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with 270 cholestyramine was 13.2 g in 4 
weeks compared with a loss of 5.4 g in the 
control group. Only in this group were fatty 
acids of dietary origin found in the feces 
in increased amounts during cholestyramine 
administration. 

In the mature rats, 270 cholestyramine de- 
creased fat retention by about 5% in animals 
on the chow diet. In  animals switched to 
synthetic diets, the loss of fat during the 
first week on cholestyramine was quite 
marked, but there was little effect during 
the second week. These results may have 
been due in part to adjustment to the syn- 
thetic diets, since little effect of cholestyr- 
amine on fecal fat loss was found in those 
groups fed the synthetic diets for 2 weeks 
before cholestyramine was added to the diets. 

The incorporation of cholestyramine as 2y0 
of the diet provided 2 and 1 g of choles- 
tyramine per kg of body weight per day 
in the young and mature rats, respectively. 
In man, the daily dose of 12 to 15 g of 
cholestyramine (used in lowering plasma cho- 
lesterol) provides about 0.2 g of cholestyr- 
amine per kg per day. Thus, fat utilization 
is decreased by cholestyramine both in the 
young rat and in man(4) when given at  high 
dose levels and especially with high levels 
of dietary fat. 

RENIN FORMATION 

Summary. In  the young weanling rat, 2% 
choIestyramine in the diet increased the loss 
of fecal fat, particularly in diets of high fat 
content. Administration of cholestyramine to 
the mature rat resulted in a moderate de- 
crease in fat retention, but after one week 
the effect was minimal. 
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Effect of Aldosterone on Juxtaglomerular Index and Zona 
Glomerulosa of Nolrmotensive and Hypertensive Rats.* (29857) 

EDWIN R. FISHER AND M. TAMURA 
Departments of Pathology, University of Pittsburgh and V A  Hospital, Pittsburgh, Pa. 

Evidence has been accumulated which in- 
dicates that renal hypertension results from 
increased activity of the renin-angiotensin- 
aldos terone mechanism. The precise mecha- 
nism of action of angiotensin I1 and aldos- 
terone in this regard is less certain and in 
some instances increased secretion of both 
substances has not been accompanied by 
hypertension( 1,2). Feedback control of this 
system is considered to be mediated by the 
depressor effect of aldosterone’s sodium re- 

* Supported by USPHS Grant C-519.5. 

taining properties on the juxtaglomerular ap- 
paratus of the kidney, the site of renin forma- 
tion ( 3 ) .  However, rabbits pretreated with 
aldosterone exhibit a lesser pressor response 
to angiotensin infusions than controls (4). 
Although angiotensin has been noted to cause 
an increase in renal renin in rats, this effect 
is prevented when aldosterone is also admin- 
istered( 5) .  This has suggested that the latter 
may have a direct blocking effect on angio- 
tensin(4). In an attempt further to explore 
this possibility, it was considered worthwhile 
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to investigate the effect of aldosterone on cer- 
tain parameters of the renin-angiotensin-al- 
dosterone mechanism in rats with renal hy- 
pertension induced by unilateral renal artery 
constriction. This model appeared pertinent 
since i t  has been demonstrated previously 
that renal hypertension in the rat appears 
unaffected by alteration in sodium state al- 
though the degree of granularity of juxta- 
glomerular cells, a reliable index of renal 
renin content, reflects electrolyte composition 
in this situation (6). 

Methods. Fifty-two adult female Wistar 
rats weighing 115-125 g survived the experi- 
ment. Thirty-four were subjected to partial 
constriction of the left renal artery. All ex- 
hibited elevation of blood pressure within 12 
days following operation, at which time 19 
received daily subcutaneous injections for 
3 weeks of 0.5 mg of crystalline d-aldosterone 
acetate (Ciba) suspended in sesame oil. The 
remaining 15 were injected with sesame oil 
only. Groups of 9 unoperated normotensive 
rats received similar injections of aldosterone 
and sesame oil. 

Animals were 'housed in individual cages 
and maintained on Wayne Lab Blox and tap 
water ad lib. Blood pressure was estimated 
by a microphonic method prior to m d  twice 
weekly after operation and/or injections of 
aldosterone or sesame oil. 

All rats were sacrificed 3 weeks after the 
initiation of injections by aortic puncture. 
Kidneys were fixed in Helly's fluid and sec- 
tions stained for estimation of juxtaglomeru- 
lar index (JGI) according to the method of 
Hartrofts( 7) .  Heart and adrenals were blot- 
ted and weighed. Frozen sections of the lat- 
ter were stained with oil red 0 after formalin 
fixation and width of zona glomerulosa ex- 
pressed as percentage of cortex (ZGI) . Por- 
tions of liver, heart and gastrointestinal tract 
were also fixed in formalin, dehydrated and 
imbedded in paraffin in the usual manner. 
Sections were stained with azure-eosin. Serum 
Na, C1, K and hematocrit were determined 
as previously described ( 6).  

Results. Aldosterone-treated normotensive, 
unoperated rats exhibited moderate elevation 
of blood pressure (25-30 mm Hg) after 9 in- 
jections (Fig. 1 ) ,  Comparable elevation of 
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normotensive and hypertensive rats. 

blood pressure was noted after 13 injections 
of aldosterone in rats with renal hypertension 
(Fig. 2). Injections of sesame oil were with- 
out significant effect on blood pressure in 
both groups. 

JGI and ZGI were significantly less in 
aldosterone-treated normotensive rats than in 
controls receiving sesame oil only (Fig. 3 ) .  
Similarly, JGI of clipped and untouched kid- 
neys and ZGI of aldosterone-treated rats with 
renal hypertension were significantly less 
than that of hypertensive members treated 
only with sesame oil (Fig. 3). 

Heart and adrenal weights were compar- 
ably elevated in aldosterone-treated and con- 
trol hypertepsive rats snly (Table I ) .  Vascu- 
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TABLE I. Effect of Aldosterone on Serum Na, Ti, Hemahrit (Hct) and Adrenal and Heart 
Weights of Normotensive and Hypertensive Rats. 

Adrenal Heart 
NO. K a  K Hct wt (mg) wt (mg> 

Normot ensive 
Aldosterone 9 154 4*t 4.1 f .4* 44 & 3 4 7 f  9 652 & 70 
Sesame oil 9 1 4 4 k  4 5.5 * .7  45 2 6 51-c 9 616 2 65 

(control) 
Hypertensive 

Aldosterone 19 145 5 8 4.3 2 .7* 43 f 6 63 2 10 810 & 30 
Sesame oil 15 140 & 6 5.0 & .8 45 & 4 63 & 15 850 2 35 

(control) 

* P <.Ol compared to control. 

lar lesions were qualitatively and quantita- 
tively similar in both aldosterone and sesame 
oil-treated hypertensive rats consisting of 
arteritis of hepatic hilar and intramural coro- 
nary arteries in approximately 20% of hyper- 
tensive rats. No morphologic alterations were 
noted in aldosterone-treated, normotensive 
animals. 

Serum Na was significantly elevated in 
aldosterone-treated, normotensive rats and K 
was slightly, but significantly, decreased in 
these latter as well as aldosterone-treated hy- 
pertensive members (Table I). No significant 
change in hematocrit or serum C1 was noted 
in any group, 

Discussion. This study indicates that al- 
dosterone administration results in moderate, 
but significant, elevation of blood pressure in 
rats not sensitized to steroid activity by uni- 
lateral nephrectomy and salt overload. Simi- 
lar doses of aldosterone have been observed 
by Gross et a l ( 8 )  to produce more marked 
hyperpiesis in rats primed by these modal- 
ities. The comparable elevation of blood 
pressure observed following aldosterone ad- 
ministration in rats with renal hypertension 
is unlike the experience with angiotensin. 
Gaskell et aZ(9) observed rats with renal 
hypertension to be more sensitive to its pres- 
sor effects than normotensive controls. This 
finding militates against the possibility that 
aldosterone directly antagonizes angiotensin 
or stimulates angiotensinase activity in this 
situation. This contention is substantiated by 
the decreased JGI observed in aldosterone- 
treated, normotensive and hypertensive rats. 
Hyperplasia of juxtaglomerular cells has 
been observed in humans with hyperaldos- 

t Standard deviation. 

teronism and angiotensinemia without hyper- 
tension( 1) .  Renal renin and JGI were con- 
sidered unaffected in rats in which a block- 
ing action of aldosterone on angiotensin ac- 
tivity has been considered( 5 ) .  We have no 
certain explanation for the lack of signifi- 
cant elevation of serum sodium in aldosterone- 
treated hypertensive rats except to note that 
this parameter of sodium state in other situ- 
ations has not invariably coincided with ap- 
parent salt overload or depletion (6).  Never- 
theless, it appears more likely that the de- 
creased JGI observed in rats treated with 
aldosterone results from the salt retaining 
properties of this hormone. This effect of 
sodium retention on JGI has been repeatedly 
noted. These interpretations are consonant 
with the view that aldosterone influences 
renin production in this form of renal hyper- 
tension by a “negative feedback” mechanism. 
Depression of ZGI noted in these experiments 
represents another instance in which this 
parameter and JGI exhibit parallel changes 
and is considered as further evidence concern- 
ing the mechanism of action of aldosterone 
in the renin-angiotensin-aldosterone system. 

The lack of influence of aldosterone on the 
vascular lesions of renal hypertension indi- 
cates that this humoral factor plays little 
or no direct role in the pathogenesis of these 
changes. 

Summary. Injections of aldosterone pro- 
duced moderate, but significant, elevation of 
blood pressure in normotensive rats. A com- 
parable elevation of blood pressure was noted 
in rats with existing renal hypertension pro- 
duced by unilateral renal artery constriction. 
JGI and ZGI were decreased in kidneys 
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and adrenals from both aldosterone-treated 
groups. These findings are interpreted to 
indicate the indirect role of aldosterone in 
regulating renin production. Aldosterone 
failed to influence the vascular lesions of 
renal hypertension. 
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Investigation of proteolytic enzymes in 
human semen led Lundquist and Seedorff to 
the discovery of a proteolytic enzyme active 
at low pH in seminal fluid( 1 ) .  This enzyme 
was thought to be a pepsinogen and could 
be activated with acid to a pepsin with ki- 
netics analogous to those described by Her- 
riott ( 2 )  for porcine pepsinogen. The activity 
of the resulting pepsin resembled the peptic 
activity of human gastric juice very closely 
in proteolytic activity vs pH curve, in milk 
clotting activity, in lability towards weak 
alkali, and in stability a t  acid reaction. The 
unactivated pepsinogen in semen showed no 
milk clotting activity; such activity was 
readily elicited after prior incubation with 
acid. Lastly, from semen the above investi- 
gators crystallized a material which was in- 
distinguishable from crystalline swine pepsin. 
Investigation pointed to the seminal vesicles 
as the organ of secretion(3). 

Until recently it was generally assumed 
that peptic activity in human gastric juice 
was ascribable to a single pepsin, derived 

*This study was supported by USPHS Grant 
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from a single pepsinogen. However, column 
chromatographic fractionation on DEAE (di- 
ethylaminoethyl) -cellulose has enabled us to 
show recently that a t  least 3 closely related 
pepsins (4), derived from separate pepsino- 
gens (5) , account for the proteolytic activity 
in human gastric juice. In  view of the re- 
ported closely similar behaviour of the proteo- 
lytic enzymes secreted by gastric mucosa and 
by seminal vesicles(4) it was of interest to 
determine whether this resemblance could be 
confirmed by chromatographic separation of 
the pepsinogens from seminal plasma. This 
report presents a comparison of the chro- 
matographic behaviour of human seminal 
pepsinogen with that of human gastric mu- 
cosal pepsinogens and of human gastric pep- 
sins with that of seminal pepsin, respec- 
tively. 

Methods. Human semen was obtained by 
masturbation from 5 healthy unmarried in- 
dividuals, aged 22-24 years. The five speci- 
mens were pooled and diluted to 150 ml 
with 0.1 M acetate buffer pH 5.3. This solu- 
tion was dialyzed vs 0.1 M acetate buffer 
pH 5.3 at  4OC and thereafter filtered through 
filter paper (Eaton and Dikeman #615). The 
filtrate was applied to a DEAE-cellulose 
column (v. infra) . 


