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able mortality. On the other hand, mouse 
blood and mouse tissues appear to be rela- 
tively toxic to neonatal rabbits. On the basis 
of the reported literature, it appears that the 
maximum amount, of mouse Mood or mouse 
tissue homogenate which can safely be given 
to neonatal rabbits in the first 14-21 days of 
life is about 2 ml(4,S). We have observed 
much the same thing, since our attempts to 
give more than 2 ml of mouse blood to neo- 
natal rabbits resulted in close to 100% mor- 
tality and administration of 1.5 ml to the neo- 
natal rabbits produced about 50% mortality. 

Since this study has demonstrated the feas- 
ibility of producing in neonatal rabbits a sub- 
stantial degree of tolerance to the antigens in 
human blood. this procedure may be found 
useful in solving other immunologic prob- 
lems, such as the elucidation of the antigenic 

relationships in cancer, and other conditions 
in which presence of an abnormal antigen is 
suspected. 

Conclusion. In neonatal rabbits, a sub- 
stantial degree of immunologic tolerance has 
been produced to all the antigens in normal 
human serum. 
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The rate of degradation of intravenously 
administered angiotensin I1-Ilt3l has recently 
been demonstrated to be slower in patients 
with untreated primary benign hypertension 
than in normotensive subjects( 1-5). The 
angiotensin 11-P1 degradation rate, however, 
in 2 patients with secondary renal hyperten- 
sion was in the hypertensive range and in one 
patient was in the normoltensive range(2). 
Biological assays of the blood of hypertensive 
and normotensive patients indicated that 
greater quantities of angiotensin were present 
in the !former than in the latter group of pa- 
tients( 6-8). These observations prompted 
investigation of the effect of normotensive, 
untreated primary benign hypertensive and 
untreated secondary renal hypertensive hu- 

*Aided by grants from Nat. Heart Inst. and 
American Heart Assn. This work was performed 
under U. S. Atomic Energy Commission By-product 
Material License Number 31-4776-1. 

man sera on the degradation of angiotensin 
1 1 - P 1  in vitro. 

Materials and methods. Iodination of an- 
giotensin I1 (Val-5-angiotensin TI and ileu-5- 
angiotensin 11) t was accomplished by the 
Newerly modification of the method of Press- 
man and Eisen(2). Complete removal of the 
iodide and iodate remaining after iodination 
was effected by passage through resin col- 
umns. 

Sera were obtained from hospitalized nor- 
motensive ward patients and from untreated 
primary benign hypertensive and untreated 

t The val-5-angiotensin I1 was supplied by Dr. 
W. E. Wagner, Ciba Pharmaceutical Co., Summit, 
N. J. and Drs. I. H. Page and F. M. Bumpus, Cleve- 
land Clinic, Cleveland, Ohio furnished the ileu-5- 
angiotensin 11. 

t Several lots of angiotensin 11-11~31 were supplied 
through the courtesy of Drs. B. T. Eberle and H. J. 
Glenn, Abbott Laboratories. 
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secondary renal hypertensive out-patients. 
All sera were kept frozen until used. 

The technic depends on the ability of hu- 
man sera to degrade angiotensin 11-PI and 
on quantitative determination of the radio- 
active degradation-product (iodine-13 1) by 
means of paper radiochromato-electrophore- 
sis. Mixtures of 50 pl of human serum and 
approximately 0.003 pg of angiutensin 11-1131 
were refrigerated for 24 hours at 4OC. Spe- 
cific activity of the angiotensin 11-1131 prepa- 
rations varied between 100 and 250 mc per 
mg. 

The mixtures were then analyzed by pa- 
per radiochr m a t  0-elec t ropholresis employing 
Whatman 3 MM filter paper, 37 by 5 0 0  mm 
and barbital buffer, ionic strength 0.1, pH 
8.6. The proteins on the radiochromato- 
electrophoretic strip were stained with brom 
phenol blue. The material was applied at the 
cathode end of the paper strips with the 
power supply set at 600 volts and the cover 
of the apparatus kept open. Fluid from the 
buffer vessels moved toward the center of the 
paper strips by hydrodynamic forces and the 
material to be analyzed which was applied at 
the cathode end af the strips migrated 
towards the anode. Radiochrumato-electro- 
phoresis was employed for approximately 1.5 
hours after which the strips were dried in an 
oven at 110°C for 50 minutes. The strips 
were assayed ifor radiaactivity in an auto- 
matic strip scanner wing a thin window gas 
flow counter With a sensitivity of 0.6 >( lo6 
counts per minute per pc II3l above a back- 
ground of 16 counts per minute. Many of 
the strips were assayed with a modification 
of this apparatus employing a linear rate- 
meter with an integrating count circuit. This 
device simultaneously registered bath the in- 
stantaneous count rate and total number of 
counts on a dual channel recorder. 

Separation of angiotensin 1 I - P 1  from the 
radioactive degradation- pr d uc t a f angio t en- 
sin ItI-1131 (iodine- 13 1 ) was accomplished by 
radiochromato-electrophoresis ( 1,2 ) . Radio- 
chromato-electrophoresis of mixtures of hu- 
man serum and angiotensin 1I-If3l demon- 
strated 2 separate peaks of radioactivity: one 
with the characteristic mobility o f  angioten- 
sin II-P3I and the other with the mobility of 

iodine-131. The amount of angiotensin 
11-1131 and iodine-131 present was determined 
either by planimetric measurement of the 
areas beneath the 2 peaks or from the inte- 
grating count circuit of the linear ratemeter. 
The per cent or fraction af angiotensin 11-1131 
degraded was then calculated. 

When tracer quantities of angiotensin II- 
1131 were analyzed by paper radiochromato- 
electrophoresis the distribution cnf all of the 
radioactivity was represented by a smooth, 
symmetrical curve without skewing or distor- 
tion (Fig. 1). An occasional batch of angio- 
tensin 11-1131 contained a small amount of 
nonpeptide bound iodine- 13 1 which never 
was greater than 5 %  of total radioactivity. 
When present this small nonpeptide bound 
iodine13 1 fraction necessitated a small cor- 
rection in calculation of the per cent of an- 
giotensin 11-1131 degraded by the test serum. 

Several experiments were performed in 
which the amount of angiotensin II-II3l var- 
ied between 0.0002 pg and 0.3 pg. In gen- 
eral there was no apparent variation in the 
greater percentage of angiotensin 11-1131 that 
was degraded by sera from the hypertensive 
than from the normotensive patients yith 
these amounts of angiotensin 11-1131, althwgb 
in a few experiments the per cent angiotensin 
TI-I131 degraded by sera from the hyperten- 
sive patients was slightly increased when 
0.003 pg quantities of angiotensin 11-1131 
were employed. 

When varying amounts af either normoten- 
sive or untreated primary benign hyperten- 
sive huanan sera varying f m  0.1 to 100 ,uI 
were refrigerated with angiotensin II-P31 
there was no evidence of any angiotensin II- 

degradation with volumes less than 1.0 
pl. The maximum amount of angiotensin 
11-1131 degraded was achieved by approxi- 
mately 50 pl of human serum. Accordingly 
this volume was selected lor routine use. 

Reaction of normotensive and untreated 
primary benign hypertensive sera with angio- 
tensin I I - P l  for periods from 1 and 4 days 
at 4OC indicated that although a slightly 
greater percentage af angiotensin 11-P1 was 
degraded with increasing time of refrigeration 
there was no increase in the difference be- 
tween the means of the per cent angiotensin 
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FIG. 1. Paper radiochromntograni of represen- 
tative prcparntioii of nngiotensin J 1 - P '  iiscd i t i  
tlicse espcriiiiciits. 

FIG. 2. Paper radiochroniatc,~r~in, of saiiir: 
preparation of angiotensin 11-I'31 after reaetioii 
with normotensive serum. Amount of angiotensin 
II-Pl degraded is 2070. 

FIG. 3. Paper radiochromatogram of same prep- 
aration of angioteiisin II-Pl after reaction with 
serum from untreated primary benign hypertensive 
subject. 3 8 9  of tlict : i~~giot~~nsi~i T T - 1 ' " '  is ~l(~gr:t~l(v?.  

TI-I':;I degraded in hypertensive and nornio- 
tensive groups. Refrigeration of the serum 
and angiotensin II-l*:;' mixtures for 24 hours 

was elected as a convenient time that allows 
the best separation of the per cent angiotensin 
I I-I1:;t degraded between these 2 groups. 

Reszclts. When mixtures of angiotensin IT- 
1 and human serum from either normoten- 
yive or untreated primary benign hyperten- 
sive patients were studied by radiochromato- 
electrophoresis 2 peaks of radioactivity were 
present. One peak represented angiotensin 
I 1-11:17, the other peak represented iodine-131. 
'The untreated primary benign hypertensive 
sera typically degraded a greater quantity of 
angiotensin II-T131 than did the normotensive 
sera: hence, a larger fraction of the total ra- 
dioactivity was present in the iodine- 13 1 peak 
in these patients on the radiochromato-elec- 
trophoretogram (Fig. 2 ,  3 ) .  

The per cent angiotensin 11-1131 degraded 
in  14 experiments employing varying num- 
bers of normotensive and untreated primary 
benign hypertensive sera is presented in 
'Table I. Snety-three normotensive and 68 
untreated primary benign hypertensive deter- 
minations were performed. In several se- 
quential experiments the same lot o1f angio- 
tensin 11-PI was employed. Although the 
means for the per cent angiotensin 11-1131 
degraded varied with different batches, the 
results indicated that a significantly greater 
per cent of angiotensin 11-1l3l was degraded 
by the hypertensive sera than by the normo- 
tensive sera. Furthermore, the number of 
overlapping cases in any individual experi- 
ment was almost negligible. Table I1 is a 
summary of statistics of the normotensive and 
untreated primary benign hypertensive 
groups and indicates that the results are 
highly significant (P< These investi- 
gations indicate that untreated primary be- 
nign hypertensive sera degrade a greater 
yuantity of angiotensin 11-1131 than does se- 
rum from normoteiisive subjects. 

Heat inactivation of the normotensive or 
untreated primary benign hypertensive sera 
for 30 minutes at 57°C increased the per cent 
angiotensin 11-1131 degraded and frozen sera 
which had been thawed and refrozen before 
use tended to decrease the per cent angioten- 
sin 11-11:$1 degraded. Patients with primary 
benign hypertension treated with a variety 
o f  antihypertensive drugs (Rauwolfia ser- 
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TABLE I. Per Cent of 0.003 pg Angioteiisin II-IlS1 Degraded with 50 $1 Sera from Nornioteu- 
she,  Uiit.reated and Treated Primary Benign Hypcrteiisive Subjects. 

No. of overlap- 
Diff. between ping cases of 

means of normo- norinotensive 
tensive and uii- and untreated 

No. of treated hyper- hypertensive 
EX]’. Diagiiosis cases Range Meaii tensive subjects subjects 
-- 

1. A. 
R. 
C. 

2. A. 
B. 
C. 

2. A 
n 
c , 

4. A 
B 
c. 

5. A. 
B. 
C. 

B. 
C. 

7. A. 
B. 
C. 

e.  A. 

Xormo tensive 
Untreated hyper t eiisive 
Treated 
Korniotensive 
Untreated hypertciisive 
Treated 
Normo tcnsivc 
Untreated hypert ciisivc 
Treated 
Nornio teiisive 
Uiitreated hypertensive 
Trcatcd 
Normotensive 
Untreated hypertensivc 
Treated 
Normotensive 
Untreated hyperLeiisive 
Treated 
Nornioteiisive 
Untreated hypertensive 
Treated 

19  

7) 

7 1  

91 

9 1  

9 1  

8. A. Normoteiisive 
13. Untreated hypertciisivc 
C. Treated 

B. Untreated hypertensive 
C. Treated 

If). A. Normoteiisive 
B. Untreated 11ypcrJeiisivc 
C. Treated 

11. A. Normoteiisive 
R. Untreated li ypcr teii sive 
C. Treated 

12. A. Normotensive 
€3. Untreated hypertensive 
C. Treated 

13. A. Normoteiisive 
B. Untreated hyperteiisivc 
C. Treated 

14. A. Normotensive 
B. Untreated hyperteiisive 
C. Treated 

¶ 9  

9. A. Normoteiisive 
11 

9 1  

11 

# ?  

11 

5 
4 
1 
8 
5 
4 
8 
5 
4 
4 
4 
6 
4 
4 
3 
4 
5 
7 
7 
5 
6 
7 
5 
6 
4 
3 
8 

15 
4 

12 
5 
4 
3 
6 
5 
5 
6 
5 
5 

10 
10 
9 

24-40 
40-99 

14-22 
17-41 
12-29 
2 1-36 
31-58 
23-36 
47-57 
83-99 
55-85 
27-35 
3 1-48 
15-21 
35-41 
5 1-7 1 
52-77 
18-30 
28-50 
20-29 
20-27 
25-35 
20-29 
12-32 
16-40 
11-56 

6-22 
23-33 
11--22 
10-21 
14-32 
15-21 
17-30 
24-35 
13-26 
5-13 
8-16 
4-13 

12-26 
20-31 
10-20 

27 48 0 
75 
29 
17 17 1 
3 4 
21 
2 9 2 0 1 
49 
31 
52 36 0 
88 
69 
31 7 I 
38 
17 
38 25 0 
63 
60 
24 0 1 
33 
26 
24 5 1 
29 
26 
27 0 1 
27 
26 
15 I 3  0 
28 
17 
21 :i 1 
24 
17 
24 3 2 
27 
18 

ti 4 1 
13  
8 

18 3 2 
21 
18 

pentina derivatives, oral diuretics, ganglion- 
blocking agents and guanethidine) , either 
singly or in combination, and with partial or 
complete reduction of blood pressure values 
to normal generally had determinations af 
per cent angiotensin II-Il3] degraded that 
roughly paralleled their hypertensive status 
a t  the time the determination was made. 

Table I11 shows the results in untreated and 
treated primary benign hypertensive sub- 
jects and indicates that the differences in the 
per cent angiotensin II-P1 degraded are 
significant (P< Reaction of angioten- 
sin II-I1:I1 with 20 pl of human serum albu- 
min usually resulted in degradation af almost 
all of the angiotensin II-I131. In 2 cases of 
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_ . -  

and the greater hypertensive response follow- 
ing intravenous administration of incubated 
angiotensin TI(9) in hypertensive than in 
normotensive subjects. This implies that 

Normoteiisivc 93 93 2 11.1 

8.E. of differencc 1 2.64 P <lo-' 
Untreatecl hppc~tciisirc. 68 3'7 92.0 

secondary renal hypertension the per cent 
angiotensin IT-Tl3' degraded was within the 
normal range. 

Disrussion. I t  is apparent from these re- 
sults that untreated primary benign hyper- 
tensive sera enhance the degradation of an- 
giotensin II-I1:;I in vitro. This may be due 
to the presence of one or more unique factors 
in the sera of these patients or to the in- 
creased concentration or biologic activity of a 
factor (angiotensinase) normally present in 
human sera. Whether this factor (or 
factors) is present in all of the serum 
fractions is being investigated. The ob- 
servation that heat inactivation of serum. 
whether from a normotensive or untreated 
primary benign hypertensive subject, in- 
creases the amount of angiotensin II-I1:il de- 
graded suggests that an inhibitor may be 
present in human serum which restrains the 
action of this factor (or factors) and that 
this inhibitor is destroyed by heating to 5 7  '(' 
for 30 minutes. Additional studies have 
been designed to define the properties of this 
in hi bi t or. 

The reduction in the per cent angiotensin 
11-11:<1 degraded in the treated primary be- 
nign hypertensive patients whose blood pres- 
sures were normal or almost normal implies 
that the factor or factors which enhance the 
degradation of angiotensin 1I-Il2l are de- 
creased or altered by the antihypertensive 

factors are present in the hypertensive patient 
which result in a slow in vivo turnover rate 
despite a relatively great in vitro degradation. 

The normal values for the per cent angio- 
tensin TI-I1:<l degraded in the 2 patients with 
secondary renal hypertension are in contrast 
to the results obtained in the untreated pri- 
mary benign hypertensive group. If this 
difference is consistent ifor a larger series, it 
may be feasible to employ this procedure to 
distinguish patients with secondary renal hy- 
pertension from those with primary hyper- 
tension. 

Suinmar?. Refrigeration of angiotensin 
I I - I I : { '  in vitro with human sera from normo- 
tensive. untreated primary benign hyperten- 
sive and secondary renal hypertens'ive sub- 
jects demonstrated that greater quantities of 
angiotensin 11-11:31 were degraded by the un- 
treated primary benign hypertensive patients 
than by the normotensive or secondary renal 
hypertensive patients. Evidence for presence 
of a serum factor (or factors) enhancing an- 
giotensin Il-I1:il degradation and for a heat 
labile inhibitor has been advanced. The 
greater in vitro degradation of angiotensin 
11-1 l 8 '  by untreated primary benign hyper- 
tensive patients than by normotensive sub- 
jects contrasts with the in vivo turnover rates. 

\Vc are indebted to Dr. S. Feitelberg for critical 
review of this manuscript and are grateful to Mrs. 
Rita Milcznski for secretaria1 assistance. 
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The effect of dietary fats on serum choles- 
terol has been the subject of many recent in- 
vestigations. Ahrens( 1) reviewed the con- 
tributions of different workers, including his 
own groulp, which showed that the concentra- 
tion af serum Cholesterol in man is influenced 
by the nature of the dietary fat. Connor et 
al. ( 2 )  recently reported that dietary choles- 
terol is one of the important factors which 
influence the blood cholesterol level in human 
beings. In experiments with rats Swell and 
Flick(3) observed that oleic acid feeding re- 
sulted in higher blood cholesterol leveIs than 
did stearic acid. Lin et al.(4,5) also observed 
increased fecal excretion of cholesterol when 
the animals were fed palmitic acid or stearic 
acid. Aftergood et d ( 6 )  observed that diets 
based on lard resulted in higher serum choles- 
terd than did diets based on cottonseed oil. 
Portman et al . (7)  found in Cebus monkeys, 
that those fats which were most rich in poly- 
unsaturated (fatty acids tended to promote 
the lowest serum choleserol level. Sunflower- 
seed oil, an unsaturated fat, lowers serum 
cholesterol while hydrogenated coconut oil 
produces a sustained rise of serum cholesterol 
(8). These studies indicated a possible in- 
verse relationship between iodine number of 
dietary fat and serum cholesterol. Jones et 
a l . ( 9 )  observed, in cholesterol fed chicks, a 
cholesterol depressing effect of corn oil, but 
showed that this effect could not be explained 
by the fatty acid component orf the oil. Ex- 
perimental data on other animals including 
man also did not prove the hypothesis that 
degree of unsaturation and essential fatty 
acid composition of dietary fat controlled the 

* The Council of Scientific & Industrial Research 
financed the above investigation. 

serum cholesterol level(4,10,11). The dif- 
ferences between animal species complicate 
the picture. More information is needed re- 
garding the properties of dietary fat and the 
effect of their prolonged administration on se- 
rum cholesterol level. 

The present work deals with the effects of 
feeding 3 edible oils commonly used in India, 
mustard oil, coconut oil and sesame oil, on 
the different fractions of plasma lipids in rhe- 
sus monkeys. 

Materials and methods. Eleven rhesus 
monkeys were fed a basal diet consisting of 
wheat flour 64 parts, ground Bengal gram 
(Cicer arietinum) 20 parts, commercial case- 
in 1 2  parts, calcium carbonate 3 parts and 
common salt 1 part. The diet contained 2% 
fat, 19% protein, 65% carbohydrate and 1% 
fiber. Cholesterol of the diet was extracted 
with petroleum ether in a soxhlet apparatus, 
petroleum ether removed, the residue ex- 
tracted with acetone, alcohol was added, hy- 
drolysed with a drop of 3370 potassium hy- 
droxide, cholesterol precipitated with digito- 
nin and estimated by the method of Sobel and 
Illeyer( 12). Cholesterol of the diet was 15 
mg per 100 g possibly derived from crude 
casein. The animals were fed in addition 
50 mg ascorbic acid per animal per day and 
5 drops of a concentrate of Vit. A and D 
twice a week. The animals grew normally 
and consumed 150 g of the diet per day. Av- 
erage weight of the animals was 4 kg. 

Blood was collected by vein-puncture on 
the morning after an over night fast. for 
analysis of the different fractious of plasma 
lipids. The animals were then divided into 
5 groups and were fed basal diet only, basal 
diet with 3 g cholesterol mixed with the diet, 


