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circulation from auxiliary stores: during hi- 
bernal sleep might be considered. In  contrast 
to the hibernating hamster, the rabbit dis- 
plays a decreased concentration of serum 
bcta-globulins and an elevation of yamnza- 
globulin during simple cold exposure( 6 ) .  

1 ) Alterations in various frac- 
tions of serum proteins and hematocrits were 
studied in hibernating and non-hibernating 
hamsters. 2 )  During hibernation the hema- 
tocrit, serum albumin and beta-globulins in- 
creased to a significant degree. The increase 
in bcta-globulins was too large to be accounted 
for on the basis of simple hemoconcentration. 
Since concentrations of neither alphul nor al- 
pha2-globulin increased, the data were inter- 
preted to mean that total circulating quantity 
of these globulins decreased. A marked de- 

Summary. 

cline in concentration of ga,mnza-globulin oc- 
curred. 
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Human leukocytes can be isolated, incu- 
hated in zdro,  and observed to incorporate 
labeled precursor compounds into cellular pro- 
tein, nucleic acid, and acid-soluble compon- 
ents a t  rates characteristic of cell type and 
maturity (4). Incorporation of formate (4 )  
and glycine( 1 )  has been previously shown to 
be significantly more rapid in Krebs-Ringer- 
Bicarbonate-Glucose media than in normal 
human serum, suggesting that serum may con- 
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tain inhibitors or dilutors of metabolic proc- 
esses in which these precursors are involved. 
These findings may suggest the presence of a 
substance or substances in normal circulation 
which regulate metabolic processes in leuko- 
cytes. The physiological and clinical impli- 
cations of such regulators might prove to be of 
great interest. Further studies of the effect 
of serum on formate and glycine incorporation 
into normal and leukemic leukocytes in vitro, 
therefore, were undertaken. 

Materials and methods, Separation, inru- 
bation, and fractionation of leukocytes. Leu- 
kocytes were collected in citrate-fibrinogen, 
washed in saline, suspended in 1 ml of Krebs- 
Ringer-Bicarbonate-Glucose ( KRBG) I\ me- 

$ The following abbreviations have been used in 
this paper: KRBG = Krebs-Ringer-Bicarbonate 
supplemented with 3 mg/ml glucose; KRB = Krebs- 
Ringer-Bicarbonate ; GPF z gross protein fraction ; 
.4SF = acid soluble fraction; CLL = chronic lympho- 
cytic leukemia; CGL = chronic granulccytic leu- 
kemia; and AL = acute leukemia. 



tlium(3) to which was added either 1 nil of 
serum or serum ultrafiltrat~s or Krebs-Ringer- 
Bicarbonate ( Ii KK ) media ( 3 ) and 0.2 ml of 
a saline solution of formate-(“ I ( .67 ,111. 2.0 
/ A ( . ) .  or gl!*cine-l-(”’ (1.41 p11, 2.0 ,A’), -411 
incu1)ations were carried out in  triplicate in- 
cubations. usuall!* for 3 hours. I ach  beaker 
contained potassium penicillin G and strepto- 
mycin sulfate in  concentrations of 0.1 j mg 
nil each. Separation of the gross protein frac- 
tion and calculation of sllecific activity and 
I)er cent inhibition were performed as I)re\‘i- 
ousl!. outlined ( 4  ) . 

R(7szr/ts. ’Table I siimmm-izes the results 
of 3 typical experiments showing that the 
presence of fresh normal human serum de- 
creased formate incorporation into the gross 
protein fraction (GI’F) of various t jpes of 
leukemic l eu l~oc~~ tes  hj- 30 to 64\;/c. This ef- 
fect is due to lolv niolecular weight coml)on- 
ents of the seruni since the activity passes 
through a cellophane membrane during dia- 
lysis or ultra-filtration. I t  is ether-insoluble 
and heat-stable. 

The time course of formate incorporation 

into leukocyte GPF in the presence and ab- 
sence of serum dialysate was found to he 
linear with time in both instances, but to be 
304:/( slower in the presence of the serum 
dialysate (Fig. l a ) .  Fig. Ib  shows incor- 
poration of formate in a 4-hour incubation pe- 
riod as a function of this amount of normal 
serum in the incubation medium. 

Table I1 shows that normal serum ultra- 
filtrate decreases incorporation of glycine as 
\\.ell as formate into the gross protein fraction 
of chronic granulocytic leukemia leukocytes. 
Studies with other protein and nucleic acid 
I)recursors will be required to determine 
whether the effects of serum are general or 
limited to formate and glycine. 

Table I i l  summarizes the data on the ef- 
k t  of normal human serum on formate up- 
tii!;e by nornial and leukemic leukocytes. It 
is apparent from these data that all cell types 
are decreased by normal serum to approxi- 
mately the same degree. 

It was of interest to determine whether 
there are differences between the effect of se- 
rum from various normal and pathological 
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FIG. 1. 

human sera on formate incorporation into dif- 
ferent types of leukemic leukocytes. Pre- 
liminary data bearing on this question have 
been plotted in Fig. 2. These data include 
sera from normal subjects and from patients 
with various types of leukemia, lymphoma, 
lupus erythematosus, and other hematologic 
diseases. The categories tend to overlap con- 
siderably. However, 1 7 serial observations 
using one normal subject's sera on various 
cell samples representing the 3 major typs of 
leukemia have a mean inhibition of formate 
incorporation into leukocyte gross protein 
fraction (46.1%) which is significantly (p< 
.05) more pronounced than that of the 16 
serum samples from patients with various 
types of leukemia (33.0% ) . Rather low lev- 
els of inhibition were obtained with serum 
from occasional cases of leukemia and lymph- 
oma. Formate uptake appeared to be inhib- 
ited to a greater than normal extent in sera 
from 2 patients with lupus erythematosus. 
Such inhibition might, of course, be of a dif- 

ferent type than the inhi,bitory activity noted _ _  
in normal sera. Inhibition by sera from a 
number of other patients of various types was 
within normal limits. 

The present studies must be 
considered preliminary, but they strongly sug- 
gest the presence in normal serum of a heat 
stable, ether insoluble substance or substances 

Discussion. 

Potency In Normal and Pothologic Human Sera of Inhibition 

TABLE 11. Effect of Soriiial Scruni Ultrafiltrate 011 Precursor .L~icorporatioii into Gross Pro- 
ttiii Fraction of Clironie Graiiulocytic Leukcliiia 1,eukocytcs. 

pM X 10"in- 
corporation pre- % iiihibitioii Significance 

Prwursor conipouiids ciirsor/mg G.P.F. in serum of diff ercncc 
(.I nig/beakcr) in K.R.B.G." iiltrafiltratet froin K.R.B.$ 

~~~ 

Forniate-C" 240 60 56 <.Ol 
Gl y ci ii e-1 - C14 4440 275 30 <.05 

Tiicorp. in test media 

Ciicorp. i n  K.R.B. 
* Meari k st:intl. dw. of 3 replicatcs. t yo inhibition = 100 

Calculated from pooled iiitraprccursor stand. deviations. 
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of relativel!- low molecular weight. which in- 
hibit incorporation of radioactive formate and 
glycine into the gross protein fraction of all 
types of leukemic leukocytes to an appreciable 
and approsiniately equal extent. It appears 
that sera from some cases of leukemia denion- 
strate a decrease in  this inhibitory effect. 
M'hether such a decrease is secondary to the 
disease process or plays some part in patho- 
genesis is unknown. 

A possible explanation for the inhibitor!, ef- 
fect is the presence in serum of formate. 
glycine, or other nucleic acid precursors which 
effectively dilute out the added radioactive 
precursors. On the other hand, it is also 110s- 
sible that a metabolic inhihitor or regulator 

may be present. T f  the observed inhibitor ac- 
tivity were ultimately proven to represent a 
substance active in the normal regulation of 
leukocyte production or activity, one could 
speculate further regarding a possible role in 
pathogenesis of leukemia, as has been sug- 
gested by Osgood ( 2 )  

Further studies are being made. 
Sull.cwzury. The presence of one or more 

chemical substances in normal and pathologi- 
cal human sera capable of decreasing the rate 
of incorporation of formate and glycine into 
human leukemic leukocytes in zritro has been 
shown. Human leukemia sera as a group 
demonstrated a slightly subnormal inhibitor 
activity . 

1. Burr, M. J.. Bornstein. I.. Shapka, J., Winzler, 
I < .  J.. in preparation. 

2 .  Osgood. E. E.. J .  .Vat. C'artcer Z i z x f . ,  1957, 1.18, 
1 5 5 . 

,;. Umbreit, \V. W., Burris, K. H., Stauffer, J .  F.,; 
Maizoiizrtric Techniques in Tissue Metabolism, ppl19- 
120. Burgess Publishing Co., Minneapolis, 1951. 
1. Winzler, R. J., Williams, A.  D., Best, W. R., 

C'nncer Research, 1957, v17, 108. 

Kcwived June 24, 1958. P.S.E.B.M.. 1958, ~ 9 8 .  

Preparation of a Functioning Frog's Heart Devoid of Ventricular Glycogen. 
(24219) 

Tn i)rqmration for a stud!- of factors re- 
lating t o  synthesis of glJ-cogeti by the ven- 
tricle of perfused frog's hearts. it was desirable 
to produce ii functioning heart depleted of 
ventricular glj-cogen. The purpose of the 
present report is to describe the tnethod ~ised 
to produce such a heart ant1 tci call attention 
to a phenomenon which served to indicate 
when the ventricle was free of glycogen. 

.Methods. Sorth American bullfrogs weigh- 
iiig 250-450 g were anesthetized by intraperi- 
toneal injection of 20 mg sodium pentobar- 
bita1/100 g frog weight. The heart was ex- 

* Research Fellow of Nat. Fn. for Infantile Paraly- 

Imed through a ventral midline incision, the 
circulation heing left intact. After removal 
of the pericardium. the frog was placed in an 
airtight glass chamber where physiological 
wlt solution ( 1 ) to which epinephrine was 
:icltletl in concentration of 1 .'500,000 dripped 
o!i the heart a t  a rate of 12-15 drops/min. 
'I'he air i n  the chamber was then displaced by 
10074 S2 and the chamber sealed tight. 
Though respirations ceased the heart contin- 
ued to pinip blood. After the desired time 
interval ventricular glycogen was determined 
hy the method of Good. Kramer and Somogyi 
( 2 ) .  

sis, Yale Univ. School of Medicinc. Rcszrlts. After 0.5-4 hours in the chamber! 


