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ABSTRACT 

THE EFFECT OF DIMETHYL SULFOXIDE 

ON THE CARDIOVASCULAJ? SYSTEM OF CATS 

Maureen E. Altman 

Master  of  Science 

Youngsto~vn S t a t e  Un ive r s i t y ,  1983 

D i a s t o l i c  p r e s s u r e  (DP),  s y s t o l i c  p r e s s u r e  (SP),  

p u l s e  p r e s s u r e  (PP) ,  mean a r t e r i a l  p r e s s u r e  ( M A P ) ,  c e n t r a l  

venous p r e s s u r e  (CVP), h e a r t  r a t e  (HR), and. t h e  R and T 

wave amp1 i tud . e~  iK:ere measured t o  determine t h e  e f f e c t  of  

i n t r avenous  d.imethy1 su1foxid.e (DMsO) on t h e  ca rd . iovascu la r  

system of a n e s t h e t i z e d  c a t s  over  a 15 minute per iod.  A 

s t a t i s t i c a l  a n a l y s i s  ( t - t e s t  f o r  pa i r ed  comparisons) r e-  - -  

vealed a s i g n i f i c a n t  e f f e c t  of  t h e  drug on a l l  of  t h e s e  

v a r i a b l e s .  An i n c r e a s e  i n  t h e  R and T 1:Tave ampl i tude s o m  

a f t e r  a d m i n i s t r a t i o n  of t h e  drug 1vas i n d i c a t i v e  of a d i r e c t  

e f f e c t  on myocardial  c e l l s .  The HR and MAW decreased r a p i d l y ,  . 

and t h e  CVP became e l eva t ed .  A s  t h e  homeosta t ic  mechanisms - -- 
of t h e  body compensated, t h e  HR g r a d u a l l y  r e t u r n e d  t o  normal, 

whi le  t h e  MAP e v e n t u a l l y  became s i g n i f i c a n t l y  e l eva t ed  and 

remained so u n t i l  t h e  end of t h e  experiment,  probably  due t o  

i n c r e a s e d  c a r d i a c  ou tpu t .  
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INTRODUCTION 

Dimethyl s u l f o x i d e  i s  a r e l a t i v e l y  new and very  

c o n t r o v e r s i a l  drug. I n  r e c e n t  y e a r s  i t  has  been h a i l e d  as 

a 1lmiracle drugv and t h e  l ong  awaited cure  f o r  a r t h r i t i s .  

T h i s  d e r i v a t i v e  of  l i g n i n  and by-product of  t h e  paper  - 

i n d u s t r y  so f a r  has  proven e x t r a o r d i n a r y  and d i v e r s e ,  and 

much work i s  c u r r e n t l y  i n  p rog re s s  t o  f u r t h e r  exp lore  i t s  

p o t e n t i a l s .  I ts  a n a l g e s i c ,  an t i in f lammatory ,  ant iedamatous  

and b a c t e r i o s t a t i c  p r o p e r t i e s  have made i t  a va luab l e  t o o l  

of  t h e  v e t e r i n a r y  p ro fe s s ion .  Use by phys i c i ans  i n  t h e  

United S t a t e s  ha s  only  been approved f o r  t r ea tmen t  of  

i n t e r s t i t i a l  c y s t i t i s ,  a l though  i t  i s  used e x t e n s i v e l y  

throughout  Euras ia .  

Th i s  r e s e a r c h  a t t e m p t s  t o  e s t a b l i s h  a p a t t e r n  be- - -  

tween t h e  i n t r avenous  i n j e c t i o n  of DMSO i n  t h e  a n e s t h e t i z e d  

c a t  and t h e  r e s u l t i n g  e f f e c t s  on t h e  c a r d i o v a s c u l a r  sys te& 

namely t h e  MAP, CVP, HR, and R and T wave ampli tudes.  The 

l a t t e r  t h r e e  a r e  ob ta ined  from e lec t rocard iogram (ECG) 

a n a l y s i s .  
-- 

A b r i e f  background of t h e  chemical and pharmaco- 

l o g i c a l  p r o p e r t i e s  of  DMSO i s  necessary  f o r  a more complete 

unders tand ing  of i t s  a c t i o n s .  F i r s t  o f  a l l ,  DMSO i s  a 

prominant member of  t h e  family  of p o l a r  bu t  a p r o t i c  s o l -  
-~ 

v e n t s ,  being extremely v e r s a t i l e  because i t  can a c t  as a - -- 

n u c l e o p h i l i c  r eagen t  a t  e i t h e r  t h e  oxygen o r  s u l f u r  t e rmina l .  



I t s  s t r u c t u r e  can be v i s u a l i z e d  as a t e t r ahed ron :  

P CH3-d-CH3 0. 

The compound's p o l a r  n a t u r e ,  c a p a c i t y  t o  accep t  

hyd.rogen bond.s, and small, compact s t r u c t u r e  r e s u l t  i n  i t s  

a b i l i t y  t o  a s s o c i a t e  wi th  water ,  p r o t e i n s ,  carbohyd.rates,  

n u c l e i c  a c i d s ,  i o n i c  subs t ances  and. o t h e r  c o n s t i t u e n t s  of  

l i v i n g  systems. Th i s  combination, as theor ized .  by Szmant 

( 1 9 7 5 ) ~  may be r e l a t e d .  t o  i t s  a b i l i t y  t o  p e n e t r a t e  l i v i n g  

t i s s u e s  wi thout  caus ing  s i g n i f i c a n t  damage. 

Klingman (1965),  u s i n g  va ry ing  c o n c e n t r a t i o n s  o f  

DMSO, demonstrated i t s  a b i l i t y  t o  e a s i l y  c r o s s  most mem- 

branes  ( excep t  n a i l s  and t o o t h  enamel) by a r e v e r s i b l e  

process .  The i n t e g r i t y  o f  t h e  membranes appeared unaf-  

f e c t e d ,  excep t  when very  concen t ra ted  (90-100%) doses  - - 
came i n  d i r e c t  c o n t a c t  s i t h  t h e  membrane, Rapid movement 

and gene ra l i zed  d i s t r i b u t i o n  of DIiISO i n t o  n e a r l y  every 
- 

t i s s u e  of  t h e  body was shown by Denko e t  a l e  (1967),  

Gerhards and Gibian ( 1 9 6 7 ) ~  and Kolb e t  a l .  (1967). 

Th is  p e n e t r a t i n g  a b i l i t y  makes i t  a u s e f u l  v e h i c l e  

f o r  many d.rugs, o f t e n  enhancing t h e i r  a c t i o n s .  F o r  ex- - 

ample, Klingman (1965) mixed dyes and 5 t e ro id . s  wi th  DMSO 

and. repor ted.  enhanced. p e n e t r a t i o n  through human skin .  I t  

has  a l s o  served. as a c a r r i e r  t o  t r e a t  v i r a l  i n f e c t i o n s ,  

such as he rpes  simplex i n  man ( ~ s h t o n  e t  a l . ,  1971) and 



f e l i n e  panleukopenia (Dalce, 1967), and c e r t a i n  cancer  

chemoth%-apy models (Elzay,  1967). But because of t h i s  

c a r r i e r  e f f e c t ,  c a re  must be ta.ken ahen determining t h e  

dosages of drugs  used i n  conjunc t ion  with  DIISO, e s p e c i a l l y  

t hose  a f f e c t i n g  t h e  ca rd iovascu la r  and c e n t r a l  nervous 

systems (Upson, 1980). 

For example, nhen Smith e t  a-1. (1967) i n j e c t e d  

DPISO I V  i n t o  unanes the t ized  c a t s ,  t h e  LD 50 \?:as approx- 

ima te ly  4 g/kg; bu t ,  i n  experiments by ~ i ~ t e f a ' o  and. Iilahn 

i n  1965 with  c a t s  a n e s t h e t i z e d  us ing  a b a r b i t u a t e  - urethane 

s o l u t i o n ,  t he  LD 50 a a s ' l e s s  than 0.4 g/kg. Rabbi t s  

a n e s t h e t i z e d  with  sodium p e n t o b a r b i t a l  r equ i r ed  only  

1.8 g/kg of DMSO I V  as a l e t h a l  dose (Domer e t  a l , ,  1977), 

while 19.2 g/kg was r equ i r ed  t o  k i l l  unanes the t ized  rab-  
- - 

b i t s  (Cau jo l l e  e t  al. ,  1967). 

Cardiovascular  e f f e c t s  of DMSO s e r e  examined by 
- 

Klingman ( 1965), who found t o p i c a l l y  appl ied  DMSO t o  be 

a p o t e n t  h i s tamine- re leas ing  agent ,  Histamine has  a 

v a s o d i l a t i n g  e f f e c t  on t h e  a r t e r i o l e s  and i n c r e a s e s  cap- 

i l l a r y  poros i ty .  This  pe rmi t s  l eakage  of both f l u i d  and - 

plasma p r o t e i n s  between t h e  blood v e s s e l s  and t h e  t i s s u e & .  

I n  a s tudy  by Bradham and Sample (1967) i nvo lv ing  topical -  

DMSO a p p l i c a t i o n  i n  dogs, t h e  plasma volume showed a mean 

decrease  of 6.476, and i n  another  experiment t h e  ex t r a-  

c e l l u l a r  f l u i d  showed a mean decrease  of 4,376. - -. 



The n a t u r e  of t h e  c a r d i a c  i n o t r o p i c  response t o  

DMSO i s  h igh ly  v a r i a b l e  i n  t h e  l i t e r a t u r e  researched.  I n  

experiments by S p i l k e r  i n  1972, c a t  and dog myocardium 

exh ib i t ed  only  i n h i b i t e d  c o n t r a c t i l e  s t r e n g t h  i n  response 

t o  very modest concen t r a t i ons  of DMSO (O.O7M), whi le  

S h l a f e r  and Karoa ( 1 9 7 5 ) ~  us ing  ra t  and guinea p i g  myo- 

cardium, found c o n c e n t r a t i o n s  of 0.7T4 o r  below produced 

p o s i t i v e  ino t ropy .  DMSO appears  t o  a l t e r  t h e  myocardial  

c o n t r a c t i l e  s t r e n g t h  by s e v e r a l  mechanisms, i n c l u d i n g  

osmotic s t r e s s  placed on t h e  myocardial c e l l  ( S h l a f e r  

and Karovr, 1975) ,  a change i n  membrane pe rmeab i l i t y  t o  

n a t e r  and e l e c t r o l y t e s  (Franz and Bruggen, 1967) ,  and 

changes i n  enzyme a c t i v i t y  (Rammler, 1967; ,Burges  e t  a l e ,  

1769) - - 
I n  vivo exper iments  examining t h e  e f f e c t s  on 

chronotropy produced v a r i a b l e  r e s u l t s  a l so .  Using 
- 

a n e s t h e t i z e d  c a t s ,  DiStefano (1965) found t h e  IIR f e l l  

t r a n s i e n t l y  immediately a f t e r  a d m i n i s t r a t i o n  of DNSO I V  

(200 mg/kg), bu t  r e tu rned  t o  normal va lues  w i th in  f i v e  

minutes. PBterson and Robertson ( 1 9 6 7 ) ~  hoeever,  mcorde-d 

an i n c r e a s e  i n  HR of approximately 20-30 bpm a t  5000 mg 

and 10,000 mg DMSO I V  t o  a n e s t h e t i z e d  dogs. Af t e r  i n j e c t i n g  

1.1-3.3 g/kg DI4SO I V  t o  a n e s t h e t i z e d  c a t s ,  S p i l k e r  (1972) 

observed a t rcansient  i n c r e a s e  i n  HR, f o l l ov~ed  by a decrease  
- - 

f o r  one o r  t a o  minutes,  t hen  a r e t u r n  t o  c o n t r o l  l e v e l .  



Blood, p re s su re  experiments a l s o  yield.ed. v a r i a b l e  

r e s u l t s .  DPISO vas  adminis tered I V  t o  anes the t i zed  c a t s  a t  

200 mg/kg a t  15 minute i n t e r v a l s  by DiStefano i n  1965. A t  

a cumulative d.osage of 1 g/kg, t h e  increment vras d.oubled.. 

The blood. p re s su re  f e l l  t r a n s i e n t l y  imrned.ia.tely a f t e r  

a d m i n i s t r a t i o n ,  and. r e tu rned  t o  normal w i th in  f i v e  minutes. 

The repea ted  I V  a d m i n i s t r a t i o n  mhere each dose nas  doubled 

l e d  t o  grad.ually lowered. blood. p re s su re ,  u n t i l  d.eath a t  

4 g/kg. 

I n  ano the r  experiment u s ing  a n e s t h e t i z e d  c a t s ,  

S p i l k e r  (1972) i n j e c t e d  1.1-3.3 g  DMSO/kg and obtained a  

b i p h a s i c  response.  A t r a n s i e n t  i n c r e a s e  w a s  followed by 

prolonged blood p re s su re  depress ion.  It r e tu rned  t o  

c o n t r o l  l e v e l  i n  dne t o  two minutes,  then became s l i g h t l y  - - 
e leva ted .  

I n  a s tudy  i n v o l v i n g  b r a i n  edema r e d u c t i o n  by 
- 

Camp e t  al. i n  1981, a t r a n s i e n t  i n c r e a s e  i n  CVP mas 

observed a f t e r  DNSO admin i s t r a t i on .  This  i n c r e a s e  peaked 

a t  f i v e  minutes,  then  r e tu rned  t o  normal. However, t h i s  

r e s u l t  was khought t o  be due t o  t h e  l a r g e  volume of-10% - 

DMSO s o l u t i o n  i n j e c t e d  (approximately  27 m l  t o  a 3 kg 

r a b b i t ) .  I'lhen Del Bigio e t  al. (1982) i n j e c t e d  t h e  

same dosage over  a t h r e e  hour i n t e r v a l ,  no s i g n i f i c a n t  

change i n  CVP was noted. 
- -- 

Since s e v e r a l  of t h e  above experiments demonstrated 

a v a r i a b l i t y  of  response t o  DTvISO , t h i s  r e s e a r c h  w a s  



und.ertaken us ing  c a r e f u l l y  con t ro l l ed ,  exper imental  con- 

d . i t i o n s  a n d .  u s ing  a l a r g e  number of r e p i i c a t e d  t r ia ls .  

I n  ad.d.ition, t o  eva lua t e  t h e  t o t a l  cardiovascu1a.r response,  

m u l t i p l e  parameters  were examined s imul taneously .  



MATERIALS AND METHODS 

Animals 

Thirty- two hea l thy  c a t s  of  vary ing  age, sex,  and 

weight were rand.omly se lec ted . ,  then pa i r ed  accord.ing t o  

s e x  and. weight. One member of  each p a i r  lxas d.esignated 

a c o n t r o l ,  t h e  o t h e r  an exper imental  (DMSO-treatment) 

animal. The c o n t r o l  and, exper imental  groups each cons i s t ed  

of  e leven  females,  two males and. t h r e e  neutered.  males, 

A l l  c a t s  were fed. commercial dry c a t  food, and suppl ied  

wi th  f r e s h  water  9 l i b i t um.  

Drugs and. S o l u t i o n s  

Normal s a l i n e  (0.9%) was used. e i t h e r  f o r  i n j e c t i o n  - - 
o r  as a medium f o r  o t h e r  s o l u t i o n s .  This  s o l u t i o n  w a s  

s t e r i l i z e d  and, kep t  r e f r i g e r a t e d . ,  bu t  was warmed t o  room 
- 

temperature  a t  l e a s t  one hour be fo re  use,  Fresh s o l u t i o n s  

were prepared ~veekly. 

Sodium c i t r a t e  s o l u t i o n ,  used i n  t h e  blood p re s su re  

d e t e c t i o n  appara tus ,  was prepared by d i s s o l v i n g  10-g of - 

sodium c i t r a t e  c r y s t a l s  p e r  l i t e r  normal s a l i n e .  

Heparin, used as t h e  an t i coaggu lan t ,  was prepared 

by d i s s o l v i n g  50 mg hepa r in  p e r  m i l l i l i t e r  normal s a l i n e .  

DMSO s o l u t i o n  was prepared by d i l u t i n g  one p a r t  - 

- -- 
DMSO (1.100g/ml) t o  one p a r t  s t e r i l e  normal s a l i n e  t o  

o b t a i n  a 50:50 v/v s o l u t i o n  f o r  i n j e c t i o n .  



Methoxyflurane  meto fane--Pitman-Moore) was t h e  

i n h a l a n t  a n e s t h e t i c  used dur ing  t h e  experiments.  The 

p r i n c i p a l  response  t o  t h e  drug i s  c e n t r a l  nervous  system 

d.epression and. s k e l e t a l  muscle r e l a x a t i o n .  L igh t  anes-  

t h e t i c  d.epth mas maintained.  by moni tor ing r e s p i r a t o r y  

r a t e  and s k e l e t a l  muscle r e l a x a t i o n .  This  l e v e l  o f  

a n e s t h e s i a  had. no n o t i c e a b l e  a f f e c t  on ca rd . iovascu la r  

parameters ,  and, c o r r e l a t e s  most c l o s e l y  wi th  p lane  ii 

of e t h e r  anes thes i a .  

Equipment 

Two Gi l son  t a b l e-  t o p  Polygraphs  (Mo d.el #ICT-5H) 

were used. f o r  t h e  experiments.  One recorded t h e  MAP, 

CVP, and. ECG at  a c h a r t  paper  speed, of  2.5 mm/sec. The 
- - 

o t h e r  record.ed, t h e  ECG at  10 mm/sec. The machines were 

turned.  on at l e a s t  10 minutes  p r i o r  t o  use  t o  ensure  
- 

prope r  warm-up. 

Stand.ard, l ead .  I was used f o r  record. ing t h e  ECG. 

The p o s i t i v e  record. ing need.le e1ectrod.e was placed. i n  t h e  

upper l e f t  - t ho rac i c  v~al l ,  t h e  n e g a t i v e  r e c o r d i n g  e l e c t r o d e  

i n  t h e  upper r i g h t  t h o r a c i c  wall, and t h e  ground e l e c t r o d e  

w a s  p laced i n  t h e  v e n t r a l  abdominal wall. These t h r e e  

e l e c t r o d e s  then  connected t o  t h e  r e s p e c t i v e  l e a d s  

of  t h e  ECG chaane l s  from each polygraph. 

The M A P  and CVP were each measured u s i n g  a s e p a r a t e  - 

blood p r e s s u r e  appara tus .  Each appa ra tu s  c o n s i s t e d  o f  a 



sodium c i t r a t e - f i l l e d .  r e s e r v o i r  f i t t e d  wi th  a c a l i b r a t e d .  

p r e s s u r e  gauge and. a p r e s s u r e  bulb. Th i s  r e s e r v o i r  was 

connected v i a  a 3-way va lve  t o  a Stratham P23AA p r e s s u r e  

t r ansduce r  and. t o  a PE 50 polye thy lene  t ube  which, t u r n ,  

was a t tached .  t o  a ca . theter  i n s e r t e d  i n t o  a blood. ve s se l .  

The 3-vray va lve  was used. t o  s e l e c t  one of  t h r e e  impor tan t  

func t ions :  ( 1 )  c a l i b r a t i o n ,  (2 )  sodium c i t r a t e  f l u s h  of 

t h e  c a t h e t e r  t i p ,  and. (3) record. ing of blood. p r e s su re .  To 

c a l i b r a t e ,  t h e  3-~1ay va lve  was s e t  so  t h a t  t h e  r e s e r v o i r  

was connected t o  t h e  p r e s s u r e  t ransducer .  Thus, knovm 

p r e s s u r e s  could be recorded on t h e  Polygraph by u s i n g  t h e  

p r e s s u r e  bu lb  and p r e s s u r e  gauge. The MAP channel  s e n s i-  

t i v i t y  could then  be a d j u s t e d  so  t h a t  200 mmHg p r e s s u r e  

( a s  i n d i c a t e d  by t h e  gauge) r e s u l t e d  i n  a 4 cm pen de f l ec -  
- - 

t i o n .  To f l u s h  t h e  c a t h e t e r  t i p  ( t o  p reven t  c l o t t i n g )  t h e  

3-way va lve  w a s  s e t  so t h a t  t h e  r e s e r v o i r  v a s  connected t o  

t h e  c a t h e t e r .  P r e s s u r e  aas then  i n c r e a s e d  i n  t h e  r e s e r v o i r  

u s i n g  t h e  bu lb  so t h a t  sodium c i t r a t e  could be forced i n t o  

t h e  c a t h e t e r  t i p .  To r eco rd  blood p r e s s u r e ,  t h e  3-way 

va lve  was s e t  so t h a t  t h e  c a t h e t e r  w a s  connected te- t h e  - 

p r e s s u r e  t ransducer .  The p r e s s u r e  could t hen  be recorded 

by t h e  Polygraph. 

Anes thes ia  

Each c a t  mas weighed t o  t h e  n e a r e s t  10 gm, t hen  - - 

a n e s t h e s i a  w a s  induced wi th  Metofane by i n s e r t i n g  t h e  



head i n t o  a p l a s t i c  chamber a t t ached  t o  a Connel 201 

Anes the t ic  Machine. A f t e r  i n d u c t i o n ,  an endot rachea l  tube 

was i n s e r t e d  and t h e  c u f f  in f la ted . .  This  tube  was then  

a t tached .  t o  t h e  a n e s t h e t i c  machine and. t h e  amount of  

Meto fane d e l i v e r e d  t o  t h e  animal nas  a d j u s t e d  throughout 

t h e  experiment t o  main ta in  a cons t an t  p lane  of  anes thes i a .  

An oxygen flow r e g u l a t o r ,  connected. t o  t h e  a n e s t h e t i c  

machine, was ad , jus ted  t o  d e l i v e r  15 m l  02/kg body weight. 

Suc t ion  was appl ied.  as necessary  t o  remove excess  f l u i d ,  

from t h e  l u n g s  and. a i r- passage  mays. 

S u r g i c a l  and Experimental  Procedure 

Hair was cl ipped.  from t h e  r i g h t  and. l e f t  med.ia.1 

t h i g h s  and from t h e  v e n t r a l  neck region.  The l e f t  femoral - - 
ve in ,  r i g h t  femoral a r t e r y ,  and l e f t  j ugu la r  ve in  

d i s s e c t e d  f r e e  from surrounding f a s c i a ,  blood v e s s e l s  
- 

and nerves.  The femoral v e i n  and a r t e r y  were cannulated 

us ing  Abbocath-T, 20-gauge, 3.2 cm I V  c a t h e t e r s  (Abbott) .  

The c a t h e t e r s  a e r e  t i e d  t o  t h e  blood v e s s e l s  t o  p revent  

chance dislbdgement. The venous c a t h e t e r  was f i t t e ' d  with- 

a male a d a p t e r  p lug  (Abbot t ) ,  t o  be use

d 

as an i n j e c t i o n  

p o r t a l .  The a r t e r i a l  c a t h e t e r  w a s  a t tached.  t o  t h e  poly-  

e thy lene  tub ing  of  t he  p r e s s u r e  transd.ucer f o r  MAP 

measurements. The jugu la r  ve in  w a s  c a the t e r i zed .  u s ing  -~ 

- -- 

a Venocath-18, 28 cm I V  c a t h e t e r  ( ~ b b o t t )  f o r  CVP measure- 

ments. This  c a t h e t e r  w a s  advanced u n t i l  t h e  t i p  was j u s t  



s u p e r i o r  t o  t h e  opening of  t h e  r i g h t  a t r ium,  as determine

d 

by: ( 1 )  measurement o f  t h e  d . is tance t o  t h e  h e a r t  as 

determined. by p a l p a t i o n  of t h e  h e a r t  b e a t ,  (2)  t h e  s l i g h t  

r e s i s t a n c e  f e l t  on t h e  c a t h e t e r  when t h e  h e a r t  mas a c t u a l l y  

e n t e r e d ,  and (3) t h e  r e c o r d i n g s  on t h e  CVP channel.  I f ,  

by chance, t h e  v e n t r i c l e  was en te r ed ,  t h e  p r e s s u r e  became 

n o t i c e a b l y  g r e a t e r ,  and t h e  c a t h e t e r  was t hen  withdrawn 

u n t i l  t h e s e  p r e s s u r e s  d isappeared.  A f t e r  t h e  conc lus ion  

of  s e v e r a l  o f  t h e  experiments,  t h e  animals  were d i s s e c t e d  

and t h e  c a t h e t e r  w a s  noted, always t o  be c o r r e c t l y  posi t ioned. .  

Immediately a f t e r  c a t h e t e r i z a t i o n  w a s  complete, 

h e p a r i n  (5  mg/kg) vras i n j e c t e d  i n t o  t h e  femoral  po r t ' a l  

and then  forced  i n t o  t h e  c i r c u l a t i o n ,  as were a l l  i n j e c t -  

i o n s ,  wi th  an i n j e c t i o n  o f  0.2 m l  s a l i n e .  - - 
The a r t e r i a l  and jugu la r  c a t h e t e r s  s e r e  f lushed  

~ r i t h  sodium c i t r a t e  s o l u t i o n  from t h e i r  r e s p e c t i v e  r e s -  
- 

e r v o i r s ,  and checked f o r  c l o t s .  Needle e l e c t r o d e s  ?!ere 

a t t a c h e d  i n  l e a d  I p o s i t i o n  by i n s e r t i o n  through t h e  s k i n ,  

and sample MAP, CVP and ECG r e c o r d i n g s  were made. The M U  

and CVP c a l i b r a t i o n s  were checked and t h e  c a t h e t e r z  f lushed  

once more. YIhen t h e  t r a c i n g s  s t a b i l i z e d ,  e i t h e r  1.0 ml/kg 

of s t e r i l e  s a l i n e  s o l u t i o n  ( c o n t r o l )  o r  1.0 ml/kg o f  DIISO 

(exper imenta l )  vras i n j e c t e d  i n t o  t h e  venous p o r t a l .  Event 

markers on bo th  Polygraphs  s e r e  depressed a t  t h e  beginning - 
- -- 

of  t h e  i n j e c t i o n  ( t ime  O), and were r e l e a s e d  upon com- 

p l e t i o n .  of  t h e  i n j e c t i o n .  I n  t h i s  manner an a c c u r a t e  



record. ing of  t h e  i n j e c t i o n  time was obtained..  A t  t h e  end. 

o f  t h e  experiment (15 minutes ) ,  t h e  MAP and. CVP c a l i b r a t i o n s  

were once more checked. t o  make s u r e  of  t h e  record. ing s t ab-  

i l i t y .  The c a t  vas  t hen  euthanized..  

~ e a 2 r e m e n t  o f  Data 

Values f o r  t h e  DP, SP, PP, MAP, CVP, HR, R and T 

waves a r e  t a b u l a t e d  i n  t h e  appendix. DP and SP va lues ,  

i n  mmHg, were measured d i r e c t l y  from t h e  t r a c e s .  PP was 

c a l c u l a t e d  u s i n g  t h e  formula PP=W - E-P. MAP v a l u e s  

ob ta ined  from t h e  formula MAP=DP + 1/3(PP). 

Increased  p r e c i s i o n  of measurements was ob ta ined  

by us ing  a d i s s e c t i n g  microscope ( 7 X  magn i f i ca t i on )  wi th  

a c a l i b r a t e d  o c u l a r  s c a l e .  The CVP t r a c e  o f t e n  f l u c t u a t e d  
- - 

due t o  r e s p i r a t o r y  and heart- induced p r e s s u r e s ,  so t h e  

va lue  recorded w a s  an average.  
- 

The HR, i n  bpm, was c a l c u l a t e d  u s ing  t h e  formula 

HR=GO/(R t o  R i n t e r v a l ) / c h a r t  paper  speed. The R t o  R 

i n t e r v a l  w a s  measured wi th  t h e  a i d  of  t h e  d i s s e c t i n g  

microscope, -and t h e  c h a r t  paper  speed w a s  10 mm/seand. - 

R and T wave magnitudes were t aken  from t h e  ECG 

recorded a t  10 mm/second. Again, t h e  microscope was used 

t o  i n c r e a s e  accuracy.  The v a l u e s  were recorded i n  mvs. 

T waves could be p o s i t i v e  o r  nega t ive ,  and were occasion-  - 

a l l y  d iphas ic .  I f  t h e  l a t e r  w a s  t h e  case ,  t h e  h e i g h t  o f  - -- 

t h e  t a l l e s t  peak w a s  recorded.  



RESULTS 

Desc r ip t i ve  Analys i s  

The mean, minimum, maximum, range,  s tandard.  e r r o r  

and va r i ance  a r e  presented.  i n  Tables  1-5. f o r  MAW, CVJ?, HR, 

R-wave magnitud.e and. T-wave magnitude f o r  each of t h e  63 

t ime peri0d.s  measured. Missing va lues  were e l iminated.  

from t h e  c a l c u l a t i o n s .  I n  ad.d.ition, g raphs  of  t h e  mean 

v a l u e s  (+s.E.) f o r  each of  t h e s e  v a r i a b l e s  a g a i n s t  t h e  - 
independent  v a r i a b l e  t ime a r e  p lo t t ed .  i n  F igu re s  1-5, 

r e s p e c t i v e l y .  

A two- ta i led  t - t e s t  f o r  p a i r e d  comparisons was used 

t o  analyze  each of t h e  above v a r i a b l e s  as we l l  as t h e  DP, 

SPY and P P . a t  t h e  time of maximum e f f e c t  ( t a )  and a t  t h e  
- - 

end. o f  t h e  experiment ( t b ) .  The d a t a  and. t h e  r e s u l t s  of  

t h e  s t a t i s t i c a l  a n a l y s e s  a r e  p r e sen t e

d  

i n  Tables  6-13. 
- 

For t h i s  a n a l y s i s ,  t h e  animals  were pai red.  by s ex  and., 

a s  c l o s e l y  as p o s s i b l e ,  by weight. Each p a i r ,  c o n s i s t i n g  

of  an exper imenta l  and. a c o n t r o l  animal,  was ass igned  

t o  one of 16 -b locks .  The t - t e s t  w a s  performed u s i n g  t h e .  

d i f f e r e n c e  between t h e  v a l u e s  a t  time 0  and ta o r  tb, so 

t h a t  normal v a r i a t i o n s  among c o n t r o l  and. t r ea tmen t  animals  

d id  n o t  a f f e c t  t h e  r e s u l t s .  Missing v a l u e s  were es t imated.  

u s i n g  t h e  method, of  Yates  as d.escribed, i n  S t e e l  and -. 

- -- 
Tor i e  (1960). 



TABLE 1.--Statistics for Control and. Treatment MAP (mrnHg) 
N= 16 Unless Otherwise Indicated. 

Control Data Analysis 

TIME 

00 : 00 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00:22 
00: 24 
00: 26 
00:28 
00: 30 

MEAN 

80.8 
81.1 
81.2 
82.0 
81.8 
8 1.2 
80.2 
80.4 
80.7 
80.5 
80.5 
80.4 
80.7 
80.7 
80.5 
80.6 
80.8 
80.9 
81.1 
81.0 
80.7 
80.9 
81.2 
80.6 
80.9 
81.1 
80.8 
80.6 
80.4 
80.7 
81.3 
76.3 
81 05 
81.0 
81.3 
81.4 
81.6 
81.7 
81.5 
81.6 
81.0 
81.1 

MIN 

55.7 
55.7 
55.7 
55.7 
56.0 
53.7 
55.0 
55.0 
54.0 
55.0 
54.7 
54.7 
55.0 
54.7' 
55.0 
55.0 
55.7 
55.3 
55.0 
56.0 
54.0 
55.0 
55.0 
55.0 
55.7 
54.7 
54.7 
54.7 
54.7 
55.0 
54.7 
53.7 
53.7 
53.0 
52.7 
52.0 
52.0 
51 07 
50.0 
49.7 
49.7 
50.0 

MAX 

--- 

RANGE 

101.3 
100.6 
102.6 
101.3 
101.7 
104.6 
102.3 
103.7 
104.7 
103.3 
104.0 
104.0 
103.0 
102.0 
192.3 
103.3 
100.6 
101.0 
103.0 
101.7 
103.7 
102.7 
103.0 
100.7 
101.3 
103.3 
101.6 
100.6 
102.3 
101.7 
101.6 
70.3 
103.3 
104.3 
103.3 
104.3 
102.7 
104.6 
105.3 
103.0 
102.0 
101.7 

- -  - -- 

S.E. 

- 7 x K  
7.003 
7.020 
6.987 
7.017 
7.055 
6.991 
6.971 
7.124 
7.041 
7.054 
6.945 
6.994 
6.938 
6.933 
6.943 
6.886 
7.018 
7.074 
6.984 
6 909 
7.061 
7.116 
6,895 
7.017 
7.131 
7.086 
6.953 
7.014 
6.999 
7.070 

2: ;A; 
6 945 
6.974 
7.084 
6.868 
6.985 
6.870 
6.918 
6.776 
6.727 

VARIANCE 

*N= 15 observations 



TABLE 1 .--Continued 

TIME MEAN MIN MAX 

DMSO Treatment Data Analysis  

RANGE 

99.0 
100.3 
100.7 
100.6 
102.0 
103.7 
106.4 
104.4 
106.6 
107.0 
107.3 
109.0 
108.7 
109.0 
109.7 
109.0 
1 1  1.0 
111.3 
110.0 
111.4 
110.3 

71.7 
72#6 
74.3 
75.0 
70.0 
56.3 
57.4 
57.6 
58.3 
59.6 
64.6 
64.0 
65.4 
66.0 
71.4 
71 .O 
73.6 
81.3 
81.0 
85.4 
89.3 
91.6 
93.0 

VARIANCE 



TABLE 1.--Continued 

VARIANCE TIME MEAN MIN MAX 

1 12.0 
113.0 
111.7 
111.7 
1 12.0 
122.7 
111.3 
108.7 
114.7 
114.7 
112.7 
112.7 
108.3 
109.3 
106.3 
110.7 
110.3 
135.0 
118.7 

RANGE 

*N= 15 observations 



17 
TABLE 2 .- - Sta t is t ics  f o r  Control and .  Treatment CVP (mmHg)  

N= 16 Unless Otherwise Indicated. 

Control Data Analysis 

TIME MEAN 

O0:OO 0.9 
00:02 1 .1  
0 0 ~ 0 4  1.4 
00:06 1.5 
00:08 1.6 
00: 10 1.6 
00: 12 1.5 
00: 14 1.5 
00: 16 1.4 
00:18 1.4 
00:20 1.4 
O0:22 1.4 
0 0 ~ 2 4  1.4 
0 0 ~ 2 6  1.3 
00:28 1.3 

M I N  MAX RANGE 

*N= 15 observations 



18 

TABLE 2. --Continued. 

TIME MEAN MIN MAX 

04:30* 0.8 -0.5 2.5 
05:00* 0.7 -1.2 2.5 
05:30 0.6 -1.2 2.5 
06:OO 0.7 -1.5 2.5 
06:30 0.7 -1.0 3.0 
07:oo 0.6 -1.5 3.0 
07:30* 0.6 -1.7 3.0 
08:OO 0.7 -1.5 3.0 
O8:30 0.7 -1.0 2.7 
09:OO 0.6 -1.5 3.0 
09:30 0.6 -0.7 3.0 
1O:OO 0.5 -1.2 3.0 
10:30 0.6 -1.5 2.7 
11:OO" 0.6 -1.0 3.0 
11:30 0.5 -1.2 2.8 
12:OO 0.6 -1.0 2.7 
12:30 0.6 -1.2 3.0 
13~00 0.5 -1.0 3.0 
13:30 0.5 -1.3 3.2 
14:OO 0.5 -1.5 3.1 
14:30 0.5 -1.3 3.0 
15:OO 0.5 -1.6 2.9 

DMSO-Treatment Data Analysis 

RANGE S.E. VARIANCE 

*N=15 observations 
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TABLE 2. --Continued. 

TIME MEAN M I N  MAX RANGE S.E. VARIANCE 

*N= 15 observations 



TABLE 3 .- - Sta t i s t ics  fo r  Control and. Treatment HR (bpm) 
~ = 1 6  Unless Otherwise 1nd.icated. 

Control Data Analysis 
-- - -- 

TIME MEAN 

0O:OO 146.9 
00:02 147.2 
OO:O4 147.8 
00:06* 148.6 
00:08* 149.0 
0O:lo 147.6 
00:12 147.5 
OO:l4* 146.0 
00:16 148.2 
00:18 147.0 
00:20 147.6 
00:22 147.3 
00:24 147.0 
00:26* 146.2 
00:28 146.0 
00:30 147.2 
OO:32 147.1 
00:34 146.5 
00:36 146.7 
00:38* 149.0 
OO:4O 146.8 
00:42 146.6 
00:44 146.3 
00:46 147.4 
00:48 146.6 
00:50 146.8 
00:52 146.8 
00:54 146.5 
00:56* 144.4 
00:58* 145.5 
0l:OO 146.4 
0l:lO 146.5 
01:20 -146.8 
01:30 146.5 
01:40 146.3 
01:50* 144.8 

M I N  MAX 

200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200 . 0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 

RANGE 

80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
80.0 
82.9 
82.9 
80.0 
82.9 
82.9 
82. 9 
82.9 
82.9 
82.9 
82.9 
82.9 
80.0 
82.9 
80.0 
82.9 
80.0 
80.0 
80.0 
80.0 
80.0 
85.7 
80.0 
80.0 
80.0 
80.0 
80.0 
82.9 
85.7 
82.9 
85.7 
85.7 
85.7 
85.7 

S.E. VARIANCE 

*N= 15 observations 
**N=14 observations 



TABLE 3.--Continued 

TIME MEAN M I N  MAX RANGE S.E. VARIANCE 

DMSO Treatment Data Analysis 

*N= 15 observations 
**N= 14 observations 
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TABLE 3.--Continue

d 
TIME MEAN MIPT MAX RANGE S.E. VARIANCE 

03:oo 152. I 72.7 
03:30 131.7 70.6 
O4:OO 132.1 71.6 
04:30 132.4 70.6 
05:OO 133.8 70.6 
05:30 132.7 70.6 
06:OO 133.1 68.6 
06:30 132.9 68.6 
07:00* 130.7 68.6 
07:30* 131.5 70.6 
08:00* 136.8 70.6 
08:30* 135.0 70.6 
09:OO 135.1 68.6 
09:30 136.4 68.6 
10:00* 155.4 68.6 
10:30* 134.9 68.6 
11:00**140.4 106.7 

- 11:30* 135.7 68.6 
12:00x 134.1 68.6 
12:30 134.6 69.6 
13:OO 135.4 69.6 
13:30 135.2 67.6 
14:OOx 135.8 70.6 
14:3**133.4 70.6 
15:OO 135.0 69.6 
*N= 15 observations 
**&I4 observations 



TABLE 4 .- - Stat is t ics  fo r  C o n t r o l  and. Treatment R Wave (mvs) 
N= 16 Unless Otherwise 1nd.icated. 

Control Data Analysis 

TIME MEAN M I N  MAX 

0O:OO 0 4 1  0.12 0.85 
00:02 0.41 0.06 0.83 
00:04 0.41 0.11 0.87 
00:06 0.41 0 0.90 
00:08* 0.44 0.1 1 0.91 
00: 10 0.43 0.14 0.87 
00: 12 0.42 0.12 0.85 
00: 14" 0.39 0.14 0.77 
00: 16 0.42 0.13 0.83 
00:18 0.42 0.07 0.87 
00:20 0.42 0.10 0.85 
00:22 0.42 0.09 0.84 
00:24 0.42 0.15 0.85 
00:26* 0.41 0.11 0.86 
00:28 0.43 0.15 0.85 
00:30 0.41 0.07 0.85 
00:32 0.42 0.15 0.85 
00:34 0.41 0.09 0.85 
00:36 0.42 0.09 0.85 
00:38* 0.44 0.07 0.85 
00:40 0.42 0.12 0.85 
00:42 0.41 0.14 0.85 
00:44 0.41 0.10 0.82 
00:46 0.42 0.09 0.86 
00:48 0.42 0.10 0.85 
00:50 0.42 0.14 0.84 
00:52 0.42 0.11 0.85 
00:54* 0.42 0.09 0.85 
00:56* 0.40 0.12 0.85 
00:58* 0.40 0.12 0.83 
01:OO 0.43 0.14 0.85 
01:10 0.41 0.11 0.82 
01:20 0-42 0,07 0.85 
01:30 0.41 0.12 0.82 
01:40 0.41 0.12 0.85 
01:50* 0.43 0.10 0.84 
02:OO 0.41 0.10 0.85 
02:30 0.42 0.15 0.85 
03:00**0.43 0.14 0.86 
03:30* 0.44 0.14 0.85 
04:OO 0.42 0.12 0.85 

*N= 15 observations 
**N= 14 observations 

RANGE 

0.73 
0.77 
0.76 
0.75 
0.80 
0. 73 
0.73 
0.63 
0.70 
0.80 
0.75 
0.75 
0.70 
0.86 
0.85 
0.78 
0.70 
0.76 
0.76 
0.78 
0.73 
0.71 
0.72 
0.77 
0.75 
0.70 
0.74 
0.76 
0.73 
0.71 
0.71 
0.71 
0.78 
0.70 
0.73 
0. 74 
0.75 
0.70 
0.72 
0.71 
0.73 

S.E. 

0.061 
0.060 
0.065 
0.063 
0.066 
0.062 
0.061 
0.059 
0.062 
0.065 
0.063 
0.063 
0.062 
0.064 
0.063 
0.068 
0.064 
0.064 
0.062 
0.065 
0.063 
0.063 
0.063 
0.064 
0.063 
0.061 
0.061 
0.069 
0.064 
0.065 
0.061 
0.063 
0.066 
0.061 
0.064 
0.066 
0.064 
0.063 
0.071 
0.066 
0.066 

VARIANCE 
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TABLE 4. --Continued. 

TIME MEAN M I N  MAX RANGE 

04:30* 0.44 0.10 0.87 0.77 
05:OO 0.43 0.09 0.86 0.77 
05:30 0.44 0.14 0.89 0.75 
06:OO 0.42 0.14 0.90 0.76 
06:30 0.43 0.08 0.87 0.79 
07:OO 0.44 0.11 0.88 0.77 
07:30 0.44 0.10 0.91 0.81 
08:OO 0.44 0.07 0.87 0.80 
08:30 0.43 0.06 0.90 0.84 
09:OO 0.42 0.11 0.88 0.77 
09:30 0.44 0.11 0.87 0.76 
10:00* 0.42 0.17 0.86 0.69 
10:30* 0.44 0.11 0.87 0.76 

DMSO Treatment Data Analys i s  

VARIANCE 

0.071 
0.066 
0.066 
0.066 
0.071 
0.066 
0.069 
0.064 
0.066 
0.062 
0.063 
0 052 
0.072 
0.065 
0.063 
0.072 
0.070 
0.065 
0.076 
0.072 
0.075 
0.069 

*N= 15 obse rva t ions  
**N=14 obse rva t ions  



TABLE 4.--Continued. 

TIME MEAN 

00:36 0.45 
00:38 0.45 
00:40 0.44 
00:42 0.45 
00:44* 0.40 
00:.46 0.44 
00:48 0.44 
00:50 0.44 
00:52 0.42 
00:54 0.43 
00:56 0.41 
00:58* 0.45 
01:00* 0.42 
01: 10 0.42 
01:20 0.39 
01:30 0.37 
01:40 0.37 
01:50 0.35 
02:OO 0.35 
02:30 0.34 
03:OO 0.34 
03:30* 0.32 
04:OO 0.35 
04:30 0.36 
05:OO 0.36 
05:30 0.36 
06:OO 0.38 
06:3O 0.38 
07:00* 0.38 
07:30* 0.39 
08:00* 0.37 
08:30* 0.39 
09:OO 0.40 
09:30 0.40 
10:00* 0..41 
10:30* 0.41 

MIN MAX RANGE VARIANCE 

*N= 15 observations 
**N= 14 observations 



TABLE 5 .- - Sta t i s t ics  f o r  Control and. Treatment T Bave (mvs) 
TJ= 16 Unless Otherwise Indicated. 

Control Data Analysis 

TIME MEAN 

0O:OO 0.19 
00:02 0.19 
00:04 0.21 
00:-06 0.23 
00:08* 0.23 
0O:lO 0.22 
00:12 0.22 
00:14**0.19 
00:16 0.20 
00: 18 0.19 
00:20 0.18 
00:22 0.18 
00:24 0.18 
00:26* 0.18 
00:28 0.18 
00:30 0.18 
00:32 0.19 
00:34 0.18 
00:36 0.18 

M I N  

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 
0.00 
0.00 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 
0.01 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.01 

MAX RANGE VARIANCE 

*N= 15 observat ions 
**N= 14 observations 
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TABLE 5.--Continued. 

TIME MEAN MIN MAX RANGE 

DMSO-Treatment Data Analysis 

00:04 0.12 0.00 0.32 
OO:O6 0.13 0.00 0.35 
00:08* 0.14 0.00 0.40 
00: 10 0.13 0.01 0.50 
00: 12 0.14 0.01 0.51 
00: 14 0.16 0.00 0.56 
00:16 0.17 0.00 0.60 
00: 18 -.Om 18 0.00 0.62 
00:20 0.22 0.00 0.64 
00:22 0.23 0.00 0.65 
00:24* 0.25 0.00 0.65 
00:26 0.24 0.00 0.65 
00:28* 0.27 0.01 0.70 
00:30 0.24 0.00 0.70 
00:32* 0.22 0.00 0.74 
00:34* 0.26 0.00 0.77 
OO:36 0.23 0.00 Oe75 
*N= 15 observations 
**N=14 observations 

S . E . VARIANCE 
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TABLE 5.--Continued. 

TIME MEAN MIN MAX RANGE 

0.75 

VARIANCE 

0.045 
0.059 
0.055 
0.036 
0.056 
0.054 
0.039 
0.037 
0.033 
0.029 
0.028 
0.028 
0.021 
0.019 
0.012 
0.01 1 
0.013 
0.010 
0.008 
0.008 
0.008 
0.007 
0.007 

*N= 15 observations 
**N= 14 observations 
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TABLE 6.--T-Test f o r  Paired.  Comparisons: DP 
DPO=DP a t  Time 0, DPA=Minimum DP, DPB=DP a t  15 Minutes 

CONTROL TREATMENT D 
BLOCK DPO - DPA = X I  DPO - DPA = X2 X2-X1 

1 85 70 15 65 27 38 23 
2 66 66 0 5 1 32 19 19 
3 - 145 137 8 50 2 1 29 21 - 

4 65 60 5 35 18 17 12 
5 47 45 2 65 27 38 36 
6 55 50 5 43 35 8 3 
7 44 39 5 42 16 

26 18 
1 1  

8 56 54 2 35 17 16 
9 82 68 14 77 68 9 -5 

10 50 45 5 39 35 30 
1 1  65 65 o 60 74 44 16 16 
12 100 78 22 50 37 13 -9 
13 40 30 10 80 

0 
46 

34 80 
36 

14 50 50 100 20 80 
15 46 41 5 6 1 30 3 1 26 
16 8 Lt 83 1 55 15 40 39 

t = L t .  258** ( P < O . O O l )  

BLOCK DPO - DPB = X I  DPO - DPB = X2 D - -  

1 85 85 O 65 99 -34 - 34 
2 66 66 O 5 1 57 -6 -6 
3 145 1 40 5 50 70 - 20 -15 - 
4 65 65 o 35 50 -15 -15 
5 47 51 -4 65 80 -15 -1 1 
6 55 58 -3 43 55 -12 -9 
7 44 45 - 1 42 50 -8 -7 
8 56 56 0 35 82 -47 -47 
9 82 68 14 77 8 3  -6 - 20 

10 5Q 46 4 74 89 -15 -- -19 - 
1 1  65 70 -5 60 45 15 20 
12 100 78 22 50 70 - 20 -42 
13 40 30 I0 80 80 0 -10 
14 50 70 - 20 100 75 25 

2 
45 

15 46 44 6 1 69 -8 -10 
16 84 86 -2 55 92 -37 -35 

t=2.390* (0.02(P<0.05) 

- >- 

" Sign i f i can t  
**Highly s i g n i f i c a n t  



TABLE 7. --T-Test f o r  Paired. Comparisons: SP 
SPO=SP at T i m e  0, SPA=llinimum SP, SPB=SP a t  15 Minutes 

CONTROL TREATMENT D 
BLOCK SPO - SPA = 1 SPO - SPA = X2 X2-X1 

1 1 20 106 14 122 55 67 53 
2 90 89 1 97 73  24 
3 - 181 10 

23 
171 95 36 59 49 - 

4 98 94 4 6 1 30 31 27 
5 76 74 2 94 45 49 47 
6 92 87 5 83 69 14 

108 
9 

7 115 7 75 38 37 30 
8 9 1 88 3 57 25 32 

1 1  
29 

9 109 98 1 38 1 26 12 1 
10 89 85 4 loo 64 36 32 
1 1  90 90 0 100 79 21 21 
12 132 43 90 69 2 1 -22 

175 65 13 87 22 116 50 66 
1 

44 
14 85 84 142 45 97 

2 15 
96 

76 74 93  49 44 42 
16 1 46 143 3 79 22 57 54 

t=4.666** (pt0.001) 

BLOCK SPO - SPB = X I  SPO - SPB = X2 D - -  

**Highly s i g n i f i c a n t  



TABLE 8.--T-Test f o r  Paired Comparisons: PP 
PPO=PPat Time 0 ,  PPA=Minimwn PP, PPB=PP at 15 Minutes 

CONTROL TREATMENT D 
BLOCK PPO - PPA = X1 PPO - PPA = X2 X2-X1 

1 35 27 8 57 25 32 24 
2 24 20 4 46 40 6 2 
3 .  36 34 2 45 15 30 28 
4 33 30 3 1 1  15 12 - 

26 13 5 29 28 1 29 16 15 
6 37 32 5 40 34 6 1 
7 7 1 68 3 33 1 1  22 19 
8 35 31 4 22 8 14 10 
9 27 22 5 6 1 46 15 10 

BLOCK PPO - PPB = X I  PP0 - PPB = X2 D - - 
1 35 33 2 57 67 -10 -12 
2 24 23 I 46 64 -18 -17 
3 36 37 - I 45 45 o 1 
4 33 34 - 1 26 26 0 1 - 
5 29 34 -5 29 30 - 1 

0 
4 

6 37 37 40 48 -8 -8 
7 7 1 75 -4 33 40 -7 -3 
8 35 40 -5 22 28 -6 - 1 
9 27 30 -3 6 1 6 1 O 3 

10 39 40 - 1 26 30 -4 -- -3 - 
1 1  25 24 1 40 42 -2 -3 
12 75 57 18 40 38 2 -16 
13 47 36 1 1  36 35 1 -10  
14 35 36 - 1 42 37 5 6 
15 30 3 1 - 1 32 36 -4 -3 
16 62 64 -2 24 19 5 7 

- - -  

**Highly s i g n i f i c a n t  
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TABLE 9. --T-Test f o r  Paired Comparisons: MAP 
MAPO=MAP a t  Time 0, MAPA=Minimum M A P ,  MRPB=MAP a t  15 minutes 

CONTROL TREATMENT D 
BLOCK M A P 0  - MAPA = X I  MAP0 - MATA = X2 X2-X1 

1 96.7 82.0 14.7 84.0 37.0 47.0 32.3 
2 74.0 73.7 0.3 66.3 45.7 20.6 200 3 
3 157.0 148.3 8.7 65.0 26.0 39.0 30.3 
4 - 76.0 71.3 4.7 43.7 22.0 21.7 17.0 
5 56.7 54.7 2.0 74.7 33.0 41.7 39.7 
6 67.3 62.3 5.0 56.3 46.3 10.0 5.0 
7 67.7 62.0 5.7 53.0 30.0 23.0 17.3 
8 67.7 66.3 1.4 42.3 19.7 22.6 21.2 
9 91.0 78.0 13.0 97.3 87.3 10.0 -3.0 

10 63.0 58.3 4.7 82.7 47.3 35.4 30.7 
1 1  73.3 73.3 0.0 73.3 55.7 17.6 17.6 
12 125.0 96.7 28.3 63.3 47.7 15.6 -12.7 
13 55.7 41.7 14.0 92.0 3 9 3  52.7 38.7 
14 61.7 6 0.4 114.0 28.3 85.7 85.3 
15 56.0 52.0 4.0 71.7 36.3 35.4 31 04 
16 104.7 103.0 1.7 63.0 17.3 45.7 44.0 

t=4.684** ( P < O . O O l )  

BLOCK MAP0 - MAPB = X I  MAP0 - MAPB = 
X2 D 

" Signi f icant  
**Highly S ign i f i can t  



TABLE 1 0 .  - - T- T e s t  f o r  P a i r e d .  C o m p a r i s o n s :  CVP 
CVPO=CVP a t  T i m e  0 ,  C V P A = M a x i m u m  CVP,  CVPB=CVP a t  15 M i n u t e s  

CONTROL TREATMENT D 
BLOCK CVPO - CVPA = X1 CVPO - CVPA = X2 X2-X1 

BLOCK CVPO - CVPB = X I  CVPO - CVPB = X2 D - - 

-- - - 

- -- 
**Highly s i g n i f i c a n t  
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TABLE 1 1.  - - T- Test  f o r  Pa i red .  Comparisons: HR 
HRO=HR at T ime  0, HRAzMinirnum HR, HRB=HR a t  15 Minutes 

CONTROL TREATMENT D 
BLOCK HRO - HRA = X I  HRO - HRA = X2 X2-X1 

1 166.7 148.1 18.6 75.0 61.5 13.5 -5.1 
2 150.0 141.2 8.8 165.5 121.2 44.3 35.5 
3 150.0 150.0 0.0 145.4 98.0 47.4 47.4 
4 - 120.0 1 0 0 e O  20.0 117.1 106.7 10.4 -9 e 6  
5 123.1 111.6 11.5 171.4 145.4 26.0 14.5 
6 120.0 117.1 2.9 1 106.7 26.6 23.7 
7 150.0 150.0 0.0 141.2 120.0 21.2 21.2 
8 171.4 154.8 6 . 6  154.8 120.0 34.8 18.2 
9 129.8 120.0 9.8 200.0 177.8 22.2 12.4 

10 165.5 160.0 5.5 133.3 120.0 13.3 7.8 
1 1  133.3 117.1 16.2 150.0 150.0 0.0 -16.2 
12 200.0 200.0 0.0 133e.3 126.3 7.0 7.0 
13 129.7 121.2 8.5 192.0 171.4 20.6 12.1 
14 120.0 117.1 2.9 160.0 51.1 108.9 106.0 
15 154.8 150.0 4.8 133.3 104.3 29.0 24.2 
16 165.5 160.0 5.5 133.3 72.7 60.6 55.1 

t=3.023** (0.005<P<Oe0 1 ) 

- - - - -- - 

BLOCK HRO - HRB = X1 HRO - HRB = X2 D 
- - 

- -- 
**Highly s ign i f i can t  



TABLE 12.--T-Test f o r  Paired Comparisons: R Magnitude 
RO=R a t  Time 0, RkMaximum R,  RB=R a t  15 Minutes 

CONTROL TREATMENT D 
BLOCK RO - RA = X 1 RO - RA = X2 X2-XI 

1 0.40 0.40 0.00 0.1 0.43 -0.27 -0.27 
2 0.19 0.28 -0.09 0.5; 0.92 -0.35 -0.26 
3 0.52 0.61 -0.09 0.63 1.25 -0.62 -0.53 
4 - 0 . 3  0.19 -0.06 0.54 0.06 -0.06 0.00- 
5 0.73 0.92 -0.19 0.28 0.43 -0.15 0.04 
6 0.25 0.32 -0.07 0.49 0.51 -0.02 0.05 
7 0.75 0.80 -0.05 0.56 0.66 -0.10 -0.05 
8 0.64 0.91 -0.27 0.03 0.42 -0.39 -0.12 
9 0.24 0.26 -0.01 0.36 0.66 -0.30 -0.29 

10 0.85 0.91 -0.06 0.37 0.65 -0.28 -0.22 
1 1  0.30 0.33 -0.03 0.63 0.76 -0.13 -0.10 
12 0.14 0.16 -0.02 0.41 0.56 -0.15 -0.13 
13 0.42 0.43 -0.01 O . I O  0. I9 -0.09 -0.08 
14 2 0.26 -0.14 0.06 0.11 -0.05 0.09 
15 0.29 0.33 -0.04 1.05 1.06 -0.01 0.03 
16 Oa61 0.63 -0.02 0.25 0.31 -0.06 -0204 

t=2.886* (0.01<~<0.02) 

- - -  

BLOCK RO - RB = X I  RO - RB = X2 D - - 
1 0.40 0.31 0.09 0.16 0.18 -0.02 -0.1 1 
2 - 0.19 0.26 -0.07 0.57 0.47 0.10 0.17 
3 0.52 0.47 0.05 0.63 0.67 -0.04 -0.09 
4 0.13 0.19 -0.06 0.54 0.51 0.03 0.09 - 
5 0.73 0.92 -0.19 0.28 0.43 -0.15 0.04 
6 0.25 0.27 -0.02 0.49 0.49 0.00 0.02 
7 0.75 0.65 0.10 0.56 0.56 0.00 -0.10 
8 0.64 0.86 -0.22 0.03 0.07 -0.04 0.18 
9 0.24 0.26 -0.02 0.36 0.33 0.03 0.05 

I0 0.85 0.85 0.00 0.37 0.40 -0.03 -0.03 
1 1  0.30 0.31 -0.01 0.63 0.42 0.21 -- 0.22- 
12 0.14 0.12 0.02 0.41 0.40 0.01 -0.01 
13 0.42 0.43 -0.01 0.10 Oal9 -0.09 -0.08 
14 0.12 0.15 -0.03 0.06 0.05 0.01 0.04 
15 0.29 0.33 -0.04 1.05 0.98 0.07 0.11 
16 0.61 0.60 0.01 0.25 0.22 0.03 0.02 

t=1.269 (0.20<P<0.50) 



Mean A r t e r i a l  Pressure  

The mean DMSO-treatment MAP, a f t e r  a s h o r t  i n i t i a l  

r i s e  (F igure  1) of  approximately 6 seconds a f t e r  t h e  

beginning o f  i n j e c t i o n ,  plummeted. u n t i l  i t  reached a 

mean minimum a t  30.3 seconds. The d i f f e r e n c e  i n  MAP 

between t r e a t e d  a n d  c o n t r o l  animals  w a s  h igh ly  s i g n i f i c a n t  

(P(0.001). From t h i s  minimum va lue  t h e  M A P  g r a d u a l l y  

increased .  A f t e r  approximately 3 1/2 minutes  i t  regained 

t h e  o r i g i n a l  MAP va lue  record.ed. a t  time 0 ,  and, continued. 

t o  r i s e  u n t i l  i t  reached. a maximum a t  approximately 9 

minutes. A t  t he  end of  t h e  experiment t h e  M U  w a s  s t i l l  

s i g n i f i c a n t l y  d i f f e r e n t  from t h e  c o n t r o l  (0.01<P<0.02). 

The c o n t r o l  MAP remained f a i r l y  cons t an t  throughout t h e  

15 minutes except  f o r  a b r i e f  i n c r e a s e  of  approximately - -  

10 s e c o n d . ~  immed.iately a f t e r  t h e  beginning o f  t h e  s a l i n e  

i n j e c t i o n .  - 

C e n t r a l  Venous P re s su re  

F igure  2 i l l u s t r a t e s  t h e  mean (+S.E.) - CVP va lues  -- 
f o r  both  c o n t r o l  and t rea tment  animals. A f t e r  DMSO 

i n j e c t i o n ,  t h e  CVP r o s e  r a p i d l y ,  reached a mean maximum 

at 1 minute 40 seconds, then  slowly dec l ined ,  a l though 

s t i l l  remaining f a r  above t h e  i n i t i a l  va lue  by t h e  end 

of  t h e  experiments. D i f f e r ences  i n  CVP f o r  t rea tment  

and c o n t r o l  animals  ve re  h igh ly  s i g n i f i c a n t  (P(0.00 1 ) 



a t  both t and tb. The c o n t r o l  CVP demonstrated, a s h o r t  
a 

i n i t i a l  r i s e ,  then  remained. near  t he  time 0  va lue  f o r  t h e  

remaind.er of  t h e  experiment. 

Heart  Rate 

The mean HR (-I-S.E.) - i s  p lo t t ed .  i n  F igure  3. The 

c o n t r o l  and t rea tment  v a l u e s  were i n i t i a l l y  very similar. 

The c o n t r o l  remained b a s i c a l l y  cons t an t ,  wi th  a s l i g h t  

decrease  t 0 w a r d . s  t h e  end of t h e  experiment, HR of DMSO- 

t r e a t e d .  animals,  however, qu ick ly  d.ropped. t o  a mean min- 

imum a t  28  second.^, a va lue  s i g n i f i c a n t  i n  i t s  d . i f fe rence  

from t h e  con t ro l .  The r a t e  then  sloivly increased .  u n t i l ,  

a t  t h e  end. of t h e  experiment, t h e r e  w a s  no l o n g e r  any 

s i g n i f i c a n t  d.if f e r ence  between t h e  c o n t r o l  and exper imental  - - 
va lues  a t  t h e  5% l e v e l .  

R :!lave Magnitude - 

The c o n t r o l  and. DMSO R v a l u e s  were a l s o  i n i t i a l l y  

similar, as seen i n  F igure  4 and Table 4. The c o n t r o l  

i nc reased  s l i g h t l y  towards t h e  end of  t h e  15 minutFs, b u t  

DMSO R v a l u e s  were s i g n i f i c a n t l y  e l eva t ed  (0.0 1(P<0.02) 

over  t h e  c o n t r o l  dur ing  t h e  i n i t i a l  30 seconds. The 

ampli tude of t h e  R wave then  g radua l ly  decreased,  r each ing  

,- minimum a t  2 minutes 30 seconds. By t h e  end of t h e  
- -- 

experiment,  t h e r e  ~ a s  no longe r  a s i g n i f i c a n t  d i f f e r e n c e  

a t  t h e  5% l e v e l  between t h e  c o n t r o l  and DMSO R va lues ,  



Figure  5 i l l u s t r a t e s  t h e  T wave p a t t e r n  over  t h e  

course  of  t h e  experiments. Since t h e  T d e f l e c t i o n  could 

normally be e i t h e r  p o s i t i v e  o r  nega t ive ,  t h e  a b s o l u t e  

va lue  of  T was p l o t t e d  and used f o r  c a l c u l a t i o n s .  The 

c o n t r o l  T exh ib i ted .  an i n i t i a l  r a p i d  i n c r e a s e  d.uring t h e  

f i r s t  8  second.^, t hen  re turned.  t o  nea r  i n i t i a l  va lues  f o r  

t h e  remaind.er of t h e  time. The DNSO T v a l u e s  became 

s i g n i f i c a n t l y  e levated.  (0.0 1 lP<0.02) soon a f t e r  i n j e c t i o n ;  

t h e  graph peaks a t  28  second.^. The T amp1itud.e then  

dropped. below t h e  i n i t i a l  r eco rd ing  a t  t ime 0 ,  but  by t h e  

end, of t h e  experiments,  on t h e  average,  t h e r e  w a s  no longe r  

a-ny s i g n i f i c a n t  d i f f e r e n c e  (P)0.05) between t h e  c o n t r o l  

and exper imental  values .  - - 

Thi r t een  of  t he  16 c o n t r o l  T wave r e c o r d i n g s  were 

p o s i t i v e  and. 3 were nega t ive .  The d . i r ec t ion  of  t h e  de- - 

f l e c t i o n  remained t h e  same throughout t h e  experiment. For 

t h e  DIG0 tr ials,  hoaever,  only  six experiments mere con- 

s i s t a n t l y  p o s i t i v e  and. fou r  c o n s i s t a n t l y  negat ive .  O f  -- 
t h e s e ,  two had. S-T segment e l e v a t i o n s  beginning approx- 

i m a t e l y  10 seconds a f t e r  i n j e c t i o n  of DMSO began. A 

t h i r d  demonstrated, a depressed. S-T segment a t  t h e  10 

second. time nhich became q u i t e  marked. by 28 seconds. By 

s i x  minutes,  t h e  S-T segment had r e tu rned  t o  normal. The- _ 

remaining s i x  DMSO t r ia ls  demonstrated r e v e r s a l s  i n  t h e  



d i r e c t i o n  of  t h e  T vave d e f l e c t i o n  and sn i t ched  betaeen 
t 

monophasic and d iphas i c  waves. These r e v e r s a l s  occur,ed 

s e v e r a l  t imes  i n  t h e  course  of  each experiment,  u s u a l l y  

beginning 10 t o  30 seconds a f t e r  t h e  i n i t i a t i o n  of t h e  

DMSO i n j e c t i o n .  

Pearson C o r r e l a t i o n  

Data from t h e  DMSO-treatment MAP trials were 

sub jec t ed  t o  a simple l i n e a r  c o r r e l a t i o n  a n a l y s i s  

(Pearson C o r r e l a t i o n  C o e f f i c i e n t ) .  These d a t a ,  t h e  cor-  

r e l a t i o n  c o e f f i c i e n t s ,  and two- ta i l ed  p r o b a b i l i t y  v a l u e s  

a r e  p resen ted  i n  Table 14. The means and s tandard  de- - 

v i a thons  of  t h e  v a r i a b l e s  examined were a l s o  eva lua ted :  

MAP(X1)=32.7 (+  - 19.549) mrflHg - - 
MW(X2)=13.7 b-18.292) - mmHg 

Time Az30.3 (+ 1 1.287) seconds - - 

Volume id j ec t ed=3 .5  (+0.905) m l  - 
I n j e c t i o n  time= 1 1.7 (+6.722) seconds - 
\:!eight=3.45 (+0.901) kgs  - 
The !fAP(xl) i s  t h e  d i f f e r e n c e  betvieen t h e  t';me 0  

and minimum M A P S ,  and t h e  MAP(X2) i s  t h e  d i f f e r e n c e  between 

t ime 0 MAP and, t h e  M,W a t  15 minutes. Time A i s  t h e  t ime 

necessary  t o  a t t a i n  t h e  minimum M A P  va lue  a f t e r  i n j e c t i o n  

begins.  - - 

A s i g n i f i c a n t  c o r r e l a t i o n  (P(0.05) was found 

between t h e  minimum MAP and t h e  volume of  DMSO i n j e c t e d ,  



as wel l  as with  t h e  weight of  t h e  animal. The t ime t o  

a t t a i n  minimum MAP was s i g n i f i c a n t l y  c o r r e l a t e d  wi th  t h e  

i n j e c t i o n  time and. t h e  va lue  o f  MAP(X,), and t h e  r e l a t i o n -  

s h i p  t o  weight was h igh ly  s i g n i f i c a n t  (P<0.01). No 

s i g n i f i c a n t  c o r r e l a t i o n  ex is ted .  between MA.P(X1)  and^ t h e  

i n j e c t i o n  time, nor  between MPP(X2) and any o f  t h e  v a r i a b l e s  

tes ted. .  



TABLE 14. --Pearson Correlat ion N= 16 
MAP(X1)=MAP a t  Time 0 - Minimum MAP 
MAP(X )=MAP a t  Time 0 - MAP a t  15 Minutes 
Time $ = ~ i m e  to  Reach Minimum MAP 

MJQ(X1 VOLUME I N J E C T I O N  
INJECTED iS1SEIGHT TIME MAP( X2) 

COEFFICIENT 0.5841 0.588 1 0.2122 -0.2922 
SIGNIFICANCE 0.018* 0,0l7* 0.430 0.272 

VOLUME I N J E C T I O N  
INJECTED ':EIGHT TIME M m X I  ) 

COEFFICIENT -0.1182 -0.1053 -0.1107 -0.2922 
SIGNIFICANCE 0.663 0.698 0.683 0.272 

TIME A INJECTION 
TIME !'IEI GHT Mm(X1) MUJ(X2) - -  

COEFFICIENT 0.5410 0.6494 0.5525 0.2523 
SIGNIFICANCE 0.029" 0.006** 0.026* 0. 346 

*Signi f icant  
**Highly s i g n i f i c a n t  



DISCUSSION 

From t h e  r e s u l t s ,  dramat ic  e f f e c t s  on t h e  ca rd io-  

v a s c u l a r  system asre ev iden t  a f t e r  i n j e c t i o n  of DP4SO. 

Hoaever, t h e  mechanisms behind t h e s e  r e s u l t s  a r e  n o t  always 

c l e a r .  

The t r a n s i e n t  i n c r e a s e  i n  M A P  dur ing  t h e  f i r s t  few 

seconds of  t h e  exper iments  i s  most l i k e l y  simply t h e  r e-  

sponse t o  t h e  blood volume change a s  t h e  i n j e c t i o n  i s  i n t r o -  

duced.. The i n c r e a s e  i s  evid.ent i n  both  t h e  exper imental  

and. t h e  c o n t r o l  t r ials.  

Af t e r  t h i s  i n i t i a l  i n c r e a s e ,  t h e  IlnP e l i c i t s  a dj-- 

phas i c  response  i n  t h e  DMSO experiments.  F a l l i n g  qu i ck ly  

d.uring t h e  f i r s t  t hen  g r a d u a l l y  i n c r e a s e s  

md i s  s i g n i f i c a n t l y  e l e v a t e d  by t h e  end of t h e  exper i -  - - 
ment. Only t a o  sou rces  a r e  respon-sible f o r  a change i n  

MAP: ( 1 )  t h e  volume of blood. d i s t e n d i n g  t h e  a r t e r i e s ,  o r  
- 

card. iac  ou tpu t  (C.O,), and. (2)  t h e  r e s i s t a n c e  o f f e r e d  by 

t h e  p e r i p h e r a l  c i r c u l a t o r y  system, o r  t o t a l  p e r i p h e r a l  

r e s i s t a n c e  (TPR). I n c r e a s i n g  e i t h e r  va lue  v ~ i l l  i n c r e a s e  

t h e  I 4 U .  -- 

The C.O., i n  t u r n ,  i s  determined by I-IR and SV: 

(C,O.=WR x SV). Evidence f o r  a change i n  HR i s  a v a i l a b l e  

d i r e c t l y  from t h e  ECG t r a c i n g s ,  and t h e  change corresponds  

very  c l o s e l y  v i t h  t h e  f l u c t u a t i o n s  i n  MAP dur ing  t h e  f i r s t  
- -- 

few minutes  o f  t h e  experiments.  The PTL? and HR s imul tane-  

o u s l y  decrease ,  then  g r a d u a l l y  i n c r e a s e ,  Hoaever, t h e  HR does 



no t  fo l l ow  t h e  even tua l  e l e v a t i o n  seen i n  t h e  MAP, but  r e-  

mains nea r  normal values .  That i s  caus ing  t h e  changes i n  

IIR? 

Evidence f o r  a d i r e c t  e f f e c t  on t h e  h e a r t  by DMSO 

i s  ga thered  by i n t e r p r e t a t i o n  of t h e  ECG t r a c i n g s .  The - 

R and T waves become e l e v a t e d  dur ing  t h e  f i r s t  minute, 

t hen  r e t u r n  t o  nea r  normal values .  Th i s  response  i s  

perhaps  r e f l e c t i v e  of  e l e c t r o p h y s i o l o g i c a l  o r  pe rmeab i l i t y  

changes w i t h i n  t h e  c e l l s  o f  t h e  h e a r t  i t s e l f .  According 

t o  Bolton ( 1975), b r adyca rd i a  and T wave a m p l i f i c a t i o n  

occur  wi th  hyperkalemia. Although i t s  e f f e c t s  a r e  n o t  

w e l l  e s t a b l i s h e d ,  hypercalcemia  i s  a l s o  be l ieved  t o  r e s u l t  

i n  i nc rea sed  T wave magnitude, as s e l l  as S-T segment 

e l e v a t i o n .  David e t  a l e  (1982) found t h a t  p e r s i s t e n t  - - 
i n c r e a s e s  i n  t h e  R wave ampl i tude occur red  i n  a s s o c i a t i o n  

a i t h  z marked de lay  i n  i n t r amyoca rd i a l  conduction.  Accord- - 

i n g  t o  H i l l  and G e t t e s  (1980), h ighe r  i n t e r s t i t i a l  potassium 

c o n c e n t r a t i o n s  could cause  t h i s  delay.  

Myocardial hypoxia i s  a l s o  a p o s s i b l e  cause of  

t h e  ECG f l u c t u a t i o n s .  It  may be s igna l l ed .  by changes 

i n  t h e  magnitud.e o r  d . i r e c t i o n  of  d e f l e c t i o n  of  t h e  T wave, 

and. S-T segment e l e v a t i o n  o r  depress ion.  A l l  o f  t h e s e  

phenomena were noted i n  v a r i o u s  DTvISO trials,  b u t  never  
-~ 

i n  t h e  c o n t r o l s .  The hypoxia may be d.ue t o  a decreased 
- - 

r e s p i r a t o r y  r a t e  o r  perhaps  a d.ecreased. blood supply  t o  t h e  



h e a r t .  due t o  t h e  decreased MAP. DiStefano ( 1965) noted 

apnea i n  h i s  exper iments  wi th  c a t s ,  and r e p o r t e d  a r t i f i c i a l  

r e s p i r a t i o n  vas  o f t e n  needed a f t e r  t h e  Df4SO i n j e c t i o n .  

That extreme a a s  never  needed i n  t h i s  r e s e a r c h ,  however a 

depressed r e s p i r a t o r y  r a t e  was o c c a s i o n a l l y  noted immedi- 

a t e l y  a f t e r  t h e  i n j e c t i o n .  

S t roke  volume i n c r e a s e s  i f  t h e r e  i s  an i n c r e a s e  i n  

t h e  f i b e r  l e n g t h  of t h e  c a r d i a c  muscle ( S t a r l i n g ' s  La171 

o f  t h e  H e a r t ) ,  as aould occur  wi th  i n c r e a s e d  v e n t r i c u l a r  

f i l l i n g .  The CVP measured a t  t h e  en t r ance  of  t h e  

r i g h t  a t r ium,  and i t s  i n c r e a s e d  p r e s s u r e  could be r e f l e c t i v e  

d of i n c r e a s e d  venous r e t u r n .  I n  obwance  to S t a r l i n g ' s  Lac, 

as more blood f i l l s  t h e  v e n t r i c l e s  a g r e a t e r  f o r c e  of  

c o n t r a c t i o n  r e s u l t s  and, consequent ly ,  a g r e a t e r  volumc - - 

of  blood i s  e j ec t ed .  The s t r o k e  volume i n c r e a s e  could 

a l s o  be augmented by t h e  decreased HR, which pe rmi t s  - 

more t ime f o r  v e n t r i c u l a r  f i l l i n g .  

I n  a d d i t i o n ,  S h l a f e r  (1975) t h e o r i z e d  t h a t  osmotic 

s t r e s s  imposed on t h e  myocardial  c e l l  could produce 
-. . 

p o s i t i v e  ino t ropy .  He suggested t h a t  t h e  c e l l  undergoes - 

dehydra t ion  upon exposure t o  DMSO, which would tend t o  

r a i s e  t h e  apparen t  i n t r a c e l l u l a r  c o n c e n t r a t i o n  of f r e e  
++ 

s o l u t e s ,  most no t ab ly  ~ a + + .  Th i s  C a  i s  then  a v a i l a b l e  

t o  a c t i v a t e  t h e  m y o f i b r i l s  and., t h e r e f o r e ,  i n c r e a s e  t h e  

f o r c e  of  con t r ac t i on .  



The i n c r e a s e d  venous r e t u r n  could r e s u l t  from an 

i n c r e a s e d  plasma volume. Klingman (1965) presen ted  

evidence t h a t  t o p i c a . 1 1 ~  app l i ed  DYSO ca-uses h i s tamine  

r e l e a s e ,  r e s u l t i n g  i n  p e r i p h e r a l  v a s o d i l a t i o n  and i n c r e a s e d  

v a s c u l a r  leakage.  '',%en t h e  M A P  decreases ,  t h e  f i l t r a t i o n  

p r e s s u r e  i n  t h e  c a p i l l a r i e s  a l s o  decreases ,  and f l u i d  could 

f l o e  i n t o  t h e  c i r c u l a t o r y  system from sur rounding  t i s s u e s ,  

The c e n t r a l  nervous  system could a l s o  be a f f e c t i n g  t h e  

venous r e t u r n .  Yhen t h e  MJn9 decreases ,  b a r o r e c e p t o r s  

d e t e c t  t h e  p r e s s u r e  d i f f e r e n c e  and t h e  sympathet ic  nervous  

system i s  s t r o n g l y  s t imu la t ed  w i th in  a fey! seconds. The 

e f f e c t s  o f  t h i s  s t i m u l a t i o n  a r e  manifes ted by ( 1 )  increa.sed 

tone  of most of  t h e  blood v e s s e l s  i n  t h e  c i r c u l a t o r y  

system, e s p e c i a l l y  t h e  v e i n s ,  and (2 )  s t i m u l a t i o n  of  - - 

t h e  h e a r t  t o  i n c r e a s e  t h e  f o r c e  o f  con t r ac t i on .  There 

i s  t h e r e f o r e  an i nc rea sed  tendency f o r  blood t o  f low - 

back t o  t h e  h e a r t ,  f u r t h e r  i n c r e a s i n g  t h e  CVP. 

Another mechanism a f f e c t i n g  t h e  M A P  i s  t h e  TPR. 

Th i s  v a r i a b l e  was no t  d . i r e c t l y  measured., and. i s  in f luenced .  
-- 

p r i m a r i l y  b y  t h e  diameter  o f  t h e  a r t e r i o l e s .  Vasocon- 

s t r i c t i o n  may be occuf ng, f u r t h e r  i n c r e a s i n g  t h e  MAP and 

c o u n t e r a c t i n g  t h e  v a s o d i l a t i n g  e f f e c t  o f  t h e  h i s tamine ,  

bu t  t h i s  i s  unknonn. 

The r e s u l t s  o f  t h e  Pearson C o r r e l a t i o n  a n a l y s e s  

. a r e  n o t  a l n a y s  e x p l i c a b l e  from t h e  d a t a  ob ta ined  i n  t h i s  



r e s e a r c h ,  nor  a e r e  t h e  r e l a t i o n s h i p s  t e s t e d  even mentioned 

i n  t h e  a v a i l a b l e  l i t e r a t u r e .  '.'lhy, f o r  exanzple, does t h e  

magnitude of t h e  maximum MAP response  i n c r e a s e  vnth  an 

i n c r e a s e  i n  t h e  v e i g h t  of  t h e  animal and t h e  amount of  

DFISO i n j e c t e d ,  i f  t h e  dosage mas k e p t  cons t an t ?  One pos- 

s i b l e  exp lana t ion  i s  t h e  f a c t  t h a t  l a r g e r  an imals  tend t~ 

have a lower metabol ic  r a t e ,  t h u s  they  nould tend t o  b reak  

domt t h e  drug a t  a reduced r a t e  and more ~ ~ ~ o u l d  be a v a i l a b l e  

f o r  a l onge r  pe r iod  of t ime t o  a f f e c t  t h e  body. 

I t  i s  l o g i c a l ,  however, t h a t  t h e  t ime t o  r each  t h i s  

maximum response  i n c r e a s e s  as t h e  a e i g h t  of  t h e  animal 

i n c r e a s e s  because i t  u s u a l l y  took longe r  t o  i n j e c t  t h e  

l a r g e r  volume of drug. But why i s  t h e r e  a l s o  a s i g n i f i -  

can t  c o r r e l a t i o n  betvreen t h e  time t o  r each  t h e  maximum 
- - 

e f f e c t  and t h e  magnitude of t h e  e f f e c t ?  

F u r t h e r  r e s e a r c h  i s  necessary  t o  answer t h e s e  ques- 
- 

t i o n s .  Determining more s p e c i f i c a l l y  t h e  r o l e  of  t h e  

c e n t r a l  nervous  system i n  r e l a t i o n  t o  i t s  e f f e c t  on t h e  

h e a r t ,  blood v e s s e l  c o n s t r i c t i o n  and r e s p i r a t i o n  a f t e r  

DFtSO a d m i n i s t r a t i o n  nould prov ide  va luab l e  i n fo rma t ion ,  as 

~ rou ld  f u r t h e r  i n v e s t i g a t i o n  of t h e  n a t u r e  o f  c e l l  perm- 

e a b i l i t y  changes. 

I n  summary, DPISO a d m i n i s t r a t i o n  e x h i b i t s  r a t h e r  

remarkable e f f e c t s  on j u s t  about every parameter  of t h e  
- 

c a r d i o v a s c u l a r  system, no t  a l l  of  vhich a r e  e a s i l y  - 

expla ined .  P o s s i b l y  because of  a d i r e c t  e f f e c t  on t h e  



c e l l s  of t h e  h e a r t  i t s e l f ,  DMSO causes  t h e  c l a s s i c  symptoms 

of  a c u t e  h e a r t  f a i l u r e :  a reduced h e a r t  r a t e  and con- 

com_itant drop i n  MAP. A s  t h e  body compensates wi th  

i n c r e a s e d  S V  and a g radua l ly  i n c r e a s i n g  HR, t h e  MAP 

r e t u r n s  t o  normal, then becomes s i g n i f i c a n t l y  e l eva t ed ,  

p o s s i b l y  due t o  p o s i t i v e  ino t ropy .  This  r e s e a r c h  

answered a fern ques t ions  and r a i s e d  many more. The known 

f a c t o r s  as wel l  as t h e  unknorrn p o s s i b i l i t i e s  should be 

taken  i n t o  cons id .e ra t ion  before  c l i n i c a l  a d m i n i s t r a t i o n  

of t h e  d.rug. 



APPENDIX 

Control and. DMSO-Treatment Data 

The appendix lists the data obtained from control 

(+#I-$16) and DMSO-treatment (#I?-#32) animals. The 

sex, weight, total injection time (beginning at time 0), 

and the volume injected are given for each trial. 

Time (minutes:seconds), diastolic, systolic, pulse, 

mean arterial and central venous pressures (rnmHg) , 
HR (bpm), R and T wave magnitudes (mvs) are recorded 

for each of 63 time periods per trial over a 15 minute 

interval. 
- - 
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Con t ro l  Data 

1. Female Weight=5.03 kg Inject ion Time=20.0 secs 
Amount Injecte,&5.0 m l  

TIME- 

00 : 00 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00: 22 
00: 24 
00 : 26 
00:28 
00:30 
00:32 
00:34 
00: 36 
00 : 38 
00: 40 
00 : 42 
00:44 
00 : 46 
00 : 48 
00:50 
00: 52 

MAP CVP 

0.4 
0.4 
0.6 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.9 
0.9 
0.9 
0.7 
0.7 
0.9 
0.7 
0.6 
0.7 
0.4 
0.7 
0.1 
0.4 
0.1 
0.6 
0.4 
0.6 
0.1 
0.7 
0.3 
0.6 
0.3 
0.7 
O a 4  
0.4 
0.2 
0.0 

-0.3 
-0.3 
-0.6 
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-- - 

TIME DP SP PP 

1.04:OO 90 132 42 
04:30 81 123 42 
05:OO 77 115 38 
05:30 77 113 36 
06:W 75 110 35 
06:30 73 108 35 
07:OO 70 108 38 
07:30 70 106 36 
08:OO 74 109 35 
08:30 77 112 35 
O9:OO 82 115 33 
O9:3O 82 116 34 
10:OO 82 116 34 

MAP CVP 

104oO -0.4 
95.0 0.6 
89.7 -0.6 
89.0 -0.4 
86.7 0.3 
84.7 -0.3 
82.7 0.0 
82.0 0.0 
85.7 -0.3 
88.7 -0.7 
93.0 -0.9 
93.3 -0.6 
93.3 -1.2 
91.7 -1.5 
92.0 -0.9 
94.0 -0.9 
91.7 -0.9 
93.3 -0.7 
93.0 -1.0 
92.7 -1.3 
93.3 -1.2 
96.0 -1.3 
96.0 -1.6 

2. Female Weight=&. 67 kg Injection T i m e =  10.5 secs 
Amount In jected=4.7 m l  

- 
0O:OO 66 90 24 74.0 0.7 150.0 0.19 0.02 
OO:O2 68 93 25 76.3 0.7 150.0 0.24 0.02 
00:04 68 93 25 76.3 0.8 150.0 0.19 0.02 
00:06 70 94 24 78.0 1.0 150.0 0.22 0.03 
00:08 68 94 26 76.6 1.2 150.0 0.16 0.03 
00:lO 70 95 25 78.3 1.5 150.0 0.17 0.02 
00: 12 -69 95 26 77.7 1.0 150.0 0.22 --0.04 - 
00:14 67 92 25 75.3 1.0 150.0 0.18 0.03 
00: 16 67 94 27 76.0 1.0 150.0 0.22 0.04 
00:18 66 91 25 74.3 1.0 150.0 0.20 0.03 
00:20 67 93 26 75.7 1.2 150.0 0.22 0.02 
OO:22 68 93 25 76.3 1.0 150.0 0.23 0.03 
00:24 69 93 24 77.0 1.2 150.0 0.20 0.02 
00:26 70 95 25 78.3 1.0 150.0 0.22 0.02 
00:28 70 95 25 78.3 1.2 150.0 0.20 0.02 - 

00:30 70 95 25 78.3 1.2 150.0 0.20 0.02 
00:32 70 94 24 78.0 1.0 150.0 0.21 0.02 - - 

0 0 ~ 3 4  70 94 24 78.0 1.2 150eO 0.19 0.02 
00:36 70 95 25 78.3 1.1 150.0 0.24 0.02 



APPENDIX ( Continued) 

TIME MAP 

v 
78e3 
78e3 
78-0 
78e3 
78.0 
78.3 
78e3 
78,O 
78e3 
78,O 
78.3 
78e3 
77.0 
75.3 
76.7 
77.3 
78eO 
77.0 
77.3 
77eO 
77.0 
77.0 
76.7 
77.7 
77e7 
78e3 
78e3 
79.0 
79eO 
78.3 
79eO 
79.7 
82e3 
81e7 
80.0 
79.0 
77.3 
75.3 
73.7 
75.3 
75.3 
74.7 
73.7 

CVP - 
1.2 
1*2 
1.2 
1.1 
1 e 2  
1.0 
1 e 2  
1 eo 
1.2 
1 e 2  
1 eo 
1 e 2  
1 e 2  
1 e 2  
1 e 2  
1 eo 
1 eo 
1 eo 
0.8 
1 eo 
0*7 
o* 7 
0.9 
oe7 
0.8 
1 eo 
1 e o  

1.0 
Oe 7 
Oe7 
0.7 
0.7 
0.5 
Oe6 
1 eo 
Oe7 
0*7 
0.7 
0.7 
oe5 
1.0 
1.0 
1 eo 
1 eo 



APPENDIX ( Continued) 

3. Female Weighb3.96 kg Inject ion Time= 19.0 secs 
Amount Injected=4.0 r n l  

TIME MAP CVP 

0,7 
0.9 
1 a0 
1 eo 
1 .o 
1 .o 
1.1 
1.1 
1 .o 
1.1 
1 eo 
1 eo 
1.0 
0.9 
1 eo 
1 eo 
1 .o 
1 eo 

1 eo 
1 a0 
1 e o  

1 e o  

1 eo 
1 eo 

1 eo 

1 .o 
1 a0 
1 eo 
1 eo 
1 .o 
1 a0 
1 eo 
1 eo 
1 e o  

1 a0 
1 eo 
1 eo 
1 .o 
1 eo 
0.6 
1 eo 
1 e o  



APPENDIX ( Continued) 

TIME DP SP PP MAP CVP HR R T 

3. 05:OO 137 171 34 148.3 1.0 150.0 0.55 0.25 
05:30 137 171 34 148.3 1.0 150.0 0.55 0.24 
06:OO 137 172 35 148.7 1.0 150.0 0.53 0.24 
O6:3O 137 171 34 148.3 1.0 150.0 0.55 0.24 
07:OO 137 172 35 148.7 . 0.7 150.0 0.51 0.25 
07:30 138 174 36 150*0 0.9 150.0 0.55 0.24 
08:OO 140 175 35 151.7 1.0 15OeO 0.50 0.23 
08~30 139 174 35 150.7 1.0 150.0 0.52 0.25 
09:oo 141 175 34 152.3 1.0 150.0 0.51 0.20 
09:30 140 175 35 151.7 1.2 150.0 0.50 0.24 
1O:OO 139 175 36 151.0 1.1 150.0 0.50 0.25 
10~30 141 176 35 152.7 1.1 150.0 0.50 0.21 
1I:OO 141 177 36 153.0 1.2 150.0 0.50 0.21 
11:30 140 177 37 152.3 1.2 150.0 0.50 0.22 
12~00 141 177 36 153.0 1.2 150.0 0.50 0.20 
12:30 140 176 36 152.0 1.2 150.0 0.50 0.20 
13:oo 141 177 36 153.0 1.2 15OoO 0.49 0.20 
13:30 141 177 36 153.0 1.2 150.0 0.51 0.20 
14:OO 140 176 36 152.0 1.5 150.0 0.49 0.20 
14:30 141 179 38 153.7 1.2 150.0 0.51 0.20 
15:OO 140 177 37 152.3 1.7 150.0 0.47 0.20 

- - 
4. Female Weight=3.46 kg Injection Timez5.5 secs 

Amount Injected=3.5 m l  



APPENDIX (Continued) 

TIME DP SP PP MAP CVP HR R T 

4. 00:40 65 99 34 76.3 2.2 117.1 0.17 0.02 
00:42 65 99 34 76.3 2.5 120.0 0.14 0.01 
00:44 65 99 34 76.3 2.4 120.0 0.16 0.02 
00:46 64 98 34 75.3 2.2 120.0 0.17 0.02- 
00:48 64 98 34 75.3 2.2 120.0 0.14 0.02 
00:50 64 98 34 75.3 2.2 120.0 0.14 0.03 
00:52 64 98 34 75.3 2.2 120.0 0.16 0.03 
00:54 64 98 34 75.3 2.2 120.0 0.17 0.03 
0036 64 98 34 75.3 2.1 114.3 0.16 0.03 
00:58 64 98 34 75,3 2.1 120.0 0.17 0.03 
Oil:0O 64 97 33 75.0 2.2 120.0 0.17 0.01 
0l:lO 64 99 35 75.7 2.5 120.0 0.14 0.02 
01:20 64 97 33 75.0 2.5 120.0 0.14 0.04 
Ol:30 63 97 34 74.3 2.5 120.0 0.13 0.02 
01:40 63 97 34 74.3 2.2 117.1 0.14 0.02 
01:50 62 96 34 73.3 2.2 114.3 0.16 0.03 
02:OO 63 97 34 74.3 2.2 117.1 0.14 0.04 
02:30 61 95 34 72.3 2.0 114.3 0.16 0.03 
03:OO 61 95 34 72.3 2.0 114.3 0.14 0.03 
03:30 61 95 34 72.3 2.0 114.3 0.14 0.04 
04:OO 61 95 34 72.3 1.7 114.3 0.13 0.05 
04:30 61 95 34 72.3 1.7 109.1 0.17 0.04 - -  
0200 61 95 34 72.3 1.5 109.1 0.16 0.04 
05:30 61 95 34 72.3 1.5 109';l' 0.16 0.05 
06:OO 60 94 34 71.3 1.6 111.6 0.14 0.05 
06:30 60 94 34 71.3 1.2 109.1 0.16 0.07 - 
07:OO 60 94 34 71.3 1.2 109.1 0.15 0.14 
OR30 60 94 34 71.3 1.2 109.1 0.16 0.07 
08:OO 60 94 34 71.3 1.2 109.1 0.16 0.06 
08:30 61 95 34 72.3 1.0 109.1 0.17 0.07 
09:OO 60 94 34 71.3 1.0 106.7 0.15 0.07 
0930 62 95 33 73.0 1.1 106.7 0.14 0.11 
10:OO 62 95 33 73.0 2.0 1Q9.1 0.17 -0.06 - 
10:30 63 96 33 74.0 1.0 106.7 0.16 0.08 
11:OO 64 96 32 74.7 1.0 104.3 0.16 0.06 
11:30 64 96 32 74.7 1.0 104.3 0.17 0.06 
1200 64 96 32 74.7 0.9 100.0 0.16 0.06 
12:X 64 95 32 74.3 0.9 102.1 0.19 0.06 
13:00 64 96 32 74.7 0.7 102.1 0.17 0.06 
1 3 :  65 95 30 75.0 0.6 100.0 0.17 0.09 
14:OO 65 98 33 76.0 0.7 100.0 0.18 0.09 - 

14:30 65 96 31 75.3 0.6 102.1 0.19 0.07 
15:OO 65 99 34 76.3 0.5 100.0 0.19 0.09 - 



APPENDIX (Continued.) 

5. Female Weight=3,06 kg Injection Time=8.0 secs 
Amount Injecte&3.1 r n l  

TIME 

00 : 00 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00:22 
00:24 
00: 26 
00: 28 
00 : 30 
00 : 32 
00 : 34 
00 : 36 
00 : 38 
00 : 40 
00:42 
00: 44 
00:46 
00 : 48 
00 : 50 
00: 52 

MAP CVP 



A P P E N D I X  ( Continued) 

T I M E  DP SP PP MAP CVP HR R T 

6. Female Weightm3.03 kg I n j e c t i o n  Time=l 1.0 secs  - -  
Amount Injected=3.0 m l  
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APPENDIX ( Continued.) 

- 

TIME DP SP PP MAP CVP HR R T 



APPENDIX ( Continued) 

7. Female Weighk2.99 kg Injection Time=4.0 secs 
Amount Injected=3.0 ml 

TIME 

0O:DO 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00 : 20 
00: 22 
00: 24 
00: 26 
00: 28 
00: 30 

MAP CVP 



APPENDIX (Continued) 

TIME DP SP PP MAP CVP HR R T 

7. 05:OO 41 114 73 65.3 0.8 150.0 0.70 0.15 
05:30 41 1 1 1  70 64.3 1.0 150.0 0.70 0.13 
06:OO 41 113 72 65.0 1.0 150.0 0.70 0.15 
06:30 41 1 1 1  70 64.3 1.0 150.0 0.70 0.15 
07:OO 41 110 69 64.0 1.5 150.0 0.72 0.15 
07:30 44 114 70 67.3 - 154.8 0.70 0.15 
08:OO 41 1 1 1  70 64.3 2.0 150.0 0.70 0.15 
08:30 42 112 70 65.3 1.7 150.0 0.72 0.15 
09:OO 44 115 71 67.7 1.5 150.0 0.70 0.15 
09:30 44 115 71 67.7 1.2 150;O 0.72 0.15 
1O:OO 44 118 74 68.7 1.5 150.0 0.67 0.13 
lO:3O 45 120 75 70.0 1.6 150.0 0.67 0.14 
11:OO 45 120 75 70.0 1.2 154.8 0.65 0.14 
11:30 45 117 72 69.0 1.0 154.8 0.70 0.15 
12:OO 45 118 73 69.3 1.1 154.8 0.70 0.15 
12:30 45 120 75 70.0 1.0 154.8 0.65 0.13 
13:OO 45 120 75 70.0 1.0 154.8 0.65 0.14 
13:30 45 120 75 70.0 1.2 160.0 0.70 0.15 
14:OO 45 120 75 70.0 1.1 150.0 0.61 0.13 
14:30 45 121 76 70.3 1.2 154.8 0.65 0.15 
15:OO 45 120 75 70.0 1.2 154.8 0.65 0.15 

- - 
8. Female Weight~2.87 kg Injection Time=9.0 secs 

Amount Injected=2.9 ml 



APPENDIX ( Continued.) 

-- --- 

TIME DP SP PP MAP CVP HR R T 



APPENDIX (Continued.) 

9. Female Weight=2.79 kg Injection Time=8.5 secs 
Amount Injected=2.8 ml 

TIME 

00 : 00 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00: 22 
00: 24 
00: 26 
00: 28 

MAP CVP 



APPENDIX ( Continued) 

TIME DP SP PP MAP CVP HR R T 

9. 05:OO 81 107 26 89.7 -1.2 123.1 0.22 -0.06 
05:30 80 106 26 88.7 -1.2 123.1 0.23 -0.06 
06:OO 80 107 27 89.0 -1.5 123.1 0.24 -0.06 
O6:3O 80 106 26 88.7 -1.0 123.1 0.20 -0.06 
07:OO 79 105 26 87.7 -1.5 123.1 0.24 -0.06 
07:30 80 108 2% 89.3 -1.7 120.0 0.24 -0.06 
08:OO 79 106 27 88.0 -1.5 123.1 0.25 -0.05 
08:30 80 105 25 88.3 -1.0 120.0 0.23 -0.06 
09:oo 82 104 22 89.3 -1.5 120.0 0.25 -0.06 
09:30 82 104 22 89.3 -0.7 120.0 0.25 -0.06 
1O:OO 76 105 29 85.7 -1.0 123.1 0.26 -0.07 
10:30 76 103 27 85.0 -1.0 120.0 0.26 -0.06 
11:OO 75 103 28 84.3 -1.0 120.0 0.26 -0.06 
11:30 75 103 28 84.3 -1.2 120.0 0.26 -0.06 
12:OO 75 103 28 84.3 -1.0 120.0 0.25 -0.06 
12:30 71 100 29 80.7 -1.2 123.1 0.26 -0.04 
13:OO 73 102 29 82.7 -0.7 123.1 0.22 -0.06 
13:30 69 99 30 79.0 -1.2 - - - 
14:OO 69 99 30 79.0 -1.5 123.1 0.26 -0.06 
14:30 70 100 30 80.0 -1.0 123.1 0.26 -0.06 
15:OO 68 98 30 78.0 -1.0 123.1 0.26 -0.05 

- - 
10, Female Weightz2.58 kg Injection Time=6.0 secs 

Amount 1njected=2,6 ml 
OO:OO 50 89 39 63.0 0.0 165.5 0.85 0.36 
OO:O2 50 90 40 63.3 0.7 165.5 0.83 0.37- 
00:04 50 90 40 63.3 1.5 160.0 Om87 0.45 
00:06 50 90 40 63.3 1.5 160.0 0.90 0.51 
00:08 50 90 40 63.3 1.2 165.5 0.91 0.51 
00: 10 49 90 41 62.7 1.1 165.5 0.87 0.51 
OO:12 49 89 40 62.3 1.2 160.0 0.85 0.51 
OO: 14 49 88 39 62.0 1.0 - - - 



APPENDIX ( Continued) 

TIME DP SP PP MAP CVP HR R T 

11 ,  05:OO 72 99 27 81.0 0.7 126.3 0.32 0.00 
05:30 71 99 28 80.3 0.7 129.7 0.31 0.00 
06:OO 72 IOO 28 81.3 0.6 126.3 0.32 OeOO 
06:30 73 99 26 81.7 0.5 126.3 0.33 0.00 
O7:OO 73 98 25 81.3 0.2 126.3 0.32 0.00 
07:30 72 99 27 81.0 0.2 126.3 0.32 0.00 
08:OO 71 99 28 80.3 0.1 126.3 0.33 0.00 
08:30 72 99 27 81.0 0.2 123.1 0.32 0.00 
O9:OO 71 98 27 80.0 0.1 126.3 0.32 0.00 
09:30 71 98 27 80.0 0.2 126.3 0.31 0.00 
IO.00 71 97 26 79.7 0.0 123.1 0.33 0.00 
10:30 71 97 26 79.7 0.2 - - - 
11:OO 70 96 26 78.7 -0.1 123.1 0.32 0.01 
11:30 71 96 25 79.3 -0.1 120.0 0.31 0.01 
12:OO 70 95 25 78.3 0.0 12000 0.32 0.01 
12:30 70 95 25 78+3 -0.2 120.0 0.32 0.01 
13:oo 70 95 25 78.3 -0.2 120.0 0.30 0.01 
13:30 70 95 25 78.3 -0.6 120.0 0.32 0.01 
14:OO 70 95 25 78.3 -0.7 120.0 0.31 O*Ol 
14:30 70 94 24 78.0 -0.5 120.0 0.32 0.01 
15:oo 70 94 24 78.0 -Oh5 117.1 0.31 oeol 

12. Male Weight=5,93 kg Injection Time= 16.0 secs - - 
Amount Injected=5.9 r n l  



72 
APPENDIX ( Continued) 

TIME 

12. 00:40 
00: 42 
00 : 44 
00: 46 
00 :.48 
00: 50 
00 : 52 
00: 54 
00:56 
OO1! 58 
01:oo 
01:lO 
01:20 
01 230 
01:40 
01:50 
02:oo 
02: 30 

CVP 



APPENDIX (Continued.) 

1 Male Weight=1.97 kg Injection Time=9.5 secs 
Amount Injecte&2.0 ml 

TIME 

00 : 00 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00: 22 
00:24 

MAP CW 



A P P E N D I X  ( Continued) 

- - 

CVP T I M E  MAP 



APPENDIX (Continued.) 

15. Male (Neutered) Weight=4.50 kg 
In j ec t i on  Time=7,0 secs Amount Injected=4.5 ml 

TIME DP 

00:OO 46 
00:02 46 
00:04 47 
00:06 49 
00:08 49 
0O:lO 46 
00:12 45 
00:14 46 
00:16 46 
00:18 46 
00:20 46 
00:22 48 
00:24 47 
00:26 48 
00: 28 49 
00:30 49 
0 0 ~ 3 2  48 
00:34 48 
00:36 49 
00:38 49 
0 0 ~ 4 0  49 
00:42 48 
00:44 48 
00:46 48 

M A P  



APPENDIX (Continued) 

TIME DP SP PP MAP CVP HR R T 

- - 16. Male ( ~ e u t e r e d . )  Weight=4.39 kg 
I n j e c t i o n  Tirne=22.5 s e c s  Amount Injected=4.4 r n l  



APPENDIX ( Continued.) 

TIME MAP 

104.3 
104.3 
104.7 
104.3 
104.3 
104.3 
104.3 
104.3 
104.3 
104.3 
104.7 
104.3 
104.0 
104.3 
104.0 
104.3 
103.3 
104.3 
104.0 
105.3 
104.7 
105.0 
104.7 
104.7 
104.7 
106.3 
106.7 
107.7 
107.7 
109.3 
109.0 
108.7 
110.0 
109mO 
110.0 
109.0 
108.0 
108.7 

CVP 



APPENDIX ( Continued) 

DMSO Treatment Data 

17. Female Weight=4,24kg 
In jec t ion  Time= 14.0 secs Amount Injected.=4.2 m l  

TIME 

0o:oo 
00:02 
00:04 

' 00:06 
00 : 08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00: 22 
00: 24 
00: 26 
00: 28 
00:30 
00: 32 
00: 34 
00:36 
00: 38 
00: 40 
00 : 42 
00:44 
00: 46 
00: 48 
00: 50 
00: 52 
00: 54 
00: 56 
00: 58 
01 :oo 
01 : 10 
01:20 
01:30 
01:40 
01:50 
02:oo 
02: 30 
0 3 : O O  
03: 30 
04:OO 
04: 30 

SP PP M A P  

122 57 84.0 

CVP 

1.5 
1.4 
1.5 
1.6 
2.7 
2.2 
3.0 
3.2 
4.0 
4.2 
4.7 
5.0 
5.4 
5.7 
5.9 
6.4 
7.0 
7.0 
7.0 
7.2 
6.7 
7.5 
7.2 
7.2 
7.1 
7.2 
7.1 
7.3 
7.2 
7.5 
7.2 
6.7 
6.2 
6.5 
6.4 
6.0 
5.7 
7.0 
7.0 
7.2 
7.5 
6.5 



APPENDIX ( Continued.) 

TIME DP SP PP MAP CVP HR R T 

17. 05~00 66 123 57 85.0 6.7 70.6 0.14 -0.09d 
05~30 67 125 58 86.3 6.2 70.6 0 -Om10d 
06:OO 69 127 58 88.3 6.2 68.6 0.16 -0,Ogd 
06:30 74 130 56 92.7 6.0 68.6 0.15 -0. IOd 
07:OO 71 130 59 90.7 5.5 68.6 0.16 0.09d 
07:30 77 135 58 96.3 5.7 70.6 0.18 0.09d 
08:OO 76 135 59 95.7 5.2 70.6 0.17 0.09d 
08:30 79 137 58 98.3 5.2 70.6 0.18 0.09d 
09:OO 77 140 63 98.0 5.2 68.6 0.18 0.09d 
09:30 79 140 61 99.3 5.2 68.6 0.18 0.10d 
10:OO 82 145 63 103.0 5.2 68.6 0.18 0.12d 
10:30 84 145 61 104.3 4.7 68.6 0.19 0.lOd 
11:OO 85 150 65 106.7 4.7 - - - 
11:30 85 150 65 106.7 4.6 68.6 0.18 0.07d 
12:OO 86 154 68 108.7 4.7 68.6 0.18 0.09d 
1230 90 155 65 111.7 4.7 69.6 0.18 0.09d 
13:OO 90 157 67 112.3 4.6 69.6 0.18 0.10d 
13:30 95 163 68 117.7 4.5 67.6 0.19 0.lOd 
14:OO 94 162 68 116.7 4.2 70.6 0.19 0.09. 
14:30 96 165 69 119.0 4.2 70.6 0.18 0.10 
15:OO 99 166 67 121.3 4.0 69.6 0.18 0,iO 

- - 18, Female Weight=3.78 kg Injection Time= 12.5 secs 
Amount Injected.=3.8 ml 

d.=d.iphasic T value 



APPENDIX ( Continued.) 

TIME MAP 

57.0 
60.7 
62.7 
65.0 
66.7 
66.7 
66.7 
66.0 
67.3 
66.7 
66.7 
67.0 
67.0 
65.3 
68.0 
69.7 
69.0 
67.0 
68.7 
71.3 
72.0 
74.3 
72.3 
70.7 
71aO 
73.7 
72.7 
73.3 
76.3 
76.7 
74.7 
76.3 
79.0 
78.0 
76.7 
75.3 
78.0 
78.3 
77.3 
76.0 
80.7 
80.0 
78.3 

CVP - 
2.0 
2.2 
2.0 
2.2 
2.5 
2.7 
2. 7 
3.0 
2.7 
3. 2 
3.0 
3. 5 
4.0 
4.5 
5.0 
6.0 
6.0 
6.0 
5.2 
5.0 
4.5 
4.5 
4.0 
3.7 
3.2 
3.7 
3.2 
3.0 
3.0 
3.2 
2.9 
2. 7 
2. 7 
2.7 
2.7 
2. 7 
2.7 
2.5 
2.6 
2.2 
2.5 
3.0 
2.7 



APPENDIX ( Continued.) 

19. Female WeighL3.52 kg 
I n j e c t i o n  Time=5.5 s e c s  Amount Injected=3.5 ml 

TIME DP SP PP MAP CVP HI3 R T 



APPENDIX (Continued.) 

TIME DP SP PP MAP CVP HR R T 

Female Weight=3,40 kg 
I n j e c t i o n  Tirne=30.0 s e c s  Amount Injected=3,4 ml 
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APPENDIX (Continued) 

TIME DP SP PP MAP CVP HR R T 



APPENDIX ( Continued.) 

21. Female Weighk3.25 kg 
In jec t ion  Time= 15.0 secs Amount Injected=3.2 m l  

TIME 

00 : 00 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00: 22 
00: 24 
00: 26 
00: 28 

MAP 

74.7 
75.3 
75,o 
77.3 
76.3 
74.0 
65.0 
58.3 
51.3 
47.3 
41 a7 
39.7 
33.7 
33.0 
36.0 
38.3 
40.0 
42.0 
43.3 
45.0 
47.3 
48.7 
50.7 
52.3 
54.0 
56.7 
58.0 
59.7 
60.3 
61.0 
62.0 
59.7 
56.7 
54.7 
52.3 
51.3 
51.7 
50.7 
51.7 
50.0 
52.7 
58.7 

CVP 

0.7 
1 a 2  
1 .2 
1.7 
2. 5 
3.0 
3.2 
3.7 
4.2 
4.9 
6.0 
6.7 
7.5 
8.0 
8.5 
8.6 
8.5 
8.7 
8.7 
8.7 
8.2 
8.2 
8.0 
8.0 
7.8 
7.7 
7.7 
8.0 
7.6 
7.7 
7.7 
7.7 
8.0 
8.2 
8.2 
8.1 
7.5 
7.5 
7.0 
6.2 
5.5 
5.2 



APPENDIX ( Continued) 

TIME DP SP PP M A P  CVP 
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APPENDIX (Continued.) 

23. Female Weighk3.15 kg 
Injection Time=6.5 secs Amount Injected=3.1 ml 

TIME 

0o:oo 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00: 22 
00: 24 
00: 26 
00: 28 
00: 30 
00: 32 

MAP 

53.0 
53.0 
54.0 
54.0 
53.0 
50.3 
48.3 
47.0 
47.0 
42.7 
39.0 

CVP 

02:30 41 71 30 51.0 
03~00 40 74 34 51.3 
03:30 43 75 32 53.7 
04~00 43 75 32 53.7 
04:30 45 79 34 56.3 
**Elevated S-T segment 



APPENDIX ( Continued.) 

TIME DP SP PP M A P  CW HR R T 

23. 0 5 ~ 0 0  45 76 31 55.3 4.2 123.1 0.61 -0.03** 
0 5 ~ 3 0  45 82 37 57.3 4.0 123.1 0.62 -0.04"" 
06:OO 46 82 36 58.0 4.0 126.3 0.61 -0.03** 
06:30 49 85 36 61.0 3.7 123.1 0.61 -0a02** 
07:OO 49 85 36 61.0 3.7 126.3 6 -OaO3** 
07:30 50 86 36 62.0 3.5 120.0 0.64 -0.02** 
08:OO 50 89 39 63.0 3.0 123.1 0.63 -0.03** 
08:30 50 89 39 63.0 3.0 123.1 0.63 -0.04** 
09:OO 50 90 40 63.3 2.9 123.1 0.63 -0.04** 
09:30 50 90 40 63.3 2.7 123.1 0.62 -0.04** 
1O:OO 50 90 40 63.3 2.7 126.3 0.61 -0,04** 
10:30 50 91 41 63.7 2.5 123.1 0.61 -0.04** 
11:OO 50 91 41 63.7 2.5 126.3 0.65 -0.03** 
11:30 50 93 43 64.3 2.5 126.3 0.65 -0.04** 
12:OO 50 94 44 64.7 2.5 126.3 0.66 -0.04** 
12:30 52 95 45 67.0 2.5 123.1 0.65 -0.03** 
13:OO 50 94 44 64.7 2.5 123.1 0.65 -0.04** 
13~30 51 95 44 65.7 2.5 123.1 0.65 -0.03** 
14:OO 51 94 43 65.3 2.0 - - - 
1 4 ~ 3 0  50 94 44 64.7 1.9 - - - 
15:OO 50 90 40 63.3 2.1 126.3 0.56 -0.03** 

- - 
24. Female Weighk2.85 kg 

In j ec t i on  Time=14.5 secs  Amount Injected=2.8 m l  

00:/8 17 26 9 20.0 
**E evated. S-T segment 



APPENDIX (Continued) 

TIME MAP CVP 



9 1 
APPENDIX ( Continued.) 

25. Female Weighk2.78 kg 
I n j e c t i o n  Time= 12.0 sees  Amount Injectedz2.8 m l  

TIME DP SP 
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APPENDIX ( Continued.) 

TIME DP SP PP MAP CVP I-IR R T 

25. 05:OO 88 137 49 104.3 1 184.6 0.33 0.22 
05:30 88 135 47 103.7 3.5 177.8 0.36 0.21 
06:OO 86 13.5 49 102.3 3.1 184.6 0.36 0.22 
06:30 85 137 52 102.3 3.1 184.6 0.36 0.21 
07-:00 87 143 56 105.7 4.2 - - - - 
07:30 85 147 62 105.7 4.7 - - 
08:OO 83 145 62 103.7 4.6 181.6 0.33 0.19 
0 8 3 0  82 146 64 103.3 4.6 184.6 0.33 0.18 
09:OO 79 150 71 102.7 4.5 184.6 0.34 0.16 
09:30 78 149 71 101.7 4.0 184.6 0.28 0.15 
1O:OO 75 145 70 98.3 4.4 184.6 0.33 0.16 
10:30 77 150 73 101.3 3.8 184.6 0.28 0.15 
11:OO 76 149 73 100.3 3.2 184.6 0.27 0.15 
11:30 77 149 72 101.0 3.1 192.0 0.28 0.15 
12:OO 77 146 69 100.0 3.4 184.6 0.30 0.15 
12:30 77 143 66 99.0 2.7 184.6 0.31 0.16 
13:OO 78 144 66 100.0 3.0 192.0 0.25 0.15 
13:30 81 147 66 103.0 2.9 192.0 0.28 0.15 
14:OO 83 145 62 103.7 2.4 184.6 0.28 0.16 
14:30 79 140 61 99.3 2.6 184.6 0.28 0.16 
15:OO 83 144 61 103.3 3.7 184.6 0.33 0.18 

26. Female Yieight=2.70 kg - - 
Inject ion Tirne=8.0 secs  Amount InjecterL2.7 m l  

0O:OO 74 100 26 82.7 1.7 133.3 0.37 0.02 
00:02 75 100 25 83.3 2.7 133.3 0.42 0 . 0 2  
0 0 ~ 0 4  75 100 25 83.3 3.2 133.3 0.39 0.01 
00:06 76 101 25 84.3 3.5 133.3 0.42 0.00 
00:08 71 99 28 80.3 3.6 133.3 0.45 0.02 
0 O : l O  65 92 27 74.0 3.7 133.3 0.50 0.01** ** 00:12 61 87 26 69.7 3.7 133.3 0.55 0.03** 
00:14 55 82 27 64.0 4.2 133.3 0.60 0.02 ** 00:16 - 49 75 26 57.7 4.4 133.3 0.60-- 0.03** 
00:18 43 70 27 52.0 4.5 133.3 0.56 0.02 
00:20 41 66 25 49.3 4.5 133.3 0.60 0.01** 
00:22 40 65 25 48.3 4.5 133.3 0.57 0.02,** 
0 0 ~ 2 4  39 64 25 47.3 4.1 - - - ** 00:26 40 64 24 48.0 4.0 126.3 0.55 O.Ol** 
00:28 40 65 25 48.3 3.7 129.7 0.52 0.01 
00:30 41 66 25 49.3 3.6 129.7 0.55 O.Ol** 
00:32 42 69 27 51.0 3.7 129.7 0.60 0.01** 
00:34 44 68 24 52.0 3.2 129.7 0.55 0.01** 
00:36 45 73 28 54.3 3.5 129.7 0.65 0 . 0 0 ~ - -  
00:38 47 74 27 56.0 3.0 126.3 0.55 0.01** 
**Elevated S-T segment 
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APPENDIX ( Continued) 

TIME DP SP PP MAP 

08:30 83 1 1 1  28 92.3 
09:OO 85 115 30 95.0 
09~30 85 115 30 95.0 
1O:OO 87 116 29 96.7 
10:30 89 118 29 98.7 
11:OO 86 116 30 96.0 
11:30 88 118 30 98.0 
12:OO 85 115 30 95.0 
12:30 90 118 28 99.3 
13:OO 87 117 30 97.0 
13:30 89 118 29 98.7 
14:OO 87 117 30 97.0 
14~30 90 119 29 99.7 
15:OO 89 119 30 99.0 
**Elevated S-T segment 



APPENDIX (Continued.) 

27. Female Weightz2.60 kg 
Injection Tirne=8.5 secs Amount Injectedz2.6 m l  

TIME 

0o:oo 
00:02 
00:04 
00:06 
00:08 
00: 10 
00: 12 
00: 14 
00: 16 
00: 18 
00: 20 
00: 22 
00:24 
00: 26 
00: 28 
00 : 30 
00:32 
00 : 34 
00: 36 
00:38 
00:40 
00: 42 
00:44 
00:46 
00:48 
00: 50 
00: 52 
00:54 
00:56 
00:58 
01:oo 
01: 10 
01:20 
01:30 
01:40 
01:50 
02:oo 
02: 30 
03:OO 
03: 30 
04:OO 
04: 30 

SP PP M A P  
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TIME DP SP PP M A P  CVP HR R T 

27. 05:OO 55 100 45 70.0 4.0 150.0 0.60 -0.24 
05:30 55 100 45 70.0 4.5 150.0 0.60 -0.18 
06:OO 53 96 43 67.3 4.2 150.0 0.75 -0.27 
O6:30 52 95 43 66.3 4.2 150.0 0.57 -0.24 
07:OO 52 95 43 66.3 4.2 150.0 0.58 -0.27 
07:30 51 93 42 65.0 4.2 150.0 0.56 -0.24 
08:OO 50 92 42 64.0 4.0 150.0 0.54 -0.27 
O 8 : 3 O  50 91 41 63.7 4.2 150.0 0.57 -0.30 
09:oo 50 91 41 63.7 4.0 150.0 0.61 -0.18 
09:30 50 89 39 63.0 4.0 150.0 0.54 -0.27 
10:OO 50 90 .40 63.3 4.2 150.0 0.51 -0.24 
10:30 50 90 40 63.3 4.2 150.0 0.57 -0.30 
1 1 : O O  50 90 40 63.3 4.0 150.0 0.54 -0.24 
11:gO 50 90 40 63.3 4.2 150.0 0.51 -0.33 
12:OO 50 90 40 3 3  4.0 - 0.51 -0.30 
12:30 49 88 39 62.0 4.2 150.0 0.51 -0.28 
13:oo 48 89 41 61.7 4.0 150.0 0.46 -0.36 
13:30 49 89 40 62.3 4.0 150.0 0.52 -0.36 
14:oo 46 87 41 59.7 4.5 150.0 0.48 -0.31 
14:30 45 87 42 59.0 4.4 150.0 0.48 -0.33 
15:OO 45 87 42 59.0 4.2 150.0 0.42 -0.39 

28. Male lX/eight=2.58 kg 
In j ec t i on  Tirne~5.5 secs  Amount ~njected-2 .6  ml - - 

OO:OO 50 90 40 63.3 1.5 133.3 0.41 O*O4d 
OO:O2 50 90 40 6 2.5 133.3 0.37 0.04d 
00:04 53 88 35 64.7 3.0 133.3 0.48 0.04d- 
OO:O6 54 92 38 66.7 2.5 133.3 0.40 O*O3d 
00:08 53 90 37 65.3 2.5 137.1 0.46 -0.05d" 
00: 10 54 90 36 66.0 2.2 137.1 0.49 -0.11d" 
00: 12 50 82 32 60.7 2.2 137.1 0.54 -0.07d" 
00:14 44 77 33 55.0 2.5 133.3 0.49 -0.05d" 
00:16 40 74 34 51.3 3.0 137.1 0.46 T0.04d* 
00:18 8 70 32 48.7 3.0 133.3 0.48 -$)*03&* 
00:20 37 70 33 48.0 3.0 133.3 0.48 -O*O3d* 
O O : 2 2  37 69 32 47.7 3.0 133.3 0.46 0.03" 
0 0 ~ 2 4  38 71 33 49.0 2.7 133.3 0.44 O.O2* 
0 0 ~ 2 6  39 72 33 50.0 2.5 129.7 0.42 0.04" 
00:28 40 75 35 51.7 2.5 133.3 0.56 -0.05d" 
0 0 ~ 3 0  41 75 34 52.3 2.0 133.3 0.44 0.04" 
0 0 ~ 3 2  43 80 37 55.3 1.8 133.3 0.53 O*O4* 
00:34 45 80 35 56.7 1.7 133.3 0.44 0.03" - 

OO:36 45 84 39 58.0 1.7 133.3 0.48 +O.O2* -- 
00:38 46 85 39 59.0 1.7 133.3 0.43 -o.old*--  
d=diphasic T value 
"Depressed S-T segment 



APPENDIX (Continued.) 

TIME DP SP PP M U  CVP m 

-0.03d." 
-0.04d." 
-0 04d." 
-0.04" 
-0.02d."-- 
-0.04d." + 
-0.02d" + 
-0.0 1 d." 
-I- -0.01d* 
+ 
-0.0 1 d." 
0.026" 
0.02d.** 

-0.02d"" 
-I- 
-0.01 d." 
-0.02d.*je + 
-0.0 1 d."" + 
-0.0 1 d."" 

O.O2d.** 
-0*02d** + 
-O.Old.** 
-0.02d."" + 
-O.Old.*" 

d=Diphasic T value 
"Depressed. S-T segment 
""Elevated. S-T segment 



APPENDIX ( Continued.) 

29. Male Weight=2.37 kg 
Injection Time=5.5 secs Amount Injected= 

TIME DP SP PP MAP 

00:32 50 80 30 60.0 
00:34 54 84 30 64.0 
00:36 56 87 31 66.3 
00:38 58 90 32 68.7 
00:40 60 91 31 70.3 
00:42 61 94 33 72.0 
00:44 61 9 4 3 3  72.0 
00:46 61 94 33 72.0 
00:48 61 95 34 72.3 
00:50 62 95 33 73.0 
00:52 62 95 33 73.0 
00:54 61 94 33 72.0 
00:56 60 94 34 71.3 
00:58 60 93 33 71.0 
0l:OO 60 92 32 70.7 
0l:lO 59 91 32 69.7 
01:20 60 94 34 71.3 
01:30 60 93 33 71.0 
01:40 60 91 31 70.3 
01:50 59 90 31 69.3 
02:OO 60 90 30 70.0 
02:30 61 91 30 71.0 
03:OO 69 97 28 78.3 
03:30 74 100 26 82.7 
04:OO 74 101 27 83.0 
04:30 75 102 27 84.0 
"Depressed S-T segment 

CVP 
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APPENDIX (Continued.) 

TIME DP SP PP MAP CVP HR R T 

30. Male (~eutered.) lkVeight=5. 2 kg 
Injection Time=21.0 secs Amount Injected.=5.3 ml - - 

"Depressed. S-T segment 
d.=Diphasic T value 



APPENDIX ( Continued.) 

TIME DP SP PP  MAP CVP 

13:30 80 113 33 
14:OO 78 110 32 
14:30 74 113 39 
15:OO - - - 
d.=Diphasic T va lue  



APPENDIX ( Continued.) 

31 . Male (Neutered.) Weight=5.17 kg 
Injection Time= 15.0 secs Amount Injected=5.2 ml 

TIME DP SP PP 

02:30 47 75 28 
03:OO 50 76 26 
03:30 50 81 31 
O4:OO 52 84 32 
04:30 55 87 32 
d=Diphasic T value 

M A P  CVP HR 



APPENDIX Continued.) 

TIME DP SP PP MAP CVP HR R T 

31. 0 5 : O O  59 92 33 70.0 6.0 109.1 0.84 -0.06 
05:30 59 93 34 70.3 5.2 109.1 0.83 -0.06 
06:OO 60 94 34 71.3 5.2 109.1 0.83 -0.04 
06:30 64 97 33 75.0 5.5 109.1 0.84 -0.06 - 
07:OO 64 97 33 75.0 5.0 106.7 0.91 -0.07 
07:30 64 98 34 75.3 5.0 109.1 0.90 -0.07 
08:OO 65 101 36 77.0 5.0 106.7 0.87 -0.06 
08:30 65 101 36 77.0 5.0 106.7 0.90 -OaO5 
09:OO 66 102 36 78.0 5.0 109.1 0.90 -0.05 
09:30 66 102 36 78.0 4.7 109.1 0.91 -0.06 
1O:OO 68 103 35 79.7 4.7 109.1 0.90 -OaO5 
10:30 69 105 36 81.0 4.5 106.7 0.93 -0.05 
1 I : O O  - - - - 4.5 106.7 0.93 -0.05 
11:30 69 105 36 81.0 4.5 106.7 0.91 -0.04 
12:OO 70 106 36 82.0 4.7 109.1 0.96 -0.06 
12:30 70 107 37 82.3 4.5 106.7 0.97 -0.03 
13:OO 70 108 38 82.7 4.2 109.1 0.96 -0.05 
13~30 70 107 37 82.3 4.0 109.1 0.99 -0.04 
14:OO 70 106 36 82.0 4.0 109.1 1.06 -0.03 
14:30 70 107 37 82.3 4.2 109.1 0.99 -0.06 
15:OO 69 105 36 81.0 4.2 109.1 0.98 -0.07 

- - 
32. Male (Neutered) Weight=4.38 kg 

In j ec t i on  Tirne=7 secs  Amount Injected=4.4 m l  

00: 18 24 35 1 1  
00:20 24 35 1 1  
00:22 24 34 10 
00:24 22 32 10 
00:26 23 33 10 
00:28 22 32 10 
00:30 21 31 10 
00:32 20 30 10 
00:34 20 28 8 
00:36 19 26 7 
00:38 17 24 7 
d.=Diphasic T value 



APPENDIX ( Continued.) 

TIME DP SP PP M A 9  

14:30 94 113 19 100.3 
15:oo 92 1 1 1  19 98.3 
d=Diphasic T value 
*Depressed S-T segment 

CVP 

5.0 
5.0 
5.0 
40 8 
4.7 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.1 
5.4 
5.5 
6.0 
6.2 
5.7 
6.5 
6.7 
4.2 
3.7 
3.7 
3.2 
3.0 
2.8 
2.5 
2.5 
2.7 
1.2 
1.7 
1.7 
1.5 
1.7 
2.0 
1.7 
1.7 
1.7 
1 .1  
1.0 
1.1  
1.1 
1 .1  
1.0 
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