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trol mechanism caused by endotoxin acting 
on the carotid sinus also has been noted ( lo) .  
Histamine release, particulai-ly during the 
early phase of endotoxin shock, has been 
demonstrated( 11) and would tend to antago- 
nize the constrictor action of released vaso- 
constrictors. These factors, plus a local build- 
up of vasodilator metabolites, apparently ex- 
actly balance constrictor forces until the 
animal deteriorates beyond some critical point. 

Finally, it is of interest that up to 90 to 
120 minutes following a lethal, overwhelming 
dose of endotoxin, except during the very 
early phase, renal blood flow does not appear 
to be reduced as much as would be expected 
from the precarious state of the animal. And 
it is only near death that flow is actually 
reduced out of proportion to renal perfusion 
pressure in a majority of kidneys while other 
kidneys maintain a low resistance even when 
the dogs’s arterial pressure is extremely low. 

Summary. Experiments were completed in 
anesthetized, mongrel dogs. Kidneys were ex- 
posed retroperitoneally through a flank in- 
cision to facilitate direct blood flow measure- 
ment from a cannulated renal vein. Perfusion 
was through the intact renal artery of the dog. 
Renal vascular resistance increased markedly 
as perfusion pressure and renal flow decreased 
to low levels by 2 minutes after intravenous 
endotoxin injection. By 30 minutes, perfusion 
pressure and flow were still low but renal 
resistance was at  pre-endotoxin level where 
it remained until 90-120 minutes after endo- 

toxin at  which time resistance either in- 
creased or remained near control level. Renal 
perfusion pressure and blood flo’w were both 
very low at this point. These data indicate 
that during irreversible endotoxin shock, ex- 
cept for the very early phase, renal blood 
flow is not decreased out of proportion to 
renal perfusion pressure, During the latter 
period of shock, a t  extremely low arterial 
pressure, renal resistance may or may not be 
elevated. 
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Fractionation of H-2 Antigenic Specificities in A/Sn Mice.* (31137) 
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The different techniques for subcellular 
fractionation which have been used for the 
study of H-2 antigens in mice have shown 
these to be associated with cellular membranes 
(1,2,3,4,5). Extraction of these antigens from 

*This work was partially supported by a Grant 
from U. S. A’tomic Energy Commission to Univ. of 
Chile, NYO AT(30-1) -2488.4. 

the membranes presents some difficulties and 
the “molecu1ar” characteristics of the frac- 
tions obtained depend greatly upon the meth- 
od used for preparation of the antigen. Km- 
dutsch and Stimpfling(4) are the only autho’rs 
to report a method of extraction and purifica- 
tion of H-2 antigens using detergents (Triton 
X 100) which has resulted in maintenance 
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of antigenic activity. This molecular prepara- 
tion had all tested antigens except E(5).t 
The absence of some H-2 specificities coming 
from sarcoma I was discussed by Hilgert 
et aE(8). 

While the studies of subcellular distribution 
and chemical characterization of H-2 antigens 
“in block” are advanced, more information 
is necessary about the different specificities 
determined by the same or different H-2 
alleles. Previous reports from our laboratory 
(9,101) suggested the possibility that H-2 
antigenic specificities from the same organ can 
be separated. The present paper deals with 
experiments designed to test this hypothesis. 

Material and methods. Animal strains. 
A/Sn (H-2“) mice were used for extraction 
of antigens. AJSn, B10.D2 (H-2“) ,  A.CA 
(W-2‘), C3H Di Sn (22-2”) and A.SW (El-2’) 
strains were used as source of red blood cells 
for hemagglutination tests. Strains used for 
immunogenicity tests are mentioned when 
each experiment is described. 

Antigenic preparations. Microsomic frac- 
tions: the antigens were obtained from the 
spleens of 3 to 4 months old A/Sn males or 
females. The animals were killed by cervical 
dislocation and the spleens immediately ex- 
tracted and homogenized in cold isotonic 
sucrose buffered at  pH 7.2 with 0.01 M gly- 
cine ( 100 mg fresh spleen/ml) . The homo- 
genization was done during one minute a t  
4°C in a Potter-Elvehjem homogenizer with 
teflon pestle. The suspension was centrifuged 
twice at 10,0100 x g for 15 minutes in a 
refrigerated centrifuge. Sediments were dis- 
carded and the supernatant was centrifuged 
for one hour at  185,000 X g, 0°C in a pre- 
paratory Spinco Ultracentrifuge. The pellet 
was then resuspended in the same buffer. Both 
residue and supernatant were tested for H-2 
an tigenic con tent. 

Deoxycholate treated material. A/Sn 
spleens were homogenized in saline with a 
manual glass homogenizer (100 mg of fresh 
spleenjml) in the cold until only the connec- 
tive tissue remained undispersed (this takes 
about 2 minutes). 

-____ -. 

t According to the revised nomenclature for H-2 
antigens( 7 ) ,  the specificities will be designated using 
both old (letters) and new (numbers) systems. 

Saline was added to bring fresh spleen con- 
centration to 20 mglml. The suspension was 
passed through a stainless steel sieve and then 
centrifuged for one hour a t  25,000 X g, 0°C. 
The supernatant, devoid of any antigenic ac- 
tivity, was discarded. 

The residue was resuspended in 1.0% de- 
oxycholate (pH 8.01) up to 1 ml of solution/ 
200 mg of original fresh spleen, and then re- 
homogenized in a manual glass homogenizer. 
The highly viscous material that resulted was 
dialyzed against saline buffered with 0.011 M 
glycine (pH 7.4). The dialysis was performed 
at  4OC for 20 hours with agitation. Usually 
dialysis was performed using 1 liter of saline/ 
ml homogenized material, with 5 changes of 
liquid. 

After dialysis the material was centrifuged 
a t  105,000 x g, 0°C for 3 hours. The super- 
natant was carefully separated from the pellet 
and this was resuspended in saline with aid 
of an homogenizer. Both residue and super- 
natant were used to measure the antigenic 
contents. 

A n t i s f a .  Animals were immunized by 
weekly intraperitoneal injection of 1 : 1 mix- 
ture od liver and spleen. Usually 3 injections 
were enough to obtain a good titer. 

The pooled antisera were freeze-dried and 
stored at -20°C. The following antisera were 
used: 

1. Anti A ( l ) ,  K(11),  Y(25) ,  A’(27) se- 
rum prepared by immunizing B 10l.D2/BlO.- 
LP hybrids against A/Sn tissues. The activ- 
ity of this serum is mainly, if not entirely, 
anti K ( 1 1 ), considered the strongest anti- 
body. 

2. Anti D(4) ,  H(8), K(11),  Y(25), A’- 
(2  7 ) ,  C’ (2  9) serum, prepared by immunizing 
A.SW mice against A/Sn tissues. This serum 
will be considered as anti D(4) ,  H(8),  K ( l 1 )  
which are the strongest specificities. 

3. Anti H(8), I (9)  serum, prepared by im- 
munizing A.Sw mice against A.CA tissues. In 
this serum H(8) is the only pertinent activity 
since A/Sn mice are I (9 )  negative. 

4. Anti Db(2), E(5), V(22)  serum was ob- 
tained by immunizing B10.D2 animals 
against B10 tissues. This will be considered 
only as anti E ( 5 )  since A/Sn mice are Db ( 2  ) 
and V(  22) negative. 
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TADZT,E 1 .  Ailtigenic C'oiiteiit, of ,4/Sii Splerii Microsoiiies :ind Tts Supernatant .  

Anti Anti Anti 
Absorb ecl ant i  ser iini Db E V" D H K  Y A'C' D H K  T A'C' 

2- 5-22 4-23-11 26-27-29 6-8-1 1 25-27-29 
Rccl 1,lootl c.clls 11 /Rn ( I I  -2")  (',HDi Sri (TI-,?*) I31 0.1)!! (H- ,P)  
Ail tigciis test c ~ l  3 H K  Y A'C' U - H  A'Ci' 

5 8-11 35-27-29 4-8 27-29 
Mic rosoiiiic f riw ti oil 20.2 t 19.6 7.3 
sTup'l.ll:lt:lllt 5.1 .o .o 
* Italicizrcl slmificitics :IN thosc of major importnncc. t Uiiits/mg p o t .  

Antigenic es.timation. Gorer and Mikulska's 
hemagglutinating technique was used ( 1 1 ) . 
The amounts of antigens were estimated by 
inhibition of antisera hemagglutinating capac- 
ity. A quantitative expression of antigens was 
used according to the empiric formula: 

A X B units of antigen 

C units of material 

A = -Jog antiserum titer 
B = number of tubes showing complete ab- 

sorption of antibodies after neutraliza- 
tion with antigenic preparation 

C = an expression of concentration of anti- 
genic material used for neutralization. 

Immunogenicity tests were done injecting 
the antigen intraperitoneally into adequate 
receptor mice. Injections were given weekly. 
Antisera of injected animals were collected 
and their hemagglutinating capacity investi- 
gated. 

Sephadex elution. Samples between 1.5 and 
2.0 ml were passed through a 140 X 20 
Sephadex G-100 column.$ The elution was 
made with saline. 

Nitrogen determination was done by micro- 
Kjeldahl procedure ( 12). 

Protein determination was made according 
to the method of Lowry( 13). 

Results. The results obtained, measuring 
the antigenic content of different preparations, 
may vary from one experiment to another be- 
cause the well known lability of H-2 anti- 
gens. So it is more important to compare dif- 
ferent antigens from the same preparation 
than to analyze the mean values obtained 
from several experiments. However, it must 

$ Sephadex, G-100 fine. Lot No T 02946. Phlarmacia 
Uppsala. 

be pointed out that the results of the given 
experiments are illustrative of many experi- 
ments. 

The antigenic content of spleen microsomic 
fraction of A/Sn mice and the corresponding 
supernatant fraction are illustrated in Table 
I. I t  can be seen that there are clear differ- 
ences in the antigenic pattern of distribution 
if E ( 5 ) ,  H(8) and K(11) or D(4) and H(8) 
are considered separately. While the H(8) 
and K (  11) antigens are present only in the 
microsomic fractions, E (  5 )  remains in the su- 
pernatant. This does not indicate that anti- 
gen E(5) is in a completely soluble state. On 
the contrary, there is evidence to support the 
assumption that antigen E(  5) in the superna- 
tant is associated with a particulate system 
because: 

1. All neutralizing activity of the superna- 
tant falls after 3 hours of centrifugation at  
105,OOO x g and, 

2.  After passing the supernatant through a 
Sephadex G-100 column, E(5) activity ap- 
pears with the first protein fraction which 
elutes from the column (Fig. 1 ) .  

The immunogenic property of this microso- 
ma1 fraction was also tested. Five BlO.D2 
females were inoculated i.p. twice with this 
fraction ( 2 . 5  mg protein/animal, each time). 
The anti E(5)  serum titer was measured 21 
days after first injection. Three animals gave 
low but significant hemagglutinating titers 
( 1 : 8, 1 : 32, 1 : 64) with Gorer's dextran tech- 
nique. 

Treatment with deoxycholate. This treat- 
ment again gave a separation of specificities 
(Table 11). After detergent disruption, dialy- 
sis and ultracentrifugation, E ( 5) is! present 
only in the residue while H( 8) and K (1 1) 
are present in both residue and supernatant. 
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FIG. 1 .  E(5) antigenic activity in post microsomal. spleen supernatant elution in sephadex 
G-100 column. 

FIG. 2 .  Stephadex G-100 elution pafttern of 
deoxycholate. Antigenic activity detected with 
activity was absent. 

The concentration of the 3 antigens seems not 
to vary significantly in the residue compared 
with the original concentration of antigens in 
the spleen. 

As the possibility exists that residual de- 
oxycholate (after dialysis) affects the meas- 
urement of antigens, the agglutinating activ- 
ity of antibodies was measured in presence of 
variable concentrations of deoxycholate. Con- 
centration up to 0.12 % of deoxychdate does 
not affect significantly the agglutination ca- 
pacity of antisera. 

Passage through Sephadex G- 100 column 
was also done (Fig. 2 ) .  In contrast with post 
microsomal E(5) activity which elutes in a 
sharp peak, K ( 11) activity elutes in a wider 
zone in and outside the void volume of the 
TABLE 11. Antigenic Concentration" of Super- 
na,tant and Residue of A/Sn Spleen After Deosy- 

cholate Treatment. 
~~ ~ 

Antiserum A E Y  A' D h E V  H I  
anti 1-11-25-27 2 -  5-23 8 9 

Antigens tested A E Y A' E H 

Whole spleen homog- 30.6 17.5 35.2 

Residue 31.0 14.7 25.5 
Superria tant 24.1 0.0 14.8 

1-11-25-27 5 8 

enate (in saline) 

* Units/m,g nitrogen. 

A/Sn spleen supernatant after treatment with 
anti A(1),  K(11),  Y(25), A'(27) serum. E(5) 

column. No E(5) activity was detected in 
this eluted material. 

The immunogenicity of supernatant and 
residues was also tested. Two strains of mice 
were used: BlO.D2 and B1O.H-2". Groups oQ 
females (4 animals per group) were injected 
i.p. either with residue (0.34 mg N per 
mouse) or supernatant (0.25 mg N per 
mouse), one injection per week for 2 weeks. 
Blood samples were collected at  the 21st day 
and antibody titer was measured both sepa- 
rately for each animal and pooling the group 
samples. 

Table I11 shows that anti H(8)  and anti 
K(11) serum activity was obtained after in- 
oculation of residue or the superna,tant but 
anti E( 5)  was only obtained by injecting resi- 
due. 

Discussion. The methods used in the pres- 
ent experiments show the differences in dis- 
tributioln of H-2 antigenic specificities within 
cell fractions from the same organ of A/Sn 
mice. Fractions colntaining E ( 5 )  antigens de- 
void of D(4) ,  K(11), H(8) activities were 
easily obtained from post microsomal super- 
natant (Table I) ,  and H(8),  K (  11) anti- 
genic fractions lacking E(5) activity were ob- 
tained after deoxycholate treatment (Table 
11). 
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TABTJE 111. liiimuiiogeiiicity of Kehic1u;il a n d  Suyc~rii;~tuii t Fractioiis of A/Sii Spleen Af ter  
Deosycholntc Trcntment. Inoculations i n  B10.1)3(B-2,7d) and  B10 ( H - 9 ’ )  8-mo-old females.* 

Strain of No .  of ani- H-3 a n t i -  Rrsidue Supernatant  
i ~ i o c i i l : ~  tetl i i i ic,c> ~ii:iIh/g~wiip r.l~.c. f o r  tcst g k i i i h  tcstcd jiiwii1:itioii inoculation 

* Inoculations mcrc (lone intraperitonenlly. Two iiijectioiis scparnteil by 7 da!-s : blood W ~ S  
collected 21 days af te r  first iiijcetion. The  supernatant was iiijectecl in quaiitities of 0.25 lllg 
total  iiitxogcii 1wr inoiisc, each time. Rcsiduc : 0.34 iiig total  iiitrogcn under the same coiditioiis. 

The presence of minor quantities of the 
non-detected antigens in the preparations is 
of course possible. These experiments show 
the possibility of a differential fractionation 
of the H-2 specificities resulting in very dif- 
ferent patterns of distribution of antigens. 

There is no method for detection of these 
antigens other than those based on their im- 
munological specificity. Thus, it cannot be 
concluded either that different molecules carry 
E(5), and H(8), K(11) or that both belong 
into the same molecule but under different 
conditions of fractionation some specificities 
are inactivated while others are not. 

The absorption tests used for quantitative 
estimations of antigens agreed qualitatively 
with tests of immunogenicity made by induc- 
ing corresponding antibodies into appropriate 
hosts. 

H-2 material obtained after treatment with 
deoxycholate confirms the results of Kan- 
dutsch and Stimpfling using Triton(6). Our 
results seem also to explain the lack of E(5) 
activity in their preparation. 

Davies( 14) and Al-Askari et aZ( 15) failed 
to obtain antigenic activity after detergent 
treatment. The latter authors explain these 
differences by differences in techniques used 
for detection of the antigens. Another pos- 
sibility could be that the antigens present in 
the experiments of Al-Askari et a1 (1 5 )  are of 
“E ( 5 )  type,” disappearing after treatment 
with detergents. I t  is also possible that the 
behavior of antigens in fractionation depends 
on the source from which they are extracted. 

The behavior of both supernatants in re- 
spect to Sephadex elution is different (Fig. 1 
and 2 ) .  The E(  5)  active material from post 

microsomal supernatants seems to be consti- 
tuted by large particles, since all the activity 
appears in a very narrow zone together with 
the first fraction of proteic material which 
elutes from the column. On the other hand, 
the K( 11) activity of deoxycholate superna- 
tant appears in the column in a very wide 
zone in and outside the void volume. The 
distribution of K (  11) antigens could be ex- 
plained if deoxycholate provokes disruption 
of membranes into a variety of molecular as- 
sociations of different sizes. 

The presence of membranous material with 
H-2 antigenic activity obtained from microso- 
ma1 supernatant was reported by Manson et 
aZ( 16). Experiments presented here show that 
E ( 5 )  specificity is expressed in material ob- 
tained under similar conditions. 

In short, evidence is presented as to the 
possibility of obtaining fractions in which 
some of the H-2 specificities (antigens) de- 
termined by H-Zn allele in A/Sn mice can be 
separated from others. No good explanation 
can be advanced as the meaning of this im- 
munological classification in specific terms is 
not clear. 

Summary. Separation of some H-2 speci- 
ficities can be seen by subcellular fraction- 
ation and deoxycholate disruption of spleens 
of A/Sn mice. Antigens D(4) ,  E(5) and 
K(  11) show different patterns of distribution 
when they are examined in microsomal and 
post microsomal spleen fractions. A similar 
situation is observed when fractiolns are ex- 
amined after deoxycholate fractionation. The 
antigens were detected by absorption of he- 
magglutinating capacity of antisera and in- 
duction of hemagglutinins on injecting anti- 



INOTROPIC & CHKONOTROPIC EFFECTS OF P-BLOCKERS 3 73 

gen preparations in adequate receptors. 
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Inotropic and Chronotropic Effects of a Series of p-Adrenergic 
Blocking Drugs : Some Structure-Activity Relationships.* (31138) 

JOSEPH V. LEVY+ AND VICTOR RICHARDS 
Rcsearch Laboratories, Presbyterian Medical Center, San Fmzcisco, Calif. 

Since the discovery in 1958 by Powell and 
Slater ( 1) that dichloroisoproterenol (DCI) 
had significant beta-adrenergic receptor block- 
ing: actions, many compounds have become 
available which have even more specific and 
potent beta-adrenolytic properties. This re- 
port deals with a study of the inotropic and 
chronotropic effects of six of these beta-adre- 
nolytic drugs and their isomers on the iso- 
lated heart. 

While all the compounds to be discussed 
have some degree of beta-adrenergic blocking 
action, we were impressed with the fact that 
there were wide differences in the effects of 
these compounds on the contractile and elec- 
trical properties of the heart. Therefore, the 

*This investigation was supported in part by a 
grant from Nat. Heart Inst., N.1 H.  (HE-09080). 

f Recipient of Research Career Program Award, 
Nat. Heart Inst. (l-K3-HE-4355). 

$ The terms beta-adrenergic receptor blockade, 
beta-adrenolptic and beta-blockade are used inter- 
changeably in this report. 

material to be presented is an attempt to cor- 
relate the chemical structural features of 
these compounds with (a)  beta-blocking ac- 
tions and (b) influence on cardiac contrac- 
tion, rate, and electrical properties. 

Methods. Inotvopic studies. The effects of 
the compounds on the isometric force of con- 
traction of electrically driven rabbit left atrial 
preparations were studied according to the 
methods previously described (2).  Basically, 
isolated left atria were suspended in a muscle 
bath containing 50 ml Krebs-Ringer solution, 
and stimulated at  a rate of 120 beats/min 
using a square wave stimulus of 5 msec pulse 
duration at a strength 3 times threshold volt- 
age. The atria were equilibrated for 100 min- 
utes under these conditions before any drugs 
were added to the bath. Changes in force of 
contraction are expressed in terms of per cent 
of the post equilibration force (01 time in the 
Figures). 

Chronotvopic studies. The effects of the 
drugs on heart rate were determined on iso- 


