iv a l.

C onsiderab le  w ork has been done with p ro g es te ro n e  therapy  

in d a iry  ca ttle  with widely vary ing  re s u l ts .  Johnson et_ a l. (58) 

ad m in is te red  100 m g p ro g es te ro n e  on day 2, 3, 4, 6, and 9 and found 

that the tre a te d  group had a b reed ing  efficiency 28% b e tte r  than the 

co n tro ls . DawsOn (23) rep o rte d  in c re a se d  conception in  rep e a t 

b re e d e r  cow s. W iltbank et a l .  (102) w orking with cows of known 

low ered  fe r ti li ty  found no Significant d ifferences in b reed ing  efficiency



9

when 50 mg. p ro g es te ro n e  p e r  day was in jected . An ex tensive study 

of p ro g es te ro n e  tre a tm e n t in re la tio n  to tim e of in sem ination  and its  

effect on breeding-efficiency  with d a iry  cows by Slack e t a l, (83) 

rev ea led  th a t p ro g es te ro n e  given n e a r  the tim e  of in sem ination  was 

d e trim en ta l to  b reed ing  efficiency. When the tre a tm e n t was delayed 

to 10 o r  14 days a f te r  insem ination , the d e trim en ta l effect was not as 

obvious* but th e re  was no indication  of any benefic ia l effect. T hese 

re s u l ts  w ere  in good ag reem en t with Stott and W illiam s (92) w here, 

though no s ta tis t ic a l  d iffe ren ces w ere  found, 500 mg p ro g es te ro n e  

in jec ted  a t the tim e  of insem ination  ap p eared  to d e c re a se  breed ing  

efficiency while a s im ila r  in jection  a t 10 days p o sttin sem in a tio n  seem ed  

to  have lit t le  effect.

A ttem pts have been m ade to de te rm in e  the amount of p ro g es te ro n e  

needed to m ain tain  p regnancy  in d a iry  c a ttle . R aeside and T u rn e r (74) 

rem oved the corpus lu teum  from  p regnan t h e ife rs  a t 44 and 48 days and 

in jec ted  25 m g p ro g es te ro n e . As th ese  h e ife rs  ab o rted , they concluded 

that th is  w as insuffic ien t to m aintain, p regnancy . S taples and H ansel 

(86), using  the unique technique of inhibition of the co rpus luteum  by 

oxytocin in jec tion , suggested  that app rox im ate ly  100 m eg p ro g es te ro n e  

a re  req u ire d  in the corpus luteum  at day 15 to have an u te rin e  situa tion  

favorab le  fo r em bryo Survival.
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R e se a rch  w o rk e rs  a g re e  tha t the m ajo r so u rce  of p ro g es te ro n e  

in  the e a rly  p h ases of p regnancy  is  the corpus luteum  (39, 46y 47, 89), 

However, the fac t that the a d ren a l g lands se c re te  sign ifican t am ounts 

of p ro g es te ro n e  has been estab lish ed  (11, 12, 47, 89),

R e se a rch  with in tac t and ad rena lec tom ized  r a ts  ind ica tes a 

defin ite  a d ren a l ovarian  re la tio n  under n o rm al a s  w ell a s  h e a t- tre a te d  

conditions (42, 43, 99, 100), Thom pson et a l . (97) found a highly sig n i­

fican t in c re a se  in  blood s te ro id  lev e ls  when d a iry  h e ife rs  w ere  exposed 

to high am bient te m p e ra tu re s .

V elar do (99) observed  th a t ACTH in jections reduced  l i t te r  

s ize  and produced  a  la rg e r  num ber of s t i l lb ir th s . ACTH, given on the  

day of m ating and fo r 6 subsequent days, showed the g re a te s t  reduction  

in l i t t e r  s iz e . T h is a g re e s  w ell with the observation  of Dutt et a l. (31) 

with h e a t- tre a te d  sheep w here the de trim erita l effect w as m uch le s s  if 

the ewes w ere  exposed to heat 8 days a fte r  b reed ing .

V elar do (99) a lso  observed  th a t ad ren a lec to m ized  ra ts  m ain ­

ta ined  on c o rtic a l im p lan ts had no reduced  l i t te r  s iz e s  when ACTH was 

ad m in is te red  and offered  th is  a s  add itional support tha t th e re  a re  

num erous in te rac tio n s  am ong horm ones of the a d ren a l co rtex  and 

o v a rie s . In s trong  support of V e la r d p 's  w ork is  the w ork of F ernandez  

(43) with ad ren a lec to m ized  h e a t- tre a te d  r a ts .  F e rn a n d e z 's  w ork 

illu s tra te d  tha t co rtic a l-im p la n ted  ad ren a lec to m ized  r a t s  could
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m ain ta in  n o rm al em bryo developm ent even under h e a t^ g tre s s  condi­

tions w here in tac t r a ts  w ere  ob serv ed  to  have em bryo degenera tion . 

Robson and S haraf (76) found tha t ACTH in jection  in te rru p te d  p re g ­

nancy in both r a t s  and m ice, which g ives additional support to th is  

w ork.

P ro g e s te ro n e  D eterm ination

C onsiderab le  p ro g re s s  has been m ade in  the p a s t 13 y e a rs  

in  the developm ent of chem ical m ethods to d e te rm ine  p ro g es te ro n e  

concen tra tion  (18, 34, 35, 64, 82, 85, 90). The chem ical techniques 

have p rov ided  m ethods to  detect low er concen tra tion  of p ro g es te ro n e  

than the b io -a s sa y  m ethods (56, 85),

At p re s e n t , the m ost com m on chem ical techn iques of p ro ­

geste ro n e  de te rm ina tion  em ploy hot a lcohol ex trac tio n , colum n

chrom atography , c o u n te r-c u rre n t d istribution* p a p e r chrom atography ,

14u ltra -v io le t ab so rp tion  a t 240 mytA, and the u se  of p ro g es te ro n e  4-C  

(85, 90).



EXPERIM ENTAL PROCEDURE

G enera l

F o rty -fiv e  h e ife rs  and cows,, m ostly  of the H olste in  b reed , 

w ere  b red  and then  a ss ig n ed  to one of four g roups. Tw enty-tw o w ere  

p laced  in  a con tro lled  te m p e ra tu re  cham ber w here  they w ere  exposed 

to e levated  te m p e ra tu re s  (h ea t-trea ted ) on day one (day an im al was 

b red ). E leven of th ese  w ere  s laugh te red  on day 14> and the o ther 

eleven w ere  le ft to be s lau g h te red  on day 32. In the 32-day group, 

if an im als re tu rn e d  to  e s tru s  befo re  the s lau g h te r date, they  w ere 

re b re d , and the heat tre a tm e n t on day one was rep e a te d  « Twenty- 

th re e  con tro l h e ife rs  w ere  b red , eleven of which w ere  s laugh tered  

on day 14, and the o th er tw elve left fo r slau g h te r on day 32. H e ife rs  

in  the 32-day con tro l group tha t re tu rn e d  to e s tru s  befo re  the s lau g h te r 

date w ere  re b re d  un til they  went the 32 days without showing e s t ru s »

The h e ife rs  w ere  checked fo r e s tru s  a t le a s t  tw ice daily . 

A nim als in  e s tru s  in  the m orn ing  w ere  b red  in the la te  afternoon , 

while an im als observed  in e s tru s  in la te  afternoon, w ere  b red  the 

follow ing m orn ing . An an im al was cbfisidered  at the s ta r t  of e s tru s  

when she would f i r s t  stand  to  be m ounted by ano ther an im al.
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F re sh ly  co llec ted  sem en  and som e frozen  sdm eri was used  to  

b reed  the h e ife rs . Sem en was checked fo r m o tility , and only sem en 

from  bu lls of ktidwn high fe r ti li ty  Was used .

H e ife rs  tha t w ere in  the h e a t- tre a te d  groups w ere  put in a 

tem p era tu re -an d -h u m id ity -c o n tro lle d  roOi%, and te m p e ra tu re  and 

hum idity  w ere  reg u la ted  so  that the a n im a l's  body te m p e ra tu re  would 

r i s e  2° to 5°F . A fte r  a tw en ty-four-hour exposure  to  e levated  am bient 

te m p e ra tu re s , the an im al w as allow ed to run  loose  in  the  open c o rra l .

A nim als th a t w ere  in the 32-day groups w ere  palpated  every  

two to  th re e  days s ta r tin g  a t about the 17th day. T his allow ed detection  

of s ilen t e s tru s  and a s su re d  that cows found without em bryos a t s lau g h te r 

had e ith e r  lo s t th e ir  em bryo o r  had a long e s tro u s  cycle .

When the  an im als  w ere  s lau g h te red , the co rpus luteum  and 

a d ren a l glands w ere  w eighed to the n e a re s t  one-hundred th  of a g ram .

In the case  of cy stic  co rp o ra .lu te a  two w eights w ere  taken , the g ro ss  

weight (tissue  plus.; fluid) and a net weight (tissue  m inus fluid).

Two sam p les of about one g ram  each to be u sed  fo r p ro g e s te r ­

one a ssa y  w ere  taken  from  each corpus lu teum . These, f re s h  sam ple  

w eights w ere  re c o rd e d  along with the  to ta l weight of the  co rpus lu teum . 

Sam ples w ere  then  p laced  in indiv idual v ia ls  which contained 95% 

ethanol and w ere  im m ed ia te ly  p laced  on D ry Ice. A sm a ll  sam ple
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of the lu tea l t is su e  was algo p laced  in BOuin's solution to be used  in 

fu tu re . h is to log ica l stud ie  s„.

A fte r weighing the a d re n a l g lands, a sa m p le . fo r p ro g es te ro n e  

a ssa y  of about seven g ram s was taken  and p laced  in a v ia l which con­

tained  95% ethanoL T his was then  p laced  on D ry Ice to  in su re  rap id  

re f r ig e ra tio n . A sm a ll sam ple  of the a d ren a l gland w as a lso  fixed in 

Bouin’s solution fo r la te r  h isto log ica l s tu d ies .

E m bryos rec o v e re d  w ere  g ro ss ly  observed  fo r a b n o rm a litie s» 

The four m a jo r groups (con tro l 14 day, con tro l 32 day, h e a t- tre a te d  

14 day, and h e a t- tre a te d  32 day) w ere  divided into the  following sub­

groups: (1) n o rm al em bryos, (2) dead o r degenera te  em bryos, and 

(3) no em bryos. C orpus lu teum  w eights, ad ren a l w eights, and the 

p ro g es tin  concen tra tions in a d re n a ls  and co rp o ra  lu tea  w ere  com ­

p a red . 1

F o r s im p lic ity  the following abbfevations a re  u sed  to 

designate  subgroups:

. C -1 4 -D g ^  C ontro l s lau g h te red  day 14 a f te r  b red  -

, em bryo reco v ered ; /

C -1 4 -D ^ g ^  C ontro l s lau g h te red  day 14 a f te r  b red  -

no em bryo reco v ered .

H» T . -14 -D  H eat tre a te d  day b red  - s lau g h te red  day 14
JN  J l i t t

a f te r  b red  -  ho em bryo rec o v e re d ,
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C ontro l s laugh te red  day 32 a f te r  b red  -  

em bryo reco v ered .

C ontro l s laugh te red  day 32 a f te r  b red  - 

no em bryo reco v ered .

C ontro l s lau g h te red  day 32 a f te r  b red  - 

em bryo found deacL

H eat tre a te d  day b red  ~ S laughtered  day 

32 a fte r  b re d  - em bryo rec o v e re d ,

H. T .-3 2 ^ D ^ .y ^  H eat tre a te d  day b red  -  s lau g h te red  day

32 a f te r  b red  - ho em bryo reco v ered .

P ro g e s te ro n e  D eterm ina tion

The g en era l p ro ced u re  fo r the  p ro g es te ro n e  de te rm ina tion  

follows that outlined by S taples and Hap6el (86), and, w here m ajo r 

changes w ere  m ade, sp ec ia l acknow ledgm ent is  given. The sam e 

p ro ced u re  w as used  fo r  bdth the co rp o ra  lu tea  and a d re n a ls .

The pre-'w eighed sam p les  of the corpus lu teum  w ere  rem oybd 

from  the f r e e z e r  and cut into fine p iec es : th ese  w ere  p laced  in a 

t is su e  hom ogenizer. At th is  tim e, 0 .01  m ic ro c u rie s  of p ro g es te ro n e  

4-C ^^ w as added to  the sam p le . The 95% ethanol fro m  the sam ple 

v ia l and two 5^ml 95% ethanol r in s e s  w ere  p laced  in, the hom ogenizer. 

The tis su e  was then  ground com pletely . The contents w ere  poured

C -32-D b r

c ' 32- d n e R

C -32-D e d

H. T, -3 2 -D e r
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into a 200-m l R„ B. boiling fla sk , and 100 m l 95% ethanol was used  to 

r in se  the  re s id u e  in the hom ogenizer into the boiling fla sk .

The flask  was p laced  on a condenser, and the ground tis su e  

was refluxed  fo r 2 hou rs a t 77°C. A fte r rem oval fro m  the condenser, 

the  f lask  w as allow ed to  stand  fo r ten  m inutes to le t  the t is su e  res id u e  

se ttle . About 100 m l of the hot ethanol e x tra c t w as f i lte re d  through a 

W aterm an No. 1 f i l te r  p ap er into a 250-m l R. B. boiling :flask. A 50-m l 

p o rtion  of 95% ethanol was added to the t is su e  re s id u e  fla sk , and th is  

w as put back on the condenser and allow ed to  reflux  an additional 

hour. The t is s u e - re s id u e  fla sk  was then  rem oved  from  the condenser, 

and the  com plete contents of the f la sk  f i lte re d  into the f la sk  tha t con­

tained  the f i r s t  po rtion  of the filtra te*  Twb 10-m l a liquo ts of 95% 

ethanol w ere  u sed  to  r in se  the re s id u e  fla sk . ;

The ethanol ex trac tio n , under reduced  p reS su re ,'W aS  p laced  

on a 70°C h o t-w a te r bath and evaporated  to  d ry n ess . The d ried  sam ple  

was p laced  on an ;a lum ina abso rp tion  cbluinn and chrbm atograbhed . 

Column chrom atography  w as s im ila r  to the  p ro ced u re  u sed  by S taples 

(85), w ith the exception that 100 m l b u re ts  with g la s s  plug#'W erev - . 

u sed  and an add itional 50 m l of ch lo ro fo rm  was co llec ted  following 

the 25% chlorohexane co llection , , (

Sam ples w ere  d ried  again  in the p rev iously  d e sc rib e d  m anner 

and then p a rtitio n ed  by a n o rm al pentane and 70% m ethanol sy s tem .
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T his w as accom plished  by using  two 60-m l se p a ra to ry  funnels, the 

second of which had 30 m l of n o rm al pentane in i t. T h irty  m l of 

n~pentane w as u sed  to r in se  the d ried  sam ple  from  the  flask  to the 

num ber one se p a ra to ry  funnel. The sy stem  was then  sub jec ted  to 

nine t r a n s fe r s  of 10 m l 70% m ethanol, and the m ethanol w as co llec ted  

in  a 200-m l R , B , f la sk  and d ried  down.

The d ried  p a rtitio n ed  sam ple  w as rin se d  from  the R< B, f la sk  

by m eans of th re e  l^ m l p ipettings and p laced  in a 3*1/2 m l tu b e , ' The 

sam ple  was d ried  and concen tra ted  in  the bottom  of the tube by rin s in g  

down the s id es  of the  tube with a liquots of 0 ,2  m l abso lu te  m ethanol.

D escending p a p e r ch rom atography  was then  u sed  to fu r th e r  

pu rify  the p ro g es te ro n e  sa m p le s . A bsolute m ethanol w as used  to  

spot the sam p les on 2 ,5  x 56, 8 cm s t r ip s  of W aterm an No, 1 f i l te r  

p ap e r tha t is  su itab le  fo r ch rom atography . With each  se t of sam ples 

a blank spotted  with abso lu te  m ethanol only and a s tan d ard  sam ple of 

20 m eg of p ro g es te ro n e  w ere a lso  run , A s ta n d a rd  12 x 24 inch 

chrom atography  j a r  with rac k  and tr a y  w as used  in  an a ir-co n d itio n ed  

room  w here the te m p e ra tu re  was m ain tained  a t 70oiF« The chrom ato ­

graphy j a r  w as se t up fo r a tw o-phase  (80% m ethanol and hexane) 

sy stem  as  d esc rib ed  by Bush (18). A fter allowing the  sam p les  to 

eq u ilib ra te  fo r a t le a s t 12 h o u rs , they  w ere  run  by the  addition of 

hexane (equ ilib ra ted  w ith 80% m ethanol) to the so lvent tra y .
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The chrom atographed  s tr ip s  w ere  rem oved fro m  the j a r  and 

a i r  d ried . T his was follow ed by photography of the p ap er ch rom ato ­

g ram s by ultra-?violet lig h t j (M ineraligh t, Ultra-1- Violet, P ro d u c ts , Inc. ,  

San G ab rie l, C aliforn ia) exposure  on A nsco Scona R eflex Type C.. sem i- - 

m atte  ligh t-w eigh t photographic p a p e r.

The p ro g es tin  spo ts on the  p ap e r s tr ip s  w ere  loca ted  by u se  

of the  photographs. E lu tion  w as com pleted t>y hanging the p ap er con­

tain ing  the p ro g es te ro n e  on a 23-gauge hypoderm ic need le  tha t was 

a ttached  to  a 10-m l sy rin g e . Ten m l of abso lu te  m ethanol was p laced  

in the sy ringe  and allow ed to  drip  through the p ap er. . The elutant was 

caught in a 15-m l Centrifuge tube and w as d ried  down under reduced  

p re s s u re . . C are  was taken  to co n cen tra te  the sam ple  in the bottom  

of the tube.

A m odel D. U. Beckm an sp ec tro p h o to m eter w as used  to 

m ea su re  abso rp tion  a t 220, 230, 240, 250, and 260 m ^ . Sam ples 

that did not show the c h a ra c te r is t ic  p ro g es te ro n e  ab so rp tio n  cu rve , 

with m axim um  abso rp tion  a t 240 m^c, w ere  rech ro m ato g rap h ed  and 

then r e - r e a d .

E ach sam ple w as read  against a re fe ren c e  blank which was 

eluted from  the abso lu te  m ethanol ch rom atog ram . The sam p le  re a d ­

ings w ere  then  c o rre c te d  by the u se  of the A llen1 s C o rrec tio n  F a c to r  

(2),
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An exam ple of ah A llen 's  c o rre c te d  read ing  sam ple:

Wave length (jcafju) 220 240 260

O ptical density  of unknown in . 205 .535  . 180
2 m l abso lu te  m ethanol

AfeC. O*.D*240 ® ; ® " 240
D‘ 220 + 260

.s.'il) -  1 • l i i0

- * 535 * 193

- * 342

C o rrec ted  fo r  dilution - 2(. 342) = < 684

A <C ,O iD *2^Q = A llen 's  c o rre c te d  op tical density
at 240 m $̂v.

O. D* = O ptical density

Sam ples w ere  d ried  and then  t r a n s fe r re d  to p lanchets , and 

the p ro g es te ro n e  4*‘C ^  was counted on a M odel 186 gas^flow  N u c lea r- 

Chicago C ounter. The p e rc en t rec o v e ry  was de te rm ined  and used  to 

c o rre c t the p ro g es te ro n e  values fo r lo ss  in the ex trac tio n  and p u r i­

fica tion  sy s te m s.

Solvents Used

Becaus e of the sen s itiv ity  of the p ro g es te ro n e  de te rm ina tions 

to a lm ost any type of contaminant*, a ll  so lven ts w ere  re d is ti l le d  before  

u se .
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95% Ethanol R ed is tilled

A bsolute M ethanol M allinckrodt, anhydrous acetone
f re e , analy tica l reag en t, re d is tille d

N orm al P en tane P h illip s  66, pu re  g rad e , re d is tille d

C hloroform B aker, techn ical g rad e , re d is tille d

Hexane P h illip s  66, high p u rity , re d is tille d

S ta tis tic a l A nalysis

The S tudent’s t te s t  (88) was used  to evaluate  d iffe ren ces in 

the co rp o ra  lu tea  w eights, ad ren a l w eights, and lu tea l p ro g es te ro n e  

concen tra tion . S ta tis tic a l an a ly sis  w as m ade betw een h e a t- tre a te d  

subgroups and con tro l subgroups (h e a t- tre a te d  p regnan t v e rsu s  

con tro l p regnan t, atid h e a t- tre a te d  nonpregnant v e rsu s  con tro l 

nonpregnant). A dditional com parisons w ere  m ade w ithin each of 

the p r im a ry  groups (pregnant v e rsu s  nonpregnant, dead o r degenera te  

em bryos v e rsu s  nonpregnant, and dead o r degenera te  em bryos v e rsu s  

pregnant).

The calcu lations fo r the m etabo lite  20-B -o l included only 

those  cows with detectab le  am ounts p re se n t.



RESULTS

C orpus Luteum  and A drenal, W eights

No sign ifican t d ifferences in c o rp o ra  lu tea  w eights o r  

a d ren a l gland w eights (T ables 1* 2, 3, and 9) w ere  found in  com ­

p a riso n  betw een the 14-day con tro l p regnan t v e rsu s  cbn trd l tibn- 

p regnan t and h e a t- tre a te d  nonpregnant v e rs u s  con tro l non|>regnant. 

T h ere  w as a cy stic  co rpus lu teum  found in the  study. T his 

w as in the  h e a t- tre a te d  14-day nonpregnant group. T otal g ro ss  • ' 

weight was 49. 85 gm s and the net weight (tissu e  m inus fluid Weight) 

was 12. 30 gm s (Table 3).

C om parisons of co rp o ra  lu tea  w eights betw een the  su b -; i \  

g roups in the  32-day  con tro l group a lso  fa iled  to  prbdUce signifr* 

cant d iffe rences, even though two of th ese  an im als  had dead, 

em bryos when s lau g h te red  (T ables 4, 5, and 9).

T h ere  appeared  to be a tre n d  tow ard  h eav ie r c o rp o ra  lu tea  

in the 3 2 -day h e a t- tre a te d  nonpregnant an im als , but the d ifference  

was not sign ifican t when te s te d  a t the (P <( 0. 05) leve l (T ab les 6e 

7 , and 9).

2i . - z ‘ v 1:-'" . - #
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Subgroup com parison  betw een con tro l 32-day aniifia ls a.nd 

h e a t- tre a te d  32 -day an im als found no d ifferences in w eights of 

e ith e r co rp o ra  lu tea  o r  a d ren a l g lands.

L u teal T issu e  P rp g e s tin s  Concentra.tl6ns

S ta tis tica l an a ly sis  of the 14^ day g roup#  fo r p ro g es te ro n e , 

A ^-p reg n en e- 20- B- ol- 3- one (20-B-,ol) and to ta l p ro g es tin s  concen­

tra tio n  of the lu tea l t is su e  on a m ic ro g ram  and m ic ro g ram  p e r  g ram  

of lu tea l t is su e  did not show sign ifican t d ifference#  ( T ab les 1, 2, 3 , 

and 9). In the 14 -day con tro l group 2 out of 11 (18.. 2%) did not have 

detectab le  am ounts of 20 -B -o l, while in  the 14-day h e a t- tre a te d  

group 3 out of 11 (27. 3%) fa iled  to p roduce de tectab le  am ounts of 

the m etabo lite .

S ta tis tic a l an a ly sis  of the subgroups w ithin the 32-day 

co n tro ls  (T ables 4, 5, and 9) found a  h ig h er td ta l concen tra tion  of 

p ro g es tin s  (P < 0 .05) in the  subgroup w here no em bryos w ere  

rec o v e re d  a s  com pared  to the subgroup w here n o rm al em bryos 

w ere  rec o v ere d . When p ro g es tin s  on a m eg /gm  of lu te a l tis su e  

w ere  com pared  betw een th ese  two subgroups, a highly sign ifican t 

(P < 0,01) h igher concen tra tion  of p ro g es tin s  was found in the 

nonpregnant subgroup. C om parisons of p ro g es tin  concen tra tion

in the subgroup with dead em bryos w ith the n o rm al-em b ry o  and
. '

nonpregnant subgroups rev ea led  no d iffe ren ces .
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C om parisons betw een the stibgroups in  the 32-day h e a t- tre a te d  

group (T ables 6, 7> and 9) found rib d ifference  in the p ro g es te ro n e  

concen tra tion . However, 20 -B -b l w as not de tected  in any of the four 

an im als tha t w ere  not p regnan t when s laugh te red . Of the  seven p re g ­

nant an im als only one fa iled  to have de tectab le  am ounts of 20-B -o l, 

When the 32-d ay  con tro l subgroups w ere  com pared  to  the 

s im ila r  subgroups in the  32-day h e a t- tre a te d  group (Table 9), 

s ta t is t ic a l  d ifferences (P < 0, 01) w ere  found betw een to ta l lu tea l 

p ro g es tin  concen tra tions fo r  the nonpregnant con tro l subgroup and 

the nonpregnant h e a t- tre a te d  subgroup. The d iffe ren ces a re  accounted 

fo r by the lack  of de tectab le  am ounts of 20 -B -o l in  the  h e a t- tre a te d  

nonpregnant subgroup.

A drenal P ro g e s te ro n e

At le a s t  one a d ren a l gland was analyzed fo r p ro g es te ro n e  in 

each pf the  subgroups. B ecause of the sm a ll num behs involved, 

s ta tis t ic a l  analyzation  w as not a ttem pted , but the v a lu es a re  rep o rte d  

(Table 8).

Some p ro g es te ro n e  w as de tected  in each of the a d ren a l glands 

analyzed* but no 20 -B -o l was detected , P ro g e s te ro n e  concen tra tions 

in the h e a t- tre a te d  subgroups ranged  from  36. 9 m eg to  71. 6 m eg, 

while in the con tro l subgroups p ro g es te ro n e  concen tra tion  ranged
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from  6 . 1  m eg to  34. 9 meg* C oncen tra tion  in  m eg /gm  of ad ren a l 

t is s u e  ranged  from  1, 8 to  5. 0 fo r  h e a t- tre a te d  subgroups and from  

0 ,4  to  1, 9 fo r  con tro l subgroups.



DISCUSSION

Though no s ta tis t ic a l  d iffe ren ces w ere  de tected  in co rp o ra

lu tea  w eights, a d ren a l w eights, o r in  the p ro g es tin  concen tra tion  in

the lu tea l t is su e  of the con tro l 14i-day and h e a t- tre a te d  14-day an im als,

in  the p re se n t study the a d ren a l gland p ro g es te ro n e  concen tra tion  did

show d iffe ren ces . H e a t- tre a te d  an im als in every  subgroup had on the

average  about tw ice the p ro g es te ro n e  concen tra tion  a s  the  co rrespond ing

con tro l subgroup*

Y elardo  (99) found tha t ACTH in jec tions a d m in is te re d  to

in tac t r a ts  reduced  l i t t e r  s iz e , while s im ila r  in jec tions to  a d re n a l-
\  . ' 

ectom ized  co rtic a l-im p la n ted  ra ts  did not* T his is  evidence that the

a d ren a l gland does affect em bryo survival* A dditional support to th is

is  the w ork of F ernandez-C ano  (42, 43), using  h e a t- s t r e s s e d  r a ts ,

w here a h ig h er em bryo su rv iv a l ra te  w as found in ad ren a lec to m ised

r a ts ,  than  in  in tac t rats*  F ro m  th is  he concluded th a t in c re a se d

a d ren a l ac tiv ity  during s t r e s s  conditions se em s to  have a defin ite

effect on em bryo su rv iv a l.

The lim ited  a d ren a l data in th is  study su g g ests  that p ro g es te ro n e

concen tra tion  is  in c re a se d  by heat tre a tm e n t. S ev era l th e o r ie s  can be

25
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log ically  built from  th is  observation  th a t would give p o ss ib le  explana­

tion  of b reed ing  d ifficu lties in hot c lim atic  a re a s .

One th eo ry  is  tha t p ro g es te ro n e  in sm a ll quan titie s  a t the 

tim e  of e s tru s  seem s to speed  up the tim e  of ovulation, and sh o rten s 

the duration  of e s tru s  [flansel et a l, (50)] , This explanation gives 

two p o ss ib le  re a so n s  fo r  low ered  fe r t i l i ty  during tim e s  of high am bient 

te m p e ra tu re s : (a) sh o rten ed  duration  of e s tru s  r e s u l ts  in fa ilu re  of 

observation  of e s tru s ,  (b) the tim e  of ovulation is  hastened , re su ltin g  

in im m atu re  fe r ti l iz e d  ovum reach ing  the  u te ru s  too e a r ly  [A lliston  

et aL (3)] , re su ltin g  in  em bryonic death ,

A study by W illiam s (101) of ovulation tim e  with cows in  

c e n tra l A rizona during  the f i r s t  two w eeks in  Septem ber found no 

evidence of abnorm ally  e a r ly  ovulatiOn. How ever, he did observe  

th a t the  cows w ere  v e ry  inactive  during  the  heat of the day, If we 

a ssu m e  th a t the in c re a se d  lev e l of p rd g es te ro n e  ob serv ed  in  the 

a d ren a l gland in  th is  study is  re le a s e d  to  the  blood (97), we could 

con jectu re  a sho rtened  duration  of e s tru s  a s  observed  by H ansel 

et a l . (50) „ C o rre la tin g  the  inac tiv ity  of cows during  the  heat of the 

day with the  p o ss ib ility  of a sho rtened  du ration  of e s t ru s ,  the  fa ilu re  

of detection  of e s tru s  seem s p lau sib le .

S ta tis tic a l d iffe rences w ere  found in the c o rp o ra  lu tea  p ro ­

g este ro n e  concen tra tion  betw een the 32-day nonpregnant con tro l
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subgroup and the 32 -day p regnan t con tro l subgroup. A pparen tly  the 

32-'day nonpregnant con tro l cows had p e rs is te n t  co rp o ra  liitea . T his 

could be a p ossib le  explanatiod fob the observed  h ig h er p ro g es te ro n e  

content, o r  p oss ib ly , a s  only two an im als  w ere  in th is  subgroup, the 

observed  d ifference  was due to chance. T here  w ere  p ro g es tin  con­

cen tra tio n s  of individual an im als in o th e r  groups th a t w ere  h igher 

than  e ith e r  of th ese  two an im als .

The fa ilu re  of the  four cows in  the  32 -day h e a t- tre a te d , non­

p regnan t group to have de tectab le  am ounts of 20 -B -o l is  difficult to 

explain , a s  8 out of 11 (72.7%) of the  14-day h e a t- tre a te d  nonprognant 

an im als did have de tectab le  am ounts of the  m etab o lite . However, 

since  only four an im als w ere  in  the 32-day subgroup, chance could 

be a  p o ssib le  explanation. A nother explanation could be tha t the heat 

tre a tm e n t caused  a slow  build-up of a d re n a l co rtico ?h o rm o n es that 

could block the action  of p ro g es te ro n e  and th e re fo re  change the 

m etabo lism  in  the  lu te a l c e ll. V elardo  (100) found th a t a d ren a l 

cb rtico -h o rm o n es  and ACTH do block the action  of p ro g es te ro n e  in 

the r a t .



SUMMARY

C orpus lu teum  w eights, a d re n a l w eights, lu te a l p ro g es tin  

concen tra tion , and ad ren a l p ro g es te ro n e  concen tra tions w ere  com pared, 

in forty-'five h e ife rs  and cows tha t w ere  divided into four m ain  groups: 

h e a t- tre a te d  on the day b red  and s lau g h te red  on day 14 o r day 32, and 

con tro ls  s lau g h te red  6n day 14 o r  day 32. Each of the  fo u r groups was 

divided into subgroups a.s de te rm ined  by the p re se n c e  of n o rm al em bryo , 

dead o r degenera te  em bryo , and no em bryo.

C orpora  lu tea  and a d ren a l weight fo r  14-day and 32-day con­

t ro l  and h e a t- tre a te d  cows rev ea led  no s ta tis t ic a l  d iffe ren ces .

P ro g e s te ro n e , 20 -B -o l, and to ta l progestinS  concen tra tion  

w ere  the sam e fo r  con tro l and h e a t- tre a te d  14-day an im als ,

The 3 2 -day nonpregnant con tro ls  had a s ta tis t ic a lly  h igher 

to ta l p ro g es te ro n e  concen tra tion  than  the p regnan t c o n tro ls . The two 

con tro l an im als tha t had dead em bryos had h ig h er to ta l p ro g es tin  

lev e ls  than the p regnan t co n tro ls , but th e se  w ere  not s ta tis t ic a lly  

s ign ifican t.

C om parison  of the 32-day con tro l and h e a t- tre a te d  nonpreg­

nant subgroups rev ea led  a s ta tis t ic a lly  h igher p ro g es te ro n e  concen tra tion

28
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in  the  con tro l, b a s ica lly  due to  the lack  of detectab le  20 -B -o l in the 

h e a tr trd a te d  Subgroup.

L im ited  a d re n a l p ro g es te ro n e  data  showed th a t 14-day and 

32-dhy h e a t- tre a te d  an im als ranged  from  36. 9 td  *71. 6 m eg of p ro ­

g este ro n e , While con tro l an im als in th e se  groups ranged  from  6. 7 

to  34. 9 m eg.

Evidence suggests  an in c re a se d  p ro g es te ro n e  p roduction  by 

the ad re n a ls  under s t r e s s  conditions.



APPENDIX

TABLE 1. --C o rp u si|u te im i weights, a d re n a l w eights, and .lu tea l tis su e  p ro g estin  concentra tions for
nonpregnant control, cows slaughtered. 14. days post insem ination.

Sub
Group

Cow
Number

Corpus 
Luteum  
Weight 
in gms

Cow 
W eight  

in
■ Pounds

Adrenal 
Weight 

in . 
gms

Luteal T issue  
Proge s ter. one

m eg  m eg / gm

Luteal T issue  
■ 2 0 -B — ol

m eg  m e g /  gm

Luteal T issue  
' Progestins

m eg me-g/gm

NER, H-49 7.85' 998 19.29 257 .5  .3 2 .8 . 150. 7 19. 2 407, 5 51 .9
NER H-.72 5 .91 630 .1 5 .  12 147.2  -24 .9 . 79. 8 - 13. 5 227. 0 38. 4

. NER H-85 '‘ 4. 41; ' : 610 14. 14 168. 0 .38. 1 6 8 .8 15. 6 236. 8 53. 7
NER ' H-41 7. 69 1186 23, 85 196.9 .2 5 ,6 N. D. -N»D. 196.9 . 25. 6
NER ■ H -74 4. 34 678 ,2 6 8 .2  6 1 .8 78. 9 . 18. 2 347.1 80 .0

; NER H-89 7. 45 11. 88 356. 8 47. 9 . 9 2 .4 12. 4 . 449. 2 60. 3
NER . H-45 3. 74 880 ,1 8 .3 5 .201.2  .5 3 ,8 22. 8 6. 1 224.0 6 0 .0

. NE R " H-5S ' 5. 87, 1010 18. 19 259i 5 .44 .2 N. D. N. D. 259.5 44. 2
NER H-93 4. 44 500 11. 99 132 .8  29 .9 70. 2 . 15. 8 203, 0 4 5 .7

n 9 8 8 9 9 7 7 9 9

■ X. 5 .7 4 812 16. 60 220 .9  .3 9 .9 80 .5 : 14. 4 283. 4 51. 1

s 2 ,2 .59 16 .74 5 0 6 1 .4 3 ,1 6 7 . 3 1440,83 19.1 8793.33 ,236 .85

Sr> .5 4 1. 44 23.71 4 .31 14. 35 1.65 31 .26 5. 13
X

N« D. - Not de tectab le .
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TABLE- 2. - -Corpus luteum w eights, adrenal w eights, and lu teal t is su e  progestin  concentrations for
pregnant control cows slaughtered 14 days post insem ination.

Sub
Group

Cow
Number

Corpus 
Lutetim . 
Weight 
in gms

Cow
Weight

in
Pounds

Adrenal
Weight

in
gms

Luteal Tissue  
Progesterone

meg mcg/gm

Luteal Tissue  
•20-B—ol

meg mcg/gm

Luteal Tissue  
Progestins

meg meg/gm

ER H-56 5. 55 770 1 6 . 64 89 .9  1 6 . 2 67 .2  12.1 157.1 28, 3

ER H-97 ■ 5, 14 634 32 .20 . 323 .8  63. 0 4 7 .3  9 .2 371.1 72-. 2

n 2 2 2 2 2 2 2 2 2

X 5 .35 7 02 24 .42  , 206 ,9  39 .6 57 .3  10.7 264.1 50, 3

2
s . 08 121.06 2 7 ,3 5 4 .6  1095.12 198.0  4.-21. 2 2 ,8 9 8 .0 963.60

s
.2 7 .7 8 116,95 23 .40 9 .95  1 .45 107.0 21 ,95
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TABLE 3. - - C o rp u s . luteum  w eights, a d ren a l w eights, and lu teal tis su e  p ro g es tin  concentra tions fo r
nonpregnant cows h e a t- tre a te d  day insem inated , slaugh te red  14 days post insem ination..

Sub
Group

Cow 
' Number

Corpus 
: Luteum  
Weight 
in gms

Cow
Weight

in
Pounds

Adrenal
Weight

in
gms

Luteal T issue  
P rogesterone

m eg  , m e g /g m

Luteal T issue  
2 0 -B -o l

m e g .  .m cg/gm

Luteal T issu e  
■ P rogestins

m eg m e g /g m

NER .. H-61 8. 88 : 740 13...91 , 191. 8 21 .6 68.,4 ..7/7 260. 2 29 .3
"HER H-66 ...... 5. 63 760 228.6 40. 6 33. 8 6 .0 262. 4 46. 6
NER H-37 . 5 .65 .1 2 3 6 , 28. 18- ' : 167. 2 ' 29 .6 101. 1 17.9 268. 3 47. 5
NER H-33 5. 33 1496 22. 44 202.0 . 37 .9 . 117. 8 22.1 319 .8 60. 0

49. 85*
NER Hr-48 12, 30.. 1340 . 27. 87 165 . 8 16. 0 N .D . • N» D. 165. 8 16. 0
NER H-51 5. 74 1160 19.20 23 9 .4 41. 7 N .D . N .D . .2 3 9 .4 41. 7
NER H-53 5. 73 1260 19.04 120. 3 20 .9 51. 5 9 .0 .171 .8 29. 9
NER H-34 5. 84 1240 27. 87 165. 8 28. 4 N .D . N. D. 165. 8 ,2 8 .4
NER H-38 .4. 24 1300 18.45 287. 0 67 .7 . 54. 7 12.9 34 1 .4 80. 6
NER H-39 4. 17 .1180 14. 15 137. 2 32.9: 7 3 .4 17.6 210.6 50 .5
NER H-50 6. 13 1664 11.08 ,215 .8 35. 2 9 8 .7 16. 1 314.5 51. 3

n 11 11 10 11 11 8 8 11 11

X . 6, 33 1216 20. 20 192. 8 33, 9 74. 9 13. 7 247. 3 4 3 ,8

s V 5.41 39. 01 2340.25 195.63 826.08 32. 45 3985 .64 315 .72

sx . ® 7 ' 1.98 14. 59 4. 22 10.16 2,01 .1 9 .0 4 5. 36

^C ystic C. L, , lu tea l tis  sue 12, 30 .gms N. D. - Not detectable.
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TABLE 4.. - -C orpus luteum  weights,, ad ren a l w eights and lu tea l p ro g estin  concen tra tions for pregnant
control, cows slaugh te red  32 days p o st insem ination .

Corpus Cow Adrenal Luteal T issue  Luteal T issue  Luteal Tissue
.Sub Cow Luteum Weight ^Weight P rogesterone 2 0 -B -o l  Pro  ges tins

Group ' Number: ' 'Weight in in
in gms Pounds gins m eg  m e g /g m  meg. m c g /g m  m e g  , m cg /gm

ER H-78 7. 03 874 13. 74 429 .5 61. 1 113. 8 16. 2 543. 3 77. 3
ER H-80 7. 11 1016 404. 6 5 6 .9 144. 3 - 20?3 548. 9 77. 2
ER H-9G 5; 12 820 13.75 330. 2 64. 5 197.6 38:6 527 .8 103. 1
ER H -94 8. 23 6.70 20.49 . 260.1 . 31. 6 128 .4 15. 6 388.5 47. 2
ER H-95 5. 33 760 16.50 196. 1 . 36. 8 N. D. N .D . 196. 1 36. 8
ER H-96 5. 09 590 . 18. 64 226. 5 44. 5 73. 9 21. 1 30 0 .4 59. 0
ER H-91 3. 27 614 151.4 46. 3 4 9 .4 15. 1 ‘ 200. 8 6 1 .4
ER . H-77 7. 36 796 14. 62 225. 9 , 30. 7 78. 8 10 .7 / 304. 7 . 4.1.4

n 8 8 ,6 8 8 7 7 8 8

X 6. 07 . 768 16. 29 . 278 .0 4 6 .6 112. 3 19.7 376. 3 62. 9

A 2. 65 7. 79 10, 018. 13 173. 58 , 2519.13 81 .79 22, 134. 36 490. 76

■ S
x

.5 7
:

1 .1 4 35. 39 ; 4. 66 18. 97 3 .4 2 52 .60 7. 83

N. B. . - Not detectab le .
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TABLE 5, - -C orpus luteum  w eights, a d ren a l w eights, and lu tea l p ro g es tin  concen tra tions for non­
pregnan t and degenerate  em bryos in  con tro l cows that w ere slaugh tered  32 days post insem ination.

Sub
Group

1 Cow 
Number

Corpus 
Luteum 
Weight 
in gms

. Cow 
Weight 

in 
Pounds

Adrenal 
Weight 

. in 
gms

Luteal T issue  
Progesterone

m eg  . m c g /g m

Luteal T issue  
2 0 -B -o l

m eg  m cg /g m .

Luteal T issue  
P rogestins

; m eg . ,m cg /g m

NER H-69 6. 19 888 , 25. 74 590.5 9 5 .4 74. 4 - 12.5 664 .9  . 107. 4

NER H-79 5 .1 5 530 19. 66 300. 8 5 8 .4 231 .8  4 5 .0 532 .6 103. 4

n 2 2 2 2 2 2 2 2 2

X 5.6 7 709 , 22. 70 445. 7 76 .9 153. 1 28. 8 598.8 105 .4

s 2 . 55
I

18.48  41 , 963. 04 684. 50 12387. 38 528. 1-2 8751. 64 8. 0

5x ,5 2 3. 04 144. 85 18.5 ■ 78. 7 16. 25 66. 15 2. 0

Embryo
Death H-92 . . .4 ,  57 15 .72 334. 1 . 73. 1 232 .6  5 0 .9 566 .7 124.0

iEmbryo
Death H-99 6. 51 640 18. 39 . 276. 0 4 2 .4 107 .4  16.5 383 .4 58. 9



TABLE 5 - - Continued

..Sub
Group

Cow
Number

Corpus  
Luteum  
Weight 
in. gms

Cow
Weight

in
•Pounds

' Adrenal 
Weight 

in 
gms

Luteal T issue  
P rogesterone

m eg  m e g /g m

Luteal T issu e  
20-B - ol

m eg  m c g /g m

Luteal T issue  
Proges.tins

.'meg... ... m c g /g m

n ' 2. . . - 1 2 2 2 2 2 2 2

X 5. 54 640 17.06 305. 1 57 .8 170.0  33 .7 475. 1 91; 5

s 2 1.89 3. 56 1687, 80 47 1 .2 4 7837.52  591 .68 16;799.45  2119.0

s—
V

.9 7 ■1,34 29 .05  15.35 62, 60 17 .20 91.65  32 .55
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TA BLE 6. - -C o rp u s  luteum  w e ig h ts ,, a d ren a l w eights,, and lu teal p ro g estin  c o n ce n tra tio n sfo r  pregnant
cows heat, t re a te d  day insem inated,, s lau g h te red .32 days a fte r  insem ination

'
Corpus Cow Adrenal Luteal T issue Luteal T issue Luteal T issue

, Sub Cow Luteum Weight Weight .Progesterone ■ 2 0 -B -o l “Progestins
Group Number Weight i n . m

in gms .Pounds gms m eg m e g /  gm m eg m cg /g m  , m eg . / .m cg/gm

ER -H-88 5. 18 740 14. 61 132.6 •,2 5 .  6 83, 4 16. 0 216.0 41 .7
■ ER . H- 64 6. 60 792 15. 39 . 307.0 46. 5 9 2 .4 14.0 3 9 9 .4 60. 5
• ER : H-82 : 4. 85 592 11. 56 177. 5 36. 6 45. 1 913 * 222. 6 45. 9

ER H-32 6. .98 ,1150 19. 33 138. 9 19.9 N .D . N. D. 138.9 ; 19. 9
ER . H-59 5. .75 14. 31 257. 6 44. 8 77. 6 13.5 335 .2 58. 3
ER H-60 . 5 .51 644 13 .24 194. 5 35. 3 . 8.0.9 14. 7 ,2 7 5 .4 50 .0
ER H-58 6. 79 620 .12 .03 367. 3 ,54; 1 .307. 6 45 .3 674. 9 9 9 .4

n .7 6 7 7 7 6 6 7 7

X 5. 95 756 . 14 .4 •225.1 37. 5 114.5 18. 8 323 .2 53 .7

s 2 ' . .7 0 6. 73 7862. 20 144. 48 9210.,03 173.66 31,251. 14 586. 14

s_ . 32 >98 33.51 ,4 . 54 39. 18 5. 38 , 66. 82 9. 15
X

uo0s
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TAB EE 7. - - C orpus luteurri w eights, ad ren a l w eights, and lu tea l p ro g estin  concen tra tions for non.-
- p regnant cows heat, trea te d .d ay  insem inated ,, s laugh te red  32 days p o st insem ination .

Sub
Group

Cow
Number-

Corpus 
Luteum  
Weight 
in gms

Cow
Weight

in
* Pounds

Adrenal
"Weight

in
. gms

Luteal T issu e  
Progesterone

m eg m c g /g m

Luteal T issue  
■2Q—B — ol

m eg , m cg /g m  .

. Luteal T issue  
P rogestins

m eg m cg /g m

NER H-47' '. 7, 53 1030 . 21. 50 144.6 19 .2 - N.-B. N-.B. 144. 6' 19. 2

NER H-40 . 6. 89 . ,1044 2 4 ,3 3 176 .4 25 .6 N .B . Nv B. 176 .4 25. 6

NER H- 43 5.-21 1646 29. 49 ,2 9 3 .8 5 6 .4 ■ N f D. . N. B. . 293. 8 5 6 .4

NER H 31 .6. 71 .3 6 .1 2 315. 7 47. 1 , N.-B. N.-B. 315.7 : 47. 1

n .4 . 3 4 4 4 0 0 4 4

X 6. 59 . 1240 27.86 23 2 .6 37. 1 : 232. 6 37. 1

s 2 ■ . 96 41. 26 7184. 50 308 .38 7184.50 308.38

T t
.4 9 3.21 42. 38 78 42. 38 8 .7 8

N. D. - Not detectab le .
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TABLE 8,

APPENDIX 

--A d re n a l p ro g es te ro n e  concen tra tion .

Group Cow m eg m cg /gm

H. S, - H- 34 50. 2 1,8
H-66 40. 9 2 .6

X 45. 6 2. 2

c " 14“d n e r
H-72 21. 2 1 .4
H-85 22.6 1. 6

X 21. 9 1.5

c ' 14™d EB H- 56 6.7 .4

H .S .-3 2 -D n e r H-47 40. 6 1 .9

H .S .-3 2 -D e r H- 59 71 .6 5. 0
H-64 36, 9 2 .4

X 54. 3 3. 7

C -32-D e d H- 99 34, 9 1.9
H- 92 26. 7 1.7

X 30. 8 1. 8

c - 32' d e r
H-90 23 ,4 1.7



APPENDIX

TABLE - -Subgroup, averages  for corpus luteum weights,, adrenal .weights, and. luteal progestin
, concentrations.

• j . • -.... ... - . :
' •

.Corpus Cow Adrenal Luteal T issue Luteal T issue Luteal T issue
. Sub Luteum Weight . ; Weight Progesterone 20- B -o l P rogestins
Group Weight : in in

in gms . -Pounds , gms m eg m e g /  gm m cg m c g /g m m eg m c g /g m

C' 14"I)NER . 5 .7 4 .812 16. 60 220. 9 39 .9 80 .5 14 .4 2 8 3 .4  51.1

C - 1 4 - l ) ^ . 5. 35 702 . 24. 42 206. 9 39 .6 57. 3 10. 7 264. 1 50 .3

H- S- t 4 - DNER
6. 33 1216 20. 20 192.8 3 3 .9 74. 9 13. 7 247 .3  43 .8

c - 32- d e r
6. 07 768 . 16.29 . . 278. 0 46. 6 112.3 19.7 ; 376. 3a * ' . ,62. 9a **

G -3 2 -E ^ e r ; 5. 67 709 22. 70 445. 7 . 76. 9 153. 1 , 28. 8 598. 8a ’ b .10 5 .4 a ’ b

g ' 32":e!e d
5. 54 - :640 17. 06 305.1 57 .8 170. 0 33 .7 475 .1  91 .5

B. S. - 3 2 -D ^ e r ' 6. 59 1240 27 .86 232. 6 37. 1 N. D. N .D. 232. 6b** .. 37. l b**

h - s - - 32- d e r
. 5. 95 756 14.40 225.1 37. 5 1,14.5 18. 8 3 2 3 .2  53.7

a ’ ^ Id en tica lle tters  indicate a significant difference. *P < 0. 05. **P <C 0. 01.

N. D. - Not detectable.
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