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carotid circulation depends largely upon the 
nervous ctnnections between the head and 
the trunk. On the other hand Cort ( 7 ) ,  work- 
ing with cats, has adduced evidence that t h e  
is a hormone released from the hypothalamus 
that is directly natriuretic. The present ex- 
periments provide no answer to the important 
question of exactly how the central nervous 
system may exert its influence on natriuresis. 

On the basis of these experiments we can- 
not speculate on the details of the renal 
response that are manifest as saluresis. We 
did not measure glomerular filtration rate or 
renal plasma flow. Brooks and Pickford (1)  
found that these variables did not change 
after intracarotid oxytocin. We ( 2 )  have not 
seen consisitent changes after intravenous oxy- 
twin. Small increases in filtration rate, how- 
ever, could account for the additional sodium 
excreted and still escape detection by clear- 
ance measurements. 

Su~ tmary .  Doses of oxytocin that are in- 
effective intravenously produce nactriuresis 
when injected into the cardid arteries or 
the .third cerebral ventricles of conscious dogs. 
These observations appear consistent with 

,the hypothesis that oxytocin exerts its natri- 
uretic effect by acting upon some intracrmial 
structure rather than directly upon the 
kidneys. 

The authors wish to express their appreciation 
for the kindness of Dr. S. C .  Wang in demonstrat- 
ing the technique for ‘preparing carotid loops and 
to Dr. H.  J.  Bartelstone and Dr. H. C. Kwaan for 
surgical assistance in the implantation of vmdricular 
cannulae. 
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Inhibi,tion of the Chronic Ethanol-Induced Fatty Liver by 
Antioxidant Administration* (32670) 
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A new concept of the mechanism of acute 
ethanol-induced hepatic injury was proposed 
following the demonstration that antioxidant 
administration either prior to, or simul~tanmus 
with eithand, effeatively inhibited hepatic 
triglyceride accumulation and ethanol-corn 
oil induced hypertriglyceridemia ( 1-5). As a 
result of these observations and the known 
role of antioxidants as inhibitors of peroxi- 
dative lipid deterioration, an hypothesis was 
advanced that lipid antioxidants exerted their 
protective effects by preventing an ethanol- 

* Supported in part by USPHS grant AM-08084 
and the Licensed Beverage Industry. 

1 USPHS predoctoral )trainee (GM-352). 

induced free radical chain reaction which 
would lead to the formation of lipid peroxides, 
hydroperoxides, and/or other complexes 
( 1 - 7 ) .  More recent studies ( 6 , 7 )  have damn- 
strated increased peroxidation of hepatic 
lipids following in vivo or in vitro adminis- 
tration of ethanol. The enhanced lipid p x i -  
dation in vivo occurred prior to the accu- 
mulation of triglycerides ( 6 , 7 ) ,  but was not 
observed with brain homogenates which do 
not metabolize ethanol, denoting that the 
lipoperoxidation process may be related 
ethanol metabolism, rather than ethanol, p r  
se ( 7 ) .  

Porta and Hartroft (8) have mnfirrned 
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the inhibitory effect of antioxidants on the 
acute ethanol-induced hepatic trigulymide ac- 
cumuld!im. Th0y also r e p r t d  Itht the 
swelling and fusion of hepatic mitwhondria, 
as well as miltachondria degeneration and as- 
solution noted after ethanol administration 
were effectively inhibited in antioxidant- 
treated rats. Other ethanol-induced hqakic 
cell ultrastructural changes were also d f i e d ,  
denoting the possible importance olf lipid 
antioxidants in the stabilimtion and presm- 
vation of lipoprotein membranes. However, 
in marked contrast to the observations that 
antioxidanfts prevented the development of 
the acute ethand-induced fatty liver (1-8), 
Porta et at. (9,lO) and Lieber and De Cmli 
(1 1) failed to inhibit the fatty liver induced 
by chronic ethanol ingestion by incorporation 
of a variety of antioxidanlts in the diet. 

In view of the observation that antioxidants, 
such as vitamin E, are p r l y  absorbed from 
the gastrointestinal tract (12), the present 
studies were undertaken to evaluate the in- 
fluence of the antioxidant, N ,  N’-diphenyl-p- 
phenylemdiamin~e (DPPD) adlministened pa- 
renterally, on the hepatic triglyceride al- 
terations induced by prolonged alcohol intake. 
Furthermore, since Lieber et al. (13) and 
JOB and Greene (14) have shown that the 
degree of steatosis induced by chrolrtic iIlr 
gestion of ethanol was dependent on the fat 
content of the diet, the influence df dietary 
lipid on the effectiveness of antioxidants to 
modify the chronic ethanol-induced fatty 
liver was also studied. 

Methods. Female rats of the Spirague 
Diawley strain (Dublin Laboratory Animals, 
Dublin, Va.) were maintained for a period of 
2 weeks on Wayne Lab-Blox diet (Allied 
Mills, Inc., Chicago, Ill.) before beginning the 
experimental dietary period. 

During the initial period, the antioxidant, 
DPPD, was administered initraperitoneally 
(60 rng/lOo gm) as a suspension in corn41 
at  7 and 2 days prim to the mmmencemmt 
of the experimental feeding period. The 
antioxidant was also administered on the 
12th d!ay of experimental feeding. Control 
animals received an equivalent vo lwe of 
corn oil intrapmitoneally. 

The experimental diets employed were de- 

TABLE I. Composition of Experimental Formula 
Diets. 

cch\v>> UHigh” 
fat  fat  

I ngr diem tt3 Units diet diet 

Caloric coniposition 
Protein yG of total calories 
Fat yo of total calories 
Carbohydrate 70 of total calories 
Ethanol or yo of total calories 

siic r ose 

Vitamin composition 
Vitamin A USP Units/liter 
Vitamin D USP Units/liter 
Vitamin C USP Units/liter 
Thiamine mg/liter 
Riboflavin mg/li t er 
Niaicinamide mg/liter 
Vitamin E IU/liter 
Pyridoxine mg/liter 
Vitamin B,, pg/liter 
Calcium pan- mg/liter 

tothenate 

Caloric cal/ml 
value 

20.2 
13.0 
31.8 
35.0 

4871 
390 
. 97.4 

1.9 
2.9 

14.6 
9.7 
1.9 
1.9 
9.7 

1.3 

16.2 
23.4 
25.4 
35 .O 

4759 
381 

95.2 
1.9 
2.9 

14.3 
9.5 
1.9 
1.9 
9.5 

1.7 

rived from a readily availaable formula diet.2 
The first diet employed was the basic diet to 
which either sucrose or &no1 wwe added 
as 35% of the calmies; this diet contained 
fat at 13% of the dor ies  and was designated 
the “low” fat diet. The second diet was preL 
pared by homogenimtion of 26.7 gm of c m  
oil per liter of the basic diet. S u m  or 
ethanol were then added to provide 35% of 
the total calories; the fat content was d c u -  
lated to be 23% of the dories. This diet 
was designated as the “high” f a t  diet. The 
volume and caloric composition of the respec- 
tive sucrose and ethanol-containing diets were 
comparable, as were their vit!am,in and 
nutrient contents (Table I). 

Throughout the dietary period, the expen- 
mental animals were allowed to feed ad 
libitum. Diets were prepred three to four 
times weekly with refrigeration of excess. 
Fresh diet was supplied in drhking tubes 
every 24 hours to prevent evaporative lass orf 

~ C k o h t e  Metmxd: Mead Johneon & Co., 
Evansville, Indkma. 
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FIG. 1. Daily food and caloric intake of the liquid 
“low” fat diet in sucrose (+), sucrose 4- DPPD 
(a ) ,  ethanol (a), and ethanol + DPPD (0) 
treated rats. Each point is a mean of 9 animals 
per group. 

ethanol. The volume of diet consumed and 
body weights were determined each day. 

At the end of the 3-week dietary period, 
liver and plasma triglyceride concentrations 
were determined in duplicate on chloroform- 
methanol extracts (1 5 )  by the method of Van 
Handel and Zilversmit (16). Statistical anal- 
ysis of the data was performed at the 95% 
confidence level by the t test for difference 
between means. 

Results. Daily food consumption and ca- 
loric intake of the ethanol and sucrose-sup- 
plemented groups on the “low” fat diet is 
presented in Fig. 1. All animals manifested a 
progressive increase in food cornuption 
during the initial 8-day period. “hereafter, 
food consumption in all groups stabilized with 
the exception of the corn-oil treated, sucrose- 
fed group which exhibited a secondary in- 
crease in fwd consumption which began on 
day 13. Throughout the experimental period, 
control and experimental animals on the 
alcohol diet consumed fewer calories than 
those on the sucrose dieit. 

Daily food consumption and caloric intake 
of animals on the “high” fat diet are presented 
in Fig. 2. In this experiment food Consumption 
was essenltially stable in all groups. In agree 
ment with observations on the “low” fat diet, 
the animals on the ethanol supplemented 
“high” fat diet consumed significantly fewer 
calories per day than did the sucrose-fed mi- 
rnals. The caloric intake of comparable groups, 
i.e., sucrose or ethanol supplemented, on the 

“low” and %gh” fat diets was, however, 
essentially identical. 

On the “low” fat diet, the daily intake 
(gm/kg) of ethanol ranged from 9.6 to 15.9 
in the conltrol group and 9.6-16.1 in DPPD- 
treated ethanol group (Fig. 3).  No significant 
difference existed in the mean intake per day 
of ethanol which was 13.3 4 0.3 gm per kg 
pex day in the ethanul-corn oil group and 13.9 
t 0.3 gm per kg per day in the ethanol- 
DPPD-treated group. Alcohol intake on the 
(‘high” fat diet ranged from 12.5 to 16.5 gm 
per kg per day in the control group and 11.4- 
17.4 gm per kg per day in the ethanol-treated 
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FIG. 2 .  Daily food and caloric intake of rats main- 
tained on the “high” fat diet in sucrose (+), su- 
crose + DPPD ( O ) ,  ethanol (m), and etbanol -k 
DPPD (0) treated rats. Each point is derived from 
6 animals per group. 
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FIG. 3.  The daily ingestion oi  ethanol in ethanol 
(0) and ethanol 4- DPPD-treated (W) rats main- 
tamed on the “low” fat diet. The DPPD was ad- 
ministered ilmtraperitoneally in corn oil at -7, 
-2, and 4-12 days. The control ethanol group (0)  
received an equivalent volume of corn oil. Each 
point is derived from 9 animals per group. 
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FIG. 4. Growth curves of rats treated with sucrose 
( ) , sucrose 4- DlPPD (B) , ethanol (01, and etha- 
nol + DPPD ( f )  and maintained on the “low’’ 
fat  liquid diet. Each po,int represents a mean of 9 
animals. 

DPPD group. The average daily alcohol con- 
sumption in the “high” fat groups was 14.3 t 
0.2 and 14.4 -+ 0.3 gm/kg in the mnltrol 
and DPPD-treated groups, respectively. 
These latter values were not significantly 
different than those found on the r‘lowyy fat 
diet. 

The growth curves of rats consuming the 
“low” fat liquid diet are presented in Fig. 4. 
Although all of the rats began the experi- 
mental period with similar body weights, ani- 
mals on the ethanol supplemented diets 
showed a significant inhibition in body weight 
gain in contrast to those animals maintained 

on the sucrose supplemented cliet (Fig. 4, 
Table 11). The administration of DPPD did 
not induoe any significant alteration in body 
weight gain in the ethaml-treated goup 
(Fig. 4, Table 11). Comparison of Tables I1 
and I11 indicates mpa,rable weight gain 
occurred in animals nxiintainled on both the 
“low” and “high” fat diets. In the latter ani- 
mals, a significant decrease in weight gain in 
the ethanol-fed group as compared to &om 
fed the sucrose supplemented diet is again 
manifested. No difference occumd in body 
weight between control and DPPD-treated 
rats nmixdtained on either the sucrose or 
ethanol supplemented diets H t t i n g  direct 
comparisons within these groups. 

The control rats which received the ethanol 
supplemented “low” fat diet showed hepatic 
triglyceride concentrations which were 
elevated 115% over that observed in the 
i s d o r i c  sucrose supplemented diet (Table 
II). In contrast, the rats maintained on the 
alcohol diet and treated with DPPD had 
hepatic triglyceride levels that were S;@- 
ficantly r e d u d  46% from the ethanol group 
and which were equivalent to n d  control 
values (6). The triglyceride concentrations 
in the DPPD group which received the ethanol 
suppkrnented diet wee, however, significantly 
increased over the sucrose-DPPD-contrd 
gmUP 

Hepatic triglyceride concentrations of ra.4.s 
maintained on the ethmd supplemented 
“high” fiat diet were elevated 199% over 
similarly treated rats on the sucrose s u p  
plemented ‘‘high” fat diet. Trmtmmt of 

TABLE 11. Influence of Antioxidant Adiniilist,ration on Liver Lipid Alterations Induced in 
Rats Maintained on an Ethanol-Supploinentcd “Low” F a t  Formula Diet.” 

Liver Plasma 
Treatment Body wt (gm) 

Dietary Intra- triglyceride triglyceride 
supplement peritoneal Initial Final (mg/gm) (mg/100 ml) 

Sucrose Corn oil 112 2 3 223 2 5 13.1 .+- 0.6 40.7 -e 5.3 
Sucrose DPPD 110 & 2 208 k 3 9.5 -t- 1.7 29.7 2 3.9 
Ethanol Corn oil 109 * 2 182 k 7 28.0 k 3.7 43.8 2 5.3 
Ethanol DPPD 106 -c 3 176 k 7 15.2 k 1.1 64.4 & 9.7 

“ Data expressed as the mean standard error of the mean are derived from 9 rats per 
group. The DPPD, suspended in corn oil, mas administered intraperitoneally on days 7 and 2 
prior to tlic feedings of the diet mid 011 day 12 of thc experinlent. Tlic control groups received 
corn oil alone, 
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TABLE 111. Influence of Antioxidant Administration on Liver Lipid Alterations Induced in 
Rate3 Maintained on an Ethanol-Supplemented “High” Fat Formula Diet.” 

Treatment Body wt (gm) 
Liver Plasma 

Dietary Intra- triglyceride triglyceride 
supplement peritoneal Initial Final (mg/gm) (mg/lOO ml) 

sucrose Corn oil 109 -t- 3 222 & 4 17.8 k 2.0 46.9 2 13.6 
Sucrose DPPD 115 & 5 217 2 4 12.6 & 1.6 63.5 & 19.2 
Ethanol Corn oil 116 1: 4 179 -t 8 53.2 t 8.8 62.5 2 15.1 
Ethanol DPPD 115 1: 4 166 8 28.3 2 4.2 68.8 k 11.1 

Data expressed as mean k standard error of the mean a m  derived from 6 animals per 
group. The DPPD, suspended in corn oil, was sdministercd intraperitoneally on days 7 and 2 
prior to tihe feeding of the liquid diet and also administered on day 12 of the experiment. Con- 
trol rats received corn oil intraperitoneally. 

ethanol-fed animals with DPPD resulted in 
a significant 47% reductim in hepatic tri- 
glyceride. The hepatic triglycaride concentra- 
tion in the ethand-DPPD-treated group 
was, however, significantly increased over the 
sucrose-treated p u p s .  The administmtion of 
DPPD to rats on the Wgh” fat sucrose diet 
resulted in a significant 29% reduction in 
hepatic triglycerides. Since food cmumpt.ion 
in the control and DPPD-treated group were 
the same, the dcmzised hepatic triglyceride 
concentration can be attributed to a direct 
effect af DPPD. 

Plasma triglyceride concentrations in the 
sucrose supplemented group were similar to 
the comparably treated ethanol supplemented 
group (Table 11). However, the rats main- 
tained on the e h n o l  supplemented “low” fat 
diet and treated with DPPD had a plasma 
triglyceride concentration 58 % greater than 
that of the sucrose-fed group treated with 
corn oil. On the other hand, DPPD treatment 
of the sucrose-fed rats led to a significant 14% 
decrease in plasma triglyceride concentration 
when colmpaxd to similarly fed corn ail 
treated rats. In contrast to these oka%ions  
plasma triglyceride concentrations on the 
“high’’ fat supplemented diets were not sig- 
nificantly altered in the various p u p s  (Table 
111). 

Discussion. The present findings confirm 
previous observations that the chronic admin- 
istration of ethanol in the amount of 36% of 
total calories results in a significant increase 
in liver total lipids and triglycerides (9-11, 
13, 17). Hepatic triglyceride levels in the ani- 

mals fed the “high” fat ethanol diet were 
significantly greater than that observed on the 
“low” fat ethanol diet under canditions of 
comparable caloric intake. This finding con- 
firm the observations of Lieber et d. (1 1 ,  
13), and Jones and Greene (14) that the 
degree of steatosis induced by prolonged in- 
gestion of alcohol is dependent upon the fat 
content of the diet. Although Jones and Greene 
(14) observed increased heptic lipids in 
chronic alcohol studies only when the dietary 
fat content exceeded 20% of the total calories, 
the present findings and those of Lieber et 
QZ. (13) denote that hepatic fatty changes can 
be induced with diets containing less than 
20% fat. Indeed, the latter investigators (13) 
employed a 2% fat diet and observed a 1.5- 
fold increase in total hepatic lipids in ethanol- 
treated rats. 

Lieber and De Carli ( 11) and Porta et d. 
(9, 10) observed that rats chronically main- 
tained on ethanol-containing diets supple- 
mented with antioxidants developed fatty in- 
filtration of the liver which was equivalent to 
that observed in animals maintained on the 
ethanol diet done. Our experiments demon- 
strate that the lipid antioxidant DPPD, ad- 
ministered by the intrapritoneal route, re- 
sulted in the maintenance of essentially nor- 
ma1 hepatic triglyceride levels in rats main- 
tained on ethanol supplemented “low” fat 
diets. siteatasis was si,anificantly reduced by 
the DPPD, but not prevented, when rats were 
maintained on the “high” fat ethanol sup- 
plemented diet. 

It is possible that the protective effect od 
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antimidmits noted in the present investiga- 
tions, in contrast to the negative findings 
previously rqmdtd (9-1 1) may be due to the 
limited absarpltion of orally administered 
antioxidants (12 )  and ithe resulting inability 
to attain adequate cellular antioxidant conk 
centrations. In support of this mnmpt the 
production of Ithiobarbi twit acid reactive 
material by liver homopates  of rats which 
received antioxidants orally (9, 10) was 25- 
to 40-foJd greater than the concentration of 
hepatic thiobarbituric acid reactive material 
measured when DPPD was administered pa- 
renterally (6). The concentration .of hepatic 
thiobarbituric acid reactive material f o d  
in vitro by the peroxidation of lipids is in- 
versdy related to the antimidant capacity 04 
the tissue (6). 

Porta et al. (9, 10) reported that heptic 
thiabarbituic acid reactive material was sig- 
nificantly increased by the chronic adminis- 
tration of ethanol. A similar enhancement was 
also alxm-ved following the administration of a 
single acute dose of ethanol (6), denoting an 
enhanced lipid peroxidative process in both 
acute and chronic alcoholism. While liver 
antioxidant levels were significantly increased 
when a-tmpherol acetate was added to the 
formula diets (9, lo), the degree of inhi- 
bition of lipid permidation was significantly 
less than that achieved following the intra- 
peritonea1 administration of DPPD ( 6 ) ,  as 
the concentration of hepatic thiobarbituric 
acid material was 52.8 pg/gm in the ethanwl- 
vitamin E supplemented groups in the former 
study (9, l o ) ,  in contra& to 1.3 p g / g m  in the 
latter study (6).  The degree of antioxidant 
inhibition of lipid peroxidation necessary to 
inhibit or prevent the ethanol-induced bio- 
chemical (6)  and strucitural alterations 
(8-10) is yet to be established. 

I t  is also p i b l e  that thle protective effect 
of the antioxidants m y  have been negated 
by the high dietary lipid conta t  which w’as 
43% of the total calories in the previous 
studies (9-1 1). In support of this alternate 
interpretation is ithe finding that increasing the 
dietary fat content from 13 to 23% of the 
total calories in the present study reduced the 
effectiveness of DPPD to mainltQin normal 
hepa tic t rig1 y car ide concent rat ions. 

De Carli and Lieber (1  7)  receatly reported 

the use crf a new inexpensive liquid f m d a  
diet for studies on chronic alcoholism in rats. 
The dIi& employed in bhe present study, be- 
sides being nutritionally adequate, has the 
advantage that it is also inexpensive, readily 
available, and requires a I l k i e u m  of time b 
prepare. This formula diet, which maintainted 
normal hepatic triglyceride com&ra.tiuns, 
and continued growth of ithe animal may be 
of value in future studies an chronic alcoc 
holism. 

The present data indicate ithat the lipid 
antioxidant, DPPD, which protects againsrt 
the fatty liver induced by a large single doFJe 
df ethanol, is also effective in reducing stea- 
tosis resulting from prolonged ethanol in- 
gestion. Furihxmore, it is apparent that the 
fat content of the diet ,is an important fadtor 
not only in the production (13, 14), but ako 
in the antioxid‘ant modification of &ml- 
induced liver injury. Although certain differ- 
ences apparently exist in the aculte and chronic 
ethanol models, such as the response to l i p  
tropic faotors ( l o ) ,  the present d a h  orf the 
abillity of antioxiclmlts to prevent or inhibit 
the fatty liver induced by prolon@ ethanol 
ingestion suggests that tihe basic mechanism 
of enhanced lipid peraxidation, as initially 
prop& for the acute ethanol induced 
steatosis, m y  also be a factor in inducing the 
hepatic lesion in chronic alcoholism. These 
studies further accent the possible role of 
lipid antioxidants in the modification of 
hepatic injury. 

Summary. Female rats were maintained fm 
21 days on nutritionally adequate liquid &&s 
containing either “low” or hi&” fak con- 
tent and supplemented with &and (YT k ~ -  
caloric sucrose as 35% of the calories. Liver 
triglyceride concentrdtions were s i@wtly  
elevated in animals maintained on both didts 
supplemented with ethanol. However, a 
greater inarement in triglyceride 
tions was mianifeslted in the “high” fat &am1 
group under conditions of similar doric in- 
take. The in t raper i tod  administration of 
the lipid antioxidant, N,N’-diphenyl-p-phmyl- 
enediamine (DPPD) , prior to, and during the 
dietary period significantly inhibited the 
ethanol-induced increment in hepatic tri- 
glyceride concentration. The inhibition of the 
chronic ethanol-induced steatosis, in cm- 
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juctim With our previous studies of antioxi- 
dant modification of the acute ethmol-in- 
duced hepatic lesion, further accents the pos- 
sible role of lipid peroxidation as a determi- 
nant in cell injury and the role of antioxidants 
as liver protective agents. 
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Observations on the Inhibitory Influence of Plethora on Erythropoietic 
Action of Androgens in Hypophysectomized Rats* (32671) 

HOWARD A. MEINEKE AND ROGER C.  CRAFTS^ 
Department of Anatomy, University of Cincinnati College of Medicine, Cincinnati, Ohio 45219 

The present studies were prompted by two 
observations made in this laboratory: (a) 
that the erythropoietic response to norethan- 
drolone, as measured by 69Fe uptake and 
reticulocyte counts, was abolished by blood 
transfusions in hypophysectomized rats, and 
(b) whereas the hypophysectomized rat, 2 
weeks after surgery, responds readily to nor- 
ethandrolone, no response to equal doses of 
testosterone propionate was obtained ( 1). 
Further elucidation of the relationship be- 
tween the plethoric state and androgen activ- 
ity seems important to an ulbtimate under- 
standing of the mechanisms by which andro- 
gens stimulate erythropiesis. 

The literature concerning the action of 
androgens on erythropoiesis has become ex- 
tensive and many suggestions have been 

~~ 

* Supported by grant AM-00476 from the National 

1 With +he technical a d t a n c e  of Susan C. Onken. 
Invtihte of Arthritis and Metabolic Diseases. 

made on the mechanism of their stimulatory 
effect. In  general, the following points of 
view are still in consideration: (a) androgens 
act by stimulating erythmpoietin production 
( 2 4 )  or they aliter the sensitivity of the 
kidney in such a way that there is i n c d  
ESF production (3)  ; (Ib) androgens act in 
some way other than by stimulating ESF 
production, such as an interaction in m e  
manner with ESF (1,s) or with the stem 
cell so that stimulation occurs without re- 
quiring increaved amounts of ESF ( 6 ) ;  or 
( c )  that androgens interfere or interact in 
same way with an inhibitor substance (7) .  

The use of the polycythemic or plethoric 
animal has been inltimately involved in all 
the studies from which these various ideas 
have been formulated, and the plethora has 
influenced the response to androgens in a 
variety of ways. Gurney et at?. (8-1 1 ) found, 
in the mouse, that various degrees of plethora 
w u l d  reduce, but not eliminate, the response 


