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Table I1L. Contractile characteristics for skeletal muscle
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Group Peak twitch tension Twitch time Rate relaxation TPT

(g/8) (msec) (g/sec) (msec)
1. Normal 451 + 51= 244 4- 28 23.6 4+ 3.2 29.4 4+ 2.9
2. Alcohol 393 4 48 313 22 19.6 + 3.8 33.04-1.6
3. Dehydrated-malnourished 357 4+ 40 251 4 31 18.8 + 3.5 322427

aMean -+ SE. No significant difference occurred between any groups in any category.

troversial. BUrRcH et al.® have reported an experimental
alcoholic cardiomyopathy in mice based on electron
microscopic evidence, and MaINEs and ALDINGER? showed
a 709, decrease in ventricular systolic tension in rats on
long term consumption of 259%, ethanol. In both studies,
as in our study, alcoholic animals consumed only a frac-
tion of the fluid intake of normal controls. Clinically,
most patients who carry a diagnosis of alcoholic car-
diomyopathy have an accompanying decreased total fluid
intake as an integral part of their alcoholism.

The decreased twitch tension in the cardiac muscles of
both the alcoholic and chronically dehydrated groups
must again raise the question of the role of malnutrition,
specifically dehydration, and perhaps concomitant elec-
trolyte abnormalities in alcoholic cardiomyopathy. As
pointed out by BurcH and GiLeEs®, in published ex-
perimental animal studies, alcohol containing fluids served
as the entire source of liquid intake. Control groups of
these studies, however, were not designed to provide for a
reduced fluid intake commensurate with that found in the

5 . Burch, H. CorcoroucH, J. Hars and C. Tsur, Am. J. Cardiol.
27, 522 (1971).

7 J. E. Marmnes and i, 15, Arvincer, Am, Heart J. 73, 55 (1967).

8 G. Burcn and T. Gires, in The Biology of Alcoholism (Plenum
Press, New York 1974), vol. 3, p. 435.

? "T'his research was supported in part by Public Health Service Grant
No. HL 15462.

experimental animals. Our studies did, however, attend to
this matter, and our results force us to consider that
dehydration per se may play an important role in the
etiology of alcoholic cardiomyopathy.

It is of interest that while significant differences in
peak twitch tension of cardiac muscle was demonstrated,
no significant skeletal changes were induced. This fits
well with the clinical observation that alcoholic cardio-
myopathy is seldom accompanied by clinically detectable
skeletal myopathy*4.

Summary. In vitro isometric contractile tension was
measured in heart and skeletal muscle in 3 groups of mice:
1. a control group, 2. a group maintained for 27 weeks
on 209, alcohol, and 3. a group whose fluid intake was
restricted to the extent equaling that which occurred in
the alcohol treated animals. Results showed a reduction
in cardiac twitch tension in both the alcohol and fluid
restricted group, as compared to normal controls. We
therefore consider that dehydration per se may play an
important role in the etiology of alcoholic cardiomyopathy.

S. L. Berxk, P. J. Brock, P. A. TosELLIL
and W. C, ULLrick?

Department of Physiology

Boston University School of Medicine,

80 East Concord Street,

Boston (Massachusetts 02118, USA), 26 May 1975.

Hemodynamic and Ventilatory Effects of Skin-Cooling in Cattle

Cattle are often used to study cardiopulmonary re-
sponses to alveolar hypoxial-4. Such studies are generally
concerned with interactions among pulmonary and sys-
temic hemodynamics, alveolar or arterial blood gases,
and ventilatory minute volume. Although it is usually
assumed that inspired oxygen tension is the only environ-
mental variable of physiological importance, cattle use
ventilation to help regulate body heat and the ambient
temperature at which the animals are studied might have
significant cardiopulmonary effectss. It is important,
therefore, to determine if thermoregulatory ventilation
at the usual laboratory temperature of 25°C influences
the inter-relationships among cardiopulmonary processes.
Thus, we studied the effects of skin-cooling on pulmonary
and systemic hemodynamics, arterial blood gases, and
minute ventilation in cattle at an ambient temperature
of 25°C.

Materials and methods. Systemic and pulmonary blood
pressures, cardiac output, and arterial blood gases were
measured in 12, 3- to 4-month-old, unanesthetized, Here-
ford calves following catheterization of the thoracic aorta,

pulmonary artery, and right atrium. The techniques used
in this study have been described elsewhere?. Minute
ventilation was measured with a muzzle mask and a dry
gas meter. Skin and rectal temperatures were monitored
with thermocouples. Measurements were made at an
ambient temperature of 25°C before and after the skin
on the calf’s back was cooled for 30 min with cold water
and a stream of air.

1 A. ¥. ALExanpEegr, C. S. Carp, R. S. JAENKE, J. L. Hicks and
D. H. WLy, in Research Animals in Medicine (Ed. L. T. HarmI-
soN; NIH, Washington 1974), p. 193.

2 R. F. GROVER, in Cardiovascular and Respiratory Effects of Hypoxia
(Eds. J. D. HarcHer and D. B. JENNINGS; Karger, Basel/New
York 1966}, p. 307.

3 J. A. WiLL, G. E. Biscarp, A. V. Ruiz and R. F. GROVER, in
Research Awimals in Medicine (Ed. 1. T. Harwmison; NIH,
Washington 1974), p. 267.

1E. K. WeIr, A. Tucker, J. T. REeves, D. H. Wi and R. F.
GROVER, Cardiovasc. Res. 8, 745 (1974).

5 J. R. S, HavLes and J. D. FINpLAY, Resp. Physiol. 4, 333 (1968).
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Effects of skin-cooling on hemodynamic, ventilatory, and arterial
blood gas variables in cattle

Variables Skin-cooling #

Before After
Ts (°C) 38.6 +0.1 329 4 0.5°
Tr (°C) 39.8 4+ 0.0 39.7 4+ 0.1
HR (min—?) 9% +3 92 4 2v
Q (ml/min/kg) 133 +7 129 4 4bv
SV (ml/kg} 1.39 4- 6.06 1.3¢4+ 0.05
Ppa {mm Hg) 30 42 32 4 2
TPVR (mm Hg/ml/min/kg) 0.24 + 0.02 0.26 4~ 0.02v
Pao (mm Hg) 104 43 112 4 4r
TSVR (mm Hg/ml/min/kg) 0.80 4 0.06 0.92 4 0.05®
f (min) 8 47 40 £+ 4v
V& (ml/min/kg, BTPS) 400 430 220 4 10%
Vr (ml/kg, BTPS) 5.0 &+ 0.3 6.5 4+ 0.8
Pa0, (mm Hg) 68 + 1 66 + 1
PaCO, (mm Hg) 36 4+ 1 37 4+ 1
pHa 7.46 + 0.01 7.46 4 0.01

Ts, skin temperature; Tr, rectal temperature; TPVR, total pulmo-
nary vascular resistance; TSVR, total systemic vascular resistance.
2Mean values + SEM are shown for 12 animals (except » = 10 for
Pao and TSVR). rBefore and after values differ significantly, p <
0.05 {determined by a paired #-test).

Results and Discusston. The cardiopulmonary effects of
skin-cooling are shown in the Table. In the cooled area,
skin temperature was lowered by nearly 6 °C. The decrease
in skin temperature probably evoked a peripheral vaso-
constriction that elevated systemic arterial pressure
despite a reduction in cardiac output. The elevated sys-
temic pressure might have caused the fall in heart rate via
increased baroreceptor activity. The increase in total
pulmonary resistance could have been related to pulmo-
nary vasoconstriction or to an increased left atrial pres-
sure. If this pulmonary effect of skin-cooling is exagger-
ated in a cold environment, it might account for the higher
incidence of hypoxic pulmonary hypertension and brisket
disease in cattle during cold weather at high altitudes!.

After the skin was cooled, respiratory rate and minute
volume were reduced by about 50%,. Arterial blood gases
were not altered. These results suggest that although
cattle hyperventilate at an ambient temperature of 25°C,
the increased ventilation represents panting and alveolar
gas exchange is not affected. Environmental temperature
must apparently approach 40°C before thermoregulatory
ventilation influences alveolar ventilation and arterial
blood gases®. Thus, it can be inferred that in cattle at

Seasonal Variations of Cardiac Output in Rats

Data on the cardiac output of rats given in the literature
range between 142 ml/kg/min! and 457 ml/kg/min2. This
great variability was attributed to different techniques,
or to differences in the ageé, strain and sex of the animals?.
In our laboratory determination of cardiac output were
performed in rats of the some strain and sex and nearly
the same age over 4 years; inspite of the constant ex-
perimental conditions, values varied greatly. Trying to
find an explanation for this phenomenon, we have de-
tected seasonal variations in the cardiac output of rats.
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moderate laboratory temperatures arterial blood gases
reflect alveolar ventilation as determined by non-thermo-
regulatory mechanisms. If variations in environmental
temperature from 15 to 25°C affected alveolar ventila-
tion, then much blood gas data collected from normoxic
and hypoxic cattle might be subject to reinterpreta-
tion48-% The thermoregulatory-induced disassociation
between minute and alveolar ventilation might account
for the lack of correlation between changes in minute
ventilation and arterial blood gases observed in cattle ex-
posed to simulated high altitude? and to carotid body ex-
cision!d. It is obvious that attention must be paid to
ambient temperature when minute ventilation is used as
a variable in studies of ventilatory control in cattle.
Minute ventilation would probably be more closely
related to alveolar ventilation if cattle were studied at an
ambient temperature somewhat lower than 25°C,

Summary. Cooling the skin of cattle at an ambient
temperature of 25°C decreased cardiac output and in-
creased systemic and pulmonary vascular resistances. Min-
ute ventilation was reduced by about 50%,. There was no
change in alveolar ventilation as measured by arterial
blood gases. These results indicate that thermoregulatory
ventilation has significant cardiopulmonary effects in
cattle at normal laboratory temperatures.
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Matevials and methods. We used male Wistar rats (con-
ventional animals; dealer P. Biumler, Wolfratshausen)
weighing 320 to 400 g which were housed at 23°C and fed
with Altromin pellets and tap water ad libitum. The
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