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SHORT COMMUNICATIONS 

The effect of hypoxia and acidosis on propranolol clearance in the isolated 
perfused rat liver preparation 

(Received 15 October 1992; accepted 24 November 1992) 

Abstract-The effect of hypoxia and acidosis on the elimination of an oxidatively metabolized drug, 
S-propranolol, was examined in the single-pass isolated perfused rat liver (IPRL). The experiments 
(N = 6) consisted of four consecutive 30min phases: normal pH (pH7.4)/normal oxygen delivery, 
normal pH/hypoxia, hypercapnic acidosis (pH 7.1)/ normal oxygenation and hypercapnic acidosis/ 
hypoxia. Hypoxia and acidosis were produced by equilibrating the perfusate with appropriate mixtures 
of 02, N2 and CO*. With normal oxygen delivery there was no difference in hepatic clearance of 
propranolol between normal pH and acidosis (9.65 2 0.34 and 9.78 f 0.11 mL/min, respectively. 
P < 0.05). During hypoxia, propranolol clearance was impaired to a similar extent under both pH 
conditions (7.41 2 0.97 and 8.m + (I.81 mL)min, respectively, P > 0.05). Therefore, respiratory acidosis 
does not affect the clearance of propranolol by the IPRL, nor does it influence the sensitivity of 
propranolol clearance to hypoxia. Neither acidosis nor hypoxia resulted in a significant reduction in 
bile flow compared with the normal pH/normal oxygen phase and there was no correlation between 
bile flow and perfusate bicarbonate concentration (P > 0.05). 

Acute hypoxia has been shown to impair the elimination 
of drugs metabolized by hepatic oxidative metabolism 
[l-5]. In clinical practice, acidosis and hypercapnia 
(“respiratory acidosis”) frequently accompany hypoxia and 
the increase in pC0, associated with respiratory acidosis 
is known to induce acidification of the hepatocyte cytosol 
[6]. Relatively little is known about the effect of acidosis 
on hepatic drug metabolism and few studies have examined 
whether the presence of acidosis modifies the effect of 
hypoxia on drug elimination by the liver. 

We have investigated the effect on hepatic oxidative 
drug metabolism of respiratory acidosis and hypoxia, 
separately and together, in the isolated perfused rat liver 
(IPRL). This preparation enables the effect of pH and 
pC02 to be examined directly, without the possibility of 
respiratory and metabolic compensation. .S-Propranolol 
was used as the test substrate as it is predominantly (greater 
than 90%) oxidized by the rat liver [7,8] and is efficiently 
cleared by the isolated liver, re-equilibrating rapidly under 
different experimental conditions [9]. Moreover the marked 
sensitivity of propranolol clearance to hypoxia in this model 
has already been demonstrated [9]. 

Materials and Methods 

Chemicuk and enzymes. S-Propranolol was obtained 
from Imperial Chemical Industries (Melbourne, Australia) 
and labetolol hydrochloride was donated by Glaxo 
(Boronia, Victoria, Australia). Bovine serum albumin was 
obtained from the Commonwealth Serum Laboratories 
(Melbourne, Australia) and sodium taurocholate was 
purchased from Calbiochem (San Diego, CA, U.S.A.). 
Other chemicals were of analytical reagent grade quality. 

Experimental preparation. Livers of male Sprague- 
Dawley rats (weight 14&170 g) were perfused via the portal 
vein in a constant flow (lOmL/min i.e. approximately 
2mL/g liver/min), single-pass design at 37” [4]. The 
perfusate consisted of 20% (v/v) washed human red blood 
cells, 1% bovine serum albumin, 0.1% d-glucose, sodium 
taurocholate (30 pmol/L) and propranolol (2 pg/mL) in a 
Krebs-Henseleit electrolyte solution. Bile was collected 
throughout the experiment into preweighed vials in 30 min 
aliquots. Viability of the liver preparation was determined 
by macrosco 
than 3 pmol P 

ic appearance, oxygen consumption of greater 
min/g liver during normal oxygenation, stable 

perfusion pressure of 4-8cm of H20 and initial bile flow 
of greater than 0.3 mL/hr [4]. Perfusate pOI, pCO*, pH, 
HCO; and per cent saturation were monitored throughout. 

Experimental design. The experiments consisted of four 
consecutive 30 min phases: normal pH (pH 7.4)/normal 
oxygen delivery, normal pH/hypoxia, hypercapnic acidosis 
(pH 7.l)/normal oxygenation and hypercapnic acidosis/ 
hypoxia. The sequence of oxygenation conditions was the 
same in all experiments: normal-hypoxia-normal-hypoxia. 
In two of the experiments normal pH was used in phases 
1 and 2 and acidosis in phases 3 and 4, and in the other 
four experiments acidosis was used in phases 1 and 2 and 
normal pH in phases 3 and 4. A 10min restabilization 
phase was allowed between phases 2 and 3. For normal 
oxygenation/normal pH (pH 7.35-7.45), the perfusate was 
equilibrated with 100% O2 in a Silastic membrane 
oxygenator and for hypoxia/normal pH the per&ate was 
equilibrated with a mixture of 0, and N,. For respiratory 
aidosis/normal oxygen delivej, the- perfusite was 
eauilibrated with 80% 0,: 20% CO, and for hvooxia/ 
adidosis, the gas mixture was changed tb a variable Aturk 
of O2 and 80% N2: 20% C02. Inflow and outflow perfusate 
samples were collected at 0, 15,20,25 and 30 min in each 
of the four 30 min phases for measurement of steady-state 
propranolol concentration and oxygen content. 

Assays. S-Propranolol concentrations in perfusate were 
determined by a specific and sensitive HPLC method [lo]. 

Calcularions and stakstics. The results are expressed as 
the mean and standard deviation (mean 2 SD). Statistical 
comparisons of data were made using the Student’s t-test 
for paired observations, accepting P c 0.05 as significant. 
Correlations between variables were analysed using linear 
regression analysis [StatworksTM (version 1.2), Cricket 
Software Inc., Philadelphia, PA, U:S.A.] perfoimed on a 
Macintosh SE computer (Apple Computer Inc., Cupertino, 
CA, U.S.A.). The difference between the two slopes of 
the regression lines was examined using a t-test [ 111. 

Results and Discussion 

The physiological parameters and propranolol clearance 
data for the liver preparations are shown in Table 1. During 
normal oxygenation, there was no significant difference in 
oxygen consumption between the normal pH and acidosis 
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Table 1. Physiological parameters and propranolol 
clearance under conditions of normal and acid pH 

Normal pH Acidosis P value* 

PH 
Normal Or 7.38 rt 0.06 7.10 f 0.02 <O.OOOl 
Hypoxia 7.38 f 0.04 7.09 -+ 0.03 <O.OOOl 

PC@ (mmHg) 
Normal O2 21.4 f 3.91 47.5 f 2.37 <O.OOOl 
Hypoxia 21.7 2 2.60 48.7 t 3.17 <O.OOOl 

PHC@ (mmHg) 
Normal O2 12.7 f 0.93 14.7 + 0.70 <O.Oool 
Hypoxia 13.1 + 0.79 15.1 2 0.49 <O.OOOl 

Oxygen delivery ( pmol/min/g liver) 
Normal Or 6.76 ” 0.89 6.59 2 0.99 0.15 
Hypoxia 2.46 + 0.90 2.80 * 1.39 0.49 

Bileo80mol(f;L/hr) 
7 0.61 f 0.10 0.55 f 0.12 0.46 
_ Hypoxia 0.45 + 0.12 0.62 f 0.05 0.052 

Propranolol clearance (mL/min) 
Normal O2 9.65 f 0.34 9.78 + 0.11 0.43 
Hypoxia 7.41 * 2.39 8.06 f 1.99 0.65 

Clearance ratio 0.77 + 0.25 0.83 2 0.20 0.67 

* Paired Student’s r-test, N = 6. 

phases (3.69 + 0.07 and 3.49 f 0.88 pmol/min/g liver, 
respectively, P = 0.68). Similarly, there was no significant 
difference in oxygen extraction between these two phases 
(66.5 2 17.3% and 65.9 * 22.8%, respectively, P = 0.76). 

During hypoxia, mean oxygen delivery was similar for 
both the normal pH and acidosis phases (Table 1). Oxygen 
consumption was directly related to oxygen delivery below 
an oxygen delivery of approximately 5 pmol/min/g liver in 
both the normal pH and acidosis phases (r = 0.97, 
P < 0.0001). Oxygen extraction was high and similar under 
both normal pH and acidosis conditions (71.9 + 20.1% and 
81.5 f 11.8%, respectively, P = 0.64). 

Neither acidosis during normal oxygenation nor hypoxia 
during normal pH resulted in a significant reduction in bile 
flow compared with that during the normal oxygenation/ 
normal pH phase (Table 1). There was no correlation 
betweenbile’flow and perfusate bicarbonate concentration 
in any of the experimental phases (P > 0.05 for each 
phase). This is in contrast to two previous studies. Bile 
flow was increased under conditions simulating respiratory 
acidosis in the isolated perfused guinea pig liver [12] and 
in both that study and another in the IPRL (131, bile flow 
was correlated with perfusate bicarbonate concentration. 
This may be due to the stimulation of bile flow by 
taurocholate used in the perfusate of our experiments, but 
not used by the other authors. 

The presence of respiratory acidosis had no effect on the 
clearance of propranolol during normal oxygenation (Table 
1). During hypoxia, propranolol clearance was impaired 
to a similar extent under both pH conditions (normal pH: 
7.41 f 0.97 mL/min; acidosis: 8.06 f 0.81 mL/min; P = 
0.65). Apropranolol clearance ratio was calculated for each 
preparation as the ratio of clearance during hypoxia to 
clearance during normal oxygenation. Thus each liver 
preparation acted as its own control. As it was not possible 
to produce the same oxygen delivery during hypoxia in all 
the experiments, propranolol clearance ratio has been 
plotted against oxygen delivery in Fig. 1. For both the 
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Fig. 1. Relationship between propranolol clearance ratio 
and oxygen delivery for normal pH (Cl) and acidosis (+) 

phases. 

normal pH phase and the acidosis phase there was a linear 
relationship between propranolol clearance ratio and 
oxygen delivery, with correlation coefficients of 0.70 and 
0.86, respectively (Fig. 1). The slopes of the regression 
lines were 0.193 and 0.128 for normal DH and acidosis, 
respectively, and were not significantly different (P > 0.10): 
Thus the presence of acidosis did not influence the 
relationship between propranolol clearance and hypoxia. 

A potential concern in this study is the effect that changes 
in pH may have on protein binding of propranolol, as the 
degree of protein binding of some compounds can be 
an important determinant of hepatic clearance [14]. 
Propranolol is a lipophilic base with a pK, of 9.45 [15]. 
However, although the unbound fraction of propranolol 
has been shown to increase by approximately 30% with a 
pH change from 7.4 to 7.1 [16], in the single-pass IPRL 
the hepatic extraction and clearance of propranolol are 
known to be independent of the unbound fraction over an 
unbound fraction range of 0.1-0.8 [16]. Therefore, any 
effect of pH on propranolol protein binding would not 
have influenced the results in this study. 

The few previous studies which have examined the effects 
of hypoxia and acidosis on drug metabolism have produced 
conflicting results. In rabbits theophylline non-renal 
clearance was decreased by hypercapnia and by hypoxia 
[17]. However, the combination of the two did not show 
an additive effect. In contrast to these findings in rabbits, 
respiratory acidosis has been shown to increase theophylline 
clearance in dogs (18, 19). While these conflicting results 
reflect in part species differences in the hepatic metabolism 
of theophylline [20], they probably also reflect the 
difficulties of standardizing experimental conditions in 
ho. The IPRL model provides an experimental system 
which allows one or other function of the whole liver to 
be studied, in this case propranolol metabolism, under 
controlled and reproducible conditions. However, no 
previous studies have examined drug metabolism and 
acidosis in this model. 

Clinically, the combination of hypercapnia and acidosis 
with hypoxia is commonly seen in patients with respiratory 
insufficiency from a variety of causes. The results of this 
study would suggest that respiratory acidosis per se would 
be unlikely to magnify the already profound effects of 
hypoxia on oxidative drug metabolism by the liver. 

-In conclusion, respiratory acidosis does not affect the 
clearance of propranolol in the IPRL, nor does it modify 
the sensitivity of propranolol clearance to hypoxia. 
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