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The effect on cerebral vascular resistance 
of changing blood pC02 generally thruugh- 
out the body has been studied extensively in 
animals and man using a variety of tech- 
niques (1-4). When pCO2 is increased by 
adding CO, to the ventilating gas or by de- 
creasing ventilation, cerebral vascular resis- 
tance falls and cerebral blood flow increases 
(1-4). While evidence indicates that the di- 
rect effect of CO2 on cerebral blood vessels is 
dilation, there appear to be few definitive 
experiments showing the effect of locally al- 
tering pCO2 and pH on cerebral vascular 
resistance. One author stated that the cere- 
bral vasculature of the isolated cat head was 
largely unresponsive to l m l  changes in 
pC02 and pH unless the alterations were ex- 
treme ( 5 ) .  However, this maneuver was a 
peripheral part of the study and no data were 
presented. 

The present paper describes the effect of 
locally increasing and decreasing pnC02 and 
pH by graded increments on the isolated 
cerebral circulation. 

Methods. Adult mongrel dogs of both sexes 
were anesthetized intravenously with sodium 
thiopental (30 mg/kg) and heparinized ( 3  

Dog-pump-head. Each of five dog heads 
was perfused with blood from another dog 
(donor) as folluws: A Sigmamotor pump was 
interposed between one carotid artery of the 
donor animal and two carotid arteries of the 

mgJkg) * 
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head of another dog. Blood returned by grav- 
ity from the cannulated jugular veins of the 
head to a jugular vein of the donor. The 
external carotid arteries were ligated, the 
head was severed from its body, and the 
spinal canal was plugged with bone wax. 
Wire ligatures prevented bleeding from the 
cut surfaces of the neck. Carotid artery pres- 
sure was measured distal to the perfusion 
pump with a Statham pressure transducer 
and recorded on a Schlumberger galvanome- 
ter recorder. The donor dog was ventilated 
with a positive pressure respirator using mix- 
tures of percent C02 in 0 2  over the range 
0-14.5% CO2. These mixtures were obtained 
continuously with an anesthetic gas machine. 
Approximately 10 min were allowed at  each 
different concentration of COZ. Percentage of 
CO," in the ventilating gas was monitored 
continuously with a Harvard critical orifice 
C02 analyzer. Cerebral arterial blood pH 
was measured at 5-10 min intervals with a 
Beckman model GS pH meter. 

Cerebral blood flow was held constant in 
each experiment. Changes in cerebral artery 
perfusion pressure therefore indicated chmges 
in cerebral vascular resistance in the same di- 
rec ti on. 

Oxygemtor-pump-head. Six decapitate dog 
heads were perfused at  constant flow with 
blood from an artificial oxygenator system. A 
diagram of the preparation is shown in Fig. 
1. The system was primed with whole blood 
from the same dog and circulation was es?tab- 
lished through the dog's head via both caro- 
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FIG. 1. Diagramatic representation of experimental set-up for oxygenator-pump-head study. 
S.G. = Statham pressure transducer. Blood flow in direction of arrows. 

tid arteries. The external carotids were li- 
gated and the head was removed from its 
body. Blood from the severed jugular veins 
and spinal venom sinuses drained by gravity 
into a reservoir and was pumped (Sigmamo- 
tor) to the oxygenator. Oxygenator blood was 
subsequently returned at  constant flow to 
the isolated head by another pump. The C 0 2  
concentration in the oxygenator gas was 
varied and measured as in the preceding 
group. Carotid arterial blood pH and perfu- 
sion pressure were also measured as men- 
tioned previously. 

ResuZts. Data from the cross-perfusion 
head experiments are shown individually in 
Table I. The most consistent response was a 

fall in carotid artery perfusion pressure as 
blood C 0 2  concentration was increased and 
pH decreased; carotid artery pressure most 
frequently rose when the opposite changes 
were made. This relationship was not as 
clear-cut in Expts. 1 and 4 as in the others. 

Table I1 shows data from individual de- 
capi,tate head experiments in which the COZ 
concentration was altered in an oxygenator 
system. Increasing and decreasing blood COa 
concentration in a stepwise fashion consis- 
tently caused a fall and rise in carotid artery 
pressure, respectively. Blood pH changed in- 
versely to COZ changes. 

Figure 2 shows data from one experiment 
which illustrates an inverse relationship be- 



320 CEKERBKAL VASCULAR EFFECTS OF COz 

TABLE I. Effect of CO, :riiil 1'11 on Viw1)r:i l  Pcr- 
fusion Pressure (flow constali t )  .a 

2 

3 

4 

5 

~~ 

1 4.0 
0.0 

14.5 
0.0 
8.4 
0.0 

10.5 
0.0 

11.6 
0.0 
5.0 
6.3 
0.0 
8.4 
3.4 

11.5 
3.8 
0.0 

13.7 
0.0 
3.4 
3.7 
0.0 

11.1 
0.0 

7.61 
7.68 
7.22 
7.78 
7.41 
7.68 
7.31 
7.70 
7.27 
7.70 
7.52 
7.48 
7.62 
7.32 
7.50 
7.20 
7.54 
7.61 
7.01 
7.74 
7.31 
7.48 
7.62 
7.13 
7.46 

0 
+ 2(i 
+ I  1 + 43 

0 
+50 
-60 
+SO 
-20 
+ I 9  

0 
-3 + 14 

-22 
+20 
-18 

0 
-27 
+23 
+ I 0  

0 
0 

$20 
-55 + 40 

a Dog-pump-head preparation : CO, = % CO, in 
ventilating gas; ACAP = change in  carotid artcry 
perfusing pressure from control. 

tween changes in blood C o n  tension and caro- 
tid artery perfusion pressure. I t  is clear from 
this tracing that relatively moderate changes 
in paCO2 and pH directly cause profound 
changes in carotid artery pressure. I t  is also 
evident that these changes are readily repro- 
ducible in the same head. 

Figure 3 illustrates the effect of local alter- 
ation of blood p H  on cerebral resistance in 
the decapitate head experiments shown in 
Table 11. This figure shows that whenever 
pH was lowered, perfusion pressure also fell, 
i.e., all pressure points fell in the lower right 
quadrant, indicating a fall in cerebral vascu- 
lar resistance. Increasing the pH in the same 
experiments resulted in a rise in perfusion 
pressure, depicting an increase in resistance. 

D ~ S G U S S ~ U ~ .  This study indicates that the 
effect of locally increasing pi,C02 is a fall of 

cerebral vascular resistance and vice versa. 
Thus, when p,C02 was increased in decapi- 
tate heads perfused with blood from an artifi- 
cial oxygenator, there was a consistent fall in 
cerebral vascular resistance. This fall of vas- 
cular resistance was probably due to active 
vasodilation of blood vessels since it occurred 
in the face of a fall in transmural pressure. 
While blood viscosity alterations cannot be 
ruled out, the literature provides no evidence 
indicating a significant effect of CO2 on vis- 
cosity. I t  should also be mentioned that ex- 

TARTIE I T .  Effect of CO, and p R  o n  Cerebral Per- 
fusion Pressure (flow constant) .5 

Espt. no. CO, (%) pH ACAP (minHg) 

A 7.8 
0.0 

14.0 
0.0 

10.4 
0.0 

7 3.6 
0.0 
4.2 
0.0 
4.2 

8 0.4 
4.8 
0.0 
3.8 

9 7.0 
0.0 
4.5 
0.0 
3.5 

1 0  0 .0 
5.0 
0.0 
4.5 
0.0 
5.2 

11 2.1 
0.0 
4.5 
0.0 
5.6 
0.0 
5.1 

7.11 
7.49 
6.88 
7.49 
6.98 
7.40 
7.25 
7.40 
7.18 
7.39 
7.25 
7.82 
7.21 
7.62 
7.26 
7.19 
7.49 
7.20 
7.52 
7.39 
7.80 
7.1 7 
7.80 
7.20 
7.75 
7.28 
7.43 
7.82 
7.23 
7.85 
7.23 
7.79 
7.1 1 

0 + 45 
-57 
+47 
-41 
+61  

0 
+ 19 
-17 
+20 
-16 

0 
-15 

$175 
-45 

0 
+so 

-144 
+I  14 

-60 
0 

-35 + 85 
-58 + 58 
-35 

0 
$8 

-41 + 41 
-35 
+ 51 
-30 

' I  Osygciiatol.-l)iii~ip-lie:i(~ preparn tioii : CO, = % 
C'O, i n  verltilatillg gas; ACAP = charlge in  carotid 
:ri*tery perfusing pressure from control. 



CEKERBKAL VASCULAR EFFECTS OF co:! 321 

. 

0 60 120 I80 240 

TIME /MIN. 1 

FIG. 2 .  Representative tracing on one esperimcnt 
from oxygenator-pump-head study. Percent CO, in 
0, = CO, in oxygenator gas mixture. 

tracranial vessels of the head could be in- 
volved in the overall response, and even 
though the external carotid arteries were li- 
gated, this factor cannot be ruled out. Data 
from this study extend the brief observation 
of Geiger and Magnes who mentioned that a 
local increase in pC02 caused a fall in cere- 
bral resistance in the isolated cat head ( 5 ) .  
However, in their experiments extreme 
changes were required to appreciably affect 
cerebral resistance and no data relative to 
this point were presented. 

Results from this study are also consistent 
with findings in intact animals and man in 
which pCO2 is changed generally throughout 
the body. I t  has been established using a 
variety of techniques that increasing blood 
pCO,, generally in animals or man results in 
a fall in cerebral vascular resistance and vice 
versa (1-4). The present study shows that 
this could, to a large extent, result from a 
direct action of C02  and/or H+ on cerebral 
vessels independent from any remote action 
(6, 7 )  of these changes. IVhether the effect of 
changing pi,C02 results from an action of 
C 0 2  or H+  on cerebral vascular smooth mus- 

cle was not considered and is beyond the 
scope of this study. 

Autoregulation of blood flow (tendency for 
blood flow to remain constant despite changes 
in perfusion pressure) has been demonstrated 
for the cerebral vascular bed (8) .  It has been 
suggested that one of the mediators of this 
response is C 0 2  (8) .  Thus, lowering perfusion 
pressure would increase ptIC02 and decrease 
resistance and raising perfusion pressure 
would lower p2,COs and increase resistance. 
For this hypothesis to be workable i t  must be 
demonstrated that C 0 2  is in fact locally active 
in the cerebral vasculature. The present study 
lends support to the hypothesis that CO, 
could be one of the factors involved in local 
regulation of cerebral blood flow. 

Finally, this study shows that the local 
effect of increasing p,,COs in the cerebral 
vasculature is similar to its local effect in 
most peripheral organs. Hence, locally in- 
creasing pi ,C02 and decreasing pH causes, in 
the steady-state, a fall in resistance in the 
hindlimb (9),  forelimb ( lo ) ,  kidney ( lo ) ,  
coronary ( lo) ,  and intestinal (9) vascula- 
tures. 

Summary. The local effects of graded in- 
creases and decreases of p,C02 and pH on 
cerebral vascular resistance were determined 
in isolated dog heads. Two preparations were 

ARTERIAL pH 

Fic:. .$. Plot of s l l  pressure points in osygenator- 
pump-head study at different blood pH’s. 
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utilized: In the first series, a donor dog was 
included in the extracorporeal circulation to 
supply blood to the constant flow perfused, 
decapitate head; in the second series, the 
donor dog was replaced with an oxygenator- 
reservoir system. Results indicate that the 
direct effect of increasing paCO2 and decreas- 
ing pH is a fall of cerebral vascular resis- 
tance and vice versa. 

The authors express their appreciation to Dr. 
Francis J. Haddy for critically reviewing the 
manuscript. 

1. Sokoloff, L., Pharmacol. Rev. 11, 1 (1959). 
2 .  Sokoloff, L. and Kety, S. S. ,  Physiol. Rev. 

(Suppl. 4)  40,38 (1960). 

3. Kety, S. S. and Schmidt, C. F., J. Clin. Invest. 

4. Reivich, M., Am. J. Physiol. 206, 25 (1964). 
5. Geiger, A. and Magnes, J., Am. J. Physiol. 149, 

517 (1947). 
6. Daugherty, R. M., Jr., Scott, J. B., and Haddy, 

F. J., Am. J. Physiol. 213, 1111 (1967). 
7. Wendling, M. G., Eckstein, J. W., and Abboud, 

F. M., J. Appl. Physiol. 22, 223 (1967). 
8. Rapela, C. E. and Green, H. D., Circulation 

Res. 14 and 15 (Suppl. I), 205 (1964). 
9. Fleisch, A., Sibul, I., and Ponomarev, V., Arch. 

Ges. Physiol. 230,814 (1932). 
10. Daugherty, R. M., Jr., Scott, J. B., Dabney, 

J. M., and Haddy, F. J., Am. J. Physiol. 213, 1102 
(1967). 

27,484 (1948). 

Received Sept. 10, 1968. P.S.E.B.M., 1969, Vol. 130. 

Comparative Immunology : Natural Hemolytic Sys tem 
of the Spiny Lobster, Pnnulirus argus* (33547) 

PETER F. WEINHEIMER,~ E. EDWARD EVANS, ROBERT M. STROUD,~ 
RONALD T. ACT ON,^ AND BARBARA PAINTER 

Departments of Microbiology and Medicine, Medical Center, 
University of Alabama in Birmingham, Birmingham, Alabama 35233 

The phylogenetic development of immuni- 
ty has come under increased study in recent 
years. The attention of our laboratory and 
others (1-8) was directed toward the study 
of immune mechanisms in animals a t  various 
levels of the phylogenetic tree. Recent work 
involved a number of invertebrate species as 
well as the lower vertebrates. I t  is hoped by 
such studies to gain insight into the evolution 
of various factors in mammalian immunity 
such as complement systems and the immuno- 
globulins. 

Our present work deals with a marine in- 
* Supported by Public Health Service Research 

Grant AI-02693 from the National Institutes of 
Health. A portion of the work was done at the Ler- 
ner Marine Laboratory, American Museum of Natu- 
ral History under support of the Office of Naval Re- 
search, ONR-552 -07. 

1 Recipients of Public Health Service Training 
Grant AI-00293 from the National Institutes of 
Health. 

2 Recipient of Public Health Research Grant AM- 
03555 from the National Institutes of Health. 

vertebrate, the West Indian spiny lobster 
Panulirus argus, which possesses a natural 
hemolytic system for sheep erythrocytes, a 
natural hemagglutinin for various species of 
red blood cells, and an inducible bactericidin 
for gram-negative enteric bacteria (9).  The 
present paper is a preliminary report of 
studies designed to characterize the naturally 
occurring hemolysin of the lobster in order 
to further define its biochemical and evolu- 
tionary significance. 

Materials and Methods. Specimens of the 
West Indian spiny lobster, Pandirus argus, 
were collected in the waters surrounding 
Bimini, Bahamas and maintained in hard- 
ware cloth cages in 26-28' tidal sea water a t  
the Lerner Marine Laboratory. The animals, 
weighing 300-500 g, were bled from the peri- 
cardial sinus with an 18-gauge needle insert- 
ed between the cephalothorax and abdomen. 
Lobsters bled in this manner yielded 15-30 
ml of hemolymph which was collected direct- 
ly into saturated sodium citrate to prevent 


