
vein, and lithium chloride was administered in a dose 
of 40 mg/kg in the same manner. Hepatic extraction 
ratios of propranolol and lithium chloride were mea- 
sured by obtaining blood samples simultaneously 
from the portal vein and the hepatic veins at various 
intervals after administration. 

The portal venous blood of the rat can be taken 
through a cannula introduced via the pyloric vein 
into the hepatic portal vein (8, 9). Propranolol and 
lithium concentrations in whole blood were deter- 
mined by the spectrophotofluorometric method of 
Shand et al. (10) and by the flame-photometric 
method of Amdisen (ll), respectively. The hepatic 
extraction ratio was calculated from drug concentra- 
tions of the portal venous and hepatic venous blood 
samples taken simultaneously. The drug concentra- 
tions in the portal venous and hepatic venous blood 
and the mean hepatic extraction ratios are shown in 
Table I. 

Propranolol concentrations in the mixed hepatic 
venous blood were always much lower than those in 
the portal venous blood, while lithium concentrations 
in the two venous blood samples were almost equal. 
Hepatic extraction of propranolol was essentially 
complete in the dose of 5 mg/kg, and it was more 
than 85% even in the dose of 12.5 mg/kg. On the 
other hand, lithium was essentially not extracted in 
the dose of 40 mg/kg. 

A method for sampling hepatic venous blood may 
also be used for measurement of hepatic blood flow. 
In humans and in dogs, blood samples from a hepatic 
vein may be easily taken under direct fluoroscopic vi- 
sualization by catheterization of a hepatic vein via 
the median basilic vein and the superficial jugular 
vein, respectively. However, in the rat, several techni- 
cal problems arise on account of the small size of the 
vessels and liver. A major problem is to place a can- 
nula in such a manner as to avoid trauma to the liver 
and to prevent contamination by the blood of the in- 
ferior vena cava. 

For sampling hepatic venous blood, Dhumeaux 
and Berthelot (12) applied a catheter to one of the 
small hepatic veins through an incision made in the 
central lobe of the liver. The main disadvantage of 
the hepatic vein catheterization as well as this trans- 
hepatic vein catheterization is that one does not sam- 
ple the mixed blood draining from all of the hepatic 
veins, since the hepatic veins empty themselves sepa- 
rately into the inferior vena cava. Drug concentra- 
tions in blood samples obtained by these methods are 
not always representative of the level in the entire 
hepatic venous outflow (13). Therefore, data ob- 
tained from such localized samplings may not be sat- 
isfactory for estimation of true hepatic extraction of a 
drug by the whole liver. 

The technique of the double cannulation of the in- 
ferior vena cava presented here overcomes the disad- 
vantage inherent in the previous methods, since the 
mixed hepatic venous blood, instead of blood from 
only one hepatic vein, can be obtained. This im- 
proved method for sampling the mixed hepatic ve- 
nous blood is simple and practical. When applied in 
the rat, this method has proved useful for the deter- 

mination of the drug hepatic extraction ratio in the 
study of in uivo drug metabolism as well as for mea- 
surement of hepatic blood flow in the rat. Details of 
these studies will be reported. 

(1) D. G. Shand, G. H. Evans, and A. S. Nies, Life Sci., 10. 
Part 1,1417(1971). 

(2) S. E. Bradley, F. J. Ingelfinger. G.  P. Bradley, and J. J. 
Curry, J.  Clin. Invest., 24,890(1945). 

(3) B. Fisher, C. Russ, R. G.  Selker, and E. J. Fedor, AMA 
Arch. Surg., 72,600(1956). 

(4) S. Chauvaud, D. Grange, D. Franco, and H. Bismuth, Eur. 
Surg. Res., 5,458(1973). 

(5 )  L. A. Sapirstein, E. H. Sapirstein, and A. Bredemeyer, Circ. 
Res., 8,135(1960). 

(6) S .  H. SteLer and G. C. E. Mueller, ibid., 9,99(1961). 
(7) T. Suzuki, S. Isozaki, R. Ishida, Y. Saitoh, and F. Naka- 

(8) T. Suzuki, Y. Saitoh, S. Isozaki, and R. Ishida, J.  Pharm. 

(9) T. Suzuki, Y. Saitoh, S. Isozaki, and R. Ishida, Chem. 

(10) D. G. Shand, E. M. Nuckolls, and J. A. Oates, Clin. Phar- 

(11) A. Amdisen, Scand. Clin. Lab. Znuest., 20.104(1967). 
(12) D. Dhumeaux and P. Berthelot, Biol. Gastroenterol., 6. 

(13) L. A. Sapirstein and E. J. Reininger, Circ. Res., 4, 

gawa, Chem. Pharm. Bull., 22,1639(1974). 

Sci., 62,345(1973). 

Pharm. Bull., 20,2731(1972). 

m a d .  Ther., 11.112(1970). 

49(1973). 

493( 1956). 
Tokuji Suzuki ' 
Toshiaki Ohkuma 
Tadaaki Rikihisa 
Faculty of Pharmaceutical Sciences 
University of Chiba 
Yayoi-cho, Chiba, Japan 
Sadao Isozaki 
Research Laboratory 
Department of Pharmaceutical Services 
University of Tokyo Hospital 
Hongo, Bunkyo-ku, Tokyo, Japan 

Received January 27,1975. 
Accepted for publication February 8,1975. 
We thank Dr. Shigeyuki Takeyama for his help in the prepara- 

1 To whom inquiries should be directed. 
tion of this manuscript. 

Concentration Dependence of Ethanol 
Effect on Intestinal Absorption of 
Theophylline in Rats 

Keyphrases Ethanol-effect on intestinal absorption of theo- 
phylline, concentration dependence, rats, 0 Theophylline-intes- 
tinal absorption, concentration dependence of ethanol, rats Ab- 
sorption, intestinal-theophylline, concentration dependence of 
ethanol, rats 

To the Editor: 

Koysooko and Levy (1) recently reported that the 
rate of absorption of theophylline from the perfused 
small intestine of anesthetized rats is increased sig- 
nificantly in the presence of a constant 2% concentra- 
tion of ethanol and that there is a positive rank-order 
correlation between theophylline absorption from the 
ligated small intestine of rats and water net flux from 
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'Table I-Effect of a Constant Concentration of Ethanol in the Perfusion Solution on Theophylline Absorption from In Situ 
Perfused Rat Small Intestine 

Theophylline 
Ethanol Water Net  Fluxb, Intestinal Clearance, Number Body 

Concentration, % ml cm-1 hr-1 ml cm-l min-l X l o 3  of Rats Weight, g 

0 0.051 (0.024) 5.25 (0.73)c 6 279 (50)c 
00 0.048 (0.017) 5.27 (0.62) 6 297 (41) 

0.25 f 0.03 0.070 (0.023) 6.66 (0.40)d 6 270 (56) 
1.08 31 0.27 0.133 (0.011); 9.77 (0.70)d 4 252 (54) 
1.88 f 0.14 0.103 (0.014) 9.02 (1.97)d 4 282 (43) 
1.93 i 0.35a 0.116 (0.013) 8 .33  (1.09)d 6 296 (29) 

~ ~~ ~ ~ ~~ 

a Data from Ref. 1 . 6  Slone of a d o t  of cumulative water net flux uersus time during the first 60 min. C All results are expressed as means (standard deviation). 
Statistically significant di'fferen& from control value ( p  < 0.02). 

the intestine at  initial ethanol concentrations of 0, 5, 
10, and 20%. A subsequent study determined the con- 
centration profile for the effect of ethanol on water 
flux and showed that ethanol concentrations as low 
as 0.05% can increase water net flux from the intes- 
tine (2). These findings suggested that even very low 
concentrations (<1%) of ethanol might increase theo- 
phylline absorption. 

To investigate this possibility, we determined the 
effects of 0, 0.25, 1, and 2% ethanol on theophylline 
absorption from the in situ perfused small intestine 
of anesthetized rats, using the methodology de- 
scribed previously (1). The results of these investiga- 
tions (Table I) show that ethanol in 1% and even in 
0.25% concentrations significantly increases the ab- 
sorption rate of theophylline from the rat small intes- 
tine. Results obtained previously with 0 and 2% etha- 
nol (Table I) are in agreement with the results ob- 
tained in this study. 

There is a perfect rank-order correlation between 
theophylline intestinal clearance and water net flux 

for the four sets of experiments in the present inves- 
tigation. The results of studies concerning the effect 
of ethanol on the absorption of other drugs and of 
studies concerning the mechanism of the absorption- 
enhancing effect of ethanol and other alcohols will be 
described in subsequent reports. 

(1) R. Koysooko and G. Levy, J. Pharm. Sci., 63,829(1974). 
(2) J. B. Houston and G. Levy, ibid., in press. 

Donald J.  Harrigan 
Gerhard Levy 
Department of Phafmaceutics 
School of Pharmacy 
State University of New York at 

Buffalo, NY 14214 
Buffalo 

Received December 30, 1974. 
Accepted for publication February 24,1975. 
Supported in part by Grant GM 20852 from the National Insti- 

tute of General Medical Sciences, National Institutes of Health, 
Bethesda, MD 20014 

To whom inquiries should be directed. 

898 /Journal of Pharmaceutical Sciences 


