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Fig. 1, Effects of various doses of h~tl~~pcrid~~l or morphine with (0) or without (0) 7.5 mg’kg AFA. 
The ct)jlccntrations of DGPAC shown are changes in {tg, ;g L S.E.M. from saline control (1.43 2~ 
0.08 pgig). The asterisk (“) dcnores sipnilicant differences from test drug alone where P is at least ic\s 
than O.(X)5 (Student‘s r-test). Numbers in parenthcscs represent the number of animals in each _rroup. 

rophor development 1 IOJ. Dopamine was measured fluo- 

rometrically according to the method of Ncff and Costa 

[IL]. 
Drugs used were: amfonelic acid (Sterling-Winthrop 

Research Institute. Rensselaer. NY). y-butyr[)l~~ctonc 
(Sigma Chemical Co.. St. Louis. MO). haloperidol (McNeil 
Laboratories. Ft. Washington, PA). morphine sulfate 
(Merck & Co.. Rahway, NJ). and naloxonk-HC1 (Endo 
Laboratories, Garden City, NY). All doses refer to the 
free acid or base. 

Figure 1 shows the dose-response curves for morphine 
and hamperidol. alone or in combination with 2.5 mgikg 
AFA, with change in /.zg!g DOPAC as the response. Max- 
imal elevation of DOPAC levels was obtained at 0.3 mgikg 
of halop~ridoi or lOmg/kg of morphine. hut haloperid~~i 
elicited a much larger mcrease in DOPAC concentration 
than did morphine (252 vs 83 per cent). An additive effect 
of AFA combined with morphine on DOPAC levels was 
observed with those doses of morphine that increased 
dopamine metabolism alone (5-20 me/kg, but not 1 mgikg). 
A iow dose of haloperidot (0.03 mg/kg)-did not reduce the 
hvoeractivitv seen after AFA. and the rise in DOPAC ,, I 

concentrations seen after the neuroleptic was inhibited by 
AFA. The expected synergism with dopamine rnet~~h~)~isin 
[X] was seen only after doses of haloperidoi (0.3 or 
I.0 mg/kg) which completely inhibited the behavioral 
stimulant effects of AFA. The maximal response obtained 
with haloperidol in combination with AFA was much 
greater than with morphine in combination with AFA (Fig. 
I). Hyperactivity and stereotvpy after AFA were observed 
when AFA was combined with 1 .O or 5.0 mglkg of mor- 
phine. With either of the two larger doses of morphine. a 
slow sustained gnawing behaviour was elicited by AFA. 
Morphine alone caused sedation. except for the 1 .O mgikg 
dose which was without effect either behaviorally or 
bioch~n~ically. 

To determine whether the effects of morphine on dopa- 
mine metabolism are mediated by opiate receptors. rats 
were pretreated with 2.0 me/kg of naloxone. a potent nar- 

cotic antagonist. Naloxone alone did not alter DOPAC 
concentrations, but did prevent the morphine-il~duced 
increase of DOPAC levels (Table I). Similarly. naloxone 
prevented the additive effect of AFA and m(~rphinc 
(P > 0.1. compared to AFA alone). Neither naloxone nor 
morphine influenced the synergism of AFA and haloperi- 

dol. as shown in Table 2. 
Additional experiments were performed to determine 

whether the presumed pre-synaptic autoreceptor is 
mediated by a pre-synaptic cnkephalin neuron. As shown 
in Table 3. GBL. (75t)mgIkg) produced the expected [9] 
increase of dopsmine concentration in rat striatum. Apo- 
morphine, a dopamine agonist, inhibited this response to 
CBL, but 30.min pretreatmer~ts with either morphine or 
naloxone were without anv influence on the 30-min accu- 
mulation of striatal dopamme caused by G3L. In harmony 
with these results, And&n and Grabowska-And&n [3] 
reported that morphine altered neither the GBL-induced 
activation of in ~ivo tyrosine hydroxylase activity nor the 
inhibition of the GBL effect by apomorphine. 

Although morphine is known to increase striatal dopo- 
mine metabolism (see Ref. I), the mechanism(s) involved 
is not well elucidated. Enkephalins are present in the stria- 
turn [12]. and one-third of opiate receptors in the striatum 
may be located on dopaminerg~c nerve termin~~is. as evi- 
denced by loss of ~eL~-enk~phal~n binding after lesions of 
the substantia nigra [ 13). Thus. a local action of morphine 
on striatal dopaminergic terminals seems likely and has 
been suggested as the mechanism of morphinc-induced 
elevation of dopamine metabolism [5. 131. Signiticantlv. 
intraventricular administration of (n-ala’)-met-enkaphal~n 
[ 141 or intra-caudate injections of morphine or @-endorphin 
[15] increase striatal dopamine metabolism. which further 
emphasizes a local effect of morphine in the neostriat~~m. 

However, pre-synaptic opiate receptors on do~~~irnillcrgic 
axons are not necessarily the site of action of morphine. 
Opiate peptides have a wide distribution through the CNS 
1161. In the basal ganglia, a striopalhdal leu-enkephalin 
pathway has been demonstrated [ 171. In&a-caudate injec- 



Table 1. Effects of morphine, naloxonc. AFA or their 
combination on rat striatal dopamine metabolism v 

DOPA< 
Treatment (/*g/g - S.E.M.) 

Controi 1.43 i 0.0’~ ( 12) 
Morphine 2.61 t (I.l)h? (8) 
Naioxone + morphine t ..% :t 0.0s (7) 
AFA I .‘).i 2 (,.U5$ (8) 
Morphine + AFA 3.03 -I i).?i i IX) 
Naloxone + morphine + AFA 2.22 rl i).lo: (X) 
Naloxone 1 .‘#l rt O.(lh (8) 

* Morphine (IOmgikg, 5.c.) or AFA (2.3 mghg. s.c.) 
was injected 90 min before death and naloxonc (7,O mg’ks. 
s.c.) 95 min before death. Numbers in pnrenthcsc\ rep- 
resent the number of animals in each group. 

+ Different from control. P < 0.01 (Dunnctt’s r-test). 
$. Different from control. P < 0.05 (Dunnett‘s r-t&). 

tions of morphine or ~-~ndorphin alter ~-arnino~~~ltyrie acid 
(GABA) turnover in the caudate and the glohus pallidus 
1151. These effects do not appear to he mediated hy the 
nigral-striatal pathway. hut rather reflect a direct effect on 
GABA neurons [IS]. In addition to enkephalincrgic sys- 
tems in the neostriatum. there are opiate reccptorc in the 
substantia nigra which may bc located on pre-synaptic 

terminals originating rostrally. as evidenced by loss of these 
receptors after hcmisection [ 181. Intra-nigral injection 01 
morphine does not alter striatal tyrosinc hvdroxylasc 
activity, which suggests the nigra is not the site ofactivarisn 
by systemic morphine, but inhibits systemic haloperidol- 
induced activation of striatal tyrosine hydroxylase j 1X]. 
Thus. opiate effects on GABA turnover. modulation of 
synaptic inputs to the suhstantia nigra. or other systems 
could mediate the actions of systemic morphine on striatai 
dopamine metabolism. 

The potent CNS stimulant AFA was used to tiiffcrcntiate 
possible mechanisms of morphine-induced increased dopa- 
mine metabolism. That AFA is dependent upon impulse 
Row to enhance dopamine release and metabolism 17. X] 
is further supported by the haloperidol dose-rcsponsc curve 
of Fig. 1. The combination of AFA with a JOX of halo- 
peridol insufficient to inhibit the stimulant effects of AFA 
results in DOPAC concentrations lower than with halo- 
peridol alone. but greater than control. The large rcleasc 
of dopamine by AFA. which alone inhibits dopaminergic 
impulse flow [ 191, apparently overcomes the blockade of 
dopamine receptors by small doses of haloperidol. When 
sufficient haloperidol is used to inhibit AFA-induced 

Table 2. Effects of morphine or naloxone on the increased 
dopamine metabolism induced by haloperidol and AFA* 

Treatment 

DOPAC 
(E*g/g cl- S.E.M.) 

Haloperidol + AFA 
Morphine + haloperidol + AFA 
Naloxone + haloperidol + AFA 
Haloperidol 

IA.12 rt 0.x’) (8) 
15.23 -?I 0.66 (8) 
1.3. IO 2 0.73 (8) 
5.03 I? 0.20* (8) 

* Haloperidol (0.3 mgikg) and AFA (2.5 mg:kg) were 
injected S.C. 90 min before death and morphine (1U mgik@ 
or naloxone (2.0 mgikg) 95 min before death. Numbers m 
parentheses represent the number of animals in each group. 

C Different from haloperidol + AFA. P < 0 01 (Dun- 
nett’s f-test). 

Table 3. Elfect of y-hutyrol;lcto~~c. alone 01. 11, comblnatlon 
with narcoric drugs. on rat \triataI dtrpaminc 

concc‘ntration\ 

’ Apomorphinc ( I .O mpib$). morphine ( II) mg;ks) 01 
naloxone (7.0 mgikg) wa\ injcctcd \.c. 3Omin hciol-c <iDI. 

(750 mgikg, i.p.) and the animals were klllcd 30 min Iatcr. 
Numbers In parenthcsc\ rcprc\cnt the number of ;~n~mal’r 
in each group, 

i Different from GBL ulonc. P <:: (I.01 I Dunnctt’\ I-tc\l). 

behavi~~r~~~ stirnul~iti(~n and reduction of ~mpulsc tlow / I”]. 
a marked synergism hctwccn thcqc tivo drugs on dopamine 
metabolism is observed (Fig. I. /S. I”]). Howcvcr. AFA 
exhibits only an additi\.e effect on dopaminc metaholi\m 
when combined with morphine. There occurs neither ;I 
reduction at low drlscs nor a marked svncrgism at hish 
dosesof morphine. Even when hvpernctivity andstereot\p\ 
occurs. as is the case with 5.0 mpiki morphi& and 7.5 m$i, 
AFA. a reduction of rntrrnbi.: I ,” ~nduccd DOPAC clcvation 
is not observed (Fig I ). If mol-phinc is drivlne impul?c 
flow. the mechanism wonlcl seem independent ot the stria- 
tal-nigral feedback loop. as suggested by others 13.31. Thus. 
morphine may not hc able to overcome inhibition of nlpral 
impulse flow by AFA and \yncrgism on dopamine mctah- 
olism does not occur 

A pre-synaptic fffcrt of morphine lo Incrcasc ~l~~p~ll~iil~e 
release seems an unlikely cxplan~lti~ln of the incrcn\crl 
dopaminc metabolism. If morphine enh;lnces tiopaminc 
release by a prc-synaptic mechanism as suggested by Costa 
ef al. [.S]. a decreased ralc of nigral imputsc flow would hc 
expected. which is the opposite result of actual single ccl1 
recordings [a], The data of Table 3 (also Rcl. 3) further 
suggest that the prcsumcd prc-synaptic dopamme auto!-c- 
ceptor is not mediated by opiate receptors as neither mor- 
phinc nor naloxonc has any effect on the rcsponbca to 
GBL. Furthermore. morphine actually inhlhits i/l r’rlro 
release of dopaminc from striatnl slices 121. 

On the other hand. if morphine decreases the I-ate t)l 
dopamine release yet increases dopamine metabolism 
[I. 131, then comhmlng AFA with morphine could bc 
expected to have one of two effects on dop~i~nir~e mctah- 
olism. Either the two drugs should ~lnt~lg(~ni~e each othct 
or, if morphine untl AFA are acting through scparaic 
mechanisms, an additive effect should he ohkerved. ‘Thi\ 
latter result is the observation reported in Fig. 1 and ‘l’ahlc 
1. The lack of antagonism of morphine by AFA suggests 
that the increased dopamine metabolism cau~d hy mor- 
phine is not mediated hy the sequence 01 decreased rclca\c 
leading to loss of dopamlne at the pre-synaptic autoreccptor 
causing enhanced tyrosine hydroxylasc activity, IIS pro- 
posed by Schwartz and co-workers [ 13. ZO]. Inhibition ~,f 
dopamine reuptake h! AFA 17) should rcvcr\c this procc~ 
by increasing the amount of dopamine in the synaptic clclt. 
The additive effect of thcze two druks suggests mdcpcndent 
mechanisms for enhancing tloparnmc mctabotism. The\c 
results arc consistent uith the hypothesis that rn~~rphirl~ 
diverts dopaminc IO i~(~iif~i~~c~ion~~l nlct~lh~~lisrn [ 1. 21. 
Whether mctrphi:tc-incluccd enhanced ~iop~~rnincr~ic 
impulse flow [?I is iiuc to Jccrensed dopaminc re\easc and 
subsequent fccdhnck activation of the nigra-ytrintal path- 
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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. 


