
idly than Sr".;, in another, Sr8; entered more 
rapidly, and in 2 cases, both radioisotopes en- 
tered a t  the same rate. Both ions passed 
more rapidly into and out of the peritoneal 
cavity than the fluid accumulated, but pas- 
sage of ions was slower than flow of water. 
Rate of passage varied in different patients as 
did ratio of rates for SrS5 and Ca4'). The high 
protein content indicated that peritoneal fluid 
was not an  ultrafiltrate although the Sr'.?, Ca4: 
ratio corresponded to that of an ultrafiltrate 
in some cases. The  ratio in pleural fiuid ap- 
proximated that of an ultrafiltrate. Sr": enter- 
ing niore rapidly. The ratio of passage of 
Sr'" and Va'.' into interstitial fluid studied ii; 

one patient with massive edema indicated in- 
creased permeability of the capillaries. both 
isotopes entering the fluid a t  a b u t  the same 
rate. 
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I,ipid 130uiid Glutaniic Acid lleficiency in  .Aging Arteriosclerotic Subjects."+ 
(25600) 

A previous report ( 1) described chromato- 
graphic identification of bound glutamic acid 
in the lipid fraction of ra t  liver. Our object 
was to determine whether this factor also ex- 
ists in human plasma lipoproteins and whether 
the compound shows variatioln in the aging 
arteriosclerotic human subject. 

Methods.  Twenty ml of blood were intro- 
duced into a centrifuge tube containing 1.5 ml 
acid citrate dextrose solution. Fractionation 
of alpha and beta lipoproteins was carried out 
according to method of Lever .et nl. (3) .  Fol- 
lowing fractionation, the tubes containing 
alpha- and beta-lipoproteins received 7 5 ml 

* This investigation was supported by grants from 
Nat. Heart Inst., Am. and Minn. Heart Assn., and 
Life Insurance Med. Research Fund. 

t Presented in part a t  meeting of Fed. Soc. Exp. 
Biol., Atlantic City, April, 1959. 

of ethyl alcoho1:ethyl ether (3: 1) extraction 
mixture. The  suspension was stirred 3 hours 
a t  room temperature. Then the clear super- 
natant was decanted into 125  ml Erlenmeyer 
flasks. T o  the precipitate were added another 
7.5 ml of lipid extracting media, suspension 
stirred. then stored overnight a t  -2SoC(4). 
-1ftPr removal from deep freeze, stirring was 
maintained 3 hours. The  tubes were then cen- 
trifuged and this second extraction was 
pooled with the previous one. This extraction 
procedure was repeated using anhydrous ethyl 
ether. Pooled extracts were brought to an- 
hydrous state over sodium hydroxide pellets 
in " L , ~ I C Z L O  a t  40°C. Phospho'lipids were ex- 
tracted from the residue with three 15 ml por- 
tions of anhydrous petroleum-ether ( b p .  30"- 
60°C). If residue and solvent are anhydrous, 
there is no Contamination from amino acids 
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.which may have been absorbtd to initial pre- 
lcipitate and carried over in alcohol-ether ex- 
traction ( 5 ) .  Pooled petroleum-ether extracts 
were evaporated from reflux flasks a t  65°C. 
'The lipids were hydrolyzed with 2 5  ml of 6 N 
HCI a t  108°C for 2 2  hours. After chilling, 
the hydrolysate was quantitatively filtered to 
remove insoluble fatty acids. After filtration 
and drying in vacuo at  45"C-5O0C, the resi- 
due was taken into solution with 10 ml of 
warm, distilled water and hydrolysis products 
were separated on a Dowex-50. (400 mesh) ca- 
tion exchange column (0.9 x 55 cm). The 
flow was adjusted to 7 ml/hour and 10 ml 
samples of 1.5 N HC1 eluate were collected. 
Glutamic acid and serine were eluted in the 
vicinity of 90 ml of eluate. All collection vials 
were dried in vacuo with inside desiccator tem- 
perature of 40°C. Glutamic acid and serine 
were separated via descending paper chroma- 
tography using a solvent system of butanol- 
acetic acid-water ( 2  1 : 50: 100) for 30 hours. 
It is not necessary to precede paper chroma- 
tography with column chromatography. It 
was used here because of simultaneous 
need for adequate amounts of phos- 
pholipid bases for other analyses not con- 
cerned with this report. After the paper was 
removed from chromatography chamber and 
dried a t  room temperature for a t  least 3 hours, 
it was rapidly dipped in a methanolic-ether- 
potassium hydroxide solution (3 parts of me- 
thanol, 1 part ether, 1% KOH), which re- 
moved an erratic background during color de- 
velopment. After drying, the paper was 
dipped in 0.1 76 ninhydrin acetone solution 
(pH 5 )  and dried at room temperature 30 
minutes. Amino acid spots become visible 
but instead of both glutamic acid and serine 
giving typical blue-purple spot, serine becomes 
straw-colored whereas glutamic acid becomes 
pale blue. Equal areas were cut from the pa- 
per, including blanks as well as amino acids, 
and placed into flat bottom vials. One ml 
(pH 5 )  citrate buffer, 0.05 ml of 0.7 N acetic 
acid, and 1.5 ml of 2 %  ninhydrin solution 
(pH 5)  were added. After 5 minutes shaking, 
vials were placed in covered, vigorously boil- 
ing water bath for 2 5  minutes. After chilling 
to room temperature the colored solutions 
were transferred to 10 ml volumetric flasks. 

were used to extract all color. Rinses were 
pooled into flasks; the flasks diluted to proper 
volume with diluent, mixed, and read at  570 
mp. Standards were run with each analysis. 
Minimum requirements for accepting a pa- 
tient as an arteriosclerotic subject were (a) 
clinical and laboratory history of myocardial 
infarction from which the subject had recov- 
ered for a t  least 4 months, and (b)  electro- 
cardiographic changes characteristic of an in- 
farction. Plasma was drawn only from sub- 
jects who fasted a minimum of 8 hours over- 
night priolr to taking a sample. Recovery. 
One hundred or more pg of glutamic acid in- 
troduced intol the analytical procedure begin- 
ning with acid hydrolysis, provided individual 
recovery values of 96, 107 and 100%- Serine, 
choline, and ethanolamine were also deter- 
mined and gave recoveries of 96 t 6o/c, 97 
- + 476, and 106 t 6% respectively. Recov- 
ery of glutamic acid or serine in amounts less 
than or equivalent to 50 pg was low, ranging 
from 48 to 83%. No adequate explanation 
appears for this low recolvery, although it is 
possible that some glutamic acid may have 
been converted to pyrrolidone carboxylic acid. 
The method did not extract free glutamic acid 

Results. The results of this study are given 
in Table I. It is apparent that the lipid 
bound, ninhydrin positive constituent identi- 
fied as glutamic acid is present as a constitu- 
ent of human plasma and that this new lipid 
factor is deficient in the aging, arteriosclerotic 
human subject. The average normal subject 
has 33.9 puR1: per liter of plasma as compared 
to 17.0 pM for the average arteriosclerotic. 
The change in distribution ratio of glutamic 
acid between alpha and beta lipoprotein frac- 
tions favors the beta fraction and appears to 
be a part of a defective mechanism for me- 
tabolism of these lipoprotein moieties. The 
normal subject has 47% in alpha fraction 
compared to 35% in this fraction for the ar- 
teriosclerotic. This abnormal distribution ra- 
tio correlates with the change in alpha-beta 
distribution ratio of cholesterol as observed 
by Barr et  al. (6)  in arteriosclerotic patients. 
In passing from the normal to the arterio- 
sclerotic condition, alpha lipoprotein incurred, 
on the average, a 63% loss (p<0.0013) in this 

(1). 

, ?'lie arteriosclc 
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TA1:L E 1. Lipitl 1:ouiid Gliitiiiiiic A e i t l  i i i  h‘i01~iu:il : t i l t 1  Arteriosclrrotic Subiects. 
~~ ~ 

Normal subjects  H.K.  S.(;. n.s. I .G. G.S. 0.11. 

7v t 205 140 140 180 165 155 
Age 44 18 18 2 1  26 3 5 

Alll \ ; r l t r ~ ~ \  t (~1)ol to( l  i i r  111:: ( > .  

protein showed ahout a 3TC//c loss with respect 
to the normal i n  lipid bound qlutamic acid. 
however, range of variability in beta lipopr(,- 
tein glutamic acid was sufficientljr great as to 
cause this value to border on being significant. 

In  the differential ethanol selxiration of 
(’ohn’s niicrofractionatiorl method So. 10 the 
2 major types of lipoproteins. alpha and beta. 
are concentrated in separate fractions. Elec- 
trophoretic determinations of plasma fraction> 
from normal individuals and arteriosclerotics 
have indicated that separation of the lipopro- 
teins is complete. I t  appears reasonable to 
assume that the lipid bound glutamic acid is 
carried by the alpha and beta lipoprotein. 
This consideration is supported by the ob- 
served change in percentage distribution of 
glutamic acid between alpha and beta lipopro- 
tein in normal and pathological subjects and 
correlation of this change to kno\vn changes 
in plasma content of alpha and beta lipopro- 
teins with arteriosclerosis( 6 ) . Our mensure- 
ments can not exclude the possibility that this 
factor is selectively isolated with or adsorbed 
to the alpha and beta lipoprotein or one of 
the other fractions; however. olxervations 
(3.6) that lipids recovered from fraction 
+ I’ -t \‘I are in combination \yith alpha, 
globulin and those recovered from fraction I + I1 + 111 are combined with beta, globulin 
would strongly argue for specific binding to 
alpha and to beta lipoprotein fractions. 

Hecht ( 2 ) has demonstrated a highl), hi?- 

nificant inhibitory effect of glutamic acid on 
thromboltinase activity in the blood coagula- 

tion system. It is not known whether the lipid 
Iminc l  glutaniic acid factor described here 
possesses thrombokinase inhibitory activity. 
I f  it should possess this inhibitory capacity, 
thi.: fact taken together with its striking de- 
liciencjf i n  arteriosclerotic subjects, who pos- 
s e s  markedly disturbed blood coagulation 
sj.htenis( 7 ) .  should warrant further work on 
the structure and defective metabolic rela- 
tionships of this factor. 

Finally, i t  can not be stated whether the ob- 
served cliff erence between normals and patho- 
logicals represents a loss of lipid bound glu- 
tamic acid in the pathological subject or 
whether we are dealing with molecular struc- 
t ural differences which convey differential 
solubility proper ties. 

Surnmaiy  . A ninhydrin positive, lipid 
bound factor chromatographically identified 
as glutamic acid has been found in the or- 
ganic solvent extract of human plasma alpha 
and beta lipoproteins. This factor is grossly 
deficient (p<0.006) in plasma of the aging, 
arteriosclerotic subject and has an  abnormal 
distribution pattern between alpha and beta 
lil>oproteins of the pathological patient. This 
deficiency of lipid hound glutamic acid may 
be related to  a defective blood coagulation 
system of the human arteriosclerotic. 
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Effect of S- (Dichlorovinyl) -L-Cysteine on Incorporation of Precursors into 
Deoxypentose Nucleic Acid of Leukocytes." (25601) 

N. S. J f IZUNO,  G. J. HAGEKTY, D .  D. JOEL, J. H. SAUTTER AND M. 0. SCHULTZE 
Division of Ve t .  Pathology aizd Parasitology, College of V r t .  Med., and Dept .  of Agriculural 

Bioc.hrinistry, Univw\i ty  of Minnesota, St.  P a d  

Continuing our investigations on the mech- 
anism by which trichloroethylene-extracted 
soybean oil meal or S- (dichlorovinyl) -L-cys- 
teine (DCVC) (1)  can induce fatal aplastic 
anemia in calves we studied the effects of 
D('VC on incorporation of radioactively la- 
beled precursors into deoxypentose nucleic 
acid (DNA) of leukocytes. 

Procedures. Experiments with PJL-phos- 
phate.  Male Holstein calves, weighing 100- 
130 lb were conditioned a t  least 2 weeks prior 
to experiments until judged normal by clinical 
and hematological observations. Sodium Py2- 
phosphate, (2 .5  mc, specific activity: 48-208 
c/g, pH = 7.4, in 0.9% aqueous sodium 
chloride) was injected intravenously. A dose 
of DCVC (total of 3.3 mg/kg in 3 equal polr- 
tions during 10 hr ) :  previously found to in- 
duce fatal aplastic anemia in young calves ( 1 ).  
was injected intravenously on same day as 
P:12 (first portion 5 hr before PS2; 2 calves) 
or 2 days prior to P32 (4  calves), olr 4 days 
prior to P:32 ( 2  calves). Four calves receiv- 
ing no DCVC served as controls. All calves 
were kept in metabolism cages and fed, twice 
daily, suspension of hexane-extracted soybean 
oil meal in milk. Counts of thrombocytes, 
total and differential leukocytes were made 
daily. Heparinized blood ( 7 5  ml) was col- 
lected 6 hours after P3% injection and then 
daily. Jt was centrifuged at 5°C and 2000 
g for 30 minutes, plasma removed and recen- 

_~ 
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triiuged. One ml of plasma and 0.1 ml of gly- 
cerol were placed in aluminum planchets lined 
with filter paper and dried under infrared 
lamp for measurement of radioactivity. The 
buffy coat was lifted out, briefly washed with 
colld 0.16 31 sodium chloride-0.01 M sodium 
citrate solution and DNA isolated by the 
method of Kay et a L ( 2 ) .  DNA-containing 
precipitate was suspended in 2.5 ml of 5% 
trichloroacetic acid, heated a t  100°C for 30 
minutes, cooled, diluted to 5 ml with H20, 
and centrifuged. Aliquots of clear superna- 
tant were dried on paperlined planchets to 
measure radioactivity, or used for DN-4 deter- 
minations( 3) .  Specific activity of leukocyte 
DNA was calculated as counts/minute 
(CPM>/pg DNA. The collected urine was 
filtered, 1 ml aliquots dried in paperlined plan- 
chets under infrared lamp. Radioactivity was 
measured with gas-flow, thin window Geiger 
counter and calculated with corrections for 
physical decay and self-absorptian. 

Tsolated leukocyte DNA was checked for 
contamination by RNA and by inorganic PR2. 
RNA was determined in trichloroacetic acid 
extracts by the orcinol methold ( 4 ) .  To  check 
for inorganic P32 contamination, Pi2-phos- 
phate was added to chilled buffy coat suspen- 
sion a t  concentrations comparable to those 
found in plasma, and isolation procedure for 
DNA was initiated a t  once. Radioactivity of 
isolated DNA was then determined. With tri- 
tiated thymidine.  Incorporation of this com- 
pound into leukocyte DNA was studied in 
vitro with blood from normal and DCVC- 
treated calves. Fresh blood containing 1/10 
volume disodium ethylenediamine tetraacetic 


