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occurs is not known. Consideration should 
be given to the fact that increased sensitivity 
of such parameters as heart rate and blood 
pressure to1 injected amines after reserpiniza- 
tion has been shown by several investigators 
(13,14,15,16). One may also speculate that 
the cardiovascular system becomes more sensi- 
tive to amines released by adrenal stimulation 
after reserpinization. However, a more de- 
tailed study needs to be made on sensitivity 
changes before conclusions can be drawn on 
this point. 

Increments in plasma levels of 
epinephrine resulting from nicotine stimula- 
tion of the adrenal medulla are markedly re- 
duced by reserpine. However, increments in 
heart contractile force and arterial blood pres- 
sure produced by adrenal stimulation, nor- 
mally proportional to catechol amine levels, 
are not significantly altered following reser- 
pine. 
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Evidence obtained by immunologic technics 
suggested that serum of patients with dis- 
seminated lupus erythematosus (DLE) con- 
tains several factors reacting with various nu- 
clear materials. Holman and Kunkel( 1 ) and 
Friou( 2 )  indicated that gamma globulin of 
such sera is bound to both nuclei and nucleo- 
protein, while Miescher’s studies (3) showed 
that nuclei of several sources can absorb from 
DLE sera the factor responsible folr L. E. phe- 
nomenon, and also remove from such sera 
measurable amounts of gamma globulin. Clas- 
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sical precipitin curves have been obtained be- 
tween protein-free desoxyribonucleic acid 
(DNA) and DLE serum(4) while latex par- 
ticles(5) and red cells(6) coated with such 
material have been agglutinated by DLE se- 
rum. The reaction between highly polymer- 
ized DNA and the polyvalent cobalt salt hex- 
amminecobaltic chloride (Co (NHS) &&) re- 
sults in production of a clot of insoluble DNA. 
While studying this reaction, i t  was observed 
that DNA which had been treated with serum 
from patients with DLE, failed to clot, while 
normal serum had no such effect. The present 
paper deals with a simple method for demon- 



stration of clot inhibition, and studies with a 
variety of sera are reported. 

il4aterials arid methods. Hesamminecobal- 
tic chloride was prepared by the method of 
€3 jerrum and AIcReynolds ( 7 1 .: Purity was 
established by nitrogen analyses and con- 
stancy of absorption spectrum upon reprecipi- 
tation, as well as by powder pattern X-ray dif- 
fraction. A 0.5% w/v aqueous solution was 
routinely employed. havin:: absorbance of 
1.004 a t  470 p in Beckman DU spectropho- 
tometer. Such solutions were prepared weekly. 
and showed little loss of DSA clotting activ- 
ity if stored a t  4'C. -4queous solutions of calf 
thymus DNA, stated to be highly polynierised 
and protein free4 (500 pg i d )  were prepared 
and stored a t  4°C. Immediately prior to use. 
aliquots were diluted 1 : 1 with distilled water. 
Such preparations were assayed for relative 
viscosity a t  37°C. Relative viscosity was 
4.45 t 0.10 in Ostwald viscosimeters with 
water-flow time of 92 seconds. Constant vis- 
cosity after addition of AIgS04 to 0.005 11 
was presumed to indicate absence of desoxy- 
ribonuclease (DXase) . Histone of calf thy- 
mus origin and protamine sulfate6 were pre- 
pared as 0.02% w/v serum solutions. Dried 
cartilage powder was prepared by hoiiioFeniz- 
ing 2 g of beef nasal septa1 cartilage in a \-ir- 
Tis 45 mixer a t  top speed in 250 cc of abso- 
lute ethanol. The residue was washed 3 times 
each with absolute ethanol and ether, and then 
dried in V ~ C Z L O  over CaC12. 'IVhole dried calf 
thymus and guinea pig nuclei were obtained 
through the courtesy of Dr.  Peter Miescher. 
Pancreatic DNasell, 100,000 units, was dis- 
solved in 9 ml of 0.05 31 tris (hydroxymethyl) 
aminomethane buffer p H  7 .O 1. For activation 
of the enzyme, 1 ml of 0.1 11 11gS04 was 
added, and resultant solution stored a t  4°C' 
prior to use. For routine testing. 0.4 in1 of 
DNA (100 pg)  were placed in small serologj- 
tubes, 0.5 ml of test serum was added with 
gentle agitation, and resultant mixture incu- 
bated a t  37°C for 30 minutes. Thereafter. 
the tubes were brought to room temperature. 
0.2 ml of hexamminecobaltic chloride solution 

t Generously supplied by 1)r. Maxwell Schubert. 
5 Nutritional Biochemicals Corp., Cleveland, 0. 
11  Lederle Laboratories, Pearl River, S. Y. 

added, and the tubes vigorously tapped with 
the forefinger, setting the solution spinning. 
I n  all "negative" sera, an easily visible, 
strand-like clot appeared immediately. This 
was graded + to ++l+ depending on quantity 
of the clot formed. In positive sera, mainly 
from patients with DLE, no such clot formed. 
Tnstead, a slightly turbid solution resulted 
upon addition of the cobalt salt. All deter- 
minations were made in duplicate. Known 
inhibitory and normal sera were tested with 
each group of unknown sera. In some experi- 
ments clot inhibition was tested with various 
concentrations of DNA. To test whether in- 
activation of serum Dn'ase would affect clot 
inhibition, 6 inhibitory sera were heated at 
6O'C for 30 minutes, prior to use. Patients 
diagnosed as DLE had signs and symptoms of 
that disease as well as positive L.E. cell prepa- 
rations by the method of Hargraves( 8) .  Pa- 
tients diagnosed as probable DLE had similar 
signs and symptoms but did not have positive 
L.E. cell preparations. Sera were also obtained 
from 44 patients with rheumatoid arthritis, 2 
of whom had positive L.E. cell preparations. 
The inhibitory effect of protamine sulfate or 
histone was tested by adding 0.1 ml of 0.02% 
solutions of these materials to 0.5 ml samples 
of normal serum mixed with 0.4 ml of stand- 
ard DNA solution: the mixtures were incu- 
bated a t  37°C. then 0.1 ml of a 1% w/v solu- 
tion of cobalt salt was added. Absorption of 
sera was tested with nuclei or whole cartilage 
powder by incubating 50 mg (dry weight) of 
these materials for 4 hours at 37°C with 1.0 
ml of serum; the mixture was centrifuged, and 
0.5 ml of the supernatant was used for clot 
inhibition studies. For enzyme studies, 0.05 
nil of DNase stock previously diluted 1:lOO 
with 0.9% saline solution was incubated with 
0.4 ml of 250 pg/ml DNA solution and 0.5 
nil serum samples for 30 minutes a t  37°C. 
Similar solutions were prepared with addition 
of sodium versenate (EDTA) 0.75 mg/ml to 
inactivate DNase as controls. 

Results. Experiments summarized in Table 
I showed that in the presence of 0.5 ml of 
normal serum, a t  least 100 pg of DNA in 
aqueous solution were necessary before a clot 
appeared after addition of cobalt salt. 
Smaller amounts did not produce a visible 
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25 0 0 0 0 0 
50 0 0 u 0 0 

100 0 0 u 2+ 3 +  
1.70 0 0 0 3 +  3+ 
200 1+ 0 3 +  4+ 4+ 
250 -“+ 3+ 3+ 4+ 4+ 

clot. When similar experiments were per- 
formed in the presence of 3 DLE sera, no clot 
was visible with less than 200 pg. Using the 
technic described above, 20 of 31 DLE sera 
were positive, 5 of 12 probable DLE sera 
were positive, and 9 of 139 miscellaneous sera 
were positive (Table 11). These included 4 
sera from patients with coavalescent hepa- 
titis, 2 from patients given protarnine (see 
below) and one each from patients with diag- 
noses of uncomplicated cirrhosis, penicillin 
allergy, and hepatic decoimpensation. Sera 
from 6 of 44 patients with rheumatoid arth- 
ritis were positive. Sera from patients with 
hypergammaglobulinemia due to sarcoidosis, 
cirrhosis, hepatoma, myeloma, macroglobu- 
linemia or tuberculosis were negative. 

When 6 positive sera were heated at  60°C 
for one half hour to inactivate serum DNase, 
no change in their inhibitory property was 
noted. Such heating did not cause negative 
sera to become inhibitory. Frequent thawing 
and freezing of some normal sera caused them 
to inhibit clot formation, while turbid sera in- 
terfered with a clear end-point. Sera showing 
an absorbance over .150 at 600 pp in a Cole- 
man Jr. spectrophotometer were not em- 
ployed. Attempts to quantitate the reacting 
factor in DLE sera by dilution of whole sera 

TACI,E TT. Sera  Iiihibi t ing  Hex:rmmiiiecoh;nltic. 
(Ililoridc DNA %lot Formatioii.  

DNA clot I1.E. cell 
inhihitioil 13 I’ ep :ir a tioii 

Total  Total 
1)iagnosjs Positive tested Yosi tive tested 

wcre rclrtt ivcly un ful. No inliiliitory 
activitq’ was ~ l ) s e r ~ e d  at  greater than I : 8 dilu- 
tions of several positive DLE sera. 

Studies of inhibition of clot formation 
(Table 111) indicated that DNA which had 
been depolymerised by pancreatic DNase no 
longer formed a clot on reacting with hexam- 
minecobaltic chloride. This was true even in 
absence of serum, with saline used as diluent. 
When the action of DNase was inhibited by 
addition of EDTA, a clot readily formed. 
EDTA by itself had no effect upon clot forma- 

TL4ELE 111. Hessmniinrcob:nltic Chloride - U S A  
Clot Inhibi t ion by  Tes t  Substances.* 

Calf thymus DNA Wliole serum 
p r e p r a t i o i i  

i n  0.4 r n l  H,O DLE, 1 1 0 ~ .  Nortllal, R011. 

Polyineriscd :, + 

Pol y m c ri s e il 9 7  

f f  Y ,  

? Y  f l  

0 0 

0 :: + 
A bsorlxd with ca l f  thy- 

111 11s or guiiit~r pig n u c k i  
2+ :: + 

A1)sorhwl with cartilagcl 
p 0 1Y der 

0 3 f  

Protaniiiie sulfate$ 
adtleil t o  both sera  

0 0 
Calf thymus histoiicQ 
scldetl to  both sera 

0 u 
* Clot forniation grtldrtl + to  4+. Tnhib i t ion  in -  

t Pancreat ic  DXasc 10 units/ml + .005 hr MgSO, 

$ EDTX 0.75 ~ i g / d  t o  iiiartivate I)Ki>sC 1 ) ~  

$ 0.1 ml of 0.02% w/v solution. 

tlic:r tecl : 0. 

f o r  activation. 

biiiding Ng++ ions. 

tion or inhibition. When protarnine sulfate or 
calf thymus histone were added to normal se- 
rum, clot inhibition similar to that observed 
with DLE serum was noted. If the specified 
concentrations were exceeded, these basic pro- 
teins folrmed DNA clots resembling those of 
cobalt salt in serum or saline. Incubation od 
positive DLE serum with whole calf thymus 
or guinea pig nuclei resulted in loss of inhibi- 
tory activity. T o  exclude a non-specific ef- 
fect of polyanion, cartilage powder as a source 
of relatively insoluble chondromucoprotein 
was used in similar incuhation experiments. 
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No loss of inhibition resulted. In  some DLE 
sera not giving a clot with DNA following ad- 
dition of the cobalt salt, there wis  preciliitate 
after 1 2  hours of standing a t  4°C'. This pre- 
cipitate was no greater in those sera to which 
DSA and the cobalt salt had been added, than 
in those to which DS-4 alone had been. These 
precipitates, soluble in 131 SaC'1, reacted 
strongly in capillary precipitin tubes with 
anti-human gamma globulin. Presumably 
these resembled the DNA-DLE gamma globu- 
lin precipitates described by Deicher et a l .  (4 )  . 

There are 2 possible explana- 
tions for DSA clot inhibition following the 
addition of hesa ni m i n ecob a 1 tic chloride . 
Either the DSA could be depolymerised (as 
in the case of prior incubation with DNase) 
or the anionic groups of the polynucleotide 
could be linked by salt-like bonds to a factor 
in positive sera making these groups unavail- 
able to the polyvalent cobalt cation. The lat- 
ter possibility is supported by inhibition of 
DKA clot formation following addition of 
basic proteins like histone and protamine to 
normal serum. Failure of EDTA alone to 
block inhibition, and studies suggesting re- 
moval of the reactant from positive sera by 
incubation with calf thymus or guinea pig nu- 
clei argue against the enzyme theory. Soluble 
DSA-protein complexes derived from calf 
thymus nuclei do not yield clots upon addi- 
tion of hexamminecobaltic chloride, but do 
exhibit turbidities directly related to the 
amount of such complex present in solution. 
Since evidence from agglutination and pre- 
cipitin studies indicates that globulin bound 
to nuclear extracts may well be a true anti- 
body to such materials, i t  seems likely that 
formation of it soluble DNA-DLF, serum com- 

Discussion. 

plex prevents the polynucleotide from being 
~mcipitatetl in visible strands by cation. These 
olwrvations resemble those of Lee (9)  , who 
used the agglutination of leukocytes by quina- 
crine as the phenomenon inhibited by DLE 
serum. The method described above deals 
with much more highly purified materials, has 
a more definite end-point, and seems of prom- 
ise in assaying discrete serum fractions. 

Summary .  Kormal sera do not inhibit the 
grossly visible clot formed by addition of hex- 
amminecobaltic chloride to aqueous solutions 
of calf thymus DNA. The sera of approxi- 
mately 66% of patients with DLE inhibit 
such clot formation. Prior treatment of DNA 
by active Dh'ase also prevents clot formation, 
as does addition of histone or protamine to 
normal sera. The serum factor responsible 
for such inhibition is removed by prior incu- 
bation with whole calf thymus or guinea pig 
nuclei. 
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The aim of this work is to study whether an 
unbalanced dietary protein intake may cause 
changes in nitrogen content of the hepatic 

mitochondria. Previous observations( 1)  dem- 
onstrated that in normal rats fed protein de- 
ficient diet or fasted, some enzymatic activi- 


