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Cooling of Anesthetized Paralyzed Dogs
During Hypercapnia and B-adrenergic

.Blockade

YWiLiane E. Pererko and StepneN M. CamN

[USAF School of Aerospace Medicine, Brooks Air Force
' {Base, Texas 78235

Pererko, W, E,, and.S. M. Cax, Cooling of Anesthetized
Paralyzed Dogs During, IIupercapma and B-adrénergic Blockade.
Aerospace Med, 43(3):287-290; 1072,

Oxygen consumphon and body temperature were measured . in
male nmngrcl dogs, anesthetized, paralyzed, nrhficmlly»vcnhlnlcd
and cooled- in a water bath at &4 C, Treatments included in-
spiration of 10%¢ or 20% CO:, f-adrenergic blockade (proprnnolol)
and g-hlockade plus 10% CO.. Oxygen consumption in ml/kg/
win STPD after water immersion showéd an average increase of
0.41 in air breathing coutrols but’dccrcascd«nn average of 0.31
with g-blockade, 0,69 with 10% c¢o. inspiratiofi, 0.76 with 10%
CO:; plus g-blockade and 135 with 20%-Co; inspiration. All cx-
perimental groups had a lower post-treatment oxygen consump-
tion thin contrsh, (P < .05) with the 20% CO: group exhibiting
a greater depression: than the other three experimental groups
(P < .05). The rate of decliiie in body temperatures was greater
while breathing 20% CO: than room air (P < .05). It was con-
cluded that hypercapnia inhibits g-adrenergic calorigenic niechan.
isms while having little apparent effect upon heat loss.

e o ee———— [

POTENTIAL HAZARD of closed environments
A such as spacecraft, submarines or underground loca-
;tions s a.buildup of CO: in the gaseous environment.
Among<the physiological effects of hypercapnia is a de-
crease in the ability to-maintain hod\ temperature. This
le sened thermoregulatory capacity has been rcpor!(‘d
in dogs,! humans? rats?* and mice.'® A decline in
body temperature could be due to either an inhibition
of caloru,cncsls, an increase in heat loss, or both. Tleat
production can be influenced by voluntary movemeut,
the work of breathing, .sln\'ormq or a basic change in
¢hemical processes at ‘the subeellnlar level. Tieat loss, on
the other hand may be influenced not-only by circula-
tory changes, but also by the degre of pll(:vrcchon
sweating and hvpcrvcnhlalmn.
The present experimenc was designed to measure

The research regorted in this paper was conducted by person-
nel of the Environmental Sciences Division, USAF Schoul of
Acrospace Medicine, Aerospace Medical Division, AFSC, United
States Air Foree, Brovks AVB, Teaas. Further reproduction is
authorized to satisfy the needs of the U.S. Government.

The animals involved in this study were maintained in ac-
cordance with the “Guide for Laboratory Animal Facilities and
Gare” as published by the Natwmal Acadeiny of Scfences- Na-
tional Rescarch Council,

changes in body temperature and heat production in
'mcsthetwed pmalwed»dogg artificially ventilated and
cooled in a water bath at 34°C while breathing gas
mixtures high in €84 In this preparation all variables
affecting heat production or }eat loss were eliminated
with the exeeption of changes in circulation” and non-
shivering thermogenesis. In addition, the cffects of hy-
percapnia were also compared with that of a B-adrener-
gic blocking agent which influences thermoregulation
priynarily by inhibition of non-shivering thermogene-
sis®0,

METHODS'

Forty mongzel dogs weighing 11 to 25 kg were se-
lected into five groups of equal number with the same
average body weight in each group. They were mics-
thetized with sodium pentobarbital, 30: mg/kg and
catheters were placed in a femoral vein. for infusion and
a femoral artery for sample collection. Following trach-
costomy the dogs were respired with a Harvard Model
607 respiration pump. Muscular paralysis was induced
with « priming dose of about 2 mg of succinylcholine in-
tran enously, followed by a constant infusion at .23 mg,
min. The respiration pump was set to give an arterial
Peo. between 35 to 40 torr while the dog breathed air,
and was not readjusted. Hypercapnia was induced with
a gas mivture containing cither 10% or 20% CO. +
2y’ 0. from a Tl-cu-ft cylinder fitted with a demand
regulator and connected to the intahe of the respiration
pump. B-adrenergic blochade was altained by intra-
venous injection of 0.5 mg/hg propranolol every 30
min, Previous eaoerience has shown that this dose level
and interval wo  d give complete 8-blochade wnder
normal conditions. The dogs wete cooled by total im-
mersion in a large water bath which was stirred and
maintained at a temperature of 34°C by circulating
thermostatically controlled water through a copper coil
in the bath.

Five wl of witetial bload were collected anactobically
into a heparinized glass syringe and immediately av-
alyzed for pIl, Po. and Peo in e Instrementation
Laboratories blood gas analyzer o a temperature of
37°C. The results were corrected to the body tempera-
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‘ture at the time of sampling. Oxygen consumptxon,
-corrected to  STPD,

was measured: by collecting
the expired gis mto.Douglas bags, measuring<the aVol—
uie, and analyzing the: oxygen-fraction with a Beck-
man E-2 oxygen analyzer and the carbon dioxide frac-
tion with a Beckman Model°LB1 carbon dioxide analyz-
er. Body tempemtme was measured' by plaging a.
;hermnstor prob\, in-the esonlngu near the lével of the-
ieart.

After adjustment of! ventilation, about 30 miin were
allowed: to-clapse or-until body- temperatures were sta-
ble prior to the start of the experiment, Expired gas was
then eollected for 30:min while the dogs breathed room
air. Gas sanipleswere collected for 10-min periods -and
'umlyz,cd After the.conitrol period, the dogs were-placed
{in the water bath. High CO. and/or g- -blockade was
begun immediately after immiersion. Gas samples were
collected every 10 min and<blood samples taken every
30 min. The five experimental groups had cight animals

‘per group. The five experimental conditions were roor»-

air, 10% CO,., propranolol, propranolol + 10% COs,.
and 20% CO,.

RESULTS

Arterial .pH, T, Peo, and percent oxygen satura-
tion arc showneij “Table I. Inspiration of 10%CO. re-
sulted in a pH betiveen 7.0 and 7.1, With 20% CO., ar-
terial blood pH decreased further—between 6.8 and 6.9.
Propmnolol treatmer.t.alone resulted-in a.slight inerease
in pH assoc’zted with a slight decrease in Peos

Pretreatment oxygen' consumption and-body temper-
ature are shown in Table IT and the percent ch'mge in
oxygen consumption in Figure 1. The average change i
oxygen consumption from pretreatment levels in-m}/
I\g/mm STPD -were control +0.41; propranolol =:0.31;

10% CO. —0.69; propranolol- + 10% C0. —~0.76; and-
20% CO; —1.35. All the experimental groups showeii a
Jqwer posttreatmentooxygen consumption than controls
(R < .05), with the 20% CO. group showing a greater
depression than the other three experimental gioups

0 -

(P<.05). Althon;.lv (0% (0, appeared to haveashghtly
Bredater dcprcssm effect on oxygen uptake than- pro-
pmnolol “this ¢ Terence-was -not significant. The: com-
bmcﬁgmatlnonhalao failed. to dépress oxygen coi.simp:
tio ﬂdm‘ic.mtly more than 10% CO: or proprariolol
alone;

Body te aperature changes are shown in Figure 2.
Changes <ithi-time were fitted to exponential curves;
body tenr .7aturc—6+ae“‘ These: parameters are
showit 1, fable 1L The 20% CO. group differed
significan 1y, ¢ ‘fiom controls, having a lower estimated
asymptots 1ixd a greater rate of temperature decline
(P < £ fhe total decrease inbody temperature dir-
ing the * :hr treatment period. averaged 1.00°C for air-
breath’ 5 -controls, 1.59°C with propranclol, 1.68°C
with v~ ‘CO,, ]60 C with - propranolol + 10% CO,,
and © "G with 20% CO.. A “comparison of these
‘mear .. Jines using Duncan’s- ‘multiple range tést also-
indic .ed’that the group treated: with: 20% CO. differed
fren  “itrols at the 5% level, while the othet three
ti. . it groups had prolnbxhty values of about .10
w!oa ’ompared with controls. There was no indication
of +hy'synergism between CO. and propranolol.

IMS$¢USSION

#lthough the 34°C water bath was .a very mild cold
st.tss, even the room air breathing dogs were unable to
Traintain their-body temperatures.completely. Earlier re-
ports have shown that. the won-cold adaptcd dog can
ahily increuse non-shivering thermogensis to a small ex-
Aent® Ouar room air brcatlnm_, dogs were able to in-
Crease oxygen conqumptlon an average of only 0.41 ml/
kg/min while immersed in the water bath. Since thc
animalsxcould not shiver, their defense against cold wa
quite limited. It is posclble that the dechne in tcmpcm-
ture itsclf may have affected m(_tabohc rate even though
this decrément in body temperature wis' quite small, To
test this possibility, oxygen consumption was mcaqurcd
in two dogs exposed to 10% and 20% CO. in 2 theimo-

TABLE I ARTERIAL BLOOD GAS AND pH MEASUREMENTS OF DOGS BEFORE AND DURING IMMERSION IN A'
31* C WATER BATH N == 8 FOR ALL GROUDS,

Time in

minutes ~30 0 30 40 20 120
T - , :\i}crial'i)ll T oo T
C()m rol 7.332 #2,036¢ 7.352 2 026 7.382 % .08 7.393 % 035 7.378 3 .039 7380 2 .046
% CO, 7,349 = 021 7,348 = ,031 7.061 %028 7014 2.020 7.037 %.038 7.051 = 037
l'mp”’nnoloi 7,363 2,032 7972 %.037 T.397 %.029 74407 2,034 T3932:.009 7.403 % .033
% CO, + l‘mpr.lnol()|7.35l5 *.0200 7.346 % 028 7.039% % .028 7.044 2.032 7.034=.,036 7053 %=.010
CO 7305 = .023 73062 £,039 0.879 % .038 6.819 2044 $.850 22,069 6.860 = 067
Arterial Blood, l",
Cantrol 780427 762249 052 6.5 67.7% TS 64.7: 7.1 063.6:% 6.t
105 CO, 92271 02275 84.1% 59 81.8% 85 80.8:% 6.7 0062 8.0
Propranolol 788280 781 %72 723:% 89 5% 83 342 09 68.8 & 12,7
10% CO, + Propranolel 7.3 %2 7.4 786274 83.6 3 18.0 83.1::155 824+ 140 82.4 2 143
20% CO, 82042 80,2 3:7.6@ 8894 0.0 80,1 11,0 823122 81.1:%128
Atterial Blood Pﬂ,z
Control A81£23 36,0 £ 3.0 334432 33.7:% 34 356 3.0 33532 45
10% CO, JeN =39 36,1:£3.0 77683 83.8:%123 86.3::12.2 88,8101
l’mpnnnlol a6; {: 2.4 36,1220 33027 32,0 2.0 310 25 I8 2,
10% CO, - Propranolol 38, 0%23 37.9:4.0 83.6:% 8.4 9t 4% 54 8403 69 88.5% &35
"0‘0('0 36.8%3.2 38.0:%3.1 1203 5.0 1196 6.7 1216 V.2 1452113

¢ Standard deviation

988  Aecrospace Medicine ¢ March, 1972
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’
neutral environment. The decline in‘metabolic rate was
similar to these placed:ia the water bath and s in
agreement with earlier work:* 4,22

A comparison’ of. the metabelic effects of CO. and
propnmolol showed that 10% CO, mspu"\tlon resulted in
the same or a slighitly greater decline in. oxygen con-

sumption . than with pro[imiolol‘.llone However, when

10% €O. and-propranolol were given together, the de-

crease in oxygen consiimption was no:greater than with.

10% -CO; alone. Since the dosage’ of propranolol was
adjusted to give complete beta adrenergic blockade,
10%:CQ.- evxdcntly inhibit; the same-calorigenic mech-
anism as propranclol. Thezacute: calorigenic response to
cold:-has ‘been shown to. be primarily catecholainine
mediatedd Morcover, despite its stimulation of cat-
ccholimitie release,1215.17.18.19 hypercapnia also inhibits
some of the functlonal effects of catecholamines.’® The
cevidence thereéfore suggests.that CO. blocks catechola-
miné mediated calorigenesis.and does so despite an in-
creasé in circulating epinephrine and- norepinephrine
levels,

If it is assumod that 10% CO. results in complete
blockage of ‘beta adrenergic calotigenic mechanisms,
then.20% CO. must have an additional cffect:over and
above that due to beta b]och;,c. Even with 10% CO.
there.ds a shghlly larger decline in metabolism, although
nonsignificantin. this case, than avith propranolol alone.
As “intraccllular hydrogon ion levels dncrcase with in-
creasing’ Peo,, many enzymes will be-further removed
from their pH optimum, 1t is.thus likely that very high
levels of:CO;-restiit in-a general inhibition of many -cn-
zyme systems including those involved in calorigencesis.

An increased rate of body temperature decline oc-
cur'cd durm" severe hypercapnia despite-the climina-
tion of-many responses that-can affect thermoregulation,
such as sweating, pﬂoclcctlon, hyperventilation, and
sluverlm.f The difference between dogs breathing air
or €0, was small; and of borderline significance except

TABLE b, PRETREATMENT OXYGEN UPTAKE ANDBODY TELDiR-
ATURE, Voz WAS CALCULATED FOR EACH DOG.FROM 3,

15-MIL SAMPLES, WITH - 8.DOGS’PER GROUP.

10% €O, 4
Room air Propranolol 107 CO, Pmpmnolol 20% CO,
Vo, mi/kg/min 6.08 560 039 588  -058
STPD’ 2 0720 2071 =488 =133 = 101
Body temperature 37,3 37 5 37.5 378 374
*Cit 0"time & 0.08 105 * 0.80 =063 =074

*Standerd deviation

TABLE 1L PARAMETER ESTIMATES..OBTAINED FROM FITTING
BODY TEMPERATURE\MEANS TO THE EQUATION BODY
TEMPERATURE (°C) = 4 +-ac=4t, N = 8 DOGS PER GROUP
WITH 13 MEASUREMENTS PER DOG.

Group [ e ]
Control 36.3 141 016
10% CQ, 5.2 247 011
Propranotol 35.6 1.06 015
16% CO, -} Propranolol; 35.2 2,18° 012
20% CO, 34.3° 3.80° 013

. Aoty e 2 S e o e e b pdmn o nops o 4 mpen

*Siguificantly different from controls (P < .05)

in:the group:inspiring 20% CO.. Since, in earlier stud-
ies, hypércapnia resulted:in-a more-marked depression

.of body temperature than in the present cxperiment, 2611

it is- prob'lblc, that some of the thermozegulatory re-
sponses climinated in this study such as shivering: and.
piloercction are affected by CO..

The relatively small decline in body temperature that
did occur during hyp«.rfapnm or B-blockade can casily
be accounted:for by a decrease in inetabolic rate. More-
over, propranolol has been shown-to cxert its hypother-
mic cffects.primarily by inhibition of:nonshivering ther-
mogenesis,*” chorthcless, the possibility that CO,
inhalation results in increased heat loss through.periph-
cral vasodilatation cannot be ruled out. Many reports in-
dicate that the direct cffects of CO: are vasodilatory.1.7.13
However, in recent studics, hypercapnia resulted in
only small irregular changes in forelimb resistance-in

00 CONTROL
120~ T010% CO2
44 PROPRANOLOL
- #=—# PROPRANOLOL +10%C0,
ok & 20%:C0,
.
&
= 100
4
o
(8]
[N
o 90
R®
N
&
> 80
70 ] | | J

TIME IN MINUTES

Iig. (1. The percent change in osygen conswaption during
120 min of exposure to the eperimental environments and im-
mension in a1 347 C water bath. All groups showed a significant
drop i Vo, compared with controls (P < .05), with the 20%
CO: group showing a greater drop than the other three experi-
mental grotips (P < .05).

*Q50p - == CONTROL
0% €Oz
. fem\ PROPRANCLOL
000 +— PROPRANOLOL +10% CO2
= 20%C0,
=501~
100}~
.0
a
~1501~ \ \
200~ \\\
250}~ ¥ 1 L s
36 0 E) 120

TIME IN MINUTES

Fig. 2 The decline in body temperature during 120 min of
eaposure to the experimental enviromments and fmmersion in a
34° C water bath. Exposure to 20% CO; resulted in a more rapid
drop in body temperature than control (P < .05).
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Fig, 3. The effect of 20% CO: upon skin and esophageal tem-
perature of-a dog during immersion in a 34° C water bath.

intact animals® even though the same workers found
that resistance decreased markedly in the isolated.: fore-
limbadjusted to  similar artesial’ Peo,. Tliese authors
concluded that the locally vasoactive cffects of hyj.ar-
capnia are effectively antagonized. by remote actiofis.
Skin and rectal tempcmture measurements of dogs and
humaiis Quring hypercapnia also gave no indication of
a- shift of biood flow to the periphery.!t® CQO» levels,

in-these two studics-however, were- lower- than “usedsin:

the present experiment.

We attempted to évaluate the peripheral vasomotor

effcets of CO: by measuring skin‘temperatures of 5 ad-
ditional dogs exposed to 10% or 20% CO,. Initial meas-
urements avere made n thermoneutral environments
followed by cooling eit’sier by blowing cold air on them
or by immiersion-in a+34°C water bath. Skin tempera-
ture measurements were made during water immersion

by placing thermistors, sensor sidé uppermost, under

the skin and suturing the openings; otherwise, the ther-
mistors were phccd on the surface of the skin. CO. in-
spiration resulted in either no change or a small in-
crcase in<the degrée of vasoconstriction when the dogs
were cooled, This eould be scen by a small decline in
skin temperature which often occurred at the onset of
CO. inspiration coupled with 0.1 to 02:C rise in
(-soplm"c‘al temperature during the first few minutes-of
exposure. A sudden rise in core temperature coupled
with declining heat produchon must be due to a de-
crease in blood flow in the periphery. ‘Figure 3 shows a

‘lypicalncxumple of a dog cooled in a water bath and

breathing 20% CO.. The temporary rise in esophageal
temperature is.also seen in Figure 2 for dogs breathing,
10% CQa. Whether vaseconstriction -zctuall\' occurred
with COy inspiration could not be definitely stated with
such qualitative measarements. In any case, there was
no cvidence of inereased blood flow to the skin, at least
during the initial exposure to hypercapunia. Further
work should be conducted not-only to quantitate the
effects of hypereapnia upon circulatory heat loss but al-
s0 to determine if the amount of heat loss varies with
time of exposure.

€00  aerospace Medicing ¢ March, 1972
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