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ABSTRACT

The purpose o f  t h i s  study was to  compare the  a n a lg es ia  produced by 

in tra c r a n ia l  s t im u la t io n  o f  the cen tra l  grey m atter o f  th e  mesencephalon 

and a n a lg es ia  produced by c e r v ic a l  probing. Previous research has found 

th a t  a n lg e s ia  was produced by c e r v ic a l  probing and by in tra c r a n ia l  s t im ­

u la t io n .  I f  t h i s  a n a lg es ia  was produced by changing a c t i v i t y  in the 

cen tra l  grey, in te r a c t io n s  should occur between estrogen  presence and 

in tra c r a n ia l  s t im u la t io n ,  thus enhancing a n a lg es ia  between c e r v ic a l  prob­

ing and in tra c r a n ia l  s t im u la t io n  in enhancing a n a lg es ia ,  and between 

c e r v ic a l  probing and in tr a c r a n ia l  s t im u la t io n  to  the cen tra l  grey in 

producing a n a lg e s ia .  The p red ic ted  in te r a c t io n s  were s i g n i f i c a n t ,  in d i ­

ca t in g  th at a n a lg es ia  produced by in tr a c r a n ia l  s t im u la t io n  d ir e c t ly  to  

the cen tra l grey cause changes there  th at were s im ila r  to  ones produced 

n a tu r a l ly  by c e r v ic a l  probing. The e f f e c t s  o f  p a lp ation  fo llow in g  c er ­

v i c a l  probing were a lso  examined. Palpation  fo l lo w in g  c e r v ic a l  probing  

was found not to  enhance a n a lg e s ia ,  thus p a lp a tion  does not appear to  

a c t iv a te  changes in the cen tra l grey th a t  are the same as c e r v ic a l  prob­

ing w ith  p a lp a t io n .



SIMILARITIES IN ANALGESIA PRODUCED BY 
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INTRODUCTION

Certain areas o f  the brain fu nction  in more than one inode o f  b e ­

h a v io r .  The m esencephalic cen tra l grey may serve  a dual ro le  in the  

recep tion  o f  sexual s t im u la t io n  and n o c ic ep t iv e  s t im u la t io n .  This area  

o f  th e  brain has been shown to  concentrate  r a d io a c t iv e ly  lab led e s t r a -  

d ia l  benzoate in female ra ts  (P fa f f ,  1972). In tra cra n ia l  s t im u la t io n  

to  the  la t e r a l  borders o f  t h i s  area produce a n a lg es ia  o f  the lower two 

th ird s  o f  the r a t ' s  body (Mayer, 1971). R ecently , c e r v ic a l  probing has 

been shown to  in h ib i t  f i r in g  ra te  o f  s in g le  u n its  in t h i s  area o f  the  

brain in  female r a ts  (P e t ty ,  1975).

The r a t io n a le  behind the p resen t study i s  to  examine the  e f f e c t s  o f  

in tr a c r a n ia l  s t im u la t io n  o f  the mesencephalic cen tra l  grey, and the e f ­

f e c t  o f  c e r v ic a l  probing both before and paired  with p a lp a t io n ,  the p re­

d ic t io n  being that these  two types o f  s t im u la t io n  work by causing changes 

in  the cen tra l g r e y - - in tr a c r a n ia l  s t im u la t io n  as a d ir e c t  n o n -p h y s io lo g ica l  

stim ulus and c e r v ic a l  probing as a d ir e c t  p h y s io lo g ic a l  one. By th is  

hyp othesis  the a n a lg es ia  r e s u l t s  from changes in  a c t i v i t y  l e v e l s  in  the 

cen tra l  grey o f  the mesencephalon.

E f fe c t s  o f  Estrogen

P f a f f  (1972) adm inistered r a d io a c t iv e ly  lab led  e s t r a d ia l  benzoate  

and found th a t  i t  became h ig h ly  concentrated in  s p e c i f i c  parts  o f  the  

l im bic  system, in c lu d in g  the cen tra l grey, w ith in  two hours o f  i t s  ad­

m in is tra t io n  (P f a f f ,  1972, P f a f f  and Keiner, 1972). P f a f f  b e l ie v e d  th at  

estro g en -co n cen tra t in g  s tru c tu res  in the  lim bic system , p reo p tic  area

2



and the hypothalamus were involved  in the mechanism o f  e s tr o g e n ’s ac tion  

on female sexual behavior . P f a f f  has shown th a t  e s ta b l ish e d  neuroana- 

tom ical pathways linked  the above mentioned s tru c tu res  with connections  

from the  o lfa c to r y  system , b asa l forebra in , and such lo n g itu d in a l a s so c i  

a t iv e  pathways as the p e r iv e n tr ic u la r  f ib e r  system and medial forebrain  

bundle (1972). Whether or not th ese  pathways p a r t ic ip a te  in the mediat­

ing th e  e f f e c t s  o f  estrogen  has not y e t  been determined.

P f a f f  (1972) has attempted t o  l o c a l i z e  supraspinal pathways con­

t r o l l i n g  mating a c t io n s  by using  b ip o la r  s t im u la t in g  e le c tr o d e s  to  stimu  

la t e  those  areas o f  the brain  which picked up estrogen . E lectrode p o s i ­

t io n s  for  s t im u la t in g  t a i l  and rump movements s im ila r  to  the lo r d o s is  

posture were i s o la t e d  at the ju n ction  o f  the mesencephalon and the d ien ­

cephalon. Many o f  th ese  areas o f  s t im u la tio n  were found to  be in  the  

cen tra l  grey ( P fa f f ,  1972). The d is tr ib u t io n  fo r  th ese  p o in ts  in  the  

mesencephalon co in c id ed  with anatom ically  defin ed  d is tr ib u t io n s  o f  a s ­

cending f ib e r s  from the s p in a l  cord. These r e s u l t s  a lso  showed an over­

lap between the d i s tr ib u t io n  o f  p o in ts  leading to  the lo r d o s is  p ostu re ,  

and regions conta in ing  the  g r ea te s t  number o f  e s tr a d ia l-c o n c e n tr a t in g  

neurons, s p e c i f i c a l l y  the cen tra l  and p reo p tic  areas o f  the mesencepha­

lo n .

Focusing upon the cen tra l  grey , P f a f f  (1972) hyp othesized  th at  

neurons from the s p in o r e t ic u la r  pathway en ter  the region o f  the la t e r a l  

borders o f  the c en tra l  grey, and produce a change in  neural a c t i v i t y  

th e r e .  These neurons have been shown to  be connected with descending  

pathways that innervate back and rear leg  muscles which are resp on sib le  

fo r  the  lo r d o s is  response ( P f a f f ,  1972).
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Lordosis Posture

Mating a c t i v i t y  in the female ra t i s  a very complex a c t i v i t y .  

N e v er th e le ss ,  the lo rd o s is  p o s tu re ,  which i s  .a.whole body r e f l e x ,  can 

e a s i l y  be e l i c i t a t e d  under c er ta in  con d it ion s  and thus i s  convenient to  

study. The lo r d o s is  posture  i s  ch aracter ized  by an ex ten s io n  o f  the 

l e g s ,  an arching o f  the  back such th a t  the head, rump, and t a i l  are 

r a ise d  w h i le  th e  th o ra c ic  region  i s  lowered with the  t a i l  d e f le c te d  to  

one s id e .  I t  i s  n ecessary  fo r  the female to  assume t h i s  posture to  a l ­

low the male to  achieve in tro m iss io n  and u lt im a te ly  e ja c u la t io n  (P fa f f ,  

1972). The lo r d o s is  r e f l e x  i s  f a c i l i t a t e d  by the presence o f  e strogen ,  

although estrogen i s  not necessary  for  the lo r d o s is  posture to  be ach iev ­

ed (Komisaruk § Diakow, 1973). Ovariectomized female ra ts  with no hor­

mone replacement therapy w i l l  lordose  about 50% o f  the time to  c e r v ic a l  

probing w ith p er in e a l  p a lp a t io n , and s l i g h t l y  l e s s  o ften  to  p er in ea l  

p alp ation  fo llo w in g  c e r v ic a l  probing (Komisaruk, 1974; Komisaruk §

Diakow, 1973).

In a natural courtship  s i t u a t io n ,  the  male rat begins the mating 

sequence with pressure  app lied  by h i s  forepaws to the fem ale’s h ind­

qu arters . This pressure  i s  thought to  i n i t i a t e  the lo r d o s is  postu re .

The male continues the mating sequence with a s e r ie s  o f  mounts accom­

panied by p e lv i c  th r u s t s .  Several in tro m iss io n s ,  separated by dismounts, 

are achieved u n t i l  the  male e j a c u la t e s .  As a part o f  t h i s  sequence, the  

female a t ta in s  and holds the lo r d o s is  posture longer a f t e r  each su c c e s ­

s iv e  in trom iss ion  u n t i l  the f in a l  e ja c u la t io n  (Kuehan § Beach, 1963; 

Diakow, 1974).

Komisaruk e t  a l .  (1971) has shown th at lo r d o s is  to  c e r v ic a l  probing  

with p a lp ation  i s  a more s e n s i t i v e  measure o f  estrogen l e v e l s  than the
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vaginal smear. Komisaruk (1974) has shown th a t  estrogen en larges  the 

g e n ita l  sensory f i e l d .  Recordings from th e  pudendal nerve, which r e ­

c e iv e s  input from the p er in ea l  reg ion , show th at r a ts  tr e a ted  with e s t r o ­

gen in creased  the sensory f i e l d  o f  the g e n ita l  region 22.0% in  length;  

26,3% in  width; 31.9% in area; and 75% in the c l i t o r a l  reg ion . The sen­

sory f i e l d  was measured by determining the l im it s  o f  the body surface  

which generated a c tio n  p o t e n t ia l s  in  the pudential nerve when the body 

was brushed or scratched . This f i e l d  ex ten s io n  p e r s i s t e d  even a f t e r  the 

pudendal nerve was severed . Komisaruk (1974) hypothesized th at estrogen  

m odified sensory a c t i v i t y  by a c t in g  d ir e c t ly  on the per ipheral nervous 

system perhaps to  a s s i s t  the female rat in o r ien t in g  to  copulatory th ru sts  

o f  the male.

R odriguez-Sierra e t  a l .  (1974) demonstrated th a t  lo r d o s is  in  response  

to  flank-perineum palp ation  alone could be induced by previous probing o f  

the cer v ix .  Thus, p r io r  c e r v ic a l  probing enabled a p rev iou s ly  in e f f e c t i v e  

stim ulus ( f la n k -p e r in ea l  p a lp ation  alone) to  become e f f e c t i v e .

Komisaruk (1974) b e l ie v e d  that c e r v ic a l  probing used in t h i s  way 

a cts  as a t r ig g e r  to  r e sp o n s iv ity  to  a p rev io u s ly  ignored st im u lu s ,  and 

showed th at c e r v ic a l  probing a lso  can improve lo r d o s is  encounters between 

the male and fem ale. Ovariectomized, estrogen primed female ra ts  which 

would not lordose  to  mating attempts o f  vigorous males were c e r v ic a l ly  

probed with p er in ea l  p a lp a tion . Following t h i s  treatm ent, a s i g n i f i c a n t  

number o f  the probed females showed responses to  mating attempts o f  

m ales. Thus, i t  i s  c le a r  th at c e r v ic a l  probing with p er in ea l  p a lp a t io n ,  

and p e r in ea l  p a lp ation  fo llo w in g  c e r v ic a l  probing may be causing s im ila r  

changes in  neural a c t i v i t y  in  the female r a t .
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Komisaruk and Wallman (1973) found th a t constant pressure applied  

to  th e  c erv ix  along with p a lp a tio n  produced a lo r d o s is  posture and an 

in h ib i t io n  o f  responses to  n o c ic e p t iv e  s t im u la t io n  which reached the 

a n a lg e s ic  l e v e l .  Apparently t h i s  s t im u la tio n  b locks neuro-transm issions  

o f  pain to the cen tra l  grey rather than imm obilizing the animal so that  

i t  cannot respond to  p a in fu l  s t im u l i .  Evidence fo r  t h i s  comes from 

P etty  (1975). Recording from ch ro n ic a l ly  implanted e lec tr o d e s  in the 

m esencephalic cen tra l  grey, she found th at when c e l l s  were in h ib ite d  by 

c e r v ic a l  probing they tended a lso  to  be in h ib ite d  by sex u a lly  re levan t  

s t im u l i ,  but were f a c i l i t a t e d  by n o c ic e p t iv e  s t im u l i .  Units f a c i l i t a t e d  

by c e r v ic a l  probing and se x u a l ly  re lev a n t s t im u li  were in h ib ite d  by n o c i ­

cep t iv e  s t im u la t io n .  A lso, u n its  th at were f a c i l i t a t e d  by n o c ic ep t iv e  

s t im u la t io n  were in h ib ite d  by c e r v ic a l  probing. In h ib it io n  occured in  

u n its  that had been f a c i l i t a t e d  by n o c ic e p t iv e  s t im u la t io n  a lone . P etty  

hypothesized  that c e r v ic a l  probing blocked responses to  p a in fu l s t im u la ­

t i o n ,  not by reducing o v e ra l l  a c t i v i t y  l e v e l s ,  but by s e l e c t i v e l y  a l t e r ­

ing responses o f  neurons in  the m esencephalic cen tra l  grey to  n o c ic ep t iv e  

s t im u l i .  Rosen, P e tty  and Westlake (1974) have shown th at c erv ica l  

probing blocked an escape response ( t a i l - f l i c k )  to  n o c ic ep t iv e  s t im u la ­

t io n  (radiant h e a t ) .

Komisaruk et a l . (1967) and Ramirez e t  a l . (1967) observed the 

"sleep -arou sa l"  s t a t e  o f  the EEC changed to  a s leep  p a ttern  during c e r v i-  

c l e  probing. Neurons in  the cortex  showed an in crea se  in f i r in g  rate  

when the  EEG changes from a s l e e p - l ik e  to  an arousal s t a t e .  This o c ­

cured e i th e r  spontaneously or when p a in fu l  s t im u la t io n  was ap p lied .  

However, c e r v ic a l  probing tended to  prevent the EEG from changing the
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s l e e p - l i k e  s t a t e  to  the arousal s t a t e  during p a in fu l s t im u la t io n .  Komis­

aruk (1974) in terp re ted  th ese  f in d in gs  as evidence th a t  c e r v ic a l  probing  

a lte r e d  neural a c t i v i t y  to  produce a blockage o f  incoming n o c ic ep t iv e  

s t im u la t io n ,  but did not depress brain a c t i v i t y  in  general or o v e r a l l  

a c t i v i t y  o f  the body.

Komisaruk § Wallman (1973) has a ls o  reported that during c er v ic a l  

probing the animals capacity  to  v o c a l iz e  was not impaired, and th at the  

su b jec t  would be able to  v o c a l iz e  in  pain i f  i t  was f e e l in g  apin. Rats 

th a t  had p r ev io u s ly  v o c a l iz ed  to  p a in fu l  s t im u la t io n  stopped v o c a l iz in g  

when the p a in fu l  s t im u la t io n  was p a ired  with c e r v ic a l  probing. This 

would in d ic a te  th a t  an in h ib i t io n  o f  pain occured, not th a t  an o v e ra l l  de­

p r e ss io n  o f  the s u b je c t ' s  body responses prevented the su b ject from r e ­

sponding.

Komisaruk (1974) p o s tu la te d  th a t  in h ib i t io n  o f  responses to  p a in fu l  

s t im u la t io n  by c e r v ic a l  probing may have an adaptive s ig n i f i c a n c e  in r e ­

ducing the p a in fu l  aspects  o f  copulation  and p artu ra t ion . Evidence for  

t h i s  comes from P ierce  and N utta l (1961) who d iscovered th at i f  female 

r a ts  were given an opportunity to  escape from males in to  a separate  

chamber, they stayed  there for  sh or ter  periods o f  time a f t e r  in trom is­

s io n  than b efore  in tro m iss io n , in d ic a t in g  th at some adversive components 

o f  mating may be dropping out. Bermant (1966) allowed rats  the oppor­

tu n ity  t o  press a bar to  a llow  a male to  enter  the cage. Female r a ts  

waited sh o r ter  periods o f  time a f t e r  each in trom iss ion  to  allow  the male 

to  en ter  than they did during e a r l i e r  p er io d s .  I f  pain were p resen t ,  

the female would presumably f in d  the mating experience adversive and 

avoid the male. However, as the courtship  con tin u es, any p a in fu l  aspects  

o f  mating apparently d im in ish es , and the female becomes l e s s  responsive



s

to  a v e rs iv e  components o f  the mating r i t u a l .  This would in d ic a te  th at  

i f  mating had av ers iv e  components, th ese  components are reduced through 

c e r v ic a l  probing.

In tra cra n ia l  Stim ulation  and A nalgesia

Turning now to  cen tra l mechanisms, a n a lg e s ia  has been produced by 

in tr a c r a n ia l  s t im u la t io n  to the m esencephalic cen tra l grey th a t  shows r e ­

duced withdrawal from n o c ic ep t iv e  s t im u la t io n .  Mayer, W olfle , A kil,  

Carter, and Liebeskind (1971) found th a t a n a lg es ia  can be produced by 

in tr a c r a n ia l  s t im u la t io n  to the mesencephalic cen tra l  grey matter o f  

such a magnitude th a t  the animal becomes t o t a l l y  non-responsive to  p a in ­

fu l  s t im u la t io n .  This a n a lg es ia  p e r s i s t e d  a f t e r  s t im u la t io n  had ceased  

fo r  up to  3 h ou rs .

C r i t ic s  have suggested  th at in tr a c r a n ia l  s t im u la t io n  o f  th e  mesen­

cep h a lic  cen tr a l  grey does not r e a l ly  produce a n a lg e s ia ,  but depresses  

and i n h ib i t s  the a b i l i t y  o f  the animal to  make motor responses in  gen era l.  

Mayer et  a l . (1971) holds that the f a i lu r e  o f  the su b jec t  to  respond to  

noxious s t im u la t io n  was not due to  a g en era lized  motor d e f i c i t ,  but 

rather  to  s e l e c t i v e l y  reduced responses to  the noxious s t im u lu s . The 

r a t io n a le  for  t h i s  was th a t  the su b jec t  remains responsive to  other  

s t im u la t io n ,  e .g .  v is u a l  or aud itory , and responds appropriately  to  other  

s t im u la t io n  both during and fo llo w in g  the s t im u la t io n .

Mayer and Liebeskind (1974) t e s t e d  seven brain areas to  observe  

a n a lg e s ic  e f f e c t s  o f  s t im u la t io n .  The areas under in v e s t ig a t io n  were the  

m esencephalic cen tra l  grey, d ien cep h a lic  p erv en tr icu la r  grey, ventra l  

tegmentum, l a t e r a l  hypothalamus, ventrobasal thalamus, dorsomedial th a la ­

mus, and se p ta l  area. They found th at only  in tra c r a n ia l  s t im u la t io n  o f
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the  mesencephalic cen tra l grey and p erv en tr icu la r  grey abo lish ed  a l l  r e ­

sponses to  noxious st im ulation* In tra cra n ia l  s t im u la t io n  in  th ese  areas  

produced a n a lg e s ia  o f  the same magnitude as th a t  obtained in  the same 

su b jec ts  by la rg e  dosages o f  morphine (19mg/kg) (Mayer and Liebeskind, 

1974).

Mayer has ruled out the p o s s i b i l i t y  th a t  the  a n a lg es ia  produced by 

in tr a c r a n ia l  s t im u la t io n  i s  simply due to  d is t r a c t io n  by p leasurab le  

s t im u la t io n ,  for  ra ts  implanted in the mesencephalic cen tra l grey th at  

show s i g n i f i c a n t  a n a lg e s ia  when stim u lated  w i l l  not bar press  to rece ive  

s e l f - s t im u la t io n .  Many animals were found to  s e l f - s t im u la t e  at a high  

r a t e ,  but l a t e r  t e s t s  in d ica ted  th a t  th ese  animals were not a n a lg es ic  

(Mayer et a l . ,  1971; Mayer § Leibeskind, 1974). Mayer and Leibeskind  

(1974) b e l ie v e d  th at the a n a lg es ia  that was produced i s  caused by in t r a ­

c ra n ia l  s t im u la t io n  a c t iv a t in g  neural systems th a t  in h ib i t  the transm is­

sion- o f  n o c icep t io n  at the sp in a l l e v e l .

Hypotheses and P red ic tion s

Thus there e x i s t s  em pirica l evidence to  support the hyp othes is  th at  

in tr a c r a n ia l  s t im u la t io n  to the cen tra l grey o f  the mesencephalon may be 

a c t iv a t in g  a n o c ic e p t iv e  b lock ing system th at  i s  u su a l ly  tr ig g ered  in  

the  natural s e t t in g  by c e r v ic a l  probing. The previous evidence in d i ­

ca tes  th a t  both c e r v ic a l  probing and in tr a c r a n ia l  s t im u la t io n  to  the  

m esencephalic cen tra l  grey may cause s im ila r  changes by a f f e c t in g  a 

neural loop which includes the cen tra l  grey o f  the mesencephalon th a t  

gates  n o c ic e p t iv e  s t im u la t io n .

The present experiment attempts to  r e p l ic a t e  the f in d in gs  o f  pre­

vious researchers  th a t  the presence o f  estrogen enhances the lo r d o s is
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response. When estrogen  i s  absent, a S u b s ta n t ia l ly  lower lo r d o s is  r e ­

sponse would become ob v iou s . Palpation  during and fo llow in g  c e r v ic a l  

probing would produce the s tro n g est  lo r d o s is  response in the presence o f  

e stro g en . Thus, th e  e f f e c t  o f  estrogen would be to  enhance the lo rd o s is  

reponse to  c e r v ic a l  probing with and fo llo w in g  p a lp a t io n  and to  enhance 

th e  a n a lg e s ic  e f f e c t s  o f  c e r v ic a l  probing. In tracran ia l s t im u la t io n  to  

the  cen tra l  grey o f  the mesencephalon w i l l  produce a n a lg e s ia ,  as w i l l

c e r v ic a l  probing paired  with and fo llow in g  p a lp a t io n .

Since th e  experimenter hypothesized  th at in tr a e r a n ia l  s t im u la tio n  

to  the  m esencephalic cen tra l grey a c t iv a te s  a r t i f i c a l l y  a neural system  

th a t  i s  n a tu r a l ly  a c t iv a te d  by c e r v ic a l  probing, th ese  two types o f  

s t im u la t io n  should work to g e th er  to  produce a n a lg e s ia .  A lso, s in ce  p a l ­

p ation  fo l lo w in g  c e r v ic a l  probing appears to  act as a t r ig g e r  to  cause 

the animal to  rea c t  to  p rev io u s ly  ignored se x u a lly  re lev a n t  s t im u l i ,  i t  

. is  p o s s ib le  th at i t  too  may s t im u la te  t h i s  neural loop in v o lv in g  the

cen tra l grey o f  the mesencephalon the same as c e r v ic a l  probing with p a l ­

p a t io n ,  thus a n a lg es ia  to  p a lp ation  fo llo w in g  c e r v ic a l  probing i s  ex ­

p ec ted , and should produce a n a lg es ia  s im ila r  to  th at caused by c e r v ic a l  

probing paired  w ith  p a lp a t io n .



METHOD

Su b jects:  The su b jects  o f  t h i s  experiment were 42 female a lb ino

Holtzman ra ts  which were ovariectom ized  one week a f t e r  th e ir  a r r iv a l  

in  the  la b . The ra ts  were 100 days o ld  on a r r iv a l .  They were housed 

in  sep arate  cages in  an animal room th at  was m aintained at 25° C. with a 

tw e lve  hour l ig h t - tw e lv e  hour dark c y c le .  The ra ts  were fed standard  

Purina Laboratory Chow, and tap water ad l i b .  Following surgury the  

r a ts  were allowed a one week r e s t .  Following the post surgury r e s t ,  the  

ra ts  were s t e r e o t a x ic a l ly  implanted with b ip o la r  s t a in l e s s  s t e e l  e l e c ­

trod es  ( P la s t i c  Products, Roanoke, Va.) in the mesencephalic cen tra l  grey 

m atter using  ether  as an a n e s th e t ic  and 0 .5  ce o f  a trop ine s u l f a t e  as a 

p r e -a n e s th e t ic .  The a t la s  ta r g e t  coordinates were A .P .: 5 .8 ;  L at.: 0 .8 ;

and D. V. : 5 .5  (P e l l ig r in o  and Cushman, 1967). Two days a f t e r  surgury

th e  ra ts  were given f iv e  minutes o f  e l e c t r i c a l  s t im u la t io n  through the 

e le c tr o d e .  When s t im u la t io n  was term inated, a n a lg e s ia  was t e s t e d  using  

a t a i l - p in c h  d ev ic e ,  and applying 2 .72 Kg o f  pressure a ga in st  the d i s t a l  

15 mm o f  the r a t fs t a i l .  Any movement or v o c a l iz a t io n  during the t a i l - 

pinch ing  procedure was taken to  in d ic a te  th a t  the rat was not a n lg e s ic .  

A ll ra ts  found not to  be proven a n a lg e s ic  were e lim in ated  from the ex ­

perim ent. This l e f t  16 a n a lg e s ic  r a t s .

Apparatus: The s t im u la t io n  apparatus was a Grass SD9 s t im u la to r  in

conjunction  with a Grass constant current Unit (CCU-1). The current  

produced was a 50 h z , 12 mamp monopolar square wave o f  50 msec, duration.

N oc icep tive  s t im u la tion  was provided by a t a i l - f l i c k  device (modi­

f i e d  a f t e r  th at used by Mayer, 1971). This i s  a radiant heat source o f

11
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57° C. emineting from a l ig h t  bulb (G, E. bhd) with filam ent focused by 

a concave mirror on the most d i s t a l  p ortion  o f  the r a t ’s t a i l .  The bulb 

was powered by a 21 V, 5 amp D« C. current. I t  was shut o f f  au tom atica lly  

a f t e r  9 seconds in order to  prevent t i s s u e  damage. A score on the t a i l -  

f l i c k  c o n s is te d  o f  four t r i a l s ,  the la s t  three  o f  which were averaged  

to g e th er ;  the i n t e r t r i a l  in te r v a l  fo r  t a i l - f l i c k  was one and one h a l f  

minutes for  co o lin g  o f  the device  a f t e r  each t r i a l .

The o ther  dev ice  for  adm inistering noxious s t im u la tion  was the t a i l -  

pinch d ev ic e ,  which p laced  from 0 .45  Kg to  5.44 Kg o f  pressure a g a in st  the  

the t i p  o f  the r a t ’s t a i l .  I t  was a pu sh -pu ll spring s c a le  mounted on a 

wooden b lock . Pressure was app lied  to  the r a t ’s t a i l  by a metal pad with  

an area o f  1/20 sq . cm. up against another metal pad mounted in the wooden 

back s to p . During in tr a c r a n ia l  s t im u la t io n  the r a ts  were r es tr a in e d  in  

a p l a s t i c  c y l in d er ,  but during t e s t i n g ,  the ra ts  were held in the e x p e r i­

m enter’s hand.

Procedure: Fourty to  fo u rty -fo u r  hours before  t e s t in g ,  su b jec ts

were in je c te d  with e i th e r  1 ugm o f  e s t r a d ia l  benzoate d is so lv ed  in 0 .1  

cc sesame seed o i l  (F ish er  Laboratories) per  100 grams o f  body weight  

or a comparable amount o f  o i l  alone (0 .35  cc) subcutaneously . Each sub­

j e c t  was run tw ic e ,  the f i r s t  time in j e c te d  with e i th e r  o i l  or estrogen ,  

and t e s t e d  both with and without in tra c r a n ia l  s t im u la t io n  once, and the 

second time about 48 hours la t e r  in je c te d  with the other substance, and 

again t e s t e d  with and without in tr a c r a n ia l  s t im u la t io n .

The order o f  hormone p rese n ta t io n  was determined by use o f  a r e ­

s t r i c t e d  random number ta b le  (Friedman, 1969) . In each t e s t  s i t u a t io n ,  

th e  rat was e i th e r  presented with e ig h t stim ulus cond it ions without  

in tr a c r a n ia l  s t im u la t io n ,  or fo llo w in g  f iv e  minutes in in tra c r a n ia l
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s t im u la t io n .  The e ig h t  cond it ions  were: 1) t a i l - f l i c k  paired  with cer ­

v i c a l  probing; 2) t a i l - f l i c k  fo l lo w in g  c e r v ic a l  probing; 3) t a i l - f l i c k  

alone; 4) t a i l - p in c h  with c e r v ic a l  probing; 5) t a i l - p in c h  with p a lp ation  

fo l lo w in g  c e r v ic a l  probing; 6) t a i l - p in c h  alone; 7) c e r v ic a l  probing  

paired  with p a lp ation  alone; and 8) pa lpation  fo l lo w in g  c er v ic a l  probing 

alone..

C ervical probing c o n s is ted  o f  ex er t in g  a constant pressure to  the  

c erv ix  o f  the r a t ' s  vag inal t r a c t  with a 1 cc g la s s  syrin ge  plunger  

moistened with w ater. While probing, the thumb o f  the other hand r e ­

s tr a in in g  the rat comes in contact with one o f  the r a t ' s  f la n k s ,  and 

the  r ing f in g e r  with the other f lan k . The index and middle f in g er s  l i e  

on e i th e r  s id e  o f  the t a i l  and apply in term it ten t  pressure  to  the p e r i ­

neum [p er in ea l p a lp a t io n ) .  The h e e l  o f  the hand r e s t s  on the r a t ' s  back> 

but does not apply p ressure . To achieve lo r d o s is  fo l lo w in g  c erv ica l  

probing, one begins with the lo r d o s is  with c e r v ic a l  probing as described  

above, but w hile  m aintaining p er in ea l  p a lp a tio n , remove the probe.

Data c o l l e c t e d  were fo r  the t a i l - f l i c k ,  the la tency  o f  removing the  

t a i l  from the heat source, with a c e i l in g  o f  nine seconds; amount o f  

pressure  t o le r a te d  from the t a i l - p in c h  u n t i l  some body or t a i l  movement, 

or a v o c a l iz a t io n  occurred, with a maximum amount o f  pressure s e t  at 

2.72 Kgs. These upper l im it s  were used because beyond th ese  p o in ts  per­

manent damage to  the ra ts  might occur, thereby modifying fu rther  measur- 

ments.

Lordosis postu res  were judged on a fou r-p o in t r a t in g  s c a le .  A 

score  o f  four in d ica ted  a t y p ic a l  f u l l  lo r d o s is  with the head, rump, 

and t a i l  r a ise d ,  and the thorax lowered. A score o f  three in d ica ted  the 

head and rump were r a ise d ,  but the arch in the back was not p resen t .  A



score o f  two in d ica ted  the rump was r a ise d ,  but the head was n o t , nor did  

the back arch. A score o f  one in d ica ted  th a t  the head, rump and t a i l  did  

not become r a ise d ,  and the back did not arch.

Data were c o l le c te d  between seven and e leven  a.m. ea stern  standard

tim e.

At the end o f  the experiment, the ra ts  were s a c r i f i c e d  using an 

overdose o f  pentabarbato l, and were perfused  with a 0.9% s a l in e  fo llow ed  

by a 10% formaldehyde in 0.9% s a l in e  s o lu t io n s .  A fter  p er fu s io n , the  

brains  were removed, embedded in  egg yolk  hardened with a formaldehyde 

s o lu t io n ,  and sec t io n ed  with a microtome in to  50 u s e c t io n s .  These s e c ­

t io n s  were mounted on s l id e s  and s ta in e d  with c r y s ta l  v i o l e t  s ta in in g  s o ­

lu t io n  fo r  v e r i f i c a t io n  o f  e lec tr o d e  placement.



RESULTS

H isto lo g y

H is to lo g ic a l  examination (see  Fig. 1) shows th a t  a l l  su b jects  in  

t h i s  study had e lec tro d e  placement in the more la t e r a l  portion s o f  the  

c en tra l  grey o f  the mesencephalon. This was to  be expected s in ce  a l l  

su b jec ts  were a n a lg e s ic .

Order E ffe c ts

A t - t e s t  for  independent samples ( d . f .  14) ^ ^ 4 )  = waS Pe r ôrmec  ̂

on t a i l - f l i c k  scores  o f  su b jec ts  given estrogen  f i r s t  as compared to  

th ose  given estrogen  la s t  to  look for  order e f f e c t s .  No s ig n i f i c a n t  d i f ­

feren ces  were found.

V a l id i ty  o f  Rating Scale

An unconventional ra t in g  eva luation  system for  the lo r d o s is  response  

was used in  t h i s  experiment. The Pearson c o r r e la t io n  between the present  

r a t in g  s c a le  and the eva lu ation  o f  the lo r d o s is  posture v ia  a photographic  

technique o f  Rosen and P etty  (1974) was 0.69 ( d . f .  = 4) which was s i g n i ­

f ic a n t  at the 0.01 l e v e l .

Lordosis Response

Table 1 summarizes the means fo r  the  lo r d o s is  response. Examination 

o f  t h i s  ta b le  rev ea ls  th at ra ts  r e c e iv in g  estrogen showed a grea ter  l o r ­

d o s is  s c o r e ,  both with p a lp ation  and c e r v ic a l  probing to g e th er  and palpa­

t io n  fo llo w in g  cer v ic a l  probing. These data were analyzed using an

15
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FIGURE 1

Estimated lo c a t io n  o f  e lec tr o d e  t i p s .  Numbers in d ic a te  su b jec ts  

(P e lleg in o  § Cushman, 1967).
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TABLE I

Table o f  means for  lo r d o s is  ra t in g s  with pa lp ation  during and fo llow in g  

c e r v ic a l  probing.

During Following

Estrogen and 
In tra cra n ia l  S tim ulation 3.75 3.56

Estrogen and
No In tra cra n ia l  S tim ulation 3 .8 3 .8

No Estrogen and 
In tra cra n ia l  S tim ulation 3.44 3.19

No Estrogan and 
No In tra cra n ia l  Stim ulation 2 .8 2.69



a n a ly s is  o f  variance for  repeated measures. There were three  indepen­

dent v a r ia b le s :  Palpation  during c e r v ic a l  probing, p a lp ation  fo llo w in g

c e r v ic a l  probing; presence or absence o f  estrogen; presence or absence 

o f  in tr a c r a n ia l  s t im u la t io n .  Therefore t h i s  i s  a 2x2x2 design with a l l  

su b jec ts  r ec e iv in g  a l l  treatm ents . This a n a ly s is  i s  summarized in  Table

2. The F values fo r  estrogen , s t im u la t io n  and the es'trogen-by-stim ula-  

t io n  in te r a c t io n  were a l l  s i g n i f i c a n t .  There was no s ig n i f i c a n t  d i f f e r ­

ence between pa lp ation  during c e r v ic a l  probing and pa lp ation  fo llo w in g  

c e r v ic a l  probing.

Figure 2 shows the e f f e c t  o f  estrogen  on the magnitude o f  the l o r ­

d o s is  response . These data in d ic a te  th a t  the s tren gth  o f  lo r d o s is  was 

enhanced by adm inistration  o f  estrogen . Also in tr a c r a n ia l  s t im u la t io n  

to  the c en tra l  grey o f  the mesencephalon enhanced the lo rd o s is  posture  

in  the absence o f  e strogen . Thus, both th ese  fa c to r s  a f f e c t  the rated  

magnitude o f  the lo r d o s is  response. A s ig n i f i c a n t  in te r a c t io n  between 

in t r a c r a n ia l  s t im u la t io n  and the presence o f  estrogen  was shown.

A t e s t  for  simple main e f f e c t s  was performed to  fu rther  analyze the 

e s tro g e n -b y -s t im u la t io n  in t e r a c t io n .  This a n a ly s is  i s  presented  in  Table

3. I t  i s  c le a r  th at estrogen  was e f f e c t i v e  in  in creas in g  scores  on the 

l o r d o s is  response both when the animal was given e l e c t r i c a l  s t im u la t io n  

to  the mesencephalic cen tra l  grey, and when in tr a c r a n ia l  s t im u la t io n  was 

not p r e se n t .  In the presence o f  e s tro g en , i t  i s  d i f f i c u l t  to  judge the  

e f f e c t  o f  in tr a c r a n ia l  s t im u la t io n .  Looking a t Figure 2, i t  i s  c le a r  

th a t  in  the presence o f  estrogen , c e r v ic a l  probing with in tra c r a n ia l  

s t im u la t io n  to  the cen tra l grey and c e r v ic a l  probing without in tr a c r a n ia l  

s t im u la t io n  produce almost eq u a lly  high lo r d o s is  response sc o r e s .  Palpa­

t io n  fo l lo w in g  c e r v ic a l  probing with in tr a c r a n ia l  s t im u la t io n  shows a
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TABLE 2

A nalysis  o f  variance o f  the lo r d o s is  response

Source dF MS F

Blocks 15

Treatments 7

A Estrogen 1 15.8 58.73*

B Cervical 
Probing 1 0.64 2.38

C In tracran ia l  
Stim ulation 1 1.33 4.94*

AXB 1 0 .06 0.22

AXC 1 4.12 15.315*

BXC 1 0 .18 0.669

AXB XC 1 0 .03 0.11

Residual 105 0.269

Total 127



FIGURE 2

E ffe c t s  o f  presence o f  estrogen  on magnitude o f  lo rd o s is  response
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TABLE 3

T ests  o f  simple e f f e c t s  for  the s ig n i f i c a n t  estrogen  by in tra c r a n ia l  

s t im u la t io n  in te r a c t io n  on the lo r d o s is  response.

Source dF MS F

A Estrogen 1 15.8 58.74*

A at 1 1.9 7.06*

A at 1 18.65 69.33*

C In tracran ia l  
Stim ulation 1 1.33 4.94*

C at Â 1 0 .4 1.49*

C at Â 1 5.065 18.828*

Residual 105
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s l i g h t l y  lower score , and p alp ation  fo llo w in g  c e r v ic a l  probing without 

in tr a c r a n ia l  s t im u la tio n  shows the h ig h es t  mean score  o f  a l l .  However, 

a l l  th ese  scores were very high due to  the presence o f  estrogen . With­

out estro g en , the h ig h est  scores a r is e  from c e r v ic a l  probing and in t r a ­

cra n ia l  s t im u la tion  t o  the mesencephalic cen tra l grey presented  to g e th er .  

The next h ig h es t  score r e s u l t s  from palp ation  fo llo w in g  c e r v ic a l  probing 

p aired  with in tra c r a n ia l  s t im u la t io n .  Therefore, when estrogen  was not 

p rese n t ,  the h ig h est  scores a r is e  whe'n in tra c r a n ia l  s t im u la t io n  was p re ­

s e n t .  Thus, estrogen  appeared to  show the g r ea tes t  e f f e c t  on the lordo­

s i s  sco re .  When estrogen was not p resen t ,  in tr a c r a n ia l  s t im u la t io n  to  

the m esencephalic cen tra l grey had the next g rea te s t  e f f e c t  on producing  

a strong  lo r d o s is  score .

T a i l -F l ic k

Table 4 summarizes the means o f  the t a i l - f l i c k  respon ses. I t  i s  

c le a r  from t h i s  ta b le  th a t  the g r e a te s t  o v e r a l l  mean la ten cy  was for  

groups r e c e iv in g  c e r v ic a l  probing with p a lp a t io n . Looking at Figure 3, 

when t a i l - f l i c k  la ten cy  was measured along with c e r v ic a l  probing and p a l ­

p a t io n ,  a l l  la ten cy  scores  were very h igh , in d ic a t in g  a n a lg e s ia  in  a l l  

c a se s .  When su b jec ts  rece iv ed  pa lp ation  fo llo w in g  c e r v ic a l  probing the  

e f f e c t  was not as strong. When s u b jec ts  rece ived  in tr a c r a n ia l  s t im u la ­

t io n  to  the cen tra l grey and no estrogen , they demonstrated the longest  

la te n c y .  When they rece ived  estrogen  but no in tr a c r a n ia l  s t im u la t io n ,  

they  showed the next sh o r te s t  la te n c y .  When they rece ived  estrogen  and 

in tr a c r a n ia l  s t im u la t io n ,  th ey  showed the next sh o r te s t  la te n c y ,  and 

when no estrogen or in tr a c r a n ia l  s t im u la t io n  was g iven , a very short l a ­

tency  was demonstrated. When su b jec ts  were given no pa lp ation  and no
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TABLE 4

Table o f  means for  t a i l - f l i c k  responses with p a lp a tion

Alone During/cp Foilow ing/cp

Estrogen and 
In tra cra n ia l  S tim ulation 5 .81 8.38 5.61

Estrogen and
No In tra cra n ia l  S tim ulation 4 .87 8.32 6 .13

No Estrogen and 
In tra cra n ia l  S tim ulation 5.99 8.64 6 .57

No Estrogen and 
No In tra cra n ia l  S tim ulation 4.31 8.31 4 .77
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FIGURE 3

The e f f e c t  o f  pa lp a tion  and c e r v ic a l  probing on la ten cy  o f  t a i l - f l i c k .
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c e r v ic a l  probing, they demonstrated a n a lg es ia  s im ila r  to  th at when p a l ­

pation  was given fo llow in g  c e r v ic a l  probing. Thus pa lp ation  fo l lo w in g  

c e r v ic a l  probing did not produce a n a lg es ia .

Figure 4 shows the  means o f  the t a i l - f l i c k  la te n c ie s  with in t r a -  . 

cra n ia l  s t im u la tion  to  the m esencephalic cen tra l grey. The g r ea tes t  

la ten cy  occured when in tr a c r a n ia l  s t im u la tio n  was presented  with c e r v ic a l  

probing and no estrogen . Next h ig h es t  la te n c ie s  were estrogen  and c e r v i ­

ca l probing with no in tr a c r a n ia l  s t im u la t io n ,  and estrogen  and c e r v ic a l  

probing without estrogen . A ll th ese  la te n c ie s  were e s s e n t i a l l y  the same. 

In the in tr a c r a n ia l  s t im u la t io n  c o n d it io n s ,  the remaining conditions  

ordered them selves as fo l lo w s:  no estrogen  with p a lp ation  fo llo w in g  cer ­

v i c a l  probing; no estrogen and no c e r v ic a l  probing; and f i n a l l y  estrogen  

and p a lp a tion  fo llo w in g  c e r v ic a l  probing. When no in tr a c r a n ia l  s t im u la ­

t io n  was p resen t ,  the e f f e c t  o f  estrogen  with p a lp a tion  fo llo w in g  c e r v i-  

c le  probing shows a la tency  g rea ter  than the same condit ion  with in t r a ­

cra n ia l  s t im u la t io n  to  the m esencephalic cen tra l  grey. No-estrogen with  

c e r v ic a l  probing produced the same la ten cy , then fo llow ed  no-estrogen  

with p a lp a tio n  fo llow in g  c e r v ic a l  probing, and f i n a l l y  no -estrogen  with  

no c e r v ic a l  probing. Thus, th ere  appears to  be three  l e v e l s  o f  la ten cy :  

Those r e c e iv in g  c e r v ic a l  probing reg a rd less  o f  the other c o n d it io n s ,  and 

showing the h ig h es t  la ten cy ;  th ose  r e c e iv in g  in tra c r a n ia l  s t im u la tio n  to  

the  c en tra l  grey o f  the mesencephalon regard less  o f  the other co n d it io n s ,  

as w e ll  as th ose  r e c e iv in g  no in tr a c r a n ia l  s t im u la t io n  but r e c e iv in g  e s ­

trogen with p a lp ation  fo llo w in g  c e r v ic a l  probing and showing moderate 

l a t e n c i e s ,  and thus moderate a n a lg e s ia ;  and f i n a l l y  th o se  th a t  rece ived  

no in tr a c r a n ia l  s t im u la tion  and no c e r v ic a l  probing or p a lp ation  fo l lo w ­

ing c e r v ic a l  probing, showing very short la t e n c i e s ,  and thus no a n a lg es ia
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FIGURE 4

The e f f e c t  o f  in tra c r a n ia l  s t im u la t io n  on t a i l - f l i c k  la ten cy .
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The data were analyzed using the same type o f  a n a ly s is  o f  variance  

fo r  repeated  measures. The independent v a r ia b le s  were: presence or ab­

sence o f  estrogen; presence or absence o f  in tr a c r a n ia l  s t im u la t io n  to  the  

m esencephalic cen tra l  grey; and p a lp ation  during c e r v ic a l  probing, palpa­

t io n  fo l lo w in g  c e r v ic a l  probing, and no palp ation  or c e r v ic a l  probing.

This data i s  summarized in  Table 5. Estrogen did not have a s i g n i ­

f ic a n t  e f f e c t  in  producing a n a lg e s ia .  Cervical probing produced s i g n i f i ­

ca n tly  g r ea ter  a n a lg es ia  than no c e r v ic a l  probing or p a lp a tio n , and i n ­

tr a c ra n ia l  s t im u la tio n  to  the cen tra l  grey produced g rea ter  a n a lg es ia  

than no in tr a c r a n ia l  s t im u la t io n .

There was a lso  a s ig n i f i c a n t  in te r a c t io n  between estrogen  and in t r a ­

cran ia l s t im u la t io n  to  the cen tra l  grey. An a n a ly s is  o f  simple main e f ­

f e c t s  i s  presented  in Table 6. I t  shows a s ig n i f i c a n t  e f f e c t  for  e s t r o ­

gen in  promoting a n a lg es ia  when in tra c r a n ia l  s t im u la tion  was not p resen t;  

a s ig n i f i c a n t  e f f e c t  fo r  in tr a c r a n ia l  s t im u la tion  producing a n a lg es ia  when 

estrogen  was p resen t ,  and a s i g n i f i c a n t  e f f e c t  for  in tr a c r a n ia l  s t im u la ­

t io n  when estrogen  was not p r e se n t .  Estrogen did not show a s ig n i f i c a n t  

enhancement o f  a n a lg es ia  in  the presence o f  in tra c r a n ia l  s t im u la t io n .  

In tr a cra n ia l  s t im u la tion  to  the  mesencephalic cen tra l  grey appears to  be 

more e f f e c t i v e  in the absence o f  estro g en , but estrogen  to be eq u a lly  

e f f e c t i v e  in both the presence and absence o f  in tr a c r a n ia l  s t im u la t io n .

A Tukey's t e s t  was performed to  in v e s t ig a te  d if fe r e n c e s  between 

groups r e c e iv in g  palp ation  paired  with c e r v ic a l  probing, p a lp ation  f o l ­

lowing c e r v ic a l  probing, and no c e r v ic a l  probing or p a lp a t io n . A summary 

o f  t h i s  data a n a ly s is  i s  presented  in Table 7. I t  shows th at there was 

a s ig n i f i c a n t  d if fe re n c e  between groups rec e iv in g  p a lp ation  with and 

without c e r v ic a l  probing. There was a s ig n i f i c a n t  d if fe re n c e  between



28

TABLE 5

Analysis o f  variance for  t a i l f l ic k -r e s p o n s e

Source dF MS F

Blocks 11

Treatments 15

A Estrogen 1 0.28 0.12

B Cervical  
Probing 2 184.28 79.43*

C In tracran ia l  
Stim ulation 1 24.64 10.62*

AXB 2 0.605 0.26

AXC 1 14.84 6.4*

BXC 2 5.13 2.21

AXBXC 2 4 .5 1.94

Residual 165

Total 191
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TABLE 6

T ests  o f  simple e f f e c t s  for  the s ig n i f i c a n t  in te r a c t io n  o f  estrogen by 

in tr a c r a n ia l  s t im u la t io n  on a n a lg e s ia

Source dF MS F

A Estrogen 1 0.28 0.12

A at 1 5.22 2.25

A at C2 1 9 .88 4.26*

C In tra cra n ia l  
Stim ulation 1 24.64 10.62*

C at Â 1 0 .64 0.41

C a t A0 1 38.76 16.71

Residual 165
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TABLE 7

Tukey’s t e s t  for  d i f fe r e n c e s  between means fo r  groups on c e r v ic a l  prob­

ing fo r  t a i l - f l i c k  data

During - A fter: Q = 13.9*

During - None: Q = 16.63*

None - A fter:    Q = 2 .65
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groups th at rece ived  p a lp ation  during c e r v ic a l  probing and those r e c e iv ­

ing palp ation  fo llo w in g  c e r v ic a l  probing. Those su b jec ts  th at rece iv ed  

palp ation  during c e r v ic a l  probing were s i g n i f i c a n t l y  more a n a lg e s ic  than 

th o se  su b jec ts  th at rece iv ed  p a lp ation  fo llo w in g  c e r v ic a l  probing.

There was no s ig n i f i c a n t  d if fe r e n c e  between su b jec ts  r e c e iv in g  no c e r v i ­

ca l probing or pa lp ation  and those  r e c e iv in g  p a lp a tio n  fo llo w in g  c e r v i ­

ca l probing. This would in d ic a te  th a t  th ose  su b jec ts  r e c e iv in g  p a lp ation  

fo l lo w in g  c e r v ic a l  probing were by and large  not a n a lg e s ic .

Thus, the data gathered from the  t a i l - f l i c k  in d ic a te s  that c e r v ic a l  

probing i s  the most s a l i e n t  fa c to r  in  producing a n a lg e s ia ,  and i s  more 

e f f e c t i v e  in producing a n a lg e s ia  than in tr a c r a n ia l  s t im u la t io n . When 

c e r v ic a l  probing was p resen t ,  in tra c r a n ia l  s t im u la t io n  without estrogen  

produced the g r e a te s t  a n a lg e s ia .  Subjects r e c e iv in g  p a lp ation  fo llo w in g  

c e r v ic a l  probing and no in tr a c r a n ia l  s t im u la t io n  showed an in crease  in  

la ten cy  when estrogen was p r e s e n t ; otherwise th ere  was no d if fe re n c e  in  

the e f f e c t s  from t h i s  and no pa lp ation  or c e r v ic a l  probing.

Tai 1- Pinch

Table 8 summarizes the means for  the t a i l - p in c h  data. Figure 5 ex ­

amines the e f f e c t  o f  c e r v ic a l  probing on the amount o f  pressure to le r a te d .  

In the c e r v ic a l  probing condit ion  the g rea te s t  amount o f  pressure t o l e r ­

ated  was in the presence o f  estrogen with no in tra c r a n ia l  s t im u la t io n ,  

and th e  no in tr a c r a n ia l  s t im u la t io n  and no estrogen  co n d it io n . The p r e s ­

sure to le r a te d  here was r e l a t i v e l y  h igh . With p a lp a t io n  fo llo w in g  c e r v i ­

ca l probing, in tra c r a n ia l  s t im u la t io n  shows the g r e a te s t  an a lg es ia  with  

presence o f estrogen  showing a moderate amount o f  p ressu re . With no 

c e r v ic a l  probing, in tr a c r a n ia l  s t im u la t io n  to  th e  m esencephalic cen tra l



T a b le  o f  means f o r  t a i l - p i n e h  r e s p o n s e s  w ith  p a l p a t i o n

Alone During/cp Follow ing/cp

Estrogen and 
In tra cra n ia l  S tim ulation 5 .4 5 .93 5.38

Estrogen and
No In tra cra n ia l  S tim ulation 2.72 4 .78 3.44

No Estrogen and 
In tra cra n ia l  Stim ulation 5.44 5.84 5.5

No Estrogen and 
No In tra cra n ia l  Stim ulation 2.52 4.41 3.13
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FIGURE 5

The e f f e c t  o f  c e r v ic a l  probing and p a lp ation  on amount o f  pressure t o l e r ­

a ted .
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grey produces the g r ea tes t  a n a lg e s ia ,  w hile  other s t im u li  in t h i s  condi­

t io n  did not produce a n a lg es ia .

In Figure 6 ,  the e f f e c t  o f  in tr a c r a n ia l  s t im u la tio n  i s  shown as be­

ing very s tron g , and a l l  groups r e c e iv in g  in tra c r a n ia l  s t im u la t io n  to  the  

mesencephalic cen tra l grey show a n a lg e s ia .  Therefore, d isc u ss io n  o f  d i f ­

feren ces  among groups here would be f r u i t l e s s ,  s in ce  a l l  scores  are s im i­

la r .  The reason for  th is  s im i la r i t y  i s  th a t  su b jects  for  t h i s  study were 

chosen as a n a lg es ic  by being stim u lated  in t r a c r a n ia l ly  without estrogen ,  

and t e s t e d  on the ta i1 -p in c h .  Thus, the e f f e c t  o f  in tr a c r a n ia l  s t im u la ­

t io n  as being t h i s  strong should not be su p r is in g . I t  must be considered  

a r e s u l t  o f  a s e le c t io n  fa c to r ,  and thus a demonstration o f  a c e i l i n g  e f ­

f e c t  in  t h i s  case .

In the absence o f  in tr a c r a n ia l  s t im u la t io n , c e r v ic a l  probing both 

with and without estrogen produced the g r ea te s t  amount o f  pressure t o l e r ­

ance. Next comes estrogen with p a lp a tio n  fo llow in g  c e r v ic a l  probing, and 

no estrogen  with pa lp ation  fo llo w in g  c e r v ic a l  probing; th ese  pressure  

l e v e l s  are sm all, however, and do not in d ic a te  a n a lg es ia .  The next g r ea t­

e s t  amount o f  pressure to lera n ce  i s  with estrogen and no c e r v ic a l  probing, 

the  l e a s t  occurs with no estrogen  or c e r v ic a l  probing. Thus, the g r ea te s t  

a n a lg e s ia  i s  produced by in tr a c r a n ia l  s t im u la tion  to  the mesencephalic  

cen ta l grey regard less  o f  o th er  fa c to r s .  When in tra c r a n ia l  s t im u la tio n  

was not p resen t ,  c e r v ic a l  probing both with and without estrogen  produce 

a n a lg e s ia .

The t a i l - p in c h  data were analyzed using the same a n a ly s is  o f  variance  

fo r  repeated measures design as used fo r  t a i l - f l i c k .  The independent 

v a r ia b le s  were the same as were employed in th e  t a i l - f l i c k  des ign , a lso  

making t h i s  a 2x2x2 design . In Table 9 , th ese  data again show no s i g n i -



35

FIGURE 6

The e f f e c t  o f  in tra c r a n ia l  s t im u la t io n  on amount o f  pressure to le r a te d .
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No estrogen and p a lp a tio n  w ith c e r v ic a l  probing

Estrogen and p a lp ation  fo llo w in g  c e r v ic a l  probing

No estrogen and p a lp ation  fo llo w in g  c er v ic a l  probing

Estrogen and no c e r v ic a l  probing

No estrogen and no c e iv i c a l  probing

Estrogen and c e r v ic a l  probing with na ln ation

No estrogen and c e r v ic a l  probing with pa lpacion

Estrogen and p a lp ation  fo llo w in g  c e r v ic a l  probing

No estrogen  and p a lp a tio n  following c e r v ic a l  probing

2.41
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TABLE 9

Analysis o f  variance  for ta i1 -p in ch  response

Source dF MS F

Blocks 15

Treatments 11

A (Estrogen) 1 0.79 0.72

B (C ervical Probing) 2 25.18 23.1*

C (In tr a cra n ia l  
Stim ulation) 1 210.91 193.5*

AXB 2 0.13 0.12

AXC 1 1.33 1.22

BXC 2 9 .3 8.5*

AXBXC 2 0.01 0.009

Residual 165 1.09

Total 191
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f ic a n t  e f f e c t  o f  estrogen in producing a n a lg es ia .  Cervical probing pro­

duced s ig n i f i c a n t  a n a lg e s ia ,  as was a lso  the case for  in tr a c r a n ia l  stim u­

la t i o n .  Further a n a ly s is  us ing  a t e s t  for  simple main e f f e c t s  i s  p re ­

sen ted  in  Table 10. The e f f e c t  o f  in tra c r a n ia l  s t im u la tio n  to  the mesen­

cep h a lic  c en tra l  grey in producing a n a lg es ia  was e f f e c t i v e  in both th e  

presence and absence o f  c e r v ic a l  probing; c e r v ic a l  probing was e f f e c t i v e  

in producing a n a lg es ia  in the absence o f  in tra c r a n ia l  s t im u la t io n .  How­

ev er ,  in  the  t a i l - p in c h  co n d it io n , in tr a c r a n ia l  s t im u la t io n  masked a l l  

p o s s ib le  e f f e c t s  o f  c e r v ic a l  probing, producing no v isa b le  e f f e c t  o f  

c e r v ic a l  probing in the presence o f  in tra c r a n ia l  s t im u la t io n .

A Tukey’s t e s t  was performed on d if fe r e n c e s  between p a lp ation  during 

c e r v ic a l  probing, pa lp ation  fo l lo w in g  c e r v ic a l  probing, and no pa lp ation  

or c e r v ic a l  probing in producing a n a lg es ia .  A summary o f  t h i s  a n a ly s is  

i s  presented  in  Table 11. This ta b le  shows th a t  there  was a s ig n i f i c a n t  

d if fe r e n c e  between su b jec ts  r ec e iv in g  p a lp ation  during c e r v ic a l  probing  

and those r e c e iv in g  no c e r v ic a l  probing. There was a s ig n i f i c a n t  d i f f e r ­

ence between those su b jec ts  r e c e iv in g  p a lp ation  during and fo llow in g  

c e r v ic a l  probing. There was no s ig n i f i c a n t  d if fe re n c e  between su b jec ts  

th a t  rece ived  no p a lp ation  or c e r v ic a l  probing and th ose  rec e iv in g  palpa­

t io n  fo l lo w in g  c e r v ic a l  probing. Subjects  r ec e iv in g  p a lp ation  fo llo w in g  

c e r v ic a l  probing were not a n a lg e s ic .

Thus data gathered from t a i l - p in c h  in d ic a te s  th at in tra c r a n ia l  

s t im u la t io n  to  the mesencephalic cen tra l grey produces a n a lg e s ia ,  regard­

l e s s  o f  o th er  co n d it io n s ,  and in tr a c r a n ia l  s t im u la t io n  and c e r v ic a l  

probing in te r a c t  to  produce a n a lg e s ia ,  but i t  i s  in part masked by the  

overpowering e f f e c t  o f  in tr a c r a n ia l  s t im u la tion  in  producing a n a lg es ia  

in  the t a i l - p in c h  co n d it ion .
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TABLE 10

T ests  o f  simple e f f e c t s  fo r  the s ig n i f i c a n t  in te r a c t io n  o f  c e r v ic a l  

probing and in tra c r a n ia l  s t im u la t io n  on a n a lg es ia

Source dF MS

B (C ervical Probing) 

B at Cx 

B at C0

C (In tra cra n ia l  
Stim ulation)

C a t B̂

C at B?

C at B,
3

Residual

2

2

2

1

1

1

1

165

25.18

2.15

32.335

210.91

125.72

27.46

73.91

1.09

23.1*

1.97

29.67*

193.5*

111.34*

25.19*

67.8*
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TABLE 11

Tukey's t e s t  fo r  d if fe r e n c e s  between means for  groups on c e r v ic a l  prob­

ing fo r  t a i l - p in c h  data

During - A fter: Q = 16.92*

During - None: Q -  20.29*

None - A fter: 0 = 2.63



DISCUSSION

In summary, estrogen enhanced the lo r d o s is  response both in the 

case o f  pa lp ation  during c e r v ic a l  probing and p a lp ation  fo llow in g  c e r v i ­

ca l probing. In tracran ia l s t im u la t io n  to  the mesencephalic cen tra l grey 

enhanced the lo r d o s is  score when estrogen  was absent, but when estrogen  

was p re se n t ,  the e f f e c t  o f  c e r v ic a l  probing and in tra c r a n ia l  s t im u la t io n  

on a n a lg es ia  was e s s e n t i a l l y  the same.

The t a i l - f l i c k  data in d ic a te s  that c e r v ic a l  probing and in tracran ­

i a l  st im u la tion  to  the mesencephalic cen tra l grey were both e f f e c t i v e  in  - 

producing a n a lg es ia  but c e r v ic a l  probing produced much longer la te n c ie s  

before  the f l i c k  than did cen tra l grey s t im u la t io n .  Estrogen was shown 

to  decrease la t e n c ie s  when cen tra l gray s t im u la tion  was present and i n ­

crease  or not e f f e c t  la te n c ie s  without s t im u la t io n  to  the cen tra l grey. 

The e f f e c t  o f  pa lp ation  in  producing a n a lg es ia  only  occured when palpa­

t io n  was pa ired  with c e r v ic a l  probing. Palpation fo llow in g  cer v ic a l  

probing was not e f f e c t i v e  in producing a n a lg e s ia .

The t a i l - p in c h  data in d ica ted  th at estrogen  alone does not enhance 

a n a lg e s ia .  Again, the e f f e c t  o f  p a lp ation  in producing a n a lg es ia  was 

only  v isa b le  when palp ation  was pa ired  with c e r v ic a l  probing, and a n a l­

g e s ia  occured to  in tra cra n ia l  s t im u la t io n .  S t im ulation  o f  the cen tra l  

grey produced higher pressure  to lera n ce  than did c e r v ic a l  probing. The 

h igh est  scores  were obtained from a combination o f  c e r v ic a l  probing and 

e l e c t r i c a l  s t im u la t io n  to  the mesencephalic cen tra l grey. Palpation  f o l ­

lowing c e r v ic a l  probing was not e f f e c t i v e  in  producing a n a lg e s ia .

40
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I t  was hypothesized that a n a lg es ia  produced by in tr a c r a n ia l  stim u­

la t io n  to  the mesencephalic cen tra l  grey, and c e r v ic a l  probing, as w ell  

as the e f f e c t  o f  the presence o f  estrogen  were causing changes in  the 

same neural n o c icep t iv e  b lock ing  mechanism th at  included the mesencepha­

l i c  cen tra l grey as a common part o f  that mechanism in which th ese  stim u­

l i  can work to g e th er .  I f  t h i s  were the ca se ,  the presence o f  estrogen  

would be expected to produce h igher  lo r d o s is  scores to  c e r v ic a l  probing 

than i f  estrogen  was not p resen t ,  and th a t  th ere  would be no d if feren ce  

in scores  from su b jects  r e c e iv in g  p a lp ation  with c e r v ic a l  probing than 

those  rec e iv in g  palpation  fo llo w in g  c e r v ic a l  probing a lon e . These r e ­

s u l t s  were found, and r e p l ic a te d  the work o f  P fa f f  (1971) who found that  

p r e se n c e -o f  estrogen  increased  lo r d o s is  response to c e r v ic a l  probing, and 

o f  Komisaruk (1974) who found th at presence o f  estrogen  increased  lordo­

s i s  to  c e r v ic a l  probing, and o f  Komisaruk (1974) who found that pa lp a­

t io n  fo l lo w in g  c e r v ic a l  probing produced lo r d o s is  responses s im ila r  to  

th ose  achieved by palpation  during d ir e c t  c e r v ic a l  probing. Analgesia  

r e s u l t e d  from in tra c r a n ia l  s t im u la t io n  to the mesencephalic cen tra l  grey, 

thus r e p l ic a t in g  the work o f  Mayer (1974) . C ervical probing paired with  

p a lp a t io n  produced a n a lg e s ia ,  thus r e p l ic a t in g  the work o f  Komisaruk 

(1974) and Rosen, P e tty ,  and Westlake (1974).

Evidence for  cer v ic a l  probing and in tra c r a n ia l  s t im u la tio n  to  the 

cen tra l  grey both e f f e c t in g  th e  cen tra l grey in the same manner comes 

from the fa c t  that estrogen  appears to  a f f e c t  the r e s u l t s  o f  c e r v ic a l  

probing and in tra cra n ia l  s t im u la tion  in  the same way. When estrogen  was 

absent, and c e r v ic a l  probing presented  with in tra c r a n ia l  s t im u la t io n , the  

r e s u l t in g  a n a lg es ia  i s  the g r e a t e s t .  When estrogen  i s  p re sen t ,  and c e r ­

v ic a l  probing presented  with and without in tr a c r a n ia l  s t im u la t io n  to the
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m esencephalic cen tra l  grey, th ere  i s  no change in  a n a lg es ia  in the t a i l -  

f l i c k  co n d it io n . This i s  fu rth er  supported by the s ig n i f i c a n t  in t e r a c ­

t io n s  o f  estrogen with in tra c r a n ia l  s t im u la tio n  to  the cen tra l grey o f  

the mesencephalon and c e r v ic a l  probing w ith cen tra l grey s t i m u la t io n . . 

Thus, i f  estrogen a f f e c t s  in tr a c r a n ia l  s t im u la tion  and c e r v ic a l  probing  

in  the same way, and estrogen  pools  in  the cen tra l grey (P fa f f ,  1971) 

then i t  seems l i k e l y  th at both in tra c r a n ia l  s t im u la tion  and c e r v ic a l  

probing may a f f e c t  the cen tra l grey o f  the mesencephalon in  the same man­

n er , thus supporting the  h y p o th es is .

I t  was proposed by Komisaruk (1974) th a t  p a lp a tion  fo llow in g  c e r ­

v i c a l  probing increased the e f f e c t s  o f  p rev io u s ly  ignored s ex u a lly  r e l e ­

vant s t im u la t io n . I f  t h i s  i s  the case , p a lp ation  fo llow in g  c e r v ic a l  

probing may a lso  e f f e c t  the mesencephalic c en tra l  grey, and show a b lo c k ­

ing o f  n o c ic e p t iv e  s t im u la t io n ,  as i s  the case in  pa lp ation  paired  with  

c e r v ic a l  probing.

The mesencephalic cen tra l grey i s  the most l i k e l y  s i t e  o f  a f a c i l i ­

ta t io n  because Mayer (1974) found that in tra c r a n ia l  s t im u la tion  to the  

cen tra l grey produced a s t a t e  o f  a n a lg e s ia ,  w hile  s im ila r  s t im u la tio n  to  

other areas did not produce a n a lg e s ia .  P f a f f  (1971) found th a t  radioac-  

t i v e l y  la b led  e s t r a d ia l  benzoate pooled  in the cen tra l grey o f  the mesen­

cephalon. He a lso  noted th a t  ascending sp inal pathways may be connected  

by the presence o f  estrogen  in such a way th at estrogen could be in s tr u ­

mental in tr ig g e r in g  a neural pathway from the  lower back to the mesen­

cep h a lic  cen tra l grey. I so la te d  examples o f  such pathways e x i s t ,  and i t  

i s  h igh ly  l i k e l y  th a t  they may be in terconnected  by the presence o f  e s ­

trogen in to  one un it th at may be a c t iv a te d  by st im u la t io n  in mating.

P f a f f  C1971) hypothesized  th a t  estrogen  may a l t e r  the a c t i v i t y  o f  cer ta in  

s e le c t e d  neurons in  the m esencephalic cen tra l grey.
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Komisaruk (1974) and Rosen, P e tty ,  and Westlake (1974) have shown 

th a t  c e r v ic a l  probing produced a s t a t e  o f  a n a lg e s ia .  Komisaruk hypothe­

s iz e d  th a t  a n a lg es ia  thus produced i s  caused by changes in a c t i v i t y  in  

the mesencephalic cen tra l  grey. P e tty  (1975) has shown th at c erv ica l  

probing in h ib i t s  the f i r in g  ra te  o f  s in g le  c e l l s  in  the mesencephalic  

cen tra l grey o f  female ra ts  primed with estro g en . She a lso  found th a t  

u n its  th at were f a c i l i t a t e d  by n o c ic ep t iv e  s t im u la t io n  were in h ib ite d  by 

c e r v ic a l  probing, and when c e r v ic a l  probing was presented  with n o c icep ­

t i v e  s t im u la t io n ,  in h ib i t io n  occured in u n its  th a t  had been f a c i l i t a t e d  

p r e v io u s ly  by n o c ic e p t iv e  s t im u la t io n  alone.

The f in d in g s  o f  the p resen t experiment r e p l i c a t e  the f in d in gs  o f  

Mayer (1974), Komisaruk (1974) and P f a f f  (1971). Also the f in d in gs  o f  

t h i s  experiment in d ic a te  the expected in t e r a c t io n s .  Thus, f a c i l i t a t i o n  

occured between estrogen  and in tra c r a n ia l  s t im u la t io n  and a ls o  ac tion  

between c e r v ic a l  probing and in tra c r a n ia l  s t im u la t io n .  When in tra c r a n ia l  

s tim u la tio n  to  the mesencephalic cen tra l  grey was absent, the e f f e c t  o f  

estrogen  on c e r v ic a l  probing produced the s tro n g est  lo r d o s is  score .

When in tra c r a n ia l  s t im u la tion  was p resen t ,  the e f f e c t  o f  estrogen  on 

c e r v ic a l  probing showed no g rea ter  lo r d o s is  response than in tra c r a n ia l  

s t im u la tion  without e s tro g en . Thus i t  seems p o s s ib le  th a t  in tra c r a n ia l  

s t im u la t io n  to  the cen tra l  grey i s  a c t iv a t in g  some mechanism in  the mes­

en cep h a lic  cen tra l grey th a t  i s  tr ig g e re d  in nature by c e r v ic a l  probing  

to  produce a n a lg es ia .

The r e s u l t s  in d ica ted  th a t  the s ig n i f i c a n t  in te r a c t io n  occured, but 

not n e c e s s a r i ly  under a l l  stim ulus c o n d it io n s .  The in te r a c t io n s  between 

estrogen  and in tra c r a n ia l  s t im u la tio n  was not s ig n i f i c a n t  in. the t a i l -  

pinch co n d it io n , and the in te r a c t io n  between in tra c r a n ia l  s t im u la t io n  

and c e r v ic a l  probing was not s ig n i f i c a n t  in  the t a i l - f l i c k  co n d it io n .
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Palpation fo llow in g  c e r v ic a l  probing caused no s ig n i f i c a n t  d i f f e r ­

ences between p a lp ation  without c e r v ic a l  probing and p a lp ation  fo llo w in g  

c e r v ic a l  ^probing, in d ic a t in g  th a t  p a lp a tion  fo llow in g  c e r v ic a l  probing 

did not produce a n a lg es ia .  Komisaruk (1974) in d ica ted  th at pa lp a tion  

fo l lo w in g  c e r v ic a l  probing acted  as a t r ig g e r  th at enhanced the e f f e c ­

t iv e n e s s  o f  l a t e r  c e r v ic a l  probing, e i th e r  by a vigorous male, or by 

probing with a syringe p lunger. The f in d in g s  o f  t h i s  experiment in d ica ted  

th at i t  may a s s i s t  in tr ig g e r in g  la t e r  mating resp on ses , but th at i t  did  

not p lay  a r o le  in producing a n a lg e s ia ,  and considering  t h i s ,  i t  may be 

wise to  consider  pa lp ation  fo llo w in g  c e r v ic a l  probing as another t o t a l l y  

d if f e r e n t  neural mechanism.

Thus, th e  f in d in gs  o f  t h i s  experiment in d ic a te  th at the in te r a c t io n s  

between in tr a c r a n ia l  s t im u la t io n  to the m esencephalic c en tra l  grey and 

estrogen  produce a n a lg e s ia ,  and th a t  in tra c r a n ia l  st im u la tion  and CP 

in te r a c t  to  produce a n a lg es ia  s im i la r ly .  This supports the hyp oth es is  

th a t  th ese  may not be separate  mechanisms, but that th ese  two types o f  

st im u la t io n  may both cause s im ila r  changes in  the mesencephalic central,  

g r e y - - in tr a c r a n ia l  s t im u la t io n  a r t i f i c i a l l y  and c e r v ic a l  probing n a tu r a l- 

ly --w h ich  causes a b lock ing  o f  responses to  n o c ic e p t iv e  s t im u la t io n .

These f in d in gs  a lso  in d ic a te  th at p a lp ation  fo llo w in g  c e r v ic a l  probing  

does not produce a n a lg e s ia ,  and th a t  the s im ila r  e f f e c t s  o f  p a lp ation  

fo l lo w in g  c e r v ic a l  probing to  p a lp a tio n  during c e r v ic a l  probing may be 

due to  another d i f fe r e n t  mechanism.
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