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Recent work in this laboratory has demon- 
strated that ethanol ingestion in man evoked 
marked alterations of C14-norepinephrine me- 
tabolism. Following the ingestion of ethanol, 
a significant portion of intravenously admin- 
istered C1*-norepinephrine was diverted from 
the major oxidative route of metabolism 
which results in the formation of C14-3-meth- 
oxy-4-hydroxymandelic acid to a reductive 
route as evidenced by an increased excretion 
of C14 - 3 - methoxy - 4 - hydroxyphenylglycol ( 1, 
2 ) .  

In this study chemical determinations 
o f 3-m e t h ox y-4-h y d r o x y man deli  c acid 
(MHMA) and 3-methoxy-4-hydroxyphenyl- 
glycol (MHPG) were performed on human 
urine collected under the same experimental 
design used in the isotope study. These as- 
says were necessary to determine if the excre- 
tion of endogenous 3 -mekhc1xy-4-hydroxyman- 
delic acid and 3-methoxy-4hydroxyphenyl- 
glycol derived from the metabolism of both 
epinephrine and norepinephirine was also 
markedly altered Iby ethanol ingestion. Ad- 
ministration of moderate amounts of ethanol 
has been reported to result in increased uri- 
nary excretion of epinephrine an'd norepi- 
nephrine in man and experimental anilmals (3 ,  
4,s).  Therefore, total 0-methylated catechol- 
amine (metanephrine and normetanephrine) 
levels were also assayed in order to determine 

* This study was supported by USPHS Training 
Gmnt AM-5063 and Researah Grants FR-001134 
and HE45435 from Nat. Inst. Health. 

TABLE I. General Outline of Experimental Pro- 
gram. 

Collection Time of 
Treatment period collection 

Day 1 I 8 AM- 4 PM Ethanol" 

I11 12MN- 8 A M  Ethanol" 

I1 4 PM-12 MN Ethanol* 

I1 4 PM-12 MN - 

Day 2 I 8 AM- 4 P M  - 
I11 12 MN- 8 AM - 

~~ 

"Each subject ingested 60 ml of absolute eth- 
anol dilutql with orange juice a t  the beginning of 
these collection periods. 

if ethanol ingestion resulted in increased ex- 
cretion of the total 0-methylated catechol- 
amine metabolites. 

Materials and methods. The study was con- 
ducted using 2 normal adult males weighing 
75 and 87 kg. Urine was collected for 48 
hours using six 8-hour collections which were 
stored in the refrigerator. At the end of each 
8-hour collection period the urine was diluted 
to 1000 ml with deionized water and stored 
frozen until analyzed. At the beginning of 
every other collection period each subject 
drank 60 ml of absolute ethanol diluted in 
orange juice. Thus, during the 2-day study 
there was a urine collection for a given 8-hour 
period with and without ethlanol treatment. 
Details of the time of ethanol adlministration 
and urine collections are given in Table I. 

The O-methylated acid, glycol, and amine 
metabolites of the catecholamines were iso- 
lated from urine, oxidized with peridate to 
vanillin, and the vanillin was determined spec- 
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trophotolrnetrically. 3 - Metholxy - 4 - hydroxy- 
mandelic acid was measured in unhydrolyzed 
urine by the method of Pisirno and associates 
( 6) .  3-Methoxy-4-hydro~xyphenylglycol and 
total metanephrines (metanephrine land nor- 
metanephrine) were determined in Glusulase- 
hydrolyzed urine essentially as described by 

HHHH HHHH 
H # #  H H Y  1 H Y  

H A 

4 F9 

Ruthven and Sandler ( 7) .  However, after the 
enzymatic hydirolysis, the urine was passed 
through a colulmn of the weakly basic anion 
exchange resin, Amberlite CG-4B, 100-200 
mesh, acetate fo’rm, pH 4.5, prepared as 
described previously (8). This modification 
effectively removed all the 3-methoxy-4-hy- 
droxymandelic acid and obviated any carry 
over of the acid metabolite during the a- 
traction of the glycol. The strongly acidic 
cation exchange resin, Dowex-50 x 12, 200- 
400 mesh, ammonium form, was substituted 
for the weakly acidic cation exchange resin, 
Amiberlite CG-50, far the isolation of the 
total metanephrines because of the improved 
recoveries obtained. 

Results and discussion. The quantities of 
the major cat echolamine metabolites, 3 -meth- 
oxy-4-hydroxymandelic acid, 3-methory-4-hy- 
dr oxyp henylgl y cd ,  land total metmephrines 
(metanephrine and normetanephrine) , in the 
urine of )both subjects in the control and etha- 
nol treatment periods are given in Table 11. 
Although the subjects differed in the absolute 
amounts of the 0-methylated catecholamine 
metabolites excreted, the per cent distribution 
of the indlivlidual 0-methylated metabolites 
was remarkably similar for both subjects 
(Fig. 1).  

Although there was a modest increase in 
the excretion of total metanephrines follow- 
ing ethanol ingestion for the daytime collec- 
tion periods, no increase was noted for the 
nocturnal collection. A similar pattern was 
observed for the excretion of the total 0-meth- 
ylated metabolites. 

A diurnal variation in the excretion of 3- 
methoxy-4-hydmxymandelic acid, 3-methoxy- 
4-hy d r 0 x 0  heny lgly col and total @methyl- 
ated catechjolamine metabolites was found in 
both the control and ethand treatment p r i -  
ods for both subjects. The acid and glycol 
0-methylated metabolites excreted from 12 : 00 
midnight to 8:OO A.M., at  which time the 
subjects were sleeping, were always less than 
during the other periods. 

The cardinal effect of ethanol ingestion 
on catecholamine mehbolism in every collec- 
tion period was a marked decrease in excre- 
tion of 3-methoxy-4-hydroxymandelic acid 
and a compensatory increase in excretion of 
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FIG. 1. Ethanol-induced alterations in excretion 
of 3-methoxy-4-hydroxymmdelic acid (MHMA) , 3- 
methoxy-4-hy&oxyp1henylglycol (MHPG) and total 
mekanephrines. Results are expressed as the mean 
per cent of the total acid, glycol, and amine 0- 
methylated metabolites of the catechdamines. The 
bar represents range of results obtained from the 
2 subjects. Collection periods: I (8 AM - 4 PM), 
I1 (4 PM - 12 MN), I11 (12 MN - 8 AM), 1-111 
(8 AM - 8 AM).  

3 -methoxy -4- hy droxyphenylglycol. The per 
cent of the total 0-methylated catecholamine 
metabolites excreted, during the 24-h~ulr p e ~  
riod, as 3-methoxy-4-hydroxyrdelic acid 
decreased from control values of 60.8 to 35.0 
when ethanol was ingested while the amount 
excreted as 3-methoxy-4-hydroxyphenylglycol 
increased from 32.1 to 55.5. 

Epinephrine and norepinephrine are me- 
tabolized sequentially by both monoamine 
oxidase and catechol-0-methyl t ransfern(  9, 
10, l l ) .  Both of these major routes of metab- 
olism have in common the oxidative deamina- 
tion of the catecholamine or the OLmethylated 
catecholamine to form the corresponding gly- 
col aldehyde. The mechanism by whlich etha- 
nol ingestion diverts the metabolism of the 
glycol aldehyde intermediate of the catechol- 
amines from the normal predominant oxi- 
dative route resulting in 3-methoxy-4-hydmx- 
ymandelic acid formation to a reductive path- 
way yielding 3 -met hoxy - 4- hydroxyphenylgly- 
col is open to speculation. As postulated pre- 
viously, the alteration could be mediated by 
the elevated levels of reduced nicotinamide 
adenine dinucleotide effected )by ethanol me- 
tabo18ism and/or by competitive inhibition of 
aldehyde dehydrogenase by acetaldehyde 

formed during the metabolism of ethanol 

The striking decrease in excretion of 3- 
methoxy-4-hydroxymandelic acid and com- 
pensatory increase in excretion of 3-methoxy- 
4-hydroxyphenylglycol induced by ethanol in- 
gestion points out a possible error in inter- 
pretation of data in which only 3-methoxy- 
4-hydroxymandelic acid excretion is used as 
an index of catecholamine release. As demon- 
strated in this study, a decreased excretion 
of 3methoxy-4-hydroxymandelic acid does 
not necessarily reflect decreased catechola- 
mine release but may mpresent a modification 
in the intermediary metabolism of the cate- 
cholamine because of the lmultiple and alter- 
nate channels available for catecholamine me- 
tabolism. 

The present studies complement and ex- 
tend our recent observations on the altera- 
tion of C14-norepinephrine metabolism in- 
duced by ethanol ingestion in man (2). Pre- 
vious studies from our laboratory showed a 
marked ethanol-evoked diversion of C14-sero- 
tonin metabolism from the usual oxidative 
pathway to C 14- 5 -hydroxy indoleacetic acid, 
to a reductive route with an increase in excre- 
tion of C14-5-hydroxytryptophol( 12). These 
observations strongly suggest that ethanol in- 
gestion could similarly alter the metabolism 
of the intermediate aldehydes derived from 
other biogenic amines. The intriguing pssi- 
bility that a causal relationship exists be- 
tween the ethanol-induced alterations of amine 
metabolism and the physiological conse- 
quences of ethanol ingestion has yet to be 
established. 

Summary. Ingestion of moderate amounts 
of ethanol by normal human subjects results 
in a striking decrease in excretion of 3-meth- 
oxy-4-hydroxymandelic acid and a compensa- 
tory increase in excretion of 3-methoxy-4- 
hydroxyphenylglycol. These findings are s u p  
ported by previous studies wing C14-norepi- 
nephrine and indicate that ethanol ingestion 
diverts the intermediate metabolism of both 
epinephrine and norepinephrine from the 
normal oxidative route to a reductive path- 
W Y  * 

( 1 , V  

1. Davis, V. E., Brown, H., Huff, J.  A., Cashaw, 



RNA SYNTHESIS IN RAT PITUITARY 1143 

J. L., Clin. Research, 1967, v15, 72. 
2 .  - , J. Lab. Clin. Med., 1967, v69, 787. 
3 .  Perfman, E. S., Ada Physiol. Saand., 1961, 

4. von Wartrburg, J. P., Berli, W., Aebi, H., Helv. 

5.  Antlon, A. H., Clin. €%arm. Thmap., 1965, v6, 

6. Pisano, J. J., Cfrout, J. R., Abraham, D., Clin. 

7.  Ruthven, C. R. J., Sander, M., ibid., 1965, 

v51, 62. 

Med. Aota, 1961, v28, 89. 

462. 

Chim. Acta, 1962, v7, 285. 

v12, 3118. 
8. h v i s ,  V. E., Huff, J. A., Birown, H., J. Lab. 

9. Axehod, J., Slcknce, 1957, v126, 400. 
10. Axelrod, J., Senoh, S., Witkop, B., J. Biol. 

11. Kopin, I. J., Pihmaicol. Rev., 1964, v16, 179. 
12. Davis, V. E., Blrown, H., Huff, J. A., Cashaw, 

C h .  Med., 19615, ~616, 3190. 

Chem., 1958, v233, 697. 

J. L., J. Lab. C h .  Med., 1967, v69, 132. 

Received April 17, 1967. P.S.E.B,M., 1967, v125. 

Effect of Hypothalamic Extracts on RNA Synthesis in Rat Anterior 
Pituitary Tissue." (32299) 

W. C .  HYMER AND ATHLEEN STERE (Introduced by Adam Antho,ny) 
Physiology Section, Department of Biology, The Pennsylvania State University, University Park 

Addition of crude acid extracts od rat hypo- 
thalamus to rat anterior pituitary glands in 
organ culture results in release of biologi- 
cally detectable quantities of trophic hor- 
mones (e.g., TSH, FSH) within 2 to 6 
hours of incubation ( 1-5). This observation 
has provided experimental evidence for the 
concept of neurmndocrine regulation of an- 
terior pituitary gland function. Thus, peptide 
"releaser" hormones, produced within spe- 
cific neurosecretory cells of the hypothalamus, 
reach cells of the anterior pituitary gland by 
way of the hypophyseal portal circulatory 
system. These substances then cause the 
release of preformed hormone and, probzbly, 
the synthesis of new hormone( 1,2). 

It is generally believed that some hor- 
mones may, as a primary event, activate 
transcriptive mechanism within the nucleus 
of the target cell(6-8). A sltudy of RNA 
synthesis in explants of rat anterior pituitary 
tissue in vitro was undertaken in an effolrt 
to determine if, in addition to their primmy 
function of release, hypothalamic extracts af- 
fect the rate of RNA synthesis in pituitary 
cells. The results presented here indicate that 
molecules of the ribosomal precursor and ribo- 
somal type (as well as populations of hetero- 
genevusly labeled molecules) are actively syn- 

*This study w,as supponted by Grant AT(30-1)- 
3827-1 from U. S. Atomic Energy Commission and 
in part by NASA 'Gnant NGR-39-009-015. 

thesized in the pituitary organ culture sys- 
tem. They further show that the rate of in- 
corporation of u15dine-H~ into RNA is not 
increased above control levels in glands ex- 
posed to hypothalamic extracts in vivo or in 
vitro. 

Materials and methods. Preparation of pi- 
tuitaries. Adult male rats (170-3'00 g), ob- 
tained from the Holtzman Co,., Madison, Wis,, 
were used in these studies. They were main- 
tained on a 12-hour light, 12-hour dark cycle 
with feeding ad lib. Animals were sacrificed 
by cervical dislocation, pituitary glands re- 
moved and the posterior lobes discarded. 
Twelve to fourteen animals were usually 
required for each experiment. Incubation con- 
ditions were essentially the same as those usled 
by Meites and his co-workers ( 1-4). Synthetic 
medium 199 (Difco Labs), buffered with 
NaHC03 to pH 7.2-7.4, was used. One or 
two anterior pituitary glands (halves or 
quarters) were incubated (Dubnoff shaker, 60 
cycles/minute, 37°C) in 10 ml Erlenmeyer 
flasks containing 1.5 ml of mdiumJgland 
under a 95% 0 2 4 %  COa atmosphere. 

Preparation of hypothalamic extracts. 
Fresh whole hypothalamic tissue from 12-14 
rats was placed on ice, pooled, and homoge- 
nized in 1.2 ml of cold 0.1 N HCl with a 
ground glass homogenizer. Time from removal 
of fresh tissue to homogenization was 15 min- 
utes. Homogenates were centrifuged in 0.6 ml 




