
Effect of Ethanol on Sulf obromophthalein and Indocyanine Green 
Metabolism in Isolated Perfused Rat Liver (.%295) 

B. KOTELANSKI,~ R. J. GROSZMANN,~ J. KENDLER, AND H. J. ZIMMERMAN~ 
Medical Service, Veterans Administration Hospital and Department of Medicine, 

Boston University School of Medicine, Boston, Massachusetts 02130 

Cholestatic jaundice is observed occasion- 
ally in alcoholic patients, with varying de- 
grees of liver disease, particuIarly fatty meta- 
morphosis. In  some of these patients, the 
cause of the jaundice appears to be steatone- 
crosis ("acute alcoholic hepatitis") ( 1 ) . Oth- 
ers may have obstructive jaundice due to 
pancreatitis ( 2 ) .  Some alcoholics with fatty 
metamorphosis and jaundice, however, ap- 
pear to be instances of intrahepatic chole- 
stasis (3).  Since equally marked degrees 
of fatty metamorphosis due to other causes 
(diabetes, obesity) are not associated with 
this form of jaundice, the possibility that alco- 
hol, per se, can have an adverse effect on bile 
secretion warrants consideration. 

Lieberman and Childs (4) demonstrated 
that parenteral administration of ethanol to 
rats leads to impaired excretion of sulfobro- 
mophthalein (BSP) . Since their studies indi- 
cated that Ithe decreased excretion was the 
result of impairment of conjugation of the 
dye rather than of excretion, their data did 
not provide an explanation for a cholestatic 
syndrome. Accordingly, efforts to investigate 
further effects of ethanol on biliary excretion 
were undertaken. The isolated, perfused liver 
was selected as the experimental model, 
since this afforded the opportunity to study, 
directly, the effects of ethanol on excretory 
processes without the complicating factors 
provided by the intact animal. 

The results of these studies indicate that 
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ethanol, in some of the concentrations 
studied, interfered with excretion of BSP and 
of indocyanine green (ICG) and with bile 
flow. 

Materials and Methods. Animals. Female 
Sprague-Dawley rats (300-3 50 g) were used 
as donors of blood and livers. The animals 
were kept under standard environmental and 
dietary conditions and were not fasted prior 
to experimentation. 

Perfusion medium. Blood was drawn from 
the ventral aorta into heparinized3 syringes 
and mixed in a solution of Krebs-Ringer-bi- 
carbonate buffer (pH = 7.4) to form a 17% 
suspension (v/v) with an hematocrit of 12 "/o. 
A constant volume of 65 ml was maintained 
in the system throughout the experiment. 

Preparation. The perfusion method of Pen- 
hos et al. ( 5 )  was used with slight modifica- 
tion. Cannulations of the common duct with 
PE 10 tube and the portal vein with PE 205 
(Intramedic, Clay-Adams) were performed 
under pentobarbital anesthesia (5 mg/kg of 
body wt). This was followed by hepatectomy, 
and the isolated liver was then transferred 
to a perfusion chamber (Metaloglass, Bos- 
ton). The entire procedure, from initial can- 
nulation until transfer to the chamber re- 
quired 4-6 min. To avoid transient anoxia 
during excision of the liver, oxygenated he- 
parinized buffer was passed through the por- 
tal cannula before transfer of the liver to the 
chamber. 

Perfusion. The chamber was thermostati- 
cally maintained, at  38 I_; 0.5" during the 
experiment. Blood flow, measured through a 
calibrated bypass was 45-50 ml/min. Care 
was taken to keep the hydrostatic pressure of 

3 Heparin sodium; Upjohn. 
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the portal vein at 17 cm of water. Oxygena- 
tion was ensured by a constant flow of air 
mixture (02: C02/95: 5%) .  

Ethanol (absolute, USP) was added to the 
perfusion medium in amounts sufficient to 
provide concentrations of 5, 15, 25, 125, and 
250 mmoles/liter. In  each experiment, the 
liver was perfused for 30 min of equilibration 
before the addition of BSP4 or ICG4 to the 
system. The same interval of time was used 
for equilibration in control experiments, in 
which no ethanol was added to the perfusion 
medium. 

The BSP was administered in a concentra- 
tion of 0.15 mg/ml of perfusion medium and 
ICG in a concentration of 0.015 mg/ml. The 
concentration of BSP utilized is similar to 
that used in some of the perfusion studies of 
Plaa and Hine (6).  The concentration of 
ICG was 10-fold lower, because higher con- 
centrations had a tendency to precipitate in 
the system. Blood samples (0.3 ml) were 
drawn every minute for the first 10 min fol- 
lowing the addition of the dye, then at  5-min 
intervals for 45 min. Bile was collected con- 
tinuously into 20-p pipettes, and the periods 
of collection were carefully timed. A total of 
35 perfusions were performed. The number at  
each concentration of ethanol is listed in 
Fig. 1. 

AnalyticaZ. The BSP concentration in 
blood plasma and bile was determined by a 
colorimetric method, read at  575  nm on a 
Coleman Junior colorimeter. Since plasma 
was usually discolored by slight hemolysis, 
readings were taken after adequate dilution 
with normal saline (50 pl: 10 ml) . Each Sam- 
ple, prior to alkalinization, served as its 
“blank.” Solutions were made alkaline by ad- 
dition of 0.2 ml of 3 N NaOH to the 10-ml 
sample. For bile samples, dilutions were 2.5 
times higher. The ICG content was assayed 

m M / L  ETHANOL 

FIG. 1. Total BSP excreted in bile during 45 min 
of perfusion; Numbers of experiments for each con- 
centration of ethanol is shown in parentheses; vertical 
lines represent standard deviations. Ethanol con- 
centrations of 25, 125, and 250 mM were significantly 
different from controls and also from 15 mM concen- 
tration (p<O.005-0.01). 

by direct reading of dilulted plasma in a 
Beckman DU spectrophotometer at 805 nm. 
Construction of a “standard” curve for ICG 
measurement was done by adding known 
amounts of dye to diluted (17%) rat plasma. 
Diluted plasma was also used as the “blank” 
in the individual determinations. Standards 
for determination of BSP concentration in 
bile were prepared separately using bile col- 
lected from donor rats. Analysis of variance 
was carried out according to Snedecor ( 7 ) .  

Results. Eflect of d h a n o l  on BSP excre- 
tion: The effects of perfusion of the liver, 
with a medium containing ethanol, on the 
excretion of BSP is shown in Fig. 1. Concen- 
trations of ethanol, ranging from 25 to 250 
mM led to a significant and dose-related de- 
crease in the rate of excretion of dye. Figure 
2 indicates that the interference with excre- 

FIG. 2. Mean rate of BSP disappearance from perfusion medium (A) and BSP appearance in bile 
( B ) .  (A) Ethanol concentration of 5 mM resulted in a statistically significant difference from con- 
trols (*), P<O.Ol; 250 mM of ethanol led to no significant change in the rate of BSP dis- 
appearance. ( B )  Ethanol concentration of 5 and 250 m M  showed a significant difference from 
controls (p<O.Ol-O.OS). 

4 Sulfobromophthalein and Cardiogreen, Hynson, 
Wescott & Dunning, Inc., Baltimore, Maryland. 
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FIG. 3. Mean rate of ICG disappearance from perfusion medium ( A )  and ICG appearance in bile 

(B) ; each point of the curves represent the mean of 4 experiments. 
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FIG. 4. Effect of ethanol on the rate of bile excretion and on the biliary excretion of BSP. 

tion continued during the entire period of 
ethanol perf usion. 

The concentration of 15 mM yielded Val-  
ues lower than those of the control, but the 
differences were not statistically significant. 
The lowest concentrations ( 5  mM) indeed 
appeared to increase the rate of excretion of 
the dye (Fig. 1 ) .  

Measurement of the rate of disappearance 
of BSP from the perfusion medium showed 
no impairment of dye removal by the liver a t  
the concentrations of ethanol that had been 
found to interfere with excretion of BSP. At  
the concentration of ethanol of 5 mM there 
was a significant increase in the rate of BSP 
removal from the perfusate, similar to the 
observed increase in the excretion of BSP in 
the bile (Fig. 2 ) .  

Effects of ethavaol on excretion of ZCG. 
Measurements of the rate of excretion of ICG 
during the perfusion with ethanol, a t  the 
concentration of 250 mM, demonstrated a 
striking reduction in excretion of the dye in 
the bile (Fig. 3) .  This was accompanied by 
no significant decrease in the rate of removal 
of ICG from the perfusate (Fig. 3 ) .  

Efects of ethanol on excretion of bile. 
Ethanol, in concentrations of 15 mM otr more 

led to a significant and dose-related decrease 
in the rate of bile flow. I n  all of these experi- 
ments BSP was also infused and its excretion 
measured. The decrease in rate of bile flow 
paralleled closely the decrease in rate of BSP 
excretion in the same experiments (Fig. 4).  
In order to test the effect of ethanol alone, 
250 mM concentration was infused without 
BSP. This concentration of ethanol induced a 
significant reduction ( p  < 0.01) in the rate 
of bile excretion equivalent to the effect of a 
lower (25  mM) concentration of ethanol 
when BSP was also infused. 

Discussion. The results of these studies 
utilizing an in vitro model, are similar in part 
to those of Lieberman and Childs (4). 
These authors utilizing an in vivo model, 
observed that ethanol administration im- 
paired excretion of BSP without interference 
with hepatic removal of the dye from the 
perfusing “blood.” The studies of Lieberman 
and Childs (4), however, led them to con- 
clude that the chief effect of ethanol was to 
inhibit the hepatic conjugation of thle dye, a 
known requirement for its excretion (8). 

Results of the present study in an in vitro 
model, however, appeared to demonstrate a 
different or additional mechanism. Ethanol, 



720 ETHANOL AND SBP AND ICG METABOLISM 

in Concentrations ranging from 25 to 250 m2M 
interfered with the excretion of BSP, ICG, 
and bile. The interference with the excretion 
of ICG, in contrast to that of BSP could not 
be attributed to impairment of conjugation 
( 9 ) ,  since ICG is not conjugated prior to ex- 
cretion. Furthermore, the most important 
physicochemical determinant of bile flow 
appears to be the concentration of bile salts 
in the canalicular fluid ( lo) ,  a phenomenon 
not directly relatable to the conjugating ca- 
pacity of the liver; since Stone (11) has 
shown that interference with excretion of 
BSP, by administering an agent that reduces 
BSP conjugation and excretion (probenecid) , 
does not appear to decrease bile flow. 

The difference betwen the results of the 
present study and those of Lieberman and 
Childs (4) may relate to differences in metab- 
olism of ethanol in the perfused liver in 
vitro, as compared to the intact, in vivo mod- 
el. Furthermore, the concentration of ethanol 
in blood perfusing the liver in the intact 
animal is not known and can only be esti- 
mated. I t  is possible, that a t  some concentra- 
tions, impairment of conjugation is the chief 
defect, whereas at other concentrations, im- 
paired excretion may be the important one. 

Nevertheless, the results of the present 
study would seem to indicate that ethanol in 
the concentrations studied does interfere with 
excretion of these two foreign dyes. It has 
been proposed ( 1 2 )  that ICG may depend on 
a “slightly” different pathway of excretion 
than does BSP. Accordingly, it is also con- 
ceivable that impairment of BSP excretion 
might depend on interference with conjuga- 
tion, yet the impairment of ICG excretion 
might result from defective transfer across 
the canalicular membrane. That the effect of 
ethanol may indeed be at  the excretory pro- 
cess also is suggested by the decrease in bile 
flow. While BSP and ICG may themselves 
lead to decrease in the rate of bile excretion 
(13,  14), a decrease in bile flow seems ascrib- 
able to the ethanol. With a constant BSP 
load in all experiments, a progressive de- 
crease in rate of bile flow could be correlated 
with the progressive increase in ethanol con- 
cen tration. 

The interference with excretion of a for- 

eign dye may be indirect and related to the 
metabolism of ethanol. The lowering of in- 
tracellular pH (15) or the alteration in the 
concentration of coenzymes (16) that accom- 
pany the oxidation of ethanol, could interfere 
with the energetics of the membrane trans- 
port. Alternatively alcohol might interfere 
with excretion by a direct effect on the canal- 
icular membrane structure and function. 

The enhancement of BSP excretion at low 
concentrations of ethanol remains to be ex- 
plained. Similar biphasic effects of chemical 
compounds are present in other biological 
systems, where in low concentrations a drug 
may have a “favorable” effect and at  some- 
what higher concentrations, have an “unfa- 
vorable” effect. For example, chlorpromazine 
in concentrations of M “protects” cells 
against carbon tetrachloride toxicity, yet con- 
centrations of M citn be shown to have 
a demonstrably adverse effect on cells in vi- 
tro (17). 

The relevance of the in vitro effects of 
ethanol on bile flow and excretion of foreign 
dyes to the in vivo syndromes observed in 
alcoholic patients remains to be demonstrat- 
ed. Nevertheless, a “cholestatic” effect ap- 
pears to have been induced in the perfused 
liver by concentrations of ethanol in a range 
that can be attained in vivo. 

Summary. Perfusion of the rat liver in vi- 
tro with concentrations of ethanol ranging 
from 25 to 250 mM in a medium of diluted 
rat blood was found to interfere with bile 
flow and with excretion of sulfobromophtha- 
lein (BSP) and indocyanine green (ICG). 
This impairment of excretion could not be 
related to interference with removal from the 
blood, since this was found to proceed nor- 
mally during the course of the perfusion. 
Impaired excretion of these foreign dyes also 
could not solely be the results of impaired 
conjugation, since ICG does not require con- 
jugation while BSP does. It was inferred that 
ethanol interferes with transport into the 
bile of its constituents, at  concentrations sim- 
ilar to those that can be attained in vivo. The 
effect of ethanol on bile flow and dye excre- 
tion appears to be biphasic in that a low 
concentration of ethanol (5 mmoles/liter) 
appeared to increase the flow of bile and both 
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excretion and clearance of BSP. 
The authors are grateful to Mrs. A. Harinasuta for 
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