
Specific intranuclear iluorescence with the 
anti- J.W. macroglobulin was demonstrable in 
cells of one other patient with macroglobu- 
hern ia .  Recently Curtain ( l o ) ,  using a simi- 
lar technic, observed cytoplasmic, but not in- 
tranuclear, fluorescence of plasmacytoid cells 
from bone marrow of 2 patients. One of these 
patients had increased serum gamma macro- 
globulins but an atypical clinical history for 
IValdenstrom’s macroglobulinemia ( 1 1 ) . The 
other patient appeared to have multiple mye- 
loma. 

Sz im??aqr .  Immunofluorescent and cyto- 
chemical technics were used to identify 18s 
gamma macroglobulin within the nucleus and 
cytoplasm of lymphocytoid plasma cells from 
a patient with macroglobulinemia of M‘alden- 
strijm. Intranuclear fluorescence coincided 
with presence of intranuclear PAS positive 
protein. This observation supports the con- 
cept, suggested by histochemical studies, that 
circulating macroglobulin and intranuclear 
protein of lymphocytoid plasma cells are 
closely related and may be identical. The 

evidence suggests that macroglobulin is 
formed in lymphocytoid plasma cells. 
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Response of Isolated Auricles to Some Substances of Metabolic Interest.* 
(25556) 

1’. 11.1. L7ENTLJliIt AN11 HOLLIS (;. %I-IOIWKE (Introduced by 1;. b;. Shidenian) 
Dept .  of Pharmacology a i d  Toxicology, Univcrsity of Wisconsin,  i l fadison 

I not r o pic actions o f various i n term edia r y 
metabolites have been studied most often 
using preparations of rat ventricular muscle 
(1,2,3), papillary muscle of cat(4) or iso- 
lated heart (5,6,7).  Similar studies on iso- 
lated auricles of rabbit(8) have been con- 
ducted in a somewhat different manner and 
diff el-ences in activity noted. Ventricles and 
auricles also differ with respect to their sensi- 
tivity to various inorganic ions(9,lO) and ex- 
hibit a difference in responsiveness to stimu- 
lation of their extrinsic nerve supply ( 11). 

* This work was presented in part before Am. SOC. 
for Pharmacol. &- Exp. Thcr., Apr. 15, 1957, Chicago, 
111. 

t Present address: J k p t .  of Pharmacolo:ly, Uni- 
versity of Pavia, Italy. 

These observations led us to perform the fol- 
lowing experiments to determine whether or 
not the auricular effects in the rat of malonic 
acid and certain intermediates of the tricar- 
boxylic acid cycle are similar to those elicited 
by these agents in ventricular preparations 
from the same animal. We also attempted to 
explain the observed effects utilizing a some- 
what different experimental approach than 
that employed previously. 

Matcrials and methods. Albino rats of 
Holtzman strain, unselected as to sex and 
weighing approximately 150 g were used. 
Animals were anesthetized with ether and the 
hearts rapidly removed. After excising ven- 
tricular muscle, blood vessels, fat and connec- 
tive tissue, the auricles were suspended in a 
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muscle chamber containing 250 ml of Locke’s 
solution maintained a t  constant temperature 
and aerated with mixture of 9574 oxygen and 
.jy C‘O, by means of sintered glass plate at  
bottom of chamber. The Locke’s solution had 
the followii~g composition: SaC1, 0.974 : K[.I. 
0.042 c/c : CyaCl,, 0.024% ; NaHCO,:, 0.05 >( . 
In  those experiments einplojring a glucose-con- 
taining medium. the concentration of this sub- 
stance was 0.1094 unless otherwise stated. 

C i  C o  C i  C o  C i  C a  C I  Ca 
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Contractile amplitude and rate of spontane- 
ous beat were recorded with isotonic lever on 
a kymograph. A4uricles were allowed to equili- 
brate a t  least one hour after placing in the 
medium prior to addition of any of the com- 
pounds and were washed frequently after each 
response. Compounds were employed as ob- 
tained from commercial sources. dissolved i n  
medium used in muscle bath. adjusted to pH 
7.0, and added to bath in a volume not es- 
ceeding 2 ml. 

Results. The iso tonic contractile ampli- 
tude of auricles of the rat was reduced bj. 
various intermediary metabolites and malo- 

Ikgree of inhibition of contractile amplitude 
was not significantly affected by addition of 
glucose to the medium. Sodium malonate 
produced a reduction in amplitude of con- 
tractions of the auricles. This was seen in a 
medium containing either 2.45 pmol/ml or 
2.16 pmol nil of calcium chloride. The ef- 
fects were very similar at 28°C and 38°C and 
were not significantly affected by addition of 
glucose to the medium. Addition of sodium 
(as  sodium chloride) equal in amount to that 
in the compounds under study did not alter 
contractile amplitude. 

nate (Table 1 ) .  Negative inotropic effect of the metabolites 
tate was more transient than that Seen Fvith was reversed by addition Of appropriate 

The effect produced by ace- 

other compounds. L~l though addition of 
case ( 5  or 10 ~L17101 to the medium in- 
creased contractile amplitude at  2 8 = ( 3 ,  i t  
caused little or no change in contractility of 
auricles studiecl at  38 ( 7 .  ~ ~ h i l ~ i ~ ~ ) ~ ~  activity 
lvas greatest Lvith citrate and least with lac- 
tate. In general a negatiay inotrollic response 
was accompanied by decrease i n  rate, thoug]l 
of less magnitude, and the effects I,? 
the comp,ounds in a medium maintained a t  
28OC were very much like those a t  380(‘. 

TAJ3LE 1. Negative Tilotropic ’Effrcts o f  V : i ~ ~ i o i i ~  

amounts of calcium chloride to the medium. 
Reciprocally. enhanced contractility produced 
by certain quantities of calcium was antago- 
nized by addition of metabolites under study. 
[‘sing the “titration” method of Swain et al., 

13).  experiments were performed in which 
calciuni chloride and one of the metabolites 
were alternately added to the bath. One such 
experiment is illustrated in Fig. 1 where 2.5 
mmol of sodium citrate was “titrated” in this 
manner with 2.25 mmol of calcium chloride. 
A series of 7 such “titrations” could be per- 
formed before signs of calcium toxicity were 
observed. Similar “titration” experiments 
were conducted using succinate, malonate, 
malate, fumarate, pyruvate and lactate. In 

Citl.atc tic) -+ 2.1 t 1 ( i ( i  -+ o 100 2 o l o o  -+ o mined: (1 )  lowest concentration olf calcium 

(’ornyonnds 011 Tsolatcil R:t t Ani.ic. I(+. 

(’OIlc. of ~ ~ O J I l ] ~ O l l l l ~ ~  (pi1101 I l l 1  J 

> 1 1 0  20 
(’OJrl- 

1) 011 11 (1 % “/c ilWJY:iSe j i i  contractile :rmpli tii(1P each experiment the following were deter- 
~~ . 

RIaIOllRtP 7 k 1.0 2 2  2 4.0 44 & : < A  90 - + ( ; . ! I  necessary in the medium to cause a just per- 
X:tlutr 1.5 ”- 2.0 2.7 -+ ii.9 .54 2 7.(i 18 + 2 .  1 

Ruccjll>,te ] ( )  -+ :{.(I L’x 2 2.;) -+ .?.? i:j I (i,4 ceptible reversal of the negative inotropic 
Yy1*1x\.ntc 1 -+ 2.(i ”1 24.2 -t 7 . : )  40 t . ? . ( I  effect produced by 2.5 mmol of the compound 

1.5 +- 4.7 2.5 -+ 1 .:< 41 2 2.2 used, ( 2 )  concentration of calcium required Fullla 1’:l t (1 

Acct:1tc 0 8 t 1 . f i  :!(i 5.;; 45 -t_ :{.ti 
rA;lct:ti(l 0 ci 1.r j  2 1  4.2 3:) 5 4.2 for complete reversal of the effect produced 

by the compound, and ( 3 )  total calcium con- 
centration present in the medium during a 

( ) 

-_ -- - __ - - - . -- - ___ - -_ . __ - 
‘ A l l  coiirpoiiiids \I C’W cuiploy(~tl ;IS h w l i i i i i i  s:dts. 
t Meall -+ s.1:. 
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TAKl, E 11. Reversal of Nt3g:itive Iiiotropic Eff cct i3 
of Various Compounds on Rat Auricles by Calcium 

Chloride. 

CaCI, cone. ( pniol/nil) producing 
Partial Coinplete 

(:otnyoilutt ‘ reversal rcversul Toxic Pff’rcts 

(’i t r a t e  3.0 9.0 65.2 
Sn ec i 1 1 ate .4 .8 i . 0  
&I 3 loll n t c .I 1 .o 6.2 
N2la tP  .I 7 . (i 6.4 
Fuma rate  .I .7 7.1 
Pyr.uv:itr .d 2.0 8.4 
1,;ict:j te .A .x 6.2 

<> 
> 
0 

* A I1 coinpotiiicls were einployed a t  a fiiial coii- 
ccitti.atioii of 10 prriol/nil except lactate  i n  w 
c ;I se c oiic e oti-a t i o n  \vas 2 0 pmol/ml. 

“titration” experiment when toxic effects of 
calcium, e.g. arrhythmias, first appeared. 
These results are summarized in Table 11. 
Calcium was least effective in counteracting 
the negative inotropic response to citrate. I t  
also will be noted that citrate was capable of 
antagonizing approximately 10 times more 
calcium than were the other compounds. 

Discussion. These experiments demon- 
strated that all compounds examined, except 
gluco:;e, exert a negative inotropic effect on the 
isolated auricles of the rat. These results con- 
firm those obtained by a previous investigator 
(8) who employed the isolated auricles of the 
rabbit. Similar effects have been observed on 
isolated perfused rat heart with a glucose-free 
perfusing medium(6) and on the isolated per- 
fused rabbit heart ( 7 ) .  The increase in ampli- 
tude observed after addition of glucose a t  
2 8 “C parallels the observations of previous in- 
vestigators(4) on papillary muscle of the cat. 
However, in contrast to these findings, it  has 
been reported ( 1 ) that hypodynamic rat ven- 
tricul ar strips show recovery of contractile 
amplitude upon addition of pyruvate, lactate, 
p-hydroxybutyrate. acetate, succinate or glu- 
cose in phosphate buffered solutions. This 
difference in results may be related to a dif- 
ference in sensitivity of auricles and ventricles 
to  these compounds or to differences in media 
or technics employed since the effect of suc- 
cinate, a t  least, varied with different media 
employed in these experiments. Hydrogen ion 
concentration also appears important since a t  
1)H 7.6 in a bicarlionate buffered medium, no 
recovery of depressed amplitude occurred with 
citrate. succinatc or malatc on rat ventricular 

strips (3) whereas the latter 2 substrates were 
effective in a medium buffered a t  pH 6.2. Posi- 
tive inotropic actions of pyruvate, glucose and 
acetate but not citrate, fumarate, succinate 
and malate have been olbserved with hypo- 
dynamic rabbit auricles (8 ’) . 

The negative inotropic effect of malonate 
which we observed is in contrast to lack of 
activity of this compound on the driven auri- 
cular preparation reported by other investi- 
gators( 12) and positive inotropic activity on 
rat  ventricular strips seen by still other work- 
ers( 2) .  The  latter investigators employed a 
higher concentration of calcium (2.45 pmol/ 
ml) than we used. However, even a t  this 
higher calcium concentration, we observed 
only negative inotropic responses of rat auri- 
cles to malonate. The results suggest that 
reduction of contractility by malonate is not 
the result of inhibition of metabolic activity 
in the tricarboxylic acid cycle, since metabo- 
lites of the cycle are capable of producing 
similar negative inotropic responses, as re- 
ported previously (8 ) .  

With the exception of acetate, all com- 
pounds utilized in this study which elicited 
negative inotropic responses are theoretically 
capable of forming chelate-type compounds 
with the calcium ion. Sodium acetate, a 
monodenate compound, would not be expected 
to chelate with calcium but complexes of a 
nonring-type might be formed. Our data 
suggest that the negative inotrolpic activity of 
the compounds examined could be due to a 
decrease in concentration of available calcium 
in the medium. This concept agrees with the 
work of other investigators who believe that 
depression of amplitude by malonate (2) and 
by citrate( 8) is probably due to a reduction in 
calcium concentration of the medium. The 
myocardial depressant effects of compounds 
employed were overcome by addition of ap- 
propriate amounts of calcium chloride to the 
medium. Conversely the toxic effect of cer- 
tain concentrations of calcium chloride could 
be limited by subsequent addition of one of 
the compounds in question. Ti t ra t ion”  ex- 
1)eriments provide even more convincing sup- 
~ m r t  for the view that there is some interac- 
tion between calcium ion and these coni- 



pounds. Reversal of only a single episode of 
depression with calcium would not be signifi- 
cant since the negative inotropic action of 
many substances can be antagonized nonspe- 
cifically with calcium salts but several con- 
secutive reversals provide more definitive in- 
formation( 1 3 ) .  I t  was reasoned that i f  a 
comples were formed between the compound 
in question and calcium, most of the calcium 
would be bound in an inactive form and alter- 
nating additions of calcium and the cornpound 
would result i n  alternatirig increases and dc- 
creases in contractile amplitude. On the 
other hand i f  no such comples were formed 
and the responbe to calcium were specific then 
evidence of calcium toxicity should appear 
carlj- as a result of an increased concentration 
of calcium ion in the medium. T n  the absence 
of compounds studied. a concentration of ap- 
prosimately 3 pnol nil of calcium chloride i n  
the medium proved tosic as evidenced by ap- 
pearance of arrhythmias. Concentrations of 
calcium 2 or more times this Iyalue were re- 
quired to produce arrhythmias when one of 
the compounds was in the medium (Table IT ) . 
Mre are unaware of any report where an auri- 
cular depressant and calcium have been “ t i -  
trated” in the manner clescrilied where there 
is more than enough calcium ion to c a u s ~  toxic 
signs yet none are seen. Therefore. it appears 
that a part of the calcium ha5 been con\.ertetl 
to  an inacti1.e form a n d  that the necatilre i n -  
()tropic act ion of the c om po 11 n d s stud i erl i s 

related to their capacitj. to 1)incl  or inactivate 
calcium. 

Although it would lie of interest to relate 
dissociation constants of calcium complexes of 
these compounds to the capacity of calciuni to 
reverse their toxic effects, there are sach wide 
variations reported for constants by aTarious 
investigators that it appears unwise, if not im- 
possible. to attempt to do this. Ranges of re- 
ported values overlap to a considerable extent 
and the small differences ol~served correlate 
to a certain estent with small differences i n  
calcium concentration required for toxic ef- 
f ects during ” titration ” experirnen ts. 

Sunzmayy. Various compounds of meta- 
bolic interest, both substrates (citrate, suc- 
cinate, fumarate, I-malate, pyruvate, dl-lac- 
tate, acetate) and an inhibitor (malonate) , 
produced a negative inotropic effect on iso- 
lated auricles of the rat. Of the intermediary 
metabolites the greatest degree of negative 
inotropic activity was exhibited by citrate 
and the least by acetate and lactate. Nega- 
tive inotropic activity of these compounds 
did not appear to be significantly affected by 
temperature or addition of glucose to the me- 
dium. Results obtained following addition of 
calcium chloride to the medium. after effects 
of test compounds were established as well as 
results from [ ‘  titration” experiments, suggest 
that the effects of metabolites and antimetabo- 
lite studied may be related, a t  least in part ,  
to their capacity to form complexes with cal- 
cium. 
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