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Many redox steps arc involved in the metabolism of 

proline. The oxidation of proline is NAD-dependent but. 

in the reduction of glutamate to proline. NADP-dcpendcnt 

dehydrogenases are involved. Since the NAD-dependent 

reactions are more affected by ethanol than the NADP- 

dependent reactions [23], the oxidation of proline is thus 
in all probability inhibited more than its formation i\ pro- 
moted (2-11. 

In summary. a single dose of ethanol caused a signiticant 

hut temporary increase in the concentration of both proline 
and glutamate in the rat liver. maximally + 37 and + I-lY 
per cent. respectively. The concentrations of glutamate and 
prolinc had a linear correlation. When J-methylpyrazole 

was given simultaneously with ethanol there were no 
changes in the concentration\ of proline and glutamntc. 
The administration of methylcne blue corroborated the 

effects of ethanol. 
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Inhibition of hepatic metabolism of azathioprine by furosemide in human liver in 
vitro 

The immunosuppressive drug azathioprine undergoes thio- 
lysis to h-mercaptopurine. a biotransformation important 

for the ultimate action of the drug [ 1, 21. This conversion 
is catalyzed by glutathione (GSH) S-transferase 131 pre- 
dominantly in the liver [-I]. Irr tjlw studies in rats have 
shown inhjhition of hepatic metabolism of azathioprinc h> 

endogenous and exogenous glutathione S-transferasc 
inhibitors. bilirubin and probenecid. respectively [S]. After 
kidney transplantation. azathioprine is often used together 
with the diuretic drug furoscmide. which can inhibit GSF-I 

S-transferase activity in the kidney [h]. Since the liver seems 
to play the dominant role in the glutathione mediated 
metabolism of azathioprine [4]< it was of interest to stud! 
whether furosemide could also inhibit the formation of hi 
mercaptopurine in this tissue. Such an interaction could 
possibly result in a diminished immunosuppressive effect 
of azathioprine. Therefore WC have studied furoscmidc 
inhibition of the formation of h-mercaptopul-ine in the li\cr 
in vitro. WC used human liver from our human liver bank 
[7] since marked species differences in the metabolism ol 
xenohiotics exist. 

rrrwp1ed IO JanI(Ur\~ IY80) 

Eight specimens of human adult liver were obtained 

within 20 min after stoppin! artificial respiration and life 
supporting treatment of patlcnta without cerebral activity 
who were selected as kidney donors. Homogenization and 
subcellular fractionation was initiated shortly thereafter, 
as described elsewhere [7]. The 100,000 ,q supcrnatant Irac- 
tion was stored at -80” until used. Relevant patient data 

are depicted in Table 1. Some donors received drugs the 
last few days before death. However. usually they rcc&cd 
only <inFle (e.:. during anesthesia) or a few do\e$. and ~$1: 

believe that this pl-c-mortem treatment did not map kedl! 
influence the capacitv of the livcl- to mctaboli~e drug\. 

The GSH-S-tran\f&a\c acti\ It? \+ith :lrathioprinc in the 

100.000,~ liver ‘cl tosol‘ Iractiom was dctcrmincd according 
to methods prcvioualv described 131. ‘l‘hc final reaction 
mixture (3.0 ml) con\i;ted of a7arhioprine (0. I or (I.7 mhl) 

dissolved in 0. I M sodium phosphate buffer. ptl h.5. 
0.17 mM reduced glutathionc and 2O(J FI 01 li\,cr- c~tosol. 
The reaction was mcasurcd by the production of the .? 17 nm 
product (h-mercaptopurinc) in a Beckman ACTA MVI 
spectrophotometer at 37” with the reference containing 
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Table 2. linhibikn of enzymatic thioiysis of azathioprint 

by furosemide 
~-- -Ix_-_.- 

Transferax 

specific activit) 

Liver with azathioprine’ A~‘p”“llt K, 

sample No. (nmoles~minimg) (mM) 

I 7.YO 0. io 
2 2.75 Il.53 
3 7.59 0.10 
4 6.57 ir.13 
5 4.41 ll..W 
ii I.57 I). I.5 
7 3.17 0.04 
8 5.33 0.3 

Mean 1.2x 0.3 
~. -_~ 

* Specific activity determined with 0. I mM ;rzuthioprine. 

Q2 mM AfATHWRlNE 
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All eight samples of human liver cytosol were found to 

catalyze the enzymatic thiolvsis of azathioprine with glu- 

tathione (‘Table I). The inhibitory kinetic data obrnined in 

the presence of furosemide was examined using a Dixon 

plot analvsis. Fi.gure 1 is a representative example obtained 
with sample 3 and demonstrates that furosemide is a corn- 
oetitive inhibitor of the GSH-S-transferase mediated thio- 
iysis of azathioprine. The apparent I(, for the inhi~~~tton of 

this reaction by furosemid~ wa\ found to he O.lOmM. 
Furosemide was found to bc a competitive inhibitor \vith 

all eight liver samples. The apparent K, ~alucs for rhc 
different human liver\ are l&ted in ‘T;rhle 3. With the 
escepiion of aampic 7. the k, values are in the same or&t 
of nragnitudc (mean (I.23 mhl lor all eight samples). 

l‘his study shows that furosemtde, cornmonl~ used 

together with azathioprine after kidney transplantation. 

can inhihit competitively the conversion of azathioprine to 
h-mercaptopurine in human liver irr l?rro. If this interaction 

also takes place 111 \‘I~‘o. diminished immtin(~~uppr~s~i~,~ 
effect may occur since this biotranslormation is neccshaq 

for the aciivitv of the drug. From the present study it cannot 
be decided if: the interaction is climcaliy important since 
some extrahepatic metahollsm also occurs. C~)~l~~ntr~ltions 

of furos~rni~~ &cd m OUT study can. hobsevcr. hc found 
in patient plasma samples (0.15 mM) after hi!h doses. 
especially if kidney function is impaired [IO1 as alter trans- 

plantation. ‘Thus our re\uIts necessitate clinical study irt 
t$w to determine whether furosemidc inhibits the immu- 

nosupprebsive effect of ;irathtoprinc in thih setting. 

ACkr~oM,lp~lgc,r)l~~i/,\-This \vork wits \upportcd by the 

Swedish Medical Ke\carch Council and by Norrliska Sam- 

fund&s Stiftclse fiir Vctenrkaplig Forskninp utan Djur- 
f6rsdk. U.S. Public Health Service Grant GM/CA 21YX7 
and VA Medical Rc<earch Fund\. 
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Effect of insulin and oral antidiabetics on glucose appearance and disappearance 
in the blood of rabbits 

sulfonvlureas-and exopcno~~s insulin-which has been 

administered-ups,,, the kinetics of glucose. 

In earlier studies, only the effect of D X60 was investi- 
gated in this respect. The authors came to the eonctusion 
that D 860 inhibits glucose entry into the hfood rather than 

showing an effect on removal from the blood [14-2Of. 
However, in other studios a stimulation of peripheral glu- 

cose utilization is suggested 12 1, 22]. 
Besides two well known sulfonylureas. one helonging to 

the first (D X60)” and the other to the second (HB JlO)i 

generation, two new oral antidiabetics, namely HB 609 
(23]$ and HB 180 [24]$. have been investigated in regard 

to their influence upon glucose kinetics. 
Groups of 6-X domestic rabbits of mixed breed. each 

weighing between 2.5 and 3 kg. were used in the present 
investigations. Prior to the beginning of the study they 
were subjected to a 20 hr fasting, period. 

The experimental animals received 35 pCi!kg n-[U-C”]- 
glucose (Amersh,!m CFB 96: 230 mCi!mM) intr~iven~~usl~. 
Immedi~~tely after the injection of this tracer holus. the 
intraga$tral administration of oral antidiabetics or the suh- 
cutmwus injection of insulin in the dose indicated took 


