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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). 

a M. ViZEK and I. ALBRECHT, Physiologia bohemos. 22, 573 (1973}. 
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an ima l s  were anes t he t i z ed  w i t h  1.2 g /kg u r e t h a n e  i.p. 
The  rec ta l  t e m p e r a t u r e  of t h e  anes the t i zed  an i m a l s  was  
k e p t  a t  36.5 4- 0.5~ w i t h  the  a id  of a h e a t e d  ope ra t i on  
table ,  a rec ta l  t h e r m o c o u p l e  and  a n  Y S I  t e l e t h e r m o m e t e r  
model  73 (Yellow Spr ings  I n s t r u m e n t  Co., Yel low Springs ,  
Ohio). Ar te r i a l  b lood  pressure  was recorded  f rom the  lef t  
ca ro t id  a r t e r y  w i t h  a S t a t h a m  pressure  t r a n s d u c e r  on  a 
'He lcosc r ip to r '  (Hellige, Fre iburg)  and  h e a r t  r a t e  t a k e n  
f rom the  p u l s a t o r y  changes  of b lood pressure .  W e  de te r -  
m i n e d  card iac  o u t p u t  b y  t he  t h e r m o - d i l u t i o n  m e t h o d  a n d  
ca lcu la ted  pe r iphe ra l  r es i s t ance  as descr ibed  p rev ious ly  4. 
Beg inn ing  in N o v e m b e r  1971, however ,  an  e lec t ronic  
ca lcu la to r  ~ (Herzzeitvolumen-Messger~Lt H Z V  B N  6560, 
Augus t  F i scher  KG., G6 t t ingen)  was used. The  compar i -  
son of t he  2 m e t h o d s  for d e t e r m i n a t i o n  of card iac  o u t p u t  
revea led  no  differences  in  t he  results .  

Af te r  t he  p r e p a r a t i o n  of t he  an ima l s  and  t he  ca l i b r a t i on  
of t he  appa ra tu s ,  a n  a d a p t a t i o n  t ime  of a b o u t  30 rain  was 
necessa ry  to r each  a s t e a d y  s ta te .  The rea f t e r  all pa ra -  
me te r s  were measu red  3 t i m e s  a t  in t e rva l s  of 5 to  10 min.  
The  va lues  g iven  in th i s  p a p e r  are m e a n s  based  on t he  
las t  of these  3 de t e r m i na t i ons .  Pha rmaco log ica l  t r e a t -  
m e n t s  were pe r fo rmed  on ly  a f t e r  d e t e r m i n a t i o n  of t h e  
basic  values.  

Res*dts and discussio,z. All values  of card iac  o u t p u t  
measu red  d u r i n g  t h e  same  m o n t h  were compi led  and  t h e  
means  of these  values  are g iven  in F igure  1. Ev iden t ly ,  
the re  are large differences  in these  va lues  of cardiac  
ou tpu t .  The  ex t r emes  were 245 m l / k g / m i n  m e a s u r e d  in 
J u n e  1970 or 244 m l / k g / m i n  in March  1972, on  the  one 
hand ,  a n d  415 m l / k g / m i n  in N o v e m b e r  1970, on  t he  o t h e r  
hand .  Thus ,  ca rd iac  o u t p u t  of r a t s  di f fered b y  a b o u t  
70%. Consider ing  the  t race  of the  cardiac  ou t pu t ,  seasonal  
v a r i a t i o n s  are ev ident .  The  low va lues  were found  in 
spr ing a n d  summer ,  t h e  h i g h  ones in  a u t u m n  and  winter .  
A fu r t he r  d e t e r m i n a t i o n  of card iac  o u t p u t  (not  s h o w n  in 
F igure  1) was per formed in Oc tober  1973. Again a h igh  
va lue  was found  (373 ml /kg /min )  which  is c o m p a r a b l e  
w i t h  t h a t  measu red  in Oc tobe r  1970. 

F r o m  May  1970 to Apri l  11971, ca rd iovascu la r  exper i -  
m e n t s  were pe r fo rmed  m o s t  f requent ly .  Values of ca rd iac  
ou tpu t ,  h e a r t  ra te ,  s t roke  volume,  blood pressure ,  a n d  
pe r iphe ra l  res is tance,  reg is te red  in th i s  period,  are com- 
piled in F igure  2. As can  be seen, changes  of ca rd iac  
o u t p u t  were a c c o m p a n i e d  b y  co inc iden t  changes  of h e a r t  
r a t e  and  s t roke  volume.  However ,  t he  s t roke  vo lume  was 
m u c h  more  impl i ca ted  in t he  seasonal  changes  of cardiac  
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4 0 .  STRUBELT, (~. BACK, l~. UIIL and G. ZETLER, Nauuyn-Schnl iede-  
berg 's  Arch. l~harmak. 271, 346 (1971). 

5 H. SLAMA and J. PIIPER, Z. l<rcisl.-Forsch. 33, 322 (1964). 
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o u t p u t  t h a n  the  h e a r t  ra te .  For  example ,  be t w een  J u n e  
and  N o v e m b e r  1970, ca rd iac  o u t p u t  increased  b y  69%,  
s t roke  v o l u m e  b y  53%, b u t  h e a r t  r a t e  b y  on ly  12%. 
Ar t e r i a l  b lood pressure,  on t he  o the r  h a n d ,  d id  no t  
coincide w i t h  the  seasonal  v a r i a t i o n s  of card iac  o u t p u t  
(Figure  2). Thus ,  t he  changes  of ca rd iac  o u t p u t  were  
c o m p e n s a t e d  b y  reversa l  changes  of pe r iphe ra l  res is tance.  

W h a t  is the  cause  of these  seasonal  v a r i a t i o n s  ? Cardiac  
o u t p u t  is m a i n l y  r egu la ted  b y  t he  b lood d e m a n d s  of 
p e r i p h e r a l  t issues% Exerc i se  and  m o t i l i t y  on  t he  one 
h a n d ,  t h e r m a l  r egu la t ion  on t he  o the r  h a n d  are t h e  m o s t  
i m p o r t a n t  fac tors  d e m a n d i n g  a h igher  body-b lood  supply.  
B o t h  can  be exc luded  as causes  of t he  v a r i a t i o n s  in 
card iac  o u t p u t  seen in our  expe r imen t s .  Fi rs t ly ,  t he  
ca rd iovascu la r  i nves t iga t ions  were done  in ane s the t i z ed  
ra t s  wh ich  were  n o t  able  to move.  Secondly,  t he  r a t s  were 
housed  a t  a c o n s t a n t  e n v i r o n m e n t a l  t e m p e r a t u r e  of 23 ~ 
before t he  exper imen t s ,  and  b o d y  t e m p e r a t u r e  was k e p t  
a t  36.5 ~ d u r i n g  t he  exper imen t s .  

W e  suppose  t h a t  t he  t h y r o i d  g land  is i nvo lved  in 
seasonal  v a r i a t i o n s  of cardiac  ou t pu t .  I t  was  shown  7 t h a t  
t he  t h y r o i d  g land  of r a t s  is a t  a h igher  level  of a c t i v i t y  
du r ing  t h e  w in te r  t h a n  d u r i n g  t he  s u m m e r  season. These  
changes  occurred  even  t h o u g h  t he  an i m a l s  were ma in -  
t a i n e d  u n d e r  cond i t ions  of c o n s t a n t  t e m p e r a t u r e  (22 to  
25 ~ a n d  l ight.  Seasona l  v a r i a t i o n s  in t hy r o i d  func t ion  
(higher  s e rum t h y r o x i n e  levels du r ing  t h e  w i n t e r  pe r iod  
t h a n  d u r i n g  t he  s u m m e r  period) were also seen in new-bo rn  
ch i ld ren  s. T h y r o i d  h o r m o n e s  increase  t he  me tabo l i c  r a t e  
a n d  moreove r  h a v e  a d i rec t  pos i t ive  ino t rop ic  and  

ch rono t rop i c  effect  on t he  h e a r t  9-~1. B o t h  ac t ions  are  
capab le  of increas ing  card iac  ou tpu t .  

Since card iac  ou tpu t ,  h e a r t  ra te ,  s t roke  volume,  a n d  
pe r iphe ra l  res i s tance  of r a t s  are  sub jec t  to  seasonal  va r i a -  
t ions,  resul t s  o b t a i n e d  a t  d i f fe ren t  t imes  of the  yea r  c a n n o t  
be  compared .  Therefore ,  ca rd iovascu Ia r  research  in r a t s  
a lways  requires  s i m u l t a n e o u s  con t ro l  exper iments .  

Summary. Card iac  o u t p u t  of r a t s  shows seasonal  va r i a -  
t ions  w i t h  low va lues  in  spr ing  and  s u m m e r  a n d  h igh  ones  
in  a u t u m n  and  win ter .  The  s t roke  vo lume  was m u c h  
more  imp l i ca t ed  in these  changes  t h a n  t he  h e a r t  ra te .  
The  seasonal  changes  of card iac  o u t p u t  are p r o b a b l y  due  
to changes  of t h y r o i d  func t ion .  

G. BACK and  O. STRUBELT 

A bteilung/i~r Toxikologie der Medizinischen Hochschule 
Li~beck, Ratzeburger A llee 160, 
D-2400 Li'~beck (German Federal Republic, BRD),  
20 June 7975. 

A. C. GUYTON, New Engl. Med. J. 277, 805 (1967). 
7 R. A. HOFFMANN and M. X. YARROW, Acta endocr., Copenh. 27, 

77 (1958). 
s p. ROGOWSKI, K. SIERSBAEK-NIELSEN and J. ~/[OLHO~I HANSEN, 

J. diIl. Eadoer. 39, 919 (1974). 
9 M. BEZN3:K, Can. J. Bioehem. 40, 1647 (1962). 

to R. A. BVCClNO, J. F. SPANN, P. E. POOL, E. H. SONNENBLICK and 
E. BRAUNWALD, J. clin. Invest. 46, 1669 (1967). 

11 G. S. LEVEr, Am. J. Med. 50, 413 (1971). 

E f f e c t  o f  F u r o s e m i d e  o n  t h e  P e r m e a b i l i t y  t o  CI o f  t h e  I s o l a t e d  S k i n  o f  Leptodactylus ocellatus 

F u r o s e m i d e  is k n o w n  to  be  a p o t e n t  i n h i b i t o r  of ac t ive  
chlor ide  t r a n s p o r t  in  t he  epi thel ia .  Ev idence  of th i s  effect  
was  p r o v i d e d  b y  t he  abo l i t ion  of the  p o t e n t i a l  difference 
(PD) (posi t ive  inside) in  t he  t h i c k  ascend ing  l imb  of 
Hen le ' s  loop per fused  w i t h  ch lo r ide -con ta in ing  so lu t ions  1, 
a n d  b y  t h e  decrease  in sho r t  c i rcui t  c u r r e n t  (SCC) in t he  
frog co rnea  which  on ly  t r a n s p o r t s  C1-3. More  recent ly ,  
fu rosemide  was  found  to  decrease  CI-  in f lux  in selected,  
low vol tage ,  shor t - c i r cu i t ed  skins  of t he  E u r o p e a n  Rana 
temporaria 3. SinEe in t h i s  p r e p a r a t i o n  CI- inf lux  s l igh t ly  
excedes  C1- efflux, t h e  resu l t s  were t h o u g h t  to  r e p r e s e n t  
a specific i n h i b i t o r y  effect  on ac t ive  CI- t r a n s p o r t .  

The  poss ib i l i ty  of add i t i ona l  effect  of fu rosemide  on  pas-  
sive C1 m o v e m e n t s  is sti l l  con t rove r s i a l  a n d  largely  sup-  
p o r t e d  b y  ind i r ec t  ev idence  : 1. Accord ing  to  BURG et  al. 1 
fu rosemide  inh ib i t s  pass ive  CI- inf lux  in to  t h e  l u m e n  of 
t h e  pe r fused  ascend ing  l imb  more  t h a n  can  be  accoun ted  
for  b y  changes  in P D ;  2. EIGLER et  al. 4 r epo r t ed  t h a t  
fu rosemide  increases  t he  P D  of t he  t o a d  skin  w i t h  l i t t le  
change  in t h e  SCC wh ich  was cons idered  to be  i nd i r ec t  
ev idence  of decreased  p e r m e a b i l i t y  to  anions .  C o n t r a s t i n g  
w i t h  t he se  f indings ,  LOTE3 repor t ed  t h a t  fu rosemide  has  
no effect  on  pass ive  CI- eff lux in t he  skin  of Rana tem- 
poraria. I t  is possible  t h a t  t h i s  d i s c r epancy  is due to low 
p e r m e a b i l i t y  to  CI- of t h e  p r e p a r a t i o n s  used in those  
s tudies .  

The  a i m  of t h i s  s t u d y  was  to i nves t i ga t e  t he  effect  of 
fu rosemide  on  pass ive  C1 f luxes in a p r e p a r a t i o n  wh ich  is 
h igh ly  p e r m e a b l e  to  C1. Fo r  th i s  purpose  the  i so la ted  skin  
of t h e  S o u t h  A m e r i c a n  frog (Leptodactylus ocellatus) was 
chosen  because  i ts  ac t ive  a n d  pass ive  C1 f luxes are 10 
t imes  f a s t e r  t h a n  those  of Rana temporaria, a n d  pass ive  
C1 effluxes 10 t imes  fas te r  t h a n  pass ive  N a  fluxes 5,6. I n  
t h i s  respec t  i t  compare s  f a v o r a b l y  w i th  t he  t h i c k  a scend ing  

l imb  where  t he  r a t io  be tween  t he  2 pass ive  f luxes  is on ly  
0.57. Also t he  poss ib i l i ty  of e l im ina t i ng  electr ical  g rad ien t s  
b y  shor t - c i r cu i t ing  t h e  i so la ted  skin  m a k e s  i t  possible  to  
de t ec t  p e r m e a b i l i t y  changes  w i t h o u t  a n y  cor rec t ion  for  
P D  changes .  

The  resu l t s  ind ica te  t h a t ,  in  add i t i on  to i ts  k n o w n  
i n h i b i t o r y  effect  on ac t ive  C1 t r a n s p o r t ,  furosemide  also 
decreases  pass ive  C1 f luxes  in  t h e  isola ted skin  of Lepto- 
dactylus ocellatus. E x t e n s i o n  of th i s  effect  to  the  t h i n  
ascend ing  l imb  of Hen le ' s  loop m a y  bea r  some re la t ion-  
ship  to  t h e  n a t r i u r e t i c  p roper t i e s  of t he  drug.  

Methods. The  i so la ted  a b d o m i n a l  skins  of Leptodactylus 
ocellatus were used in all expe r imen t s .  Af te r  d issect ion 
t he  Skins were m o u n t e d  in luci te  c h a m b e r s  as descr ibed  
b y  USSlNG and  ZERAHN 8 cover ing  3.14 cm 2 of skin.  B o t h  
c h a m b e r s  were filled w i th  5 m l  of R i n g e r  solut ion (NaC1 
115.5 m M ;  N a H C O  3 2.4 m M ;  KC1 2.0 m M  and  Ca 
g lucona te  1.0 m M )  a n d  b u b b l e d  w i th  air.  P D  was m e a s u r e d  
t h r o u g h  a g a r - R i n g e r  br idges  a n d  ca lomel  e lectrodes  w i t h  
a Ke i th l ey  200 B e l ec t rome te r  a n d  t h e  SCC w i t h  t h e  
e x t e r n a l  c i rcui t  descr ibed  b y  USSlNG a n d  ZERHAN s. 
Tissue  c o n d u c t a n c e  was ca lcu la ted  as SCC/PD. 
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