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ABSTRACT. We studied the effects of chloralose anes- 
thesia on the basal hemodynamic state and on the cardio- 
vascular response to alveolar hypoxia in chronically instru- 
mented, spontaneously breathing lambs, compared with 
responses to the saline vehicle. Chloralose significantly 
increased heart rate (23%), mean systemic arterial pres- 
sure (]I%), systemic vascular resistance (21%), mean pul- 
monary arterial pressure (23%), and pulmonary vascular 
resistance (46%) (n = 30, p < 0.05, ANOVA). These 
changes were unrelated to baseline tone of the circulation, 
cardiac output, mean left atrial pressure, or physiologically 
important changes in arterial blood gas tensions. In addi- 
tion, chloralose-treated lambs had increased heart rate, 
systemic vascular resistance, and pulmonary vascular re- 
sistance compared to controls during alveolar hypoxia (13- 
15% FiOz). Importantly, chloralose-treated lambs did not 
increase their cardiac output during alveolar hypoxia a s  
did control lambs. During hypoxia, systemic vascular re- 
sistance remained elevated in chloralose-treated lambs, but 
declined in control lambs. Chloralose has been recom- 
mended a s  an ideal anesthetic agent for cardiovascular 
experimentation. Our data suggest that chloralose-induced 
alterations in basal hemodynamics and in cardiovascular 
responses to alveolar hypoxia represent an uncontrolled 
variable in acute experimental studies. Complex cardiovas- 
cular alterations caused by anesthesia should be considered 
in experimental design. (Pediatr Res 25389-395, 1989) 
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PVR, pulmonary vascular resistance 
SVR, systemic vascular resistance 
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a-chloralose, an anesthetic agent used exclusively in animal 
research, has been considered an ideal anesthetic for cardiovas- 
cular research because it appears to lack adverse cardiovascular 
effects ( 1 ,  2). As such, chloralose is frequently used in acute 
cardiovascular experimentation without a control for its potential 
effects. 

Chloralose (C8Hl lC1106) is the main product of the conden- 
sation of glucose with anhydrous chloral in the presence of 
sulfuric acid (3, 4). The metabolic products of chloralose are 
chloral and chloraldehyde; the latter is primarily metabolized to 
the hypnotic agent trichloroethanol. Chloralose is often used for 
anesthesia in combination with solvents, such as borate or poly- 
ethylene glycol, that may be uncontrolled and unreported. Chlor- 
alose anesthesia is often supplemented with other agents, such as 
morphine or urethane. 

Evidence (5-7) suggests that some anesthetic agents have a 
greater effect on hemodynamics and cardiovascular responses 
than has been previously appreciated. Chronically instrumented 
animal models (6-1 1) allow the opportunity for physiologic 
studies to be performed without anesthesia and permit the effects 
of an anesthetic agent to be compared with a conscious control, 
using a paired experimental design. 

No studies have focused on the cardiovascular effects of chlor- 
alose in animals chronically instrumented for measurements of 
cardiac output and vascular pressures in both the systemic and 
pulmonary circulations. This study was designed to measure the 
effects of chloralose on basal hemodynamics and on the cardio- 
vascular response to alveolar hypoxia during spontaneous ven- 
tilation. In the following experiments, each chronically instru- 
mented lamb acts as its own control to test the null hypotheses 
that: I )  chloralose does not alter basal systemic and pulmonary 
hemodynamics, and 2) chloralose does not alter the cardiovas- 
cular response to alveolar hypoxia. 

MATERIALS AND METHODS 

Instrumentation. Newborn lambs underwent chronic instru- 
mentation as previously described (8, 9) while anesthetized with 
halothane delivered by a small-animal ventilator. Fluid-filled 
vascular catheters (Tygon Micro-Bore plastic tubing, Norton 
Performance Plastics, Akron, OH) with an external plastic collar 
were advanced to the descending aorta and inferior vena cava 
through the dorsalis pedis artery and superficial veins exposed 
by an incision in the lower hindlimb. 

A left-sided thoracotomy and pericardiotomy were performed 
to ligate the ductus arteriosus, to place a precalibrated electro- 
magnetic flow transducer (Howell Instruments, Camarilla, CA) 
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around the main pulmonary artery, and to place vascular cath- 
eters by direct puncture into the main pulmonary artery distal 
to the flow transducer and into the left atrium. The transducer 
cable and catheters were exteriorized to a canvas pouch on the 
lamb's flank, and the chest wall was closed in layers. During the 
procedure, care was taken to avoid injury to the long thoracic, 
vagus, and phrenic nerves and to avoid external compression of 
the left anterior descending coronary artery by the flow trans- 
ducer when exteriorizing the cable. 

After recovery from anesthesia, lambs were returned to their 
ewes to recover. Postoperative analgesia was not used, because 
experience in our laboratory has shown that the sedative side 
effects impair ewe-to-lamb rebonding and interfere with the 
lamb's ability to walk and to suckle. Vascular catheters were 
cleared and refilled with heparin daily. Satisfactory catheter 
positions and patency were confirmed by postmortem exami- 
nation in each lamb. 

Cardiovascular Measurements and Calculations. Mean sys- 
temic arterial pressure (SAP), mean pulmonary arterial pressure 
(PAP), and mean left atrial pressure (m) were measured with 
Could-Statham P231D transducers. Pulmonary artery blood flow 
was measured with Could-Statham SP2202 flowmeters. All phys- 
iologic measurements were continuously recorded on a Gould 
2800 physiologic recorder. Heart rate was determined from the 
phasic pulmonary blood flow trace. Vascular pressure trans- 
ducers and amplifiers were calibrated before each study with a 
mercury manometer (Baum, Inc., Copiague, NY); flow trans- 
ducers were precalibrated before each implantation using saline 
under gravity flow to a sensitivity which gave a linear reading at 
the flow values observed. Zero reference for the flow transducer 
was taken as the end-diastolic flow value in the main pulmonary 
artery (10) and for vascular pressures was taken at estimated left 
atrial height. Zero references were checked before each point of 
data collection. Respiratory rate, arterial blood gas tensions and 
pH were measured at the points defined in the protocol. A 
Corning 165 blood gas analyzer (Ciba Corning Diagnostics, 
Medfield, MA) was used at 37°C to measure arterial blood gas 
tensions and pH which were then mathematically corrected for 
the lamb's measured rectal temperature (Yellow Springs therm- 
istor probe, Yellow Springs Instruments, OH). 

Cardiac output (CO) was calculated as mL/min of pulmonary 
blood flowlkg of body wt. PVR and SVR were calculated using 
the formulas: PVR = (PAP-LAP)/CO and SVR = SAP/CO. As 
an index of relative changes in the resistance of the two circula- 
tions, we calculated the ratio of pulmonary to systemic vascular 
resistance (PVRISVR). 

Drug Preparation. 0-chloralose (Calbiochem-Behring Corp., 
La Jolla, CA) was prepared with sodium chloride and distilled 
water to give a fixed concentration of 7.5 mg/mL as previously 
described (9). No other solvent or vehicle was used, and anes- 
thesia was not supplemented with another drug. For control 
studies, the vehicle was prepared with the same amount of 
sodium chloride and distilled water, resulting in 64% of normal 
saline. 

Health Criteria. All animals had recovered from surgery for at 
least 2 d and were considered healthy. To be eligible for study, 
each animal was required to meet specific health criteria (9). 

Study Protocols. Lambs were studied while initially awake, 
spontaneously breathing room air, resting quietly upright in a 
sling, and with all instrumentation appropriately attached. Each 
lamb had paired control and anesthetic studies performed from 
1-5 d apart. 

Basal Izemodynamics protocol. Thirty paired studies were per- 
formed in 24 mixed breed lambs of either sex (10 female, 14 
male). Baseline values for each hemodynamic variable were the 
mean of four measurements taken at 5-min intervals in the 
awake lamb. Animals then received either chloralose (30 mg/kg, 
or 4 mL/kg intravenously) or an equal vol of saline vehicle at 
7.6 mL/min, infused over approximately 3 min through an 
intravenous filter (Millipore Corp., Bedford, MA) by an electron- 

ically timed infusion pump (Harvard Apparatus Co., Dover, 
MA). Hemodynamic data were then collected every 5 min. 
Arterial blood gas tensions, pH, and respiratory rate were meas- 
ured at baseline and at 15 and 30 min after both chloralose and 
control vehicle infusion. 

We observed 20 lamb pairs for 30 min and an additional 10 
lamb pairs for 15 min. Treatment order was alternated so that 
15 study pairs received control vehicle first and 15 received 
chloralose first. Studies were performed 2 to 29 d (mean, 8 d) 
after the thoracotomy and at postnatal ages of 4 to 32 d (mean, 
I1 d). Lambs weighed 2.4 to 9.7 kg (mean, 5.2 kg). 

Each lamb then went on to a follow-up protocol to evaluate 
the influence of chloralose on various cardiovascular reflexes 
such as the effect of chloralose on the response to a-adrenergic 
agents as previously reported (9) or on the pulmonary vascular 
response to alveolar hypoxia as reported here. A single dose of 
30 mg/kg was chosen so that: 1) animals would have a similar 
exposure to a commonly used dose of chloralose (as is usually 
done for acute experiments), 2) mechanical ventilation would 
not be necessary, and 3) the lambs would awaken by the end of 
the d. Thus, no attempt was made to determine a dose-response 
curve nor to achieve a specific depth of anesthesia. 

Response to alveolar hypoxia protocol. Six lambs of either sex 
(four female, two male) were studied once each in paired exper- 
iments. After baseline measurements (base I), the animals then 
received either chloralose or vehicle as previously described. At 
30 min later, hemodynamic variables were remeasured (base 2). 

Alveolar hypoxia was induced by allowing the lambs to breathe 
blended gases (Simet blender, Veriflow Corp., Richmond, CA) 
from a large plastic hood secured with a nonconstricting tie 
around the lamb's neck. The gas mixture consisted of nitrogen 
(flow rate 9 L/min) and oxygen (1.5 to 2 L/min), adjusted to 
obtain a stable Fi02, and was continuously measured with an 
inline Ventronics Oxygen Sensor with Micro-Fuel Cell (Teme- 
cula, CA) interfaced with a Pneumogard monitor (Novametrix 
Medical System, Inc., Wallingford, CT). Each lamb received a 
stable Fi02 between 13- 15%; although the group ranged in FiOz 
values, individual lambs received the same FiOz during both the 
anesthesia and control experiments. 

During alveolar hypoxia, hemodynamic measurements were 
made every 5 min for 20 min. Arterial blood gas tensions, pH, 

Table 1. Arterial blood gas tensions, pH, and respiratory rate 
bejore and a jer  chloralose or control vehicle in spontaneously 

breathing lambs* 

Timei 

Variable Baseline 15 min 30 min n valuei 

n pairs 
Pao, (mm Hg) 

Control 
Chloralose 

P~co, (mm Hg) 
Control 
Chloralose 

pH 
Control 
Chloralose 

Respiratory rate 
(breaths/ 
min) 

Control 
Chloralose 

* Data are mean + SEM. 
t Baseline refers to initial unaltered baseline, and 15 and 30 min refer 

to time elapsed after chloralose or control vehicle. 
$ Refers to treatment-time interaction (ANOVA); that is, p < 0.05 

indicates that chloralose and control group values diverged with time. 
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and respiratory rate were measured in both groups at base 1, 
base 2, and at 10 and 20 min after onset o f  hypoxia. Three lambs 
received chloralose first and three received control vehicle first. 
Studies were performed 2 to 12 d (mean, 7 d)  after the thoracot- 
omy and at postnatal ages o f  4 to 22 d (mean, 7 d). Lambs 
weighed 4.2 to 7.8 kg (mean, 5.8 kg). Different lambs were 
studied in this protocol than were studied in the basal protocol. 

Animal procedures were approved by the All University Com- 
mittee on the Care and Use o f  Laboratory Animals. 

Statistics. Basal hemodynamics. A multivariate ANOVA for 
repeated measures (Statistical Analysis System, SAS Institute, 
Cary, NC) was used to test each cardiopulmonary measurement. 
This ANOVA evaluated three factors: treatment (chloralose ver- 

-. . - 90 
In SYSTEMIC ARTERIAL PRESSURE P = 0 . 0  1 
I 

In PULMONARY ARTERIAL PRESSURE p = 0.00 2 
I 

- 
m 
I 

LEFT ATRIAL PRESSURE 

sus control), time (sequential related data over time), and order 
(chloralose first versus control first) as well as interactions be- 
tween these factors. A treatment-time interaction ( p  < 0.05) was 
reported as a significant difference between treatments as both 
groups began the study with equivalent base 1 values by paired 
Student's t test. 

Response to alveolar hypoxia. Similar multivariate ANOVA 
for repeated measures were designed to evaiuate independently 
whether a treatment effect existed either before or after alveolar 
hypoxia. Thus, the first ANOVA for a cardiopulmonary variable 
included the data o f  base 1 and base 2 for both chloralose and 
control groups; when a treatment-time interaction ( p  < 0.05) for 
a cardiopulmonary variable was detected, single point compari- 

190 
CARDIAC OUTPUT 

'"''1 SYSTEMIC VASCULAR RESISTANCE P = 0.00061 

.25 
PULMONARY VASCULAR RESISTANCE 

B 5 10 15 20 25 30 

MINUTES 

.-., 
B 5 10 15 20 25 30 

MINUTES 

Fig. 1. Hemodynamics after chloralose (30 mg/kg intravenously, a) or  control saline vehicle (A) in spontaneously breathing lambs. All 
hcrnodynamic values of initial conscious baseline (B) did not differ. Data are mean k SEM. Statistically significant differences (ANOVA, p < 0.05) 
bctwccn trcatmcnts across time are noted by the appropriate p value in the panels; n = 30 paired studies in 24 lambs for 15 min and 20 paired 
studies for 30 min. 
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sons at base 1 and base 2 with the paired Student's t test were 
performed to detect whether a difference was induced by anes- 
thetic treatment. Cardiopulmonary variables at base 1 were 
similar between treatment groups. 

The second ANOVA included the data for each 5-min obser- 
vation during alveolar hypoxia for both treatments. Chloralose 
verslls control data were reported as significantly different when 
the ANOVA detected either a treatment effect ( p  < 0.05) or a 
time-treatment interaction ( p  < 0.05). Significant interactions 
were followed by single point comparisons with the paired Stu- 
dent's t test protected by the Bonferroni correction. 

Data were depicted as the mean and the SEM. 

RESULTS 

General Observations. Each lamb was unarousable by 5 to 15 
rnin after chloralose injection. Anesthesia-induced excitability 
was absent, and auditory sensitivity was minimal. No lamb had 
apnea. The myoclonus which has been described with chloralose 
anesthesia was observed in many lambs; however, the myoclonus 
was usually mild, did not interfere with hemodynamic measure- 
ments, and was apparent only after chloralose-induced altera- 
tions in hemodynamics occurred. All lambs remained quiet 
without agitation at the range of FiOz used for hypoxia studies. 
Chloralose-anesthetized lambs recovered to a wakeful state in 4 
to 6 h. 

Basal Hemodynamics. Arterial blood gas tensions/respiratorj 
rate. Arterial oxygen tension decreased in the chloralose group 
compared to control by 30 rnin (75 + 3 versus 87 + 2 mm Hg, 
11 = 0.02) (Table 1). No difference in arterial carbon dioxide 
tension was observed between groups or across time. Arterial pH 
decreased in the chloralose group by 30 min (7.33 + 0.01 versus 
7.37 + 0.01, p = 0.04) (Table 1). Respiratory rate slowed in the 
chloralose group compared to control by 30 min (5 1 + 3 versus 
65 + 5, p = 0.01) (Table 1). Changes in hemodynamic variables 
were detected before differences in arterial blood gas tensions 
developed. 

Heart rate and cardiac function. Chloralose increased heart 
rate by 23% at 30 min compared to control ( p  = 0.0001) (Fig. 
1). Cardiac output and mean left atrial pressure did not change 
and did not differ between treatments (Fig. 1). 

Svsteinic circulation. Mean systemic arterial pressure increased 
by 1 1 % in the cl~loralose group at 30 min compared to control 
( p  = 0.01) (Fig. 1). At 30 min, the chloralose group had a 21% 
increase in systemic vascular resistance ( p  = 0.0006) (Fig. I). 

Pu1monar.v circulation. Mean pulmonary arterial pressure in- 
creased by 23% in the chloralose group at 30 min compared to 
control ( p  = 0.002) (Fig. 1). Pulmonary vascular resistance 
increased by 46% in the chloralose group at 30 min ( p  = 0.000 1) 
(Fig. 1) .  

PVR/SVR ratio. No difference between groups or across time 
was detected in the ratio PVR/SVR (Fig. 1). 

Response to ulveolar hypoxia. Arterial blood gas tensions/ 
respirator-v rate. No difference in arterial oxygen tension, carbon 
dioxide tension, or pH was detected at either base 1 or base 2 
(Table 2). After alveolar hypoxia, arterial oxygen tension was 
lower in the chloralose group by 4 to 5 mm Hg at 10 and 20 
min ( p  = 0.04) when comapred to control (Table 2). After 
alveolar hypoxia, no difference between groups in arterial carbon 
dioxide tension or DH was detected. Res~iratorv rate was slower 
in the chloralose group at both base 2 ^ ( p  = 0.002) and after 
hypoxia (11 = 0.003) when compared to control. Once again, 
changes in hemodynamic variables consistently were detected 
before differences in arterial oxygen tension developed between 
treatments. 

Ilccrrf rafr and cardiac ,firnrfion. Chloralose increased heart 
rate 34% at base 2 (p  = 0.0001) (Fig. 2). As expected, alveolar 
hypoxia further increased heart rate in both treatment groups, 
but the chloralose group continued to have a higher heart rate 
after hypoxia compared to control (19% at 20 min, p = 0.01). 

Table 2. Arterial blood gas tensions, pH, and respiratory rate 
before and clfter alveolar hypoxia in chloralose- or control 

vehicle-treated saontaneouslv breathing lambs* 

Time 

Variable Base I Base 2 10 min 20 min 

Pao, (mm Hg) 
Control 
Chloralose 

Pace, (mm Hg) 
Control 
Chloralose 

pH 
Control 
Chloralose 

Respiratory rate 
(breaths/ 
min) 

Control 
Chloralose 

* Data are mean f SEM, n = 6 paired studies. Base 1 refers to initial 
unaltered baseline, base 2 refers to prchypoxia baseline after either 
chloralose or control vehicle, and 10 and 20 min refer to posthypoxia 
data. 

1-p < 0.05 vs. control, ANOVA. 
S p  < 0.005 v.5. control, ANOVA. 

Significant differences also existed between chloralose and con- 
trol groups in cardiac output (Fig. 2). At base 2, the chloralose 
group had a 25% lower cardiac output ( p  = 0.01). During 
alveolar hypoxia, the control group demonstrated the expected 
rise in cardiac output, but the chloralose group did not, aug- 
menting the difference between treatments (37% at 20 min, p = 
0.006). Mean left atrial pressure did not change throughout the 
study and did not differ between treatments (Fig. 2). 

Systemic circulation. Despite the cardiac output differences, 
mean systemic arterial pressure did not change throughout the 
study and did not differ between treatments (Fig. 2). Thus, 
systemic vascular resistance was 41% higher in the chloralose 
group at base 2 compared to control ( p  = 0.03) (Fig. 2). After 
hypoxia, systemic vascular resistance declined in the control 
group, but remained elevated in the chloralose group, leading to 
significant differences between treatments. Follow-up testing 
demonstrated that the chloralose group had an increase in sys- 
temic vascular resistance over control at both 15 ( p  = 0.0 I) and 
20 rnin (75% higher, p = 0.008). 

Pz~lmonary circulation. No difference between groups was 
detected in mean pulmonary arterial pressure at base 1 or base 
2 (Fig. 2). As expected, mean pulmonary arterial pressure in- 
creased in both treatment groups during alveolar hypoxia and 
no difference between groups was detected. At base 2, pulmonary 
vascular resistance was 28% higher in the chloralose group 
compared to control ( p  = 0.02) (Fig. 2). During subsequent 
alveolar hypoxia, pulmonary vascular resistance remained higher 
in the chloralose group (a 26% difference relative to control at 
20 min, p = 0.04). 

PVRISVR ratio. No difference between groups was detected 
in the ratio PVR/SVR throughout the study (Fig. 2). 

DISCUSSION 

Chloralose altered basal hemodynamics by producing an in- 
crease in heart rate, as well as mean systemic and pulmonary 
arterial pressure and vascular resistance compared to the con- 
scious control state. During alveolar hypoxia, chloralose induced 
a higher heart rate, lower cardiac output, and higher systemic 
and pulmonary vascular resistances. 

Although most cardiovascular variables in these studies dif- 
fered only in response magnitude, systemic vascular resistance 



HEMODYNAMICS AFTER CHLORALOSE IN LAMBS 

- .- 

320 - HEART RATE 
- Chloralose * 

. . 

81 82 5 10 15 20 

- SYSTEMIC ARTERIAL PRESSURE 
w x 

t 

CARDIAC O U T P U T  

240 260/ 

.85 

3.0 - LEFT ATRIAL PRESSURE PVRISVR 
w 
I 
E 
E 

w 
K 

->.O- , - 

; 3 
V) 

V) W 
K 

z 
d 
I 

.75 

m 
I 
E 35 
E 

- :30: 
2 
V) 
V) 

2 25 -  
n 
z 
,Q 2 0 -  
I 

15 

81 82 5 10 15 20 

MINUTES 

SYSTEMIC VASCULAR RESISTANCE 

- . . J 

81  82  5 10 15 20 

MINUTES 

B1 82  5 10 15 20 81  B2 5 10 15 20 

PULMONARY ARTERIAL PRESSURE 

Fig. 2. Hernodynamics after chloralose (30 mg/kg intravenously, 0)  or control saline vehicle (A) followed by alveolar hypoxia (13-15% Fi02)  in 
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during alveolar hypoxia differed in direction of response between 
the treatment groups. During hypoxia, systemic vascular resist- 
ance decreased in the control group and increased in the chlor- 
alose-treated group. An altered basal state caused by anesthesia 
may have important implications for interpreting data from 
experiments begun after administration of an anesthetic agent; 
that is, chloralose-induced increases in vascular resistance could 
alter hernodynamic responses to agents that are given subse- 
quently. For example, the tone-dependent response of the pul- 
monary circulation is well established (12, 13). 
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Cardiac output failed to increase in response to alveolar hy- 
poxia in the chloralose-treated group, but rose in the control 
group. Treatment differences in cardiac output must be explained 
by changes in either heart rate, contractility, preload, or afterload 
(14). The increased heart rate in chloralose-treated lambs was 
within the range associated with increased cardiac output and 
contractility in conscious lambs tested by electrical pacing of the 
left atrium (15). The heart rate increase in chloralose-treated 
lambs would be expected to increase cardiac output; therefore, 
heart rate changes alone do not explain the reduced cardiac 
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output. Preload, represented by mean left atrial pressure, did not 
differ between treatment groups. However, the chloralose-treated 
group demonstrated increased afterload, indicated by increased 
systemic vascular resistance, to levels that impair cardiac output 
both in constantly perfused lamb hearts (16) and in conscious 
neonatal lambs (17). Therefore, the failure of cardiac output to 
rise in response to alveolar hypoxia in chloralose-treated lambs 
must be explained by relationships between hypoxia, increased 
afterload, and/or reduced contractility. Because our animal 
model included no direct measure of cardiac contractility, this 
variable cannot be excluded as a factor; however, mean left atrial 
pressure did not increase in the chloralose-treated group, as 
would be expected if a pronounced degree of reduced contractil- 
ity occurred. Determination of the specific contribution of each 
variable to the observed effect requires additional study, focused 
on this question. 

Data from previous studies of the cardiovascular effects of 
chloralose, given without supplemental solvents, on basal hemo- 
dynamics have conflicted. Although an increased resting heart 
rate has been reported with chloralose anesthesia by some inves- 
tigators (1 8-23), others have reported no change (7, 1 I ,  24-26); 
Armstrong et al. (27) reported a lower heart rate. Cardiac output 
has been reported to range from an increase with (1 9) or without 
(25, 26) tachycardia, variable changes over time (1 1, 18), a 
decrease (18, 21), and no effect (7). Several studies (18, 22, 24, 
28) agree with our observation of a chloralose-induced elevation 
of systemic arterial pressure; others have reported a depression 
( I  I ,  26, 27) or no effect (7, 19, 21, 25). 

The variable conclusions regarding the influence of chloralose 
on basal hemodynamics are best explained by study design, 
which has varied widely. Study conditions have ranged from 
mechanical (7, 18, 19,2 1-23,28) to spontaneous ventilation (1 1, 
20, 24-27) and from acute (18, 19, 28) to chronic instrumenta- 
tion (7, l l ,  20-27). Moreover, studies have used different doses 
of chloralose, various supplemental solvents or anesthetic agents, 
and different species and ages of animals. 

Only a few studies have used previously instrumented, con- 
scious, spontaneously ventilating control animals. No study has 
investigated the influence of chloralose on the pulmonary circu- 
lation. Previous studies regarding the effects of anesthesia on 
hypoxic pulmonary vasoconstriction have concentrated on eval- 
uating the effects of inhalational anesthetic agents (29-32). The 
influence of intravascular anesthetic agents on hypoxic pulmo- 
nary vasoconstriction has been infrequently studied (32-34). 
With rare exception (35), these studies are complicated by pre- 
medication using other anesthetic or analgesic agents and, there- 
fore, have no conscious control state. 

Chloralose is often used without additional ventilatory support 
because it is believed to preserve respiratory drive (1,  2). Our 
study offers some insight into respiratory control during spon- 
taneous ventilation while under chloralose anesthesia. Respira- 
tory rate slowed in our animals, indicating that respiratory timing 
mechanisms may be altered by the 30-mg/kg dose of chloralose 
we used. Arterial carbon dioxide tension remained unchanged, 
suggesting that normal minute ventilation was maintained by 
hyperpnea under chloralose anesthesia. Follow-up studies to 
determine whether alterations in tidal vol in the chloralose group 
would affect intrathoracic pressure measurements are indicated. 
The reduced arterial oxygen tension in chloralose-treated lambs 
under both basal and posthypoxic conditions suggests that altered 
airway closure may have caused reduced functional residual 
capacity and lower arterial oxygen tension, as has been demon- 
strated with other anesthetics (36-38). Differences in ventilation- 
perfusion matching between treatment groups could also account 
for this finding. Finally, we identified a statistically lower pH in 
chloralose-treated lambs in the basal study only, suggesting that 
a mild metabolic acidosis developed. Only Arfors et al. (20), 
noting a minimal mixed acidosis in dogs, have previously re- 
ported chloralose-induced effects on arterial blood gas tensions 
in spontaneously breathing animals. 

Because changes in arterial blood gas tensions were detected 
only after changes in hemodynamics occurred, the hemodynamic 
effects of chloralose were probably not secondary to anesthesia- 
induced changes in arterial blood gas tensions. Moreover, no 
chloralose-treated lamb demonstrated a hemodynamically im- 
portant metabolic acidosis to indicate that an oxygen debt de- 
veloped in either study. These obesrvations suggest that the 
pulmonary circulatory effects of chloralose are primary, not 
secondary to alterations in arterial blood gas tensions. 

Finally, despite the published opinion that animals cannot 
maintain normal function after chloralose anesthesia (39), the 
lambs returned to their ewes after awakening from this dose of 
chloralose and thrived, both immediately and for several wk. 

Chloralose anesthesia has been recommended as ideal for 
cardiovascular experimentation (1, 2). Under paired conditions, 
without the confounding variables of supplemental solvents, 
anesthetics, or mechanical ventilation, we have demonstrated 
that several hemodynamic alterations occur in postnatal lambs 
after chloralose. Our data suggest that conclusions drawn from 
observations of responses of the pulmonary and systemic circu- 
lations made while animals are chloralose-anesthetized may in- 
accurately predict responses of unanesthetized animals. 
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