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Dietary vitamin E No. of animals Fertility test Fetus Scorea 
(IU]kg diet) Inseminationa index Implantationb index Live Malformed Resorbed 

(%) (%) (%) (%) (%) 

0 5 80 100 20 e 0 80 e 
25 5 80 100 91 0 9 

2500 5 100 100 90 0 10 
10000 5 100 20~ t00 0 0 

�9 Insemination index is 100 x number of rats inseminated/number of rats used for mating, b hnplantation index is 100 x number of rats with 
at least one implantation site/number of rats inseminated, cSignificantly lower than other groups, probability _< 0.004 by Freeman and 
Halton's exact probability test 5. aFetus seore is expressed as 100 x number of live or malformed or resorbed fetuses/number of implantation 
sites, e Significantly different from other groups in the same column, probability _< 0.004 by Mann-Whitney U-test*. 

wi th  excess v i t a m i n  E supp lemen t s  were found to  be in- 
s emina ted  dur ing  the  ma t ing  period.  At  necropsy,  all in- 
s emina ted  ra t s  fed d ie t a ry  v i t a m i n  E f rom 0 to 2500 IU/kg  
die t  for 3 m o n t h s  were p regnan t .  However ,  only  1 ou t  of 
the  5 i n semina ted  ra t s  fed 10,000 IU v i t amin  E /kg  d ie t  
was p regnan t .  The low level of fer t i l i ty  in ra t s  fed 10,000 

I U  v i t amin  E /kg  die t  was s igni f icant ly  d i f ferent  f rom the  
o the r  3 groups  (p < 0.004) using F reeman  and  H a l t o n ' s  
exac t  p robab i l i t y  t e s t  ~ for s ta t i s t ica l  analysis.  Fe tuses  
f rom normal  and  h igh  v i t amin  E s u p p l e m e n t e d  ra t s  were 
o therwise  qui te  no rma l  and  no signs of ma l fo rma t ions  
were observed.  
In  an earl ier  s tudy ,  bype rv i t aminos i s  E has been repor ted  
to  d i s t u r b  ovar ian  ac t iv i ty  in ra t s  e. Af te r  admin i s t r a t ion  
of 3.3 IU  v i t amin  E dai ly  for more  t h a n  4 months ,  i t  was 
found  t h a t  the  n u m b e r  of corpora  lutea  decreased,  the  
weigh t  of ovaries  reduced,  fewer follicles r ipened and  the  
leng th  of es t rous  cycle a l tered,  The resul ts  of our fe r t i l i ty  
t e s t  have  d e m o n s t r a t e d  the  poss ib i l i ty  of serious repro-  
duc t ive  consequences  of ova ry  mal func t ion  induced  by  
hype rv i t aminos i s  E.  Inc reased  in take  of d ie t a ry  v i t ami n  
E has  been d e m o n s t r a t e d  to  reduce the  se rum concen-  

t r a t ions  of p ros t ag land ins  in ratsT. Since p ros tag land ins  
have  been  shown to  p lay  a role in regula t ing  m a n y  repro- 
duc t ive  processes  including ovula t ion  and  corpus  lu teum 
functionS, the  effect  of hype rv i t aminos i s  E on fer t i l i ty  is 
qu i te  p ro b ab l y  due  to its inf luence on pros tag landins .  
Our p re l iminary  resul ts  indica te  t h a t  excess d ie t a ry  vi ta-  
min  E, as well as v i t amin  E def iciency 9, for a prolonged 
per iod of t ime,  can  in terfere  wi th  no rma l  reproduc t ive  
func t ions  in female rats ,  a l though  the  mechan i sms  may  be 
qui te  different .  F u r t h e r  inves t iga t ions  in to  the  adverse  
effects  of hype rv i t aminos i s  E on reproduc t ive  funct ions  
of female ra t s  are p resen t ly  being carr ied ou t  in our 
labora tory .  

4 S. Siegel, Nonparametric Statistics for the Behavioral Sciences, 
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On the  m e c h a n i s m  of  t h e  a m p h e t a m i n e  i n d u c e d  v a s o d i l a t a t i o n  at  the  r a t ' s  c e r e b r a l  c o r t e x  1 
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Summary. Cerebral  cort ical  b lood flow was measured  w i t h  the  h y d ro g en  clearance technique .  I t  was found t h a t  the  
increase in CoBF induced  by  a m p h e t a m i n e  is b locked by  a t rop ine  or chlorpromazine .  

A m p h e t a m i n e  has  been  r epo r t ed  to  increase cerebra l  
blood flow in the  r a t  b y  a m e c h a n i s m  no t  d e p e n d e n t  on 
metabol ic  ac t iva t ion ,  as t he  increase in cerebral  blood 
flow is severalfold grea te r  t h a n  the  change  in cerebral  
metabo l ic  ra te  of oxygen  3. 
The increase in cerebral  co r t ex  blood flow (CoBF) as- 
sociated w i t h  e lect rocor t ica l  desynchron iza t ion  in the  
u re than ized  ra t  has  been  adscr ibed  to a cholinergic 
mechan i sm as i t  can  be b locked by  a t rop ine  and  po ten -  
t i a t ed  b y  eserine 4. Also a cholinergic mechan i sm has  been 
found responsible  for the  cerebrovascular  effect  of CO 2 
in ra t s  5. In  order  to  de t e rmine  the  possible pa r t i c ipa t ion  
of a neurogenic  m e c h a n i s m  of the  same sort  in the  ac t ion  
of a m p h e t a m i n e ,  t he  p r e sen t  expe r imen t s  were pe r fo rmed  
in which  drugs  af fec t ing  synap t i c  t ransmiss ion  in the  
cent ra l  ne rvous  sys t em were  assessed on the i r  abi l i ty  to 
modi fy  the  cerebrovascu la r  effect  of amphe t amine .  As 

a m p h e t a m i n e  is known  to  release adrenergic  t r ansmi t t e r s ,  
t he  effect  on CoBF of noradrenal ine ,  adrenal ine,  iso- 
p ro te renol  and  a m p h e t a m i n e  itself when  topica l ly  applied 
to  t he  cor tex  was  also assessed. 
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Table 1. Effect of amphetamine (4 mg/kg) on untreated controls and 
following pretreatment with atropine (8 mg/kg) or chlorpromazine 
(10 mg/kg) 

Co B. flow Co V.  Mean B. 
(ml/100 g resistance pressure 
rain) (mm Hg/ml/ (ram Hg) 

100 g rain) 

Untreated controls 
(mean4-SE) 50.18+7.767 1.2184-0.204 514-4.78 
Amphetamine, 4 mg/kg 
(mean differenee*4-SE) 23.734-5.143 -0.3574-0.121 -2.204-3.74 
N 11 5 5 
pb <0.001 <0.05 n.s. 

Atropine, 8 mg/kg 
(mean+ SE) 33.64-7.584 2.4984-0.365 67.874-6.421 
Amphetamine, 4 mg/kg 
(mean difference~+SE) 3.64-2.376 0.2074-0.152 2.624-3.741 
N 10 8 8 
pb n.s. n.s. n.s. 

Chlorpromazine, 10 mg/kg 
Mean4- SE 27.824-3.173 2.1454-0.267 53.454-4.747 
Amphetamine, 4 mg/kg 
Mean difference~4-SE -0.364-1.591 -0.0734-0.117 -2.824-2.607 
N 11 11 11 
pb n.s. n.s. n.s. 

=Mean 4- SE of the difference between the first determination of 
CoBF after and last before amphetamine injection, b Student's 
t-test for paired samples. 

Table 2. Effects of drugs topically applied on cortical blood flow 

CoBF (ml/100 g min) mean 4- SE 
Drug Control~ Difference b p0 N a 

Noradrenaline 
(0.5 mg/ml) 51.94-17.93 -6.584- 7.13 n.s. 5 
Adrenaline 
(0.5 mg/ml) 46 .6 -4 -5 .62  3.30-4-4.72 n.s. 5 
Isoproterenol 
(0.4 mg/ml) 60.29-t-20.71 12.144-3.96 <0.05 7 
Amphetamine 
(1 mg/ml) 47.874-13.44 -8.474-11.70 n.s. 8 

Mean -1- SE of CoBF-values previous to drug application, b Mean 4- 
SE of the difference between CoBF after and before drug application. 
A positive value means increase in blood flow and vice versa, c Stu- 
dent's t-test for paired samples, aNumber of animals. 

Amphetamine Controls 
801 4mo/k 9 i.p. 

r \ / /  __ _ 

60 " 
Atropine pretreatment 

40 

_o 20 
Chlorpromazine pretreatment 

o ' 2 ;  ' ; o  ' 6 'o '  8 'o '  ' ' 100 min 
Time 

Cortical blood flow before and at successive time intervals after 
amphetamine injection (4 mg/kg) (arrow) in control animals and 
after pretreatment with atropine (8 mg/kg) or chlorpromazine 
(10 mg/kg). 

Materials and methods. 57 ra ts  were used. The an imals  
were anes the t ized  by  a single dose (1.5 g/kg) of u re thane  
by  the  i.p. route.  They  were t r acheos tomized  and  f ixed 
to  a nose clamp.  The par ie ta l  cor tex  was exposed  and  a 
bare  p la t in ized  p l a t i n u m  electrode,  30 ~m in d iameter ,  
was inser ted  wi th in  t he  cerebral  cor tex  by  means  of a 
mic romanipu la to r .  The e lect rode t ip  was placed a t  1 m m  
below cort ical  surface. Cur ren t  b e t w een  the  p l a t i n um 
elect rode and a calomel half-cell  connec ted  by  an agar  
br idge to  the  s.c. t issue a t  the  neck  was recorded in a 
channe l  of a Beck man  D y n o g r a p h  recorder .  A small  flow 
of h y d ro g en  gas was added  to  the  inspi red  air and  main-  
t a ined  c o n s t a n t  unt i l  the  cur ren t  f rom the  cort ical  elec- 
t rode  showed a s t eady  s ta te .  H y d r o g e n  flow was t h e n  
s topped  and the  desa tu ra t ion  curve  was recorded to 
calculate  local blood flow by  means  of the  equat ion  

In 2 
k = - -  

T112 

where  TI/2 = hal f  t ime  of wash out  slope in min.  k has  
the  d imens ions  of ml /ml  rain. Values were f inal ly ex- 
pressed as ml/100 g rain. One femoral  a r t e ry  was can-  
nu la ted  in order  to record the  ar ter ia l  pressure  by  means  
of a S t a t h a m  P23BB pressure  t r ansduce r  connec ted  to a 
sui table  channe l  of the  recorder .  
In  some exper iments ,  a r ing of 3.5 m m  in ternal  d iamete r  
and  2 m m  he igh t  was pos i t ioned over  the  cor tex  by  
means  of a mic romanipu la to r ,  avoiding press ing the  pial  
vessels.  The ring was  p rov ided  wi th  inle t  and  ou t le t  
t u b i n g  connec ted  to syr inges  and was kep t  filled wi th  
syn the t i c  cerebrospinal  fluid t h a t  was  in direct  con tac t  
wi th  the  pial  surface. Drugs  were added  to  the  syn the t i c  
CSF in order  to assess the i r  topical  effect  on CoBF. The 
p l a t i n u m  elect rode was inser ted  into the  cor tex  th rough  
the  center  of the  ring. 
Results. After  a single i.p. dose of a m p h e t a m i n e ,  CoBF 
s ignif icant ly  increased (table 1 and figure). No blood pres-  
sure changes  were seen however  and  cort ical  vascular  
res is tance  also decreased signif icant ly.  The increase in 
CoBF was  found  a t  t he  f i rs t  de t e rmina t i on  af ter  in jec t ion  
of t he  drug  and  it r ema ined  h igh  for the  subsequen t  
observa t ion  per iod of 75 min  (figure). W h e n  the  animals  
were p r e t r e a t e d  w i t h  a t rop ine  or ch lorpromazine  the  
effect  was comple te ly  b locked (figure and  table  1). Topical  
appl ica t ion  of a m p h e t a m i n e  had  no effect  on CoBF.  
Adrenal ine  and  noradrena l ine  were also wi thou t  effect  
b u t  i soproterenol  induced  abou t  a 20% increase in blood 
flow (table 2). 
Discussion. The original obse rva t ion  b y  Carlsson et  al. ~ 
r epor t ing  an increase in cerebral  blood flow measured  
wi th  the  13aXe m e t h o d  a t  t he  saggital  sinus in the  r a t  is 
conf i rmed  b y  the  p re sen t  exper iments .  The above men-  
t ioned  au thors  ruled ou t  the  role of t issue acidosis by  
m e a s u r e m e n t s  of lac ta te  and p y r u v a t e  con ten t s  and  o u r  
obse rva t ions  t h a t  topical  a m p h e t a m i n e  is devoid  of effect  
on CoBF conf i rms t h a t  a d i rect  'metabol ic '  effect  of 
a m p h e t a m i n e  on cerebral  cor tex  is unl ikely to be respon-  
sible for the  changes  in CoBF.  
Noradrenal ine ,  a t r a n s m i t t e r  which  is p resen t  a t  sympa= 
the t i c  t e rmina ls  on cort ical  blood vessels migh t  have  been  

6 J .K .  Merlis, Am. J. Physiol. 13i, 67 (1940}. 
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re leased  b y  t h e  ac t ion  of a m p h e t a m i n e .  However ,  topi-  
ca l ly  app l ied  n o r a d r e n a l i n e  h a d  no s ign i f i can t  effect  on 
local blood flow in t he  p r e s e n t  e x p e r i m e n t a l  condi t ions .  
On ly  i sopro te reno l  showed  a sma l l  effect  on C o B F  w h ic h  
is in l ine w i t h  p r ev ious  o b s e r v a t i o n s  7,8. An  inc reas ing  
a m o u n t  of ev idence  po in t s  to  t he  idea  t h a t  cerebra l  b lood 
flow m i g h t  be u n d e r  t he  con t ro l  of neu rogen ic  m e c h a n i s m s  
o r i g in a t i n g  in t h e  b ra in  s t e m  9-1a. The  fac t  t h a t  chlor-  
p r o m a z i n e  15,1~ wh ich  is k n o w n  to  depress  b ra in  s t e m  
m e c h a n i s m s ,  c o m p l e t e l y  b locked  t h e  ce reb rovascu la r  
effect  of a m p h e t a m i n e  s u g g e s t s  t h a t  t h e  r epo r t ed  ind i rec t  
ef fect  of a m p h e t a m i n e  on cor t ica l  b lood vesse ls  m i g h t  be 
r e l a t ed  to t h e  a c t i v a t i o n  of a d i l a t a t o r y  s y s t e m  o r ig ina t ing  
in t h e  b ra in  s t e m  a n d  p ro j ec t i ng  t o  t h e  cerebra l  cor tex .  
T h e  b lockade  b y  a t rop ine  of t he  ce r eb rovascu l a r  effect  of 
a m p h e t a m i n e  is su gges t i ve  t h a t  t he  p roposed  b ra in  s t e m  
m e c h a n i s m  m i g h t  inc lude  a chol inergic  s tep.  
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Are there 2 chol inergic  t h e r m o r e g u l a t o r y  centres  in rats? 
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Summary. A n  a t t e m p t  was  m a d e  to  repl ica te  t he  conf l ic t ing  p rev ious  r epo r t s  of h y p o -  a nd  h y p e r t h e r m i c  effects  of 
i n t r a h y p o t h a l a m i c a l l y  a d m i n i s t e r e d  carbachol .  Desp i t e  u s ing  t he  s a m e  coord ina tes ,  in jec t ion  p a r a m e t e r s ,  a n d  s t ra in  
of r a t s  r ep o r t ed  b y  o thers ,  on ly  h y p o t h e r m i a  was  conc lus ive ly  d e m o n s t r a t e d .  I t  was  conc luded  t h a t  t he  chol inergic  
s y s t e m  m e d i a t e s  h e a t  loss m e c h a n i s m s  in ra ts .  

The re  ex i s t s  a cons iderab le  c o n t r o v e r s y  over  t he  role of 
t h e  chol inergic  s y s t e m  in t he  cen t r a l  con t ro l  of t h e r m o -  
r e g u l a t i o n  in roden t s .  Desp i t e  a w e a l t h  of s tud ie s  indi-  
c a t i n g  t h a t  ace ty lcho l ine  (ACh) m a y  m e d i a t e  h e a t  loss 
m e c h a n i s m s  1-~, some  i n v e s t i g a t o r s  sti l l  m a i n t a i n  t h a t  
ACh  is i n v o lv ed  in h e a t  ga in  m e c h a n i s m s  and  h a v e  even  
deve loped  e l eg an t  mode l s  of t h e r m o r e g u l a t i o n  on t he  

b a s i s  of s c a n t y  ev idence  7-1~ Since the re  were some  
v a r i a t i o n s  in t e c h n i q u e  a n d  o the r  p rocedure s  b e t w e e n  
t he se  conf l ic t ing  s tudies ,  i t  was  dec ided  to  a t t e m p t  to 
rep l ica te  two of t he  key  e x p e r i m e n t s  in th i s  a rea  n ,  TM 

T h e  resu l t s  of t h e  p r e s e n t  s tud ie s  are c o n s i s t e n t  w i th  t he  
view, ex p re s sed  b y  t he  m a j o r i t y  of r e sea rch  workers  in 
t h i s  field, t h a t  a cen t r a l  chol inergic  s y s t e m  m e d i a t e s  h e a t  
loss m e c h a n i s m s  in ra t s .  
I n  one e x p e r i m e n t  female  S p r a g u e - D a w l e y  ra t s ,  approx i -  
m a t e l y  130-190 g a n d  70 d a y s  old, were un i l a t e r a l l y  
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Maximum deviation of temperature and time to reach maximum effect after intrahypothalamic injections of carbachol 

Treatment group N Sex Coordinates Maximum deviation (~ Time for response (min) 
(mean i SEM) (mean 2[: SEM) 

2 Izg earbachol AP 1.8 
6 F ML 1.5 -- 2.7 -t- 0.3 27 -4- 1 

1 [xl saline DV -- 8.5 

2 [/.g earbachol AP 1.7 
3 M ML 0.8 -- 1.1 i 0.4 20 :~ 4 

1 ~zl saline DV -- 8.5 

5 [zg carbachol AP 1.7 
6 M ML 0.8 -- 2.1 -r 0.5 34 -4- 8 

0.5 [~l saline DV -- 8.5 


