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way or to effects of inorphine at other sites within the CNS 

is unclear. It is possible that the two effects of morphine, 
enhanced dopamine metabolism and impulse flow. reflect 
activation of opiate receptors at two unrelated sites. and 
the amount of dopamine released will reflect the sum of 
these two phenomena. To separate these sites of action will 
be difficult because of the multiplicity of opiate agonist 
effects in the extrapyramidal system [ 13. 15, In. IS]. 
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Effect of ethanol administration on free proline and glutamate in the intact rat 
liver 

The concentration of free proline is considered to be sig- 
nificant in the formation of collagen [l. 21. Earlier WC 
observed that the synthcxis of proline was increased during 
the incubation of liver homo$cnates obtained from cthanol- 
treated rats or of liver slice?; when ethanol was added ia 
vitro [3]. The conclusions on the role of @utamate as a 
precursor of free proline in liver are variable [I. 3. -I]. 

In humans. Kershenobich et ~1. [i] demonstrated a cor- 
relation between the concentrations of lrec proline and 
collagen in liver. Siegel et ccl. jh] studied alcoholics and did 
not find any change from normal in serum proline but, 
following ethanol load. an clevution of proline was found. 
Similarly. Shaw and Liehcr /7] ohsctved in baboons that 
after a long-term ~ldm~nistrati~~n of ethanol. proline vvas 
depressed in post-p~ndi~~l serum. Mezcy csl cri. [X] ohserved 
in tat liver an increase of free prohnc after ethanol feeding. 
In out own study 191 we also found that a Ions-term 
administration of ethanol to the rats incrcascd the conccn- 
nation of free proline in liver , :.lthough hy IO-12 per cent 
only, on average. Mprrland el trl. [IO] did not observe anv 
change in hepatic free proline in rats after long-term ethanol 
feeding. while Forsander (personal communication) found 
a decrease in liver prolinc after a I-month treatment with 
ethanol, although there w’as an mcrcase in liver L~lutamate. 

The purpose of this work was to find out .vhether a 
single-dose administration of ethanol will cause an incrc;r\e 

of free proline in liver in ~.itw. and to discover what are the 
simultaneous changes in liver glutamate. There is I shift 
in the rcdox balance towards the reducing \ide during the 
catabolism of ethanol in liver [I I]. This chansc fuvours the 
synthesis of proline. Thcrcfore. we wanted to see whether 
by diminishing this change in the redox balance caused hy 
the oxidation of ethanol WC could prevent the increase in 
the amount of proline. For that purpose the rats were 
treated with J-methylpyrazolc. a potent inhibitor of alcohol 
dehydrogenase 1121. Attempts to inhuencc the rcdox hal- 
ante were made also by Fivinf mcthylene blue to the rats. 

Tre[~~}~~~,~~f ~~‘~~~?j~~~~~~\. bitlIt SpragueDaw Icy rats. aped 

2 - 4 months. and fasted for about JO hr. wcrc given ethanol 
by stomach tube, usually 2 p per kg body wt a~ a 25c1 (v/v) 
aqueous solution, In the preliminary experiments. ethanol 
doses of 4 and 8 g per kg were also used. The control rats 
received corresponding volumes of water. 

J-Methylpyrazole was injected i.p. 10 min before the 
administration of ethanol. On the hasi\ of the preliminary 
experiments with doses from IO ~moles to 2.J.J mmoles 
pet kg body wt. the dose adopted for use wa\ 0.2 mmole\ 
or 16.4 mg per kg. 

Methylene blue was gtv’en 5 or IO ms per kg as an i.p. 
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Fig. I. Change in the concentration of liver proline as a function (:I tirnc hctv,een the admimstration 
of ethanol and the killing of rata. The number of experiments at each point of time caries from I to 
6. and every circle represents the average value from 2 rats. For the details XC the Experimental \cction. 
The change is calculated as per cent of the ~aluc of the corresponding control rat< without ethanol. 
-CCC Rats that rcceivcd ethanol. ? g per kg body wt.: -%2-C- rats that received I-meth\;lpyrazole. 

16.4 mg. and ethanol. 2 g per kg body wt. 

injection of an aqueous solution IO min before the 
administration of ethanol. 

‘The animals were killed by dislocation of the cervical 
vertebrae at various time intervals from 0.5 to 7J hr. The 
livers were immediately dissected and dropped Into lquid 
nitrogen. The time required for the killing of rata and 
removal of livers was 30 see to I min. It was noted that up 
to 5 min the speed 01 this performance had no ctfcct on 
the level of proline and only slightly affected the level 01 
glutamate. The frozen livers were chopped to smaller pieces 
and divided into portions so that each sample contained 
material from every lobe. The samplcs were kept frozen 
until used for analyses. 

Lletermindon of prdirw Frozen liter samples were 
homogenized in cold Ringer-hicarbonate buffer. Liver 
homogenate was deprotcinizcd with 75? (v/v) ethanol and 
centrifuged. The ethanol was evaporated from the super- 
natant, and prolinc in the r&due was determined according 
to the photometric method to Troll and Lindslev [l-i] using 
a ninhydrin reagent. For the removal of the-interfering 
amino acids, Amberlitc IRC-50 resin was used instead 01 
Permutit. 

De~erminafion of glurumctf~. Frozen liver sample\ were 
homogenized in cold 75’:; (v/v) ethanol. centrifuged. and 
ethanol was evaporated from the supcrnatant. The restdue 
was dissolved in water ( and glutamate 1cas determined 
according to the method of Borys er (II. [l-1]. hsed on the 
procedure of Graham and Aprison [IS]. Glutamate wit5 
oxidized to u-ketoglutarate by glutamic dehydrogenase and 
the fluorescence of NADH formed was measured with a 
Zeiss spectrophotometer PMQII. excitation 365 nm. emis- 
sion 470 nm. 

Results 

Concrntratiuns of prolirw urd ,y/urumntc~. rmrl the cjfkr 
of’fhsfing of /he ruts. The concentration of liver proline in 
fasted control rat? (N = 15) was O.S.3 i 0 0th (S.E.M.) 
I*moles per g wet wt. ‘l‘hc conccntratlon 01 Incr glutamate 
was 3.42 C (I.32 ~*moles per g Act wt. 

The fasted animals wcrc employed to ensure the optimal 
absorption of ethanol and the homogeneity of their nutri- 
tional state. Although fasting of rat\ for ahout 40 hr caused 
an increase in liver proline. the incrcasc wa\ the same in 
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Fig. 2. Change in the concentration of liver glutamate as a function of time between the administration 
of ethanol and the killing of rats. For the explanations see the legend of Fig. I, 

both control (+ 21.8 per cent) and ethanol-treated rats 
(+ 21.3 per cent), and thus did not inthrence the change 
caused by the administration of ethanol. 

Effect of various d0se.s of erhunol. The increase in the 
concentration of liver proline. measured 2 hr after the 
administration of ethanol, w’as almost the same whethet 
the rats had received ethanol 2 g (i- 20 per cent) or -1 g per 
kg body wt (+ 23 per cent) The corresponding changes in 
the concentration of liver glutamate were + X.5 and + 83 
per cent. The dose 8 g ethanol per kg body wt caused a 
higher rise (+ 113 per cent) in the concentration of proline. 
However, since the dose 8 g per kg is close to lethal. and 
there was no difference in the effects of the two lower 
doses, only 2 g ethanol per kg was used in all following 
experiments. 

Time dependency of the eflect of ethanol. The increase 
in the concentration of proline was at its highest. + 37.3 
per cent, 3 hr after the administration of ethanol (Fig. 1). 
The level of proline returned to almost normal in 10 hr. 

The concentration of glutamate increased even more 
than that of proline. and the maximum level. + 140 per 

cent, was reached 7 hr after the administration of ethanol 

(Fig. 2). 
When all the points in the period 0.5-7 hr arc included. 

the increase caused by ethanol is significant at the level P 
< 0.001 in both proline and glutamate concentration. 

Influence of 4-methylpyrazale on the effect of ethanol. 4. 
Methylpyrazole. injected 10 min heforc the administration 
of ethanol. prevcntcd the increase of both prolinc (Fig. 1) 
and glutamate (Fig. 2). At the time points of maximum 
ethanol-induced incrcaac. at .3 hr for proline and at 7 hr 
for glutamate. the changes in the concentrations of thcsc 
metabolites in 3-methqlpyrnzolc-trcatcd rats wcrc + 7.8 
and -8.1 per cent. rcspecti~ely. The cflect 01 -I-methvl- 
pyrazole in the ethanol-treated rats was stgnilicant at the 
level P <O.OOl. whether the values in the period 0.5-7 hr 
were calculated as independent or non-independent 
samples. During the latter part of the experimental period 
the concentration of prolinc Jccreascd below the control 
level. The itljection 01 -I-meth~lp~ra~ole alone did not 
change appreciably the Icvel of proline C i- 0.0 per cent) 
and glutamate (-1 .X per cent) in the livers of control rat\. 
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Fig. 3. Ratio of the concentration of II\er glutamate to the concentration 01 Ilvcr prolinc. I‘hc 

concentrations are expressed in mg aad in qg per g liver wt. rcspcctivcly. ‘f’he calculated rcyre\<ton lint 
A (please see the test) is prcwnted. Control rats: 0 ethanol-treated rat\. 

Rat!o o/ glurrrmtrrc~ ICI prolirw. M’hcn the concentrations 
of glutamate arc plotted against the concentrations 01 pro- 
lint from the bamc liver sample\ (Fig. 3). there i\ a mod- 

cratelv high linear correlation: v = 0.025 t 11.017. I’ = 

0.731: P <. ().()()I. For ethanol-trcat~il rat\ qaratcl! the 

corresponding parametcra arc v = O.OlV .I O.lX. I’ = 
0.6%. P < O.OI. hut in the group 01 contt-ol rat\ no co-- 

relation i\ prcscnt (r - O.(IOJh). 
ItlpuPII(.c’ q tnrthylrm~ tJ/LU~ 011 the, C/)PU o/ r~rlrtrrlol. 

Methylene hluc had no effect on liver glutamate of control 
rata. hut increased the concentration ol liver prolinc (+ 34 
per cent). In ethanol-treated rats the injection of mcthylene 
blue caused a 25 per cent additional increase in liver prolinc 

and a 23 per cent additional increase in hvcr glutamate. 
The combined effect of ethanol and mcthylenc blue \va\ 

a 74 per cent increaw in liver prolinc and a 04 per cent 

increase in glutamate. 

‘l‘hc increase in the concentration of free proline In li\ct- 
found after the administration of ethanol was in accordance 
with our expectations. Thr: concentration of glutamntc 

increased even more. but that dots not necessarily indicate 

a precursor-product relationship. In an earlier work [-i] WC 
have found that the conversion of [“Cl glutamic acid !o 
proline in liver slices was increased by X-46 per cent when 

ethanol (3kSO mM) was added to the medium. Rojkind 
and Diaz de Lccin [I] have ohserved only slight conversion 

of elutamic acid to proline (0.03 ~mole:g at a 3 hr incu- 
ha&n) hy liver slice5 from normal rats, but an X-fold 
amount (0.24 pmolelg) hv slices from rat\ made cil-rhotic 

by the administration of (‘Cl,. 
The prevailing condition of liver plays a role also in the 

incorporation of proline into collagen. For example. 
ethanol in vitro caused a significant increase in the incor- 
poration of proline in the hiopsy specimens of alcoholic 
hepatitis or active cirrhosis. but had no effect on the col- 
lagen synthesis by normal or fatty liver [ 161. In the rats on 
the high-fat, low-protein diet. the effect of ethanol on the 
collagen synthesis was never more marked than in the rats 

on the normal diet [9]. 
The levels of liver prolinc and glutamate depend on the 

time point after the administration of ethanol (Fig\. l-7) 

161. Therefore, one wonders whethcl- the IILCI \amplc\ 
studied by Kershenobich LPI rrl. 151 wrc taken under the 

catabolism of ethanol. Furthcrmorc. during the first wcks 
of long-term administration of ethanol to the rats. Inet- 

proline reaches a maximum and then Icvcls 011 (unpubli$hcd 
results). 

Ethanol has also been reported 1171 to lwct- the amount 
ol lahciled prohne incorporated Into collagen ‘l’hct-c was. 

nevertheless. an increase in the amount of coltagcn. which 
was attributed to the inhibition of collagen breakdown IN 

ethanol. 
In a study of collagen biocvnth<<i\ in the chick cmhr!o 

141. glutamate wa\ I~Iund not tl, bc ;I m;ii,~~ p!-c’cur\<>t- 01 
free proline in the leg minces: arginine and ornlthlne. 
instead, were active precursors of both Ircc prolinc and 

free glutamate. This conclusion \\‘a\ conlirmcd in thl\ lab 

oratory by means of rat liver preparations (Forwndcr. 
Lukkari and Mikkonen. personal communic;~tit,n). 

The metabolism of liver proline i\ intluenwd alw b! the 

simultaneous urea synthesis. The urea \wthc\i\ utllire\ the 
amino groups liberated hy glutamate dchydrogcnaw as \\cII 

as the carbon skeleton of glutamate for the lormatlon (11 
ornithine. This catabolic outlet of glutamate through the 
ornithine cycle is reported to be aupprcswd by ethanol 

[ 181. This explains, in part. the accumulation of glutatnatc 
and proline in liver during the ethanol catabolism. 

When the effects of the oxidation of ethanol on the rcdou 

balance are prevented by a simultaneou\ adrninistrali~lr~ 01 
4-methylp~razole. only slight changca are observed in the 

concentrations of proline and glutamate in liver. Thi\ 
indicates that the metabolism of these amino acid\ i\ not 
affected hy ethanol as Tuch but through it\ catabolism. 

It is postulated that the rcducetl form III mcthytcnc blues 
predominates in the tisaucs i/l ~,iw~ jl9)l. I’hi\ form would 
support the reductng reaction< An ;ICC‘C’~I~:III~I~ OI the 
effects of ethanol on liver prolinc and glutamate i\ Indwd 
observed after the treatmt’nt 01 l-,11\ \\ith mcthvlcnc hluc. 

In addition to the stlmulatl~~n 01 the bio\!nthc\i\ (11 
proline. the mode 01 action 01 cthanc>l on the pt-(llinc 
mctaholism could bc the Inhibiticln (11 the osidati<ln 111 
proline in liver to ~-pyrroline-~-c~lrtl(~~~l~~t~ [7(11. the InhI- 
hition of gluconeogencsi\ and urc‘a \ynthe\i< Iron1 prolinc 
[?I. 271. or changes in the intraccltular prolinc conccntr+ 
tion through the effect of cthanot on the ~~~11 mcml~t;~nc~ 
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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. 

SF-00101 Hdvinki 10. 

Finland. 
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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 


