
that they stimulated hormone synthesis. 
Mammary gland growth data suggest that less 
lactogenic hormone is released from the pitui- 
tary by 1.0 pg ED than by either 2.0 or 4.0 
pug ED, which presumably are stimulating 
maximal secretion and release since only 1.0 
pg ED could be potentiated with additional 
pituitary tissue. These results also indicate 
that the anterior pituitary is responsive to es- 
trogen prior to weaning, in this case 21 days 
of age, and that the hypothalamic controlling 
mechanism (s) responsible for the synthesis 
and release of lactogen is either mature a t  
this time or is matured by exogenous estrogen 
in suckling rats. 

Summavy. Anterior pituitary tissue alone 
and with estradiol dipropionate increased 
mammary ar2a in suckling, ovariectomized, 
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hooded Norway rats. Anterior pituitary tissue 
injected with 1.0 pg estrogen increased mam- 
mary area to a greater extent than did 1.0 pg 
estrogen alone and similar to that stimulated 
by 2.0 pg estrogen. When injected alone, an- 
terior pituitaries from rats previously injected 
with estrogen increased mammary area to a 
greater extent than did anterior pituitaries 
from non-injected rats. Estrogen injections, 
either 1.0 or 2.0 pg, increased pituitary lac- 
togen content. 

1 .  Silber, M., J .  Em?acrinol., 1953, v10, 35. 
2 .  Macdonald, G. J., Keece, R. P., PKOC. SOC. EXP. 

3 .  Reece, R. P., Turner, C. W., M u .  Agr.  E x p .  
B I ~ L .  AND Mcn., 1962, v110, 647. 

Sta.  Re.?. B d . ,  19.17, 266. 
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Renal Tubular Effect of Vala-Angiotensin II Annide in Rats. (28146) 

G. PETEI~S (Introduced by H. Bloch) 
(With the technical assistance of P. Scheer) 

Research Laboratorie.,, Pharnaaceih-a1 Departnzent, CIR.4 Lid, Bade,  Switr,erland 

The angio tensins are vasoconstrictor drugs. 
Their most evident effect on renal function in 
the dog( 1,2,3), in man(4-6) , and in the rat 
( 7 )  is an increase in vascular resistance in the 
kidney which is apparently more pronounced 
than in other parts of the circulation(8). This 
vascular action of angiotensin appears to af- 
fect the afferent arterioles more than the ef- 
ferent vessels and, therefore, causes a decrease 
in glomerular filtration rate ( 1,3 ,5,6). Since 
changes in glomerular filtration rate usually 
induce large changes in tubular function, any 
direct effect of angiotensin on renal tubules 
tends to be obscured by the effect on renal 
hemodynamics and glomerular filtration. Tn 
contrast to normal humans, patients with se- 
vere chronic hypertension do not respond to 
infusions of angiotensin by a major drop in 
effective renal blood flow: the clearance of p- 
aminohippurate (PAH) either remains un- 
changed or decreases only slightly (6,9-6 1) .  
Glomerular filtration rate (GFR) remains un- 
changed. In  such patients angiotensin induces 
an increase in urine flow and in sodium excre- 

tion which must be attributed to a tubular ef- 
fect of the drug. A similar tubular effect in 
normal rats will be described here. 

Male rats weighing 200-300 g, 
of mixed stock, were used. Renal clearance 
and water-electrolyte excretion was measured 
as described by Cotlove, with modifications 
suggested by the writer ( 14) .  The restraining 
cages used have been described( 1 5 ) .  A 0.1 5 
ill NaCl solution, containing suitable amounts 
of inulin and Na-I’AH, was infused into a tail 
vein at a rate of approximately 0.85 ml/kg 
min. After an equilibration period of approxi- 
mately one hour, renal functions were meas- 
ured for 2 control periods of 15-30 minutes 
each. Blood samples were taken after each 
period, and were replaced by i.v. injections of 
normal donor blood, containing inulin and 
PAH. At the conclusion of the second con- 
trol period, angiotensin I1 amide (“Hyper- 
tensin CTRA”) was added to the infusion fluid 
in amounts calculated to result in a drug ad- 
ministration rate of 0.008-0.2 pg/kg * min. 
In  control animals, the isotonic saline infu- 

Methods. 
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FIG. 1. Diuretic effects of Val,-sngiotensiii I1 a111- 

ide and of hydrochlorothiazide in  rats infused with 
0.8-0.9 ml/kg 9 min 0.15 N saline. Diuretic effects 
are expressed as differences between urine flow 5 
to 50 min after adding the drugs to infusion fluid 
and during the 2 preceding control periods. The 
non-significant change of urine flow in control ani- 
mals is  indicated as mean & S.E. Standard error, 
of a, in the regression equation Y = a + b x, is  
similarly given with the values for urine flow for  
lowest doses used. Standard error of the regres- 
sion coefficient b is shown by the pair of thin lines 
above and below regression line. Shaded area 
shows 0.95 fiducial limits,for the increase in diure- 

91s. 

sion was continued as before. Five minutes 
after adding the drug the first “treatment” 
clearance period was started, followed by an- 
other period beginning 90 minutes after start- 
ing administration of angiotensin. 

Urine was collected, practically without 
evaporation, under light mineral oil. Concen- 
trations of sodium and potassium in urine and 
plasma were estimated by flame photometry 
(flame photometer attachment to Beckman 
DU spectrophotometer) . Methods for meas- 
uring concentrations of inulin and PAH in 
plasma and urine have been discussed ( 16). 
Pure hydrochlorothiazide was dissolved in 
0.15 M NaCl solution by adding 0.1 ml of 
N NaOH solution for each 10 mg of drug. 
Like angiotensin hydrochlorothiazide was 
added to the infusion solution. 

Arterial blood pressure was recorded in par- 
allel experiments in unanesthetized rats 
treated precisely as those used in the clear- 
ance experiments. A polyethylene tube was 
ligated in the common carotid artery 24 hours 
before the actual experiment and was led out 
through the skin of the neck through a stab 
wound. The protruding part of the poly- 
ethylene tube was closed by a poly- 
ethylene stopper and protected against 
scratching and biting by a short external piece 
of glass tubing. Blood pressure was recorded, 

by strain gauge pressure transducer, continu- 
ously over periods of 4-6 hours. 

Results. While urine flow in untreated con- 
trol animals remained stable or even declined 
slightly after 2 control periods, infusion of 
angiotensin I1 had a most pronounced diur- 
etic and natriuretic effect (Fig. 1) .  When 
the diuretic response was expressed as the 
absolute difference in rates of urine flow dur- 
ing the first “treatment” period and the con- 
trol periods, the response was a linear func- 
tion of log dose, for doses from 0.008 to 0.2 
pg/kg min; 1.0 pg/kg min apparently did 
not produce a larger diuretic effect than 0.2 
pgJkg min. 

When hydrochlorothiazide was infused un- 
der the same conditions, which are not partic- 
ularly favorable for demonstration of the 
diuretic effects of this type of drug, the slope 
of the log dose response regression line was 
clearly different from that for angiotensin 11. 
This deviation from parallelism precludes a 
precise comparison of the potencies of the 2 
drugs. Within the range of doses studied the 
relation of equally effective doses was ap- 
proximately 5000-10,OOO weight units of hy- 
drochlorothiazide to one weight unit of an- 
giotensin I1 amide, i .e. ,  17,000-35,000/1 mole. 

When angiotensin was infused together 
with isotonic saline under the same condi- 
tions, for more than one hour, the diuretic 
and natriuretic effect declined or disappeared 
after one hour (Table I). When hydrochloro- 
thiazide was infused for similar periods the 
diuretic effect also disappeared within 1% 
hours. 

The increase in blood pressure in rats in- 
fused with 0.2 p e g  * min angiotensin I1 re- 
mained quite stable for 1 to 1% hours, and 
declined progressively thereafter. The pat- 
tern of the decrease differed markedly from 
that of “angiotensin tachyphylaxis” as ob- 
served in the unanesthetized dog infused with 
large doses of angiotensin I1 ( 1 7 ) .  

There was no consistent relationship be- 
tween the pressor and the diuretic response to 
angiotensin. Thus, in a group of 7 rats, an 
infusion of 0.04 p@g min of angiotensin 
produced an increase in urine flow from 0.66 
- + 0.09 to 0.93 t 0.10 ml/kg min, but had 
practically no pressor effect (mean increase 
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TABLE I. Influence of Angiotensin I1 Amide (.2 ,g(kg-min) on Renal Excretion of Water, 
Sodium and Pot.assium in Rats. 

V [Na+Iu V 
Urine flow, [NatIu y, [K+]. V, - 9 %  9 %  

ml/kg min peq/kg min !&eq/kg min GFR [Na+Ip GFR 

Controls .39 ? .06 47 ? 1.0 7.6 k 1.3 4.0 k .6 4.4 k .8 
Aiigiotensin I1 : .2 pg/kg min 

5- 50 min .96$ 5 -13 lllt 5 16 7.9 ~fi .6 10.0# 1.3 7.8t ? 1.3 
90-1 30 ” .62$ k .09 90t 10 6.2 f .6 6.1” k .9 5.5 f 1.2 

Values are means from groups of 6-7 rats each, ~fi S.E. Significance of “paired” differ- 
elices between treatment and control periods is shown as * for P < 0.05, t for P < 0.01, # for 
P < 0.001. All animals were infused with 0.15 M NaCl solution at 0.85 ml/kg*min (i.e. 125 peq 
Na+/kg*min) . 

in blood pressure + 5 t 8 mm Hg). The 
diuretic effect of angiotensin was neither me- 
diated nor accompanied by an increase in 
glomerular filtration rate (Table 11). There 
was no significant change in sodium concen- 
tration of the urine, or in sodium-UJP. The 
tubular rejection fraction for sodium and for 
water increased to a comparable extent under 
the influence of angiotensin (Table I). The 
infusion of angiotensin had no demonstrable 
effect on renal excretion of potassium. 

Renal clearance of PAH decreased very 
sharply in angiotensin diuresis. This decrease 
resulted in a steep increase in the “filtration 
fraction,” calculated as CIN/CPAH. 

Discussion. Angiotensin I1 in unanesthe- 
tized rats infused with isotonic NaCl solution 
at  a fairly high rate has diuretic and natri- 
uretic effects comparable to the well-known 
effect of exogenous renin in the rat(l8).  
Analagous to most other effects of exogenous 
renin the diuretic effect of renin may, there- 
fore, be assumed to be mediated by angioten- 
sin. Angiotensin was found by previous in- 
vestigators to have no diuretic effect when in- 
jected intraperitoneally( 18) and a small very 
brief diuretic effect when injected intrave- 

nously into rats in isotonic saline diuresis 
(19). These negative results are readily ex- 
plained by the very rapid degradation of an- 
giotensin in the blood and other tissues, par- 
ticularly in the kidneys (20). 

Since glomerular filtration rate is definitely 
not increased by infusion of angiotensin 11, 
the observed diuretic effect in rats in isotonic 
saline diuresis must be ascribed to a change 
in tubular function, i.e., a depression of over- 
all tubular reabsorption of sodium ions fol- 
lowed by a decrease in back diffusion of water 
to the peritubular blood. The same statement 
applies to the diuretic and natriuretic effect of 
angiotensin in human patients with severe hy- 
pertension( 6,9-13). This change could either 
be due to a direct tubular effect of angioten- 
sin, or could be a corollary to some other ac- 
tion of angiotensin as, for instance, its pres- 
sor action. In dogs, increases in the perfu- 
sion pressure of the kidneys have been shown 
to accelerate urine flow( 2 1 ) , sodium excre- 
tion( 2 2 ) ,  and total solute excretion( 23). 
Within the limits of “autoregulation” of renal 
blood flow, i.e., at blood pressures below 180 
mm Hg, “pressure diuresis” occurred without 
an increase in glomerular filtration rate( 22, 

TABLE 11. Influence of Angiotensin I1 Amide (.2 pg/kg*min) on GFR, C,,, and Mean 
Arterial Blood Pressure in Rats Receiving Infusions of 0.85 ml/kg*min of 0.15 M NaCl Solution. 

Mean arterial 
GFR (CI,), CIJA,, ‘ ‘ Filtration blood pressure, 
ml/kg-min ml/kg*min fraction’ ’ mm Hg 

Controls 9.8 1.1 29.0 f 8.0 .34 f .08 114 k 7 
Angiotensin I1 : .2 pg/kg*min Change : 

5 - 50 minutes 9.9 2 1.5 18.0t k 3.5 .59t & .06 +28$ & 6 
90-130 ” 11.0 f 2.0 23.6 f 5.0 .50 f .05 +14$ 4 

t ,  # See Table I. 
Values are means 2 S.E. for groups of 6-7 rats each. “Paired” differences in CpAa and 

F.F. are significant in spite of large inter-individual variation. Blood pressure was recorded 
in  parallel experiments under comparable conditions on a group of 5 rats. 



23) .  I t  is thought to be due to a change in 
renal medullary blood few( 23 ) . “Pressure 
diuresis” has not, to ou r  !<nowledge, been 
s h o ~ i i  to occur in the rat. I f  it occurs. i t  
could account, partly or iv l io l l j~ ,  for the diu- 
retic effect of angiotensin infwiion. The  in- 
creases in sodium and water excretion with 
increasin,q arterial pressure ol)scrved in dogs 
within the ran,qe of blood ~,ros~‘urcs  cncoiin- 
tered in rats infused with an;.riotcnsin was, 
however, much smaller than  the dillretic re- 
sponses found i n  the p rcwnt  csp:‘riments. 
Furthermore, i n  our normal r a t s  as well as in 
human hylxrt.;nsive patients ( 1 3 )  , Fiil)-pressor 
closes of aiigioien,sin e~i!iancc~l ren:il sodium 
and ivater escretion. .-I direct inhiliition of 
tiibular sodiuni rea1)wrption 1 ) ~ .  augiotensin 
~vould therefore, a1)pear as a more rc:ii;onal)le 
esplanation of th:: ol).+.~r~.ctl tliurc! i c  effects. 
,4n inhibitory cff’fcct on t ii1)1i’ar Sotli\ilil trans- 
port n.o~l(l  21150 be in I<cci,;Ilc< wi!h i h c  iiilii1)i- 
tion of sodium !ransport i n  isolated rat or 
rahbit k idnc~.  slicw i;i ; l i f i , o  Jvhich could be 
indiicetl 1))- VCI-J. :illi:I.ll co!icc’!itr~~tion.; of an- 
giotensin(24). ‘I’hc ;inti(li\irctic i:riid anti- 
natriuretic) effcct of angiot ,\nsin in dogs antl 
humans i n  m o d t ~ a t e  water dii.1i-vsis ( 1-7,  9-1 2) 
has 1)c.en e s l~ la inc~ l (  10) as  ;I clircxc-t conse- 
quence of a ( I t ‘ c r e a ~  in rmal I)!ootl tlow antl 
i n  glonic~r~ilar tl!tra!ioii rat- .  .-I tlccreasc i n  
renal blood f o i v  has a l r o  I m i i  oliserved i n  
dogs (8 )  antl postulated to occiir in  rats( 7 )  . 
i n  normal human wbjects. i n  inoderate iv;i!cr 
diuresis, there is a marlml fall in  the cI(~:ir- 
ance of PL4H which is also inter!,rct!~cl a11 

espression of dccreasetl renal 1 ) l d  flow, 
though the intluence of ancio!cn.;in oil rcnal 
I’AH extraction in man apl)arently bas not 
been measured. Tn hypxtensive patients in 
whom an$otcnsin cntails a tliiir~tic rrsponce, 
the clearance of PAAH eithcl- rciiiaiw :!n- 
changed or decreases verj7 sli;rht:l,, ( 1 I ,  1 3 ) .  I n  
normal rats, on the other hi7nd, thr-.re i s  a 
marked decrezre in clearancix of I’ IF!. This 
could also lie clue t o  a tler:rc~:i.-.c~ i:i rmal blood 
flow: i f  renal vasoconstrict io!! i ~ ; !~ r~  to affect 
the afferent ant1 thc vffercii’ 
renal circtilat io:i f ( )  t lit. s:t mc. ( I r . 9 ~  r o ~ . ~ .  , r I  {)nicr (I -  

1ar filtration rate u.ou!tl not I ) t .  c ~ . c l ) t ~ t r . c l  to tic- 
crease very m~.ich when !)loot1 ~)!-rw;ure rises 
a t  the same time. C h i  the other hand, the 40//(, 

decrease in CILBAIL which occurred in rats un- 
der the influence of a n  angiotensin infusion 
could also be due to a decrease in tubular 
J’AH secretion, possibly consequent upon the 
inhibition of tubular sodium transport. In  
kidney slices from rabbits, inhibition of the 
sodium-potassium exchange mechanism has 
bem shown to interfere with transport of 
i’AH(25). In  normal rabbits angiotensin ap- 
parently also eserts a diuretic effect( 26) ,  ac- 
companied bjr a decrease in clearance of dio- 
done. 

There is ample evidence that angiotensin 
stimulates the secretion of aldosterone from 
the adrenals of humans and dogs ( 13,2 7 - 3  1 ) 
as we11 as of rats(32).  Tn humans with ar- 
terial hjyertension, an increased urinary ex- 
crption of aldosterone has been shown to oc- 
cur at the same time as decreased renal tubu- 
lar rcaborption of sodium under the influ- 
ence of angiotensin( 13) .  In normal rats in 
icotonic saline diuresis aldosterone would, 
hojvever. not be espected to have a marked 
i!iiIucwx on sodium escretion (33) . On the 
other hand, in human patients with glomeru- 
lar- nephritis an infusion of aldosterone, pre- 
ceding an infusion of angiotensin, has been 
shown to increase the natriuretic activity of 
angiotenrin (34) .  This finding raises the pos- 
d)i!itx that endogenous aldosterone, secreted 
under the influence of angiotensin. may en- 
hance rather than oppose the natriuretic effect 
of angiotensin by an unknown mechanism. 

S ~ ! i i i i i i ~ r ? ~ .  Tn unanesthetized restrained 
male rats infused with 0.15 31 NaCl solution 
a t  0.8-1 .O nil liq - min, infusions of aiigioten- 
.in had a strong diuretic and natriuretic effect. 
The  log dose-response relation was linear for 
doses of angiotensin from 0.008-0.2 pg/kg 
I n i n .  The diuretic potency of angiotensin per 
JIol \vas approximately 17,000-3 5,000 times 
screnter than that of hydrochlorothiazide. 
GFK ( C I y )  did not increase with angiotensin 
diuresis. Tubular rejection fractions for so- 
dium ions and for water were increased to the 
same extent by angiotensin. Subpressor doses 
of  angiotensin TI also were diuretic. Both 
tliuretic and pressor effects tended to decrease 
a f t e r  1 - I  )4 hours though the infusion was con- 
tinued. There was a large decrease in CI,AII 
during angiotensin diuresis which may reflect 
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a depression of PAH secretion and/or a de- 
crease in renal blood flow. 
- -_ -__-__ ~- __ 
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Colchicine Teratogenesis in Hamster Embryos.* (28167) 

VERGIL H. FERM (Tntroduci>d by R. Gosselin) 
Department of Pathology, Dartmouth Medical School, HaJzover, N .  H .  

The natural resistance of the adult golden 
hamster, Cricetus auratus, to the mitotic in- 
hibitory action of colchicine has been de- 
scribed( 1) and confirmed( 2,3). I t  has also 
been reported that hamster embryonic cells 
grown in tissue culture have at least a 100- 
fold greater resistance to colchicine than do 
human cells in tissue culture (3).  However, 
Vincaleukoblastine, another mitotic inhibitor, 
has as marked an effect on hamsters as on 

* Supported by U.S.P.H.S. grant. 

other animals(4). During a study on mitotic 
inhibition in hamster embryos it was noted 
that colchicine had an unexpected effect on 
the developing embryos. This report is based 
on a study of the effects of colchicine in preg- 
nant hamsters, using fetal mortality and con- 
genital malformations as criteria. 

Materials arrd methods. Virgin female 
golden hamsters were bred under direct ob- 
servation in the early evening hours and left 
with the male overnight. The day following 




