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Table II[. Contractile characteristics for skeletal muscle 
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Group Peak twitch tension Twitch time Rate relaxation 
(g/g) (msec) (g/see) 

TPT 
(msec) 

1. Normal 451 :k 51 ~ 244 =E 28 23.6 q- 3.2 29.4 q- 2.9 
2. Alcohol 393 ~: 48 313 ~_ 22 19.6 -b 3.8 33.0 -V 1.6 
3. Dehydrated-inalnourished 357 :[: 40 251 :k 31 18.8 :~ 3.5 32.2 q- 2.7 

~Mean • SE. No significant difference occurred between any groups in any category. 

troversial .  BURCH et al. 6 have  repor ted  an exper imen ta l  
alcoholic c a r d i o m y o p a t h y  in mice based on electron 
microscopic evidence,  and  MK1NES and  ALDINGER 7 showed 
a 70% decrease in vent r icu la r  systolic tens ion  in ra ts  on 
long t e rm consumpt ion  of 25% ethanol .  In  b o t h  studies,  
as in our s tudy,  alcoholic animals  consumed only a frac- 
t ion  of the  fluid in take  of normal  controls .  Clinically, 
mos t  pa t i en t s  who carry  a diagnosis of alcoholic car- 
d i o m y o p a t h y  have  an accompanying  decreased to ta l  fluid 
in take as an integral  pa r t  of the i r  alcoholism. 

The decreased tw i t ch  tens ion  in the  cardiac  muscles of 
bo th  the  alcoholic and chronical ly d e h y d r a t e d  groups  
mus t  again raise the  quest ion of the  rote of malnut r i t ion ,  
specifically dehydra t ion ,  and pe rhaps  c o n c o m i t a n t  elec- 
t ro ly te  abnormal i t ies  in alcoholic ca rd iomyopa thy .  As 
po in ted  out  by  BURCH and GILES 8, in publ i shed  ex- 
pe r imenta l  an imal  studies,  alcohol conta in ing  fluids served 
as the  ent i re  source of l iquid intake.  Control  groups of 
these studies,  however ,  were no t  des igned to provide  for a 
reduced fluid in take commensu ra t e  wi th  t h a t  found in the  

6 G. BURGH, H. COLCOLOUGH, j .  ]-tARB a n d  C. Tsul, Am. J. Cardiol .  
27, 522 (1971). 

7 j. ]'L MAINI':S and F. E. ALVtNOE~, AIn. Heart J. 73, 55 (1967). 
s G. BURCH and "i". GILES, in The Biology o] Alcoholism (Plenuin 

Press, New York 1974), voL 3, p. 435. 
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exper imenta l  animals.  Our s tudies  did, however ,  a t t en d  to 
th is  mat te r ,  and our  resul ts  force us to  consider  t h a t  
dehydratio~t per  se m a y  p lay  an  i m p o r t a n t  role in the  
et iology of alcoholic ca rd iomyopa thy .  

I t  is of in teres t  t h a t  while s ignif icant  differences in 
peak tw i t ch  tens ion  of cardiac muscle was demons t r a t ed ,  
no s ignif icant  skeleta l  changes  were induced.  This  fits 
well wi th  the  clinical observa t ion  t h a t  alcoholic cardio- 
m y o p a t h y  is seldom accompanied  by  clinically de tec tab le  
skeletal  m y o p a t h y  4. 

Summary. In  vi t ro  isometr ic  contract i le  tens ion was 
measured  in hea r t  and skeletal  muscle in 3 groups  of mice : 
1. a control  group,  2. a group ma in t a ined  for 27 weeks 
on 20% alcohol, and  3. a group whose fluid in take was 
res t r ic ted  to the  e x t e n t  equal ing t h a t  which  occurred in 
the  alcohol t r ea ted  animals .  Resul ts  showed a reduc t ion  
in cardiac twi t ch  tens ion  in b o t h  the  alcohol and fluid 
res t r ic ted  group, as co mp a red  to  normal  controls .  We 
therefore  consider  t h a t  d e h y d r a t i o n  per  se m a y  p lay  an 
i m p o r t a n t  role in the  et iology of alcoholic ca rd iomyopa thy .  
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Hemodynamic and Ventilatory Effects of Skin-Cooling in Cattle 

Cattle are of ten used to s t u d y  ca rd iopu lmonary  re- 
sponses to alveolar  hypox ia  1-4. Such s tudies  are general ly 
concerned wi th  in terac t ions  among  pu lmona ry  and  sys- 
temic  hemodynamics ,  alveolar  or ar ter ial  blood gases, 
and ven t i l a to ry  m i n u t e ' v o l u m e .  Al though  i t  is usual ly 
assumed t h a t  inspired oxygen tension is the  only environ-  
men ta l  variable of physiological  impor tance ,  ca t t le  use 
vent i la t ion  to  help regulate  body  hea t  and  the  amb i en t  
t empera tu re  a t  which the  animals  are s tudied  migh t  have  
s ignif icant  ca rd iopu lmonary  effectsL I t  is impor tan t ,  
therefore,  to de te rmine  if t he rmoregu la to ry  vent i la t ion  
at  the  usual l abora to ry  t e m p e r a t u r e  of 25~ influences 
the  in ter - re la t ionships  among ca rd iopu lmonary  processes.  
Thus,  we s tudied  the  effects of skin-cooling on pu lmona ry  
and sys temic  hemodynamics ,  ar ter ial  blood gases, and 
minu te  vent i la t ion  in cat t le  a t  an amb ien t  t e m p e r a t u r e  
of 25~ 

Materials and methods. Systemic  and p u l m o n a r y  blood 
pressures,  cardiac ou tpu t ,  and ar ter ial  blood gases were 
measured  in 12, 3- to 4-month-old ,  unanes the t ized ,  Here-  
ford calves following ca the te r iza t ion  of the  thoracic  aorta,  

p u l m o n a r y  ar tery,  and  r igh t  a t r ium.  The t echn iques  used 
in th is  s t u d y  have  been  descr ibed elsewhere 4. Minute  
vent i la t ion  was measured  wi th  a muzzle  mask  and a d ry  
gas meter .  Skin and  recta l  t e m p e r a t u r e s  were mon i to r ed  
wi th  thermocouples .  Measuremen t s  were made  a t  an 
amb i en t  t e m p e r a t u r e  of 25~ before and af ter  the  skin 
on the  calf 's  back  was cooled for 30 rain wi th  cold w a t e r  
and a s t r eam of air. 

1 A. F. ALEXANDER, C. S. CARD, R. S. JAENKE, J. L. HICKS and 
D. H. WtLL, in Research Animals in Medicine (Ed. L. T. HARM~- 
SON; NIH, Washington 1974), p. 193. 

2 R. F. GROVER, in Cardiovascular and Respiratory E/]ects o/Hypoxia 
(Eds. J. D. HATCHER and D. B. JE~NI~GS; Karger, Basel/New 
York 1966), p. 307. 
J. A. WILL, G. E. BISGARD, A. V. RUIZ and R. F. GROVER, in 
Research Animals in Medicine (Ed. L. T. HARMISON; NIH, 
Washington 1974), p. 267. 

4 g.  K. WEIR, A. TUCKER, J. T. REEVES, D. H. WILL and R. F. 
GROVER, Cardiovasc. Res. 8, 745 (1974). 

r, j .  R. S. HALES and J. D. FI~DLAY, Resp. Physiol. d, 333 (1968). 
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Effects of skin-cooling on hemodynamic, ventilatory, and arterial 
blood gas variables in cattle 

Variables Skin-cooling 

Before After 

Ts(~ 38.6 •  32.9 :t: 0.5 b 
Tr(~ 39.8 =k0.0 39.7 q- 0.1 
HR (min -1) 96 i 3 92 ~- 2b 
Q (nfl/inin/kg) 133 =k 7 129 =[: 4 b 
SV (ml/kg) 1.39 :t- 0.06 1.34 2~ 0.05 
Pp~ (ram Hg) 30 -l- 2 32 + 2 
TPVR (ram Hg/ml/min/kg) 0.24 :~ 0.02 0.26 i 0.02 b 
Pao(mlnHg) 104 4- 3 112 :t: 4 b 
TSVR (ram Hg[ml/min/kg) 0.80 -~ 0.06 0.92 + 0.05 b 
f (min) 85 • 7 40 =c 4 b 
VE (ml/min/kg, BTPS) 400 ~ 30 220 4- 10 b 
VT(ml/kg, BTPS) 5.0 4- 0.3 6.5 • 0.8 
PaO~ (mmHg) 68 ~- i 66 i 1 
PaCO~ (nun Hg) 36 :t: 1 37 • 1 
pHa 7.46 :t- 0.01 7.46 -4- 0.01 

Ts, skin temperature; Tr, rectal temperature; TPVR, total pulmo- 
nary vascular resistance; TSVR, total systemic vascular resistance. 
~Mean values ~ SEM are shown for 12 animals (except n = 10 for 
Pao and TSVR). bBefore and after values differ significantly, p < 
0.05 (determined by a paired t-test). 

Results and Discussion. The  ca rd iopu lmonarY effects  of 
sk in-cool ing are s h o w n  in t he  Table.  I n  t he  cooled area,  
sk in  t e m p e r a t u r e  was  lowered b y  nea r l y  6 ~ The  decrease  
in sk in  t e m p e r a t u r e  p r o b a b l y  evoked  a pe r iphera l  vaso-  
cons t r i c t ion  t h a t  e l eva ted  s y s t e m i c  ar te r ia l  p res su re  
desp i t e  a r educ t ion  in card iac  o u t p u t .  The  e l eva ted  sys-  
t em ic  p res su re  m i g h t  h a v e  caused  t he  fall in h e a r t  ra te  v ia  
increased  ba ro recep to r  ac t iv i ty .  T h e  increase  in t o t a l  
p u l m o n a r y  res i s t ance  could  h a v e  been  re la ted  to p u l m o -  
n a r y  v a so co n s t r i c t i on  or to  an  increased  left  a t r i a l  pres-  
sure.  If t h i s  p u l m o n a r y  effect  of sk in-cool ing  is exagger -  
a t ed  in a cold e n v i r o n m e n t ,  it  m i g h t  a c c o u n t  for t he  h ighe r  
inc idence  of h y p o x i c  p u l m o n a r y  h y p e r t e n s i o n  and  b r i ske t  
d isease  in ca t t l e  d u r i n g  cold w e a t h e r  a t  h igh  a l t i t udes  1. 

Af t e r  the  sk in  was  cooled, r e sp i r a to ry  ra te  and  m i n u t e  
v o l u m e  were r educed  b y  a b o u t  50%. Ar te r ia l  blood gases  
were n o t  a l tered.  These  re su l t s  sugges t  t h a t  a l t h o u g h  
ca t t l e  h y p e r v e n t i l a t e  a t  an  a m b i e n t  t e m p e r a t u r e  of 25 ~ 
t h e  increased  v e n t i l a t i o n  r ep re sen t s  p a n t i n g  and  a lveolar  
gas  e x c h a n g e  is n o t  affected.  E n v i r o n m e n t a l  t e m p e r a t u r e  
m u s t  a p p a r e n t l y  a p p r o a c h  40 ~ before t h e r m o r e g u l a t o r y  
ven t i l a t i o n  inf luences  a lveolar  v e n t i l a t i o n  and  ar te r ia l  
b lood gases  ~. Th us ,  it  can  be infer red  t h a t  in ca t t l e  a t  

m o d e r a t e  l a b o r a t o r y  t e m p e r a t u r e s  a r te r ia l  blood gases  
ref lect  a lveolar  ve n t i l a t i on  as  d e t e r m i n e d  b y  n o n - t h e r m o -  
r e g u l a t o r y  m e c h a n i s m s .  I f  v a r i a t i o n s  in e n v i r o n m e n t a l  
t e m p e r a t u r e  f r om 15 to  25~ af fec ted  a lveolar  ven t i l a -  
t ion,  t h e n  m u c h  blood gas  d a t a  collected f rom n o r m o x i c  
a nd  h y p o x i c  ca t t l e  m i g h t  be sub j e c t  to r e in t e rp re t a -  
tion4,6-% T h e  t h e r m o r e g u l a t o r y - i n d u c e d  d i sassoc ia t ion  
b e t w e e n  m i n u t e  a n d  a lveolar  ven t i l a t i on  m i g h t  a c c o u n t  
for t he  lack  of cor re la t ion  be tw e e n  c h a n g e s  in m i n u t e  
ve n t i l a t i on  a n d  a r te r ia l  b lood gases  obse rved  in ca t t l e  ex- 
posed  to  s i m u l a t e d  h igh  a l t i t ude  ~ a nd  to  ca ro t id  b o d y  ex- 
cision 1~ I t  is obv ious  t h a t  a t t e n t i o n  m u s t  be pa id  to  
a m b i e n t  t e m p e r a t u r e  w h e n  m i n u t e  ve n t i l a t i on  is u se d  as 
a va r iab le  in s tud ies  of v e n t i l a t o r y  cont ro l  in cat t le .  
Minu t e  v e n t i l a t i o n  would  p r o b a b l y  be more  closely 
re la ted  to  a lveolar  v e n t i l a t i o n  if ca t t l e  were s tud ied  a t  an  
a m b i e n t  t e m p e r a t u r e  s o m e w h a t  lower t h a n  25 ~ 

Summary. Cooling t he  sk in  of ca t t l e  a t  an  a m b i e n t  
t e m p e r a t u r e  of 25~ decreased  card iac  o u t p u t  a n d  in- 
creased s y s t e m i c  a nd  p u l m o n a r y  va sc u l a r  res is tances .  Min-  
u te  v e n t i l a t i o n  was  r educed  b y  a b o u t  50%. There  was  no 
change  in a lveolar  v e n t i l a t i o n  as m e a s u r e d  b y  a r te r ia l  
blood gases.  These  re su l t s  ind ica te  t h a t  t h e r m o r e g u l a t o r y  
ven t i l a t i on  h a s  s ign i f i can t  c a r d i o p u l m o n a r y  effects  in 
ca t t l e  a t  n o r m a l  l a bo ra to ry  t e m p e r a t u r e s .  
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S e a s o n a l  V a r i a t i o n s  of C a r d i a c  O u t p u t  in R a t s  

D a t a  on t h e  card iac  o u t p u t  of r a t s  g iven  in t he  l i t e ra tu re  
r ange  b e tween  142 m l / k g / m i n  1 and  457 m l / k g / m i n  ~. Th i s  
g rea t  va r i ab i l i t y  was  a t t r i b u t e d  to  d i f fe ren t  t echn iques ,  
or to  dif ferences  ill t h e  age, s t r a in  a n d  sex  of the  a n i m a l s  a. 
In  our  l a b o r a t o r y  d e t e r m i n a t i o n  of card iac  o u t p u t  were 
pe r fo rm ed  in r a t s  of t he  some  s t r a i n  a n d  sex a n d  nea r ly  
t h e  s a m e  age over  4 yea r s ;  insp i te  of t he  c o n s t a n t  ex- 
p e r i m e n t a l  condi t ions ,  va lue s  va r ied  great ly .  T r y i n g  to 
f ind an  e x p l a n a t i o n  for th i s  p h e n o m e n o n ,  we h a v e  de- 
t ec t ed  seasona l  v a r i a t i ons  in t he  ca rd iac  o u t p u t  of ra t s .  

Materials and methods. W e  used  male  W i s t a r  r a t s  (con- 
v e n t i o n a l  a n i m a l s ;  dea ler  P. B/ iumler ,  W o l f r a t s h a u s e n )  
we igh ing  320 to 400 g w h ic h  were house d  a t  23 ~ a nd  fed 
wi th  A l t r o m i n  pel le ts  a nd  t a p  wa te r  ad  l ib i tum.  The  

1 j.  KAPITOLA, F. KOLBEL, M. SCH1JLLEROV~, and O. SCHREIBEROV~, 
Physiologia bohemos. 22, 137 (1973). 
Y. C. LIN, C. A. DAWSON and S. M. HORVATH, Comp. Biochem. 
Physiol. 33, 90t (1970). 
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