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P h en o x y b en zam in e-in d u ced  sy m p a th e tic  n e rv o u s b lockade  in dogs was assoc ia ted  
w ith  d im in ished  re s tin g  card iac  o u tp u t ,  in creased  a rte rio -v en o u s oxygen d ifference 
an d  sm aller b leed in g  volum es a t  a  g iv en  blood p ressu re . M ean c ircu la to ry  h a em a to c rit 
before b leed ing  w as lower in th e  b lo ck ed  an im als a n d  no s ign ifican t decrease o f th e  
F-cells fac to r w as observed a f te r  b leed ing . S y m p a th e tic  a c tiv ity  is beneficia l in  th e  
a cu te  stage o f ra p id  haem orrhage.

Loss of blood from the circulation is a major stim ulus o f sym pathetic  
activ ity . The sym pathetic  im pulses elicited after haemorrhage serve to m in i­
mize the fall in blood pressure and in cardiac ou tp u t, to increase peripheral 
resistance and to facilitate venous return. The m aintenance of perfusion of 
vital organs in w hich vasoconstriction is not prom inent at the expense o f  
other organs is an im portant effect o f  sym pathetic activ ity  in this situation . 
The m aintenance o f  a critical cardiac output is probably more im portant in 
determ ining survival than is the m aintenance o f  a critical level o f arterial 
pressure. Another significant com pensating m echanism  connected w ith blood 
loss is the restoration o f circulating blood volum e by means of shift of fluid  
and protein into the circulation.

There are reports indicating th a t the elim ination or blocking o f sym p ath et­
ic activ ity  increased rather than decreased the tolerance to haemorrhage 
and subsequent shock . N ick erso n  et al. (1962) claim  that vasoconstriction  
is a decisive factor in the m echanism o f shock b y  a drastic reduction of blood 
flow . B y  pharm acologic sym pathetic blockade th ey  could increase survival 
in shock (N ic k e r so n  1962). The earlier the b lockade was established the better  
were the results ( N ic k e r s o n , personal com m unication 1963).

Considering th a t sym pathetic hyp eractiv ity  seem s beneficial in the case 
o f acute blood loss, the present experim ents were designed to study the adap­
tation  to haemorrhage in dogs subjected  to sym pathetic nervous blockade.

* P re sen ted  in  p a r t  a t  the  29th M eeting  o f th e  H u ngarian  Physiological Society , Szeged, 
J u ly  2, 1964.
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Methods

T he experim en ts w ere p e rfo rm ed  on 28 dogs ran g in g  in  w eigh t fro m  13 to  22 kg  (average, 
16 k g ). U n d er p e n to b a rb ita l  a n aes th es ia  th e  fem o ra l vessels on b o th  sides a n d  th e  le f t  ju g u la r 
v e in  w ere  exposed. E v e ry  sm a ll b leed ing  w as co n tro lled  w ith  m eticu lous care b y  c au te riza tio n . 
T w o po lye th y len e  c a th e te rs  w ere  in tro d u c ed  in to  th e  r ig h t a tr iu m  via  th e  fem o ra l ve in s and  
tw o  s im ila r c a th e te rs  in to  th e  a o rta  v ia  th e  fem o ra l a rte rie s . A th in  silicon ru b b e r  c a th e te r  
(D oiv Corning Corp.) w as in tro d u c e d  in to  th e  p u lm o n a ry  a r te ry  th ro u g h  th e  le f t  ju g u la r  vein . 
T h e  an im a ls  were g iven  5 m g /k g  h e p arin  in tra v en o u s ly . A rte ria l and  cen tra l v e n o u s  pressures 
w ere  m easu red  by  p ressu re  tra n sd u c e rs  as d escribed  p rev iously  (Nagy et al. 1965). T h e  anim als 
w ere  d iv id ed  in to  tw o g ro u p s  o f 14 each . In  one g ro u p  sy m p a th e tic  b lockade w as estab lished  
b y  3 m g /k g  phen o x y b en zam in e . The d ru g  w as d isso lved  in  0.5 m l 96 pe r cen t e th a n o l  an d  was 
d i lu te d  to  twice of i ts  v o lu m e w ith  saline. I t  w as in je c te d  slowly in to  th e  r ig h t  a tr iu m . The 
c o n tro l group  received o n ly  th e  e thano l-sa line  m ix tu re . A fter th e  in jec tio n  one h o u r  w as allowed 
to  e lap se  to  le t the  b lo ck ad e  fu lly  develop. A cu ffed  e n d o trach ea l tu b e  w as in se r te d  th ro u g h  
w h ic h  th e  anim als b re a th e d  ro o m  a ir sp o n tan eo u s ly . T he an im als were su b jec ted  to  tw o h a e ­
m o rrh ag e s  and th e  follow ing d e te rm in a tio n s  w ere p e rfo rm ed  before a n d  a f te r  b leed ings: blood 
v o lu m e  d e te rm in a tio n  b y  th e  s im ultaneous ap p lic a tio n  o f 51C r-labelled red  cells a n d  T-1824 
w ith  30 m inu te  tim e -co n c en tra tio n  curves. D e ta ils  o f th e  m eth o d s an d  ca lcu la tio n s were 
p u b lish e d  earlier (Nagy et al. 1964), w ith  th e  o n ly  d ifference t h a t  ra d io a c tiv ity  w as de te rm in ed  
in sapon ine-haem olyzed  sam p le s, th e  dye w as in je c te d  w ith  siliconized glass sy rin g es, and  th e  
a m o u n t in jec ted  w as d e te rm in e d  g rav im etrica lly  (Ch ien  a n d  Gregehsen 1962). C ard iac  o u t­
p u t  w as de term ined  b y  th e  in d ic a to r  d ilu tio n  m eth o d , as described (Nagy et al. 1965). P lasm a 
p ro te in s  were d e te rm in ed  acco rd ing  to  W eichselbaum  a n d  Gradwohl (1956), b lood  p H  b y  a 
R adiom eter  m icro e lec tro d e  in  cap illa ry  tu b es . B lood oxygen  c o n ten t was d e te rm in e d  m ano- 
m e tr ic a lly  according to  Van Slyke a n d  N eill  (1932). H aem a to c rit va lues w ere de te rm in ed  
b y  sp in n in g  blood sam ples in  cap illa ry  tu b es  in  a  H aw ksley  m ic ro h aem ato c rit cen trifu g e  fo r 
10 m in u te s  a t  12,000 g.

T he course o f th e  e x p e rim e n t was as follow s. A fte r th e  con tro l d e te rm in a tio n s  a  m easured  
q u a n t i ty  o f blood w as rem o v ed  ra p id ly  th ro u g h  th e  ao rtic  c a th e te r  by  m eans o f 100 m l silicon­
ized  g lass syringes u n t il  m ea n  a r te r ia l  p ressu re  h a d  d ro p p ed  to  80 m m  H g. T h is p ressu re  was 
m a in ta in e d  for 15 m in u te s  b y  w ith d raw in g  a d d itio n a l blood volum es w hen n ecessary . T hen  
b leed in g  was stopped  a n d  40 m in u te s  la te r  th e  d e te rm in a tio n s  were rep ea ted . A fte r an  ad d i­
t io n a l  30 m inu te  in te rv a l  th e  b leeding w as re p e a te d  as described above, w ith  th e  excep tion  
t h a t  m ean  a rte ria l p ressu re  w as now  low ered to  40 m m  H g. F o r ty  m in u tes  a f te r  com ple tion  o f  
th e  second bleeding th e  d e te rm in a tio n s  were p e rfo rm ed  for th e  th ird  tim e.

Results

The results have been tabulated. In Table I blood volum e data are shown. 
It can be seen th at in the phenoxybenzam ine treated animals a sm aller blood 
loss was sufficient to lotver blood pressure to the same level. In Table I I  the re­
su lts o f plasma volum e determ inations are presented. After the first bleeding 
w hen blood pressure was lowered to 80 mm Hg only very small am ounts of 
flu id  were mobilized from the extravascular space. After the second bleeding an 
average of 8.2 m l/kg o f fluid entered the circulation in the control dogs whereas 
on ly  2.0 ml/kg in the animals under sym pathetic blockade. W hen expressed  
as a percentage o f  lost plasma it was found that control anim als replaced 
88 per cent of the plasm a lost w ith the haemorrhage (and sam ples), while 
blocked animals on ly  24 per cent. H ow ever, when the data for the two groups 
w ere analysed b y  the W ilcoxon rank sum  test (W ilco xo n  et al. 1963) it was 
found that there was no sufficient evidence at the 5 per cent probability level 
to  reject the hypothesis that the sam ples had come from the sam e population.
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Table I

B l o o d  v o l u m e  ml/kg

Group Before Lost w ith A fter first Lost w ith A fter second
bleeding first

bleeding
bleeding second

bleeding
bleeding

89.0 22.1 67.4 18.2 56.1
Control

(14) ±  2.7 (14) ±  2.1 (13) ±  4.6 (13) ±  0.7 (10) ±  3.7

88.0 7.7 81.1 13.9 68.7
Phenoxybenzam ine

(12) ±  4.7 (14) ±  1.2 (9) ± 2 . 5 (14) ±  2.7 (10) ±  5.8

F igures following ±  are  s tan d ard  erro rs o f th e  m ean  
F igures in p a ren th es is  denote th e  n u m b er o f d e te rm in a tio n s

Table II

Group

P l a s m a  v o l u m e  ml/kg

Before
bleeding

Lost w ith 
firs t 

bleeding

After first 
bleeding

Volume of 
fluid 

entering 
the

circulation 
after the 

first 
bleeding

Lost w ith 
second 

bleeding

A fter
second

bleeding

Volume 
of fluid 
entering 

th e  circul­
ation 

after the 
second 

bleeding

Control
48.8

(14) ±  1.7

11.8

(14) ±  1.1

37.2

(14) ±  3.0

0.25

(14) ±  3.6

9.3

(11) ± 0 . 4

36.8

(10) ±  2.5

8.2

(10 ±  3.8

P h en o x y ­
benzam ine

51.3

(14) ±  1.6

4.7

(14) ±  0.7

47.0

(13) ±  1.8

0.90

(13) ±  2.3

8.4

(14) ±  0.5

40.8

(12) ±  0.4

2.0

(12) ±  4.5

Identical results were obtained when the m ethod was applied to the data  
for protein m obilization (protein m obilization after the second bleeding: 
0.411 ^  0.27 (S. E .) g /kg in the control group; —0.005 i  0.24 (S. E .) g/kg  
in the treated group). W hen the W i l c o x o n  signed rank test was applied to the  
data o f  each group it  w as found th at flu id  m obilization in the control group 
was significant at the 5 per cent level, while that o f the treatm ent group was 
not.

In Table I I I  are presented the volum es o f the circulating red cell mass 
together w ith the volum e o f lost and m obilized red cell m asses. After the first 
haemorrhage an insign ificant red cell m obilization occurred but red cell disap­
pearance was seen in b o th  groups after the second bleeding.
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Table III

G roup

R e d  c e l l  v o l u m e  ml/kg

Before
bleeding

Lost w ith 
first 

bleeding

A fter
firs t

bleeding

Entering
the

circulation 
after the 

first 
bleeding

Lost
w ith

second
bleeding

A fter
second

bleeding

Entering
the

circulation 
after the 

second 
bleeding

C ontro l
40.1

(14) ±  1.3

10.3

(14) ±  1.0

29.8

(13) ±  2.0

0.5

(13) ±  1.9 (11) ±  0.5

20.0

(10) ±  2.0

- 3 . 2  

(9) ±  1.3

P h enoxy-
benzam ine

36.2

(12) ± 2 .5

3.0

(14) ±  0.5

35.9

(10) ±  2.4

2.3

(9) ±  1.3

5.5

(14) ±  0.3

27.2

(11) ±  2.4

— 4.0 

(9) ±  0.8

In Table I V  can be seen the values of mean circulatory (“ tota l body” ) 
haem atocrit and F-cells factor (ratio o f large vessel haem atocrit to mean  
circulatory haem atocrit). The m ean circulatory haem atocrit and F-cells 
factor decreased after the second haemorrhage in both groups, but because 
o f the scattering the decrease was not statistica lly  sign ificant in the treated  
group.

Table IV

G r o u p

Mean circulatory haem atocrit F-cells factor

Before
bleeding

A fter first 
bleeding

A fter second 
bleeding Before bleeding

After
first

bleeding

A fter
second

bleeding

45.1 44.6 34.2 0.99 1.01 0.81
C ontro l

(14) ±  2.0 (13) ± 2 . 1 (10) ±  1.5 (14) ±  0.01 (13) ±  0.01 ( 10) ±  0.02

Phenoxy- 40.7 42.3 37.9 1.03 1.04 0.92
benz-
am ine (12) ±  0.7 (9) ±  2.7 (9) ±  4.3 (12) ± 0 .0 4 (9) ± 0 .0 6 (9) ±  0.09

Values for cardiac output and peripheral resistance are presented in 
Table V. In the control group cardiac output decreased considerably and resist­
ance increased after bleeding. Under sym pathetic blockade cardiac output 
decreased even before the bleeding when compared to the controls (to 72 per 
cent of the control group’s value) and resistance did not rise sign ificantly after 
haemorrhage. I f  the in itia l cardiac output of the control group is considered  
to  represent the normal value for both groups then after the second haem or­
rhage a decrease o f 37 per cent in the circulating blood volum e was accom panied
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Table V

Group

Cardiac output L/min Peripheral resistance dyn sec.cm 5

Before
bleeding

After
first

bleeding

A fter
second

bleeding

Before
bleeding

A fter
first

bleeding

A fter
second

bleeding

2.91 1.23 1.25 3689 6471 6258
C ontro l

(13) ±  0.23 (13) ±  0.09 (10) ± 0 .2 4 (13) ±  135 (13) ±  601 ( 10) ±  1020

P h enoxy- 2.09 1.61 1.47 3570 4094 3983
benz-
am ine (13) ±  0.08 (13) ±  0.11 (11) ±  0.15 (13) ±  382 (13) ±  336 ( 11) ±  620

Table VI

A rterio-venous 0 2 difference ml/100 m l | 0 2 consum ption ml/kg

Group Before
bleeding

After
first

bleeding

A fter second 
bleeding

Before
bleeding

A fter
first

bleeding

A fter
second

bleeding

4.62 8.15 11.65 7.76 6.33 8.26
C ontro l

(14) ±  0.41 (13) ±  0.67 (10) ±  1.06 (13) ± 0 .6 2 (13) ±  0.70 (10) ±  1.44

P enoxy- 6.55 7.79 9.51 8.10 7.63 8.67
benz-
am ine (11) ± 0 .3 9 (13) ±  0.41 (10) ±  0.48 (11) ±  0.48 (12) ±  0.44 (10) ±  0.59

by a 57 per cent reduction of cardiac ou tput in the control group. In the treated  
group a decrease o f on ly  22 per cent in  blood volum e was accom panied by a 51 
per cent reduction in cardiac output.

In  Table V I  are shown the va lu es for arterio-venous oxygen  difference 
and oxygen  consum ption. Oxygen con ten t was determ ined in sam ples taken  
from the aorta and pulmonary artery. Arterio-venous oxygen  difference 
increased progressively after haem orrhage in both groups and com pensated  
the effect on tissue oxygen  uptake o f  dim inished oxygen transport due to  the  
low  cardiac output. The increase in th e  oxygen difference was due to  a decrease 
in oxygen  content o f m ixed venous b lood; arterial oxygen content did not change 
sign ificantly . The coefficien t of oxygen  utilization before bleeding was 0.25 in 
the control group and 0.37 in the treated  group.

D iscussion

Phenoxybenzam ine was show n to  have a protective action against 
different types of shock (N ickerson  1962). The m echanism  o f th is effect is not 
com pletely  understood. The most w id ely  accepted explanation  is that it acts
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b y  abolishing the severe vasoconstriction which develops in the course of 
shock. This vasoconstriction  is due m ainly to sym pathetic activ ity . It is known  
since Ca n n o n ’s basic experim ents (1929) that sym pathetic hyperactivity  
is favourable on survival in  em ergency situations such as haemorrhage. These 
data can be reconciled i f  we presume th at vasoconstriction which is beneficial 
in acute haemorrhage becom es harmful in the subsequent subacute shock. 
Contrary to this hypothesis is the experience o f the m ajority o f investigators 
who found that the shock-protecting effect o f sym patholytic agents is the most 
pronounced if  th ey  are given before the developm ent o f shock. According 
to  the data of N ic k e r s o n  (1962), anim als which show  signs o f sym pathetic  
hyperactiv ity  (increased blood pressure and heart rate) in the resting state  
are less likely to survive a standardized haem orrhagic shock.

The bleeding m ethod em ployed in  our experim ents produced only  
haemorrhagic hypotension  and not haemorrhagic shock in the tim e interval 
studied . To reach th e  sam e level o f arterial pressure much less blood was 
sufficient in the b locked anim als, therefore their sen sitiv ity  to blood loss 
increased. Go u r z is , R oq ue  and N ic k e r s o n  (1963) have shown th at phenoxy- 
benzam ine blockade did not affect m axim al bleeding volum es in haemorrhagic 
shock. The difference against our results m ay be explained by tim e and dose 
differences.

N ick erso n  and G ourzis  (1962) observed an increase in the volum e  
o f  circulating plasm a in  dogs one hour after the adm inistration o f 1 mg/kg 
o f phenoxybenzam ine. In our experim ents no such increase was observed one 
hour after 3 m g/kg o f  the drug. A lso, R o ze k , L ogic and St e k ie l  (1964) failed  
to  find  an increase in plasm a volum e 18 hours after 2 m g/kg o f phenoxybenz­
am ine.

Fluid m obilization  into the circulation was not significant in our blocked  
anim als. This is in  agreem ent w ith the results of Ch i e n  (1958) who has shown in 
sym pathectom ized splencctom ized dogs that sym pathetic activ ity  promoted  
flu id  m obilization after haemorrhage.

The distribution o f red cells w ithin the cardiovascular system  showed 
differences betw een our two experim ental groups. Mean circulatory haem ato- 
crit decreased considerably after the second haemorrhage in the control group. 
In  the phenoxybenzam ine treated group it  was sign ificantly  lower before the  
haemorrhage than in  the control group. Its decrease after the second haemor­
rhage was not sign ificant because o f the wide scattering. The value of the  
F-cells factor show ed a significant decrease after the second haemorrhage in 
the control group. In the treated group, however, the smaller decrease was 
m asked by the scattering. It seem s interesting th at the same phenomenon  
was observed by us ( N a g y  et al. 1964) in noradrenaline treated bled dogs.

A significant difference was observed in prehaemorrhage cardiac output 
o f the two groups; cardiac output in the group subjected to sym patheticblockade
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decreased when compared to the untreated group. There was no sign ificant 
difference in oxygen  consumption but the treated group could achieve this on ly  
by an increased oxygen  extraction from the blood; this was reflected b y  the 
increased arterio-venous oxygen difference. W i l l e n k i n  and Gr e e n ’s (1963) 
experim ents m ay be mentioned here: they  observed a decrease in skeletal 
m uscle oxygen tension and the appearance o f “ excess la cta te” in dogs after  
the adm inistration o f the ganglionic blocking agent hexam éthonium .

Sym pathetic blockade did not influence resting peripheral resistance  
but abolished its considerable rise after haemorrhage seen in the control 
group. Ch ie n  and B illig  (1961) found in sym pathectom ized dogs that w ith in  
the range of 10—25 per cent reduction of blood volum e flu id  m obilization and  
sym pathetic a ctiv ity  are about equally im portant in m aintaining arterial 
pressure. In haemorrhage larger than  25 per cent sym pathetic activ ity  becom es 
the m ost im portant com pensating m echanism . They also observed th a t the  
posthaem orrhage cardiac output expressed as a percentage o f control showed  
a linear relationship w ith the percentage reduction o f blood volum e in sym p ath ­
ectom ized dogs. Our present data are insufficient for calculating such a 
relationship in phenoxybenzam ine blockade. It m ay, however, be stated  th a t  
in  sym pathetic blockade cardiac ou tput falls after haemorrhage out o f propor­
tion to  blood loss.

The fall in cardiac output due to  sym pathetic blockade observed in our 
experim ents m ight be explained by a decrease in venous return to the heart. 
K a i s e r  et al. (1964) have shown th a t the system ic venous bed contains alpha  
and beta adrenergic receptors. The blockade o f alpha receptors by p h en oxy­
benzam ine causes vasodilatation in the capacitance vessels w ith consequent 
decreased venous return. According to G u y t o n  (1963, p. 300) com plete loss 
o f sym pathetic a c tiv ity  probably reduces cardiac output to about half the  
norm al, while m axim al sym pathetic activ ity  increases the output to about 
tw ice the normal. The results o f D a v i s  et al. (1964) som ew hat contradict th is. 
T hey observed an increase of cardiac output in phenoxybenzam ine-induced  
adrenergic blockade. Their results m ay , however, probably be explained by the  
fact th at they have adm inistered blood whenever it  was necessary to m aintain  
blood pressure, and thus they raised “ mean circulatory pressure” (G u y t o n  
1963, p. 193) while inducing d ilatation  o f resistance vessels.

Concerning the mechanism o f the protective action o f phenoxybenzam ine  
in shock our experim ents have furnished only indirect evidence. I t  seems p ossi­
ble th a t the protective action cannot be explained entirely on the basis o f  
haem odynam ic alterations under blockade. We agree w ith  K ovach et al. 
(1961) who did not find  a favourable effect on cardiac output in  tourniquet 
shock during dibenam ine blockade although they  observed an im provem ent 
o f survival (K ovách  et al. 1958) and certain other param eters. The antishock  
properties of phenoxybenzam ine according to Gourzis  et al. (1963) are correlat-
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ed w ith  its adrenolytic effects because structurally  related com pounds w ithout 
adrenergic blocking effects are w ithout antishock effect. It remains to be seen 
w hich of the m any effects o f sym pathetic activ ity  are concerned here.

St ek ie l  et al. (1964) suggest th a t the protective action o f phenoxy- 
benzam ine m ay in vo lve  inhibition o f  catecholam ine induced alterations of 
norm al tissue perfusion. In interpreting the data obtained w ith  the use of 
sym pathetic blocking agents one m ust also bear in m ind th a t these agents 
do not cause absolute and uniform sym pathetic  blockade, and the im provem ent 
in  survival m ight be due to a redistribution or preferential blockade o f sym ­
pathetic activities, e.g. b y  blocking the vasoconstrictor effects hut sparing the 
cardiac influences (Ch i e n  1964). A lthough the present experim ents indicate 
th a t sym pathetic a c t iv ity  is beneficial in the acute stage o f rapid haemorrhage, 
the exact role p layed  b y  the sym pathetic nervous system  in the late stages 
o f  haemorrhagic shock  deserves further investigation .
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