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cantly after 60 hours of oxygen breathing 
fr,om a control value of 0.113 tio a value of 
0.198, an increase in the ratio of approxi- 
mately 75%. The increase in SPX/IPN from 
the control value of 0.91 to 1.71 represents an 
increase of soluble protein in the lung to a 
value almost double the normal value. 

,\lthough most observers report “bloody 
lungs” as a result of oxygen poisoning, the 
results obtained in this present study do not 
indicate a pulmonary hemoglobin significantly 
higher than normal. The mean values of 
pulmonary hemoglobin in 3 of the 4 experi- 
mental groups increase, but the variability, 
both in controls and in oxygen poisoning 
groups, is so great that the changes are with- 
out significance. In one group, namely, the 
group subjected to pure oxygen for 60 to 83 
hours, the H b  I P S  value was 1.92, this being 
lower than the control mean of 2.47. 

Histological examination of the sections 
stained for erythrocytes revealed in some cases 
extensive invasion of the alveoli and inkr- 
stitial spaces with erythrocytes. This would 
indicate that in some lungs or parts of lungs 
there is extensive congestion. When, how- 
ever, the entire lung is analyzed, the pul- 
monary hemoglobin is not significantly raised. 
This would lead to a conclusion, supported 
also by visual examination of the lungs, that 
congestion was not uniform throughout the 
lungs, but localized in regions. An interesting 
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observation also noted by Karsner(2) and 
Barach(7) was the finding of an increase in 
“fibrinoid” material after oxygen poisoning. 

Conclusion. Whea guinea pigs are placed 
in an environment of 95 to 99% oxygen a t  
ground level barometric pressure 73 to 75 cm 
Hg, the animals will develop pulmonary 
edema as a symptom of oxygen poisoning 
after 48 hours. The conditiion becomes pro- 
gressively worse, and the animals die after 4 
to 6 days in the oxygen atmosphere. Lung 
analyses during severe oxygen poisoning indi- 
cate an approximate doubling in lung weight 
and soluble protein nitrogen. Pulmonary 
hemoglobin, while quite variable in amount in 
different lungs, does not increase significantly 
in the entire lung during oxygen poisoning, 
but local regions, as shown by histological ex- 
amination, may be intensely congested. 
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Uptake of Radioactive Sulfur by Chondrosarconias in Man. (19615) 
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Houston, Texas. 

The ground substance of cartilage contains 
sulfuric esters of polysaccharides. Dziewiat- 
kowski has shown that the radioactive sulfur 
of labeled sulfate given to rats is fixed by 
cartilage ( 1 ) and incorporated into chrondoitin 
sulfuric acid ( 2 ) .  The lother tissues of the rat 
retain S-35 in smaller amounts and for shorter 
periods (3  ) . There is little exchange between 
inorganic sulfur and the sulfur of amino acids 

and proteins(4), so that the major portion of 
the labeled sulfate given to rats is excreted 
within 24 hours (3).  I n  man the excretion is 
somewhat slower( 5 ) .  It is knlown that some 
differentiated tumors have metabolic patterns 
similar to those of the tissue of origin. Meta- 
chromatic staining prtoperties indicate specifi- 
cally thie presence of sulfuric esters of pdy- 
saccharides (6) in the ground substance of 
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chondrosarcomas, as well as in that of carti- 
lage. On the basis lo4 these facts it appeared 
likely that radioactive sulfur given as sulfate 
to man would be taken up selectively by nw- 
plastic as well as by normal cartilage. Two 
cases of chondrosarcoma offered an oppor- 
tunity to verify this assumption. Sulfur-35 
has seldom been used in man, and only in 
small amounts( 5 ,7) ,  presumably on account 
of its relatively long physical half-life (87 
days). Recently Walser gave 100 pc of S-35 
sulfate to measure the extracellular fluid of 
normal human subjects(8). 

The uptake of S-35 by tissue cultures of 
human cartilage and tumors was studied by 
Layton ( 9 ) .  who pointed out the feasibility of 
confirming the cartilaginlous nature of the 
growths by this test in vitro. However, the 
histologic nature of the explants was nlot 
clearly ascertained. The cultures of the car- 
tilaginous tumors studied (osteochondroma 
and osteochondrogenic tumor of losteoblasts 
and giant cells) appeared tlo fix about as much 
sulfur as the cultures of bone or cartilage 
invaded by other tumors. 

Experimental. Radioactive sodium sulfate 
was prepared by neutralizing with sodium 
hydroxide the carrier free H2 S-35 O4 sup- 
plied by the Isotopes Division of thie A.E.C., 
Oak Ridge. Tenn. I t  was dissolved to about 
1 mc per 1111 in pyrogen free distilled water 
with 2.2 or 3.3 mg lof sodium sulfate per 
mc as carrier. The solution was autoclaved 
and given in a single injection-through the 
tubing of an intravenous drip of 5% glucose. 
The first patient (H., 26-year male) had a 
rapidly growing chondmsarcoma of the ilium 
partly resected by a previous hemipelvectomy. 
Local extension to the sacrum and to the soft 
tissues and metastasis to the lungs were known 
to be present. The patient was given 6.7 
millicuries of S-35 sodium sulfate. Tissue 
samples were obtainled by biopsy 65 hours 
later. The patient expired 11 days after the 
injection. Secropsy disclosed metastasis to 
the lungs. pleurae, liver, and lymph nodes, 
and neoplastic invasion of pulmonary arteries. 
The tumor consisted of round or elongated 
neoplastic cartilage cells within a variable 
amount of ground substance; in places the 
cells were closely griouped alnd resembled an 

undiff e *entiated sarcoma. The second patient 
(G., 4 -year male) had in the head of the 
tibia a slower growing tumor that had been 
repeate clly curetted. The lieg was amputated 
50 hours after injection of 2.9 millicuries of 
sodium sulfate. The chlondrosarcoma had in- 
vaded the soft tissues. I t  was composed of 
neoplac tic cartilage cells isolated within abun- 
dant giound substance. The patient was ap- 
parent1 y well 3 % months after amputation. 
Numer )us clinical tests in both cases disclosed 
no sigr s of toxicity referable to the radioac- 
tivity of the sulfur. Direct radiation counts 
were nlade witth a 1.8 mg/sq cm mica end- 
windlov. Geiger-Muleller tube adequately pro- 
tected ind applied against the cut surfaces of 
the tisr ues (of [both patients. Samples of tis- 
sues ki!pt in the frozen state were analyzed 
in dupl cate for thieir S-35 content. They were 
hydrol: rzed with 1 ml of 10% sodium hydrox- 
ide. A Fter addition of 5 ml of a 0.35% sodium 
sulfate solution as carrier, they were oxidized 
with 5 ml of Denis’ reagent( 10). The melt 
was di: solved with about 10 ,ml of 5% hydro- 
chloric acid, and the sulfate was precipitated 
at  pH ! to 3 with 5 ml of 5% barium chloride. 
The activity (of the barium sulfate was meas- 
ured n metal cups with a G-M \tube 
(1.8 nig/sq cm mica window) and with a 
Tracer ab autoscaler. Individual samples were 
countell for at  least a total of 4096 counts to 
insure a standard countilng error of t 1.6%. 
The net counts were corrected for self-absorp- 
tion tc a standard weight of barium sulfate. 
Ia a tJpica1 experiment the recovery of S-35 
added as sodium sulfate was 79 and 83%. 
The a( tivity in each sample was referred to 
the we. weight of the tissue; i t  was compared 
to the activity of aliquots of the injected so- 
lution of S-35 simultaneously treated by the 
same n iethlods. 

Reszdts. Tlo permit a direct comparison of 
the COI centrations of S-35 fiound in the tissues 
of difftrent patients, they were referred to the 
injectej dloses lof S-35 ~alcula~ted on a body- 
weight basis. The “relative concentrations” 
of rad oactive sulfur given in the charts and 
table are expressed as percents of the theoreti- 
cal co icentration that would have occurred 
if the injected isotope had been evenly dis- 
tributt d throughout the body and completely 
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RELATIVE CONCENTRATION OF S s  IN 
TISSUES AFTER 65 HOURS -(L.H. biopsy) 
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retained (‘.initial average body level”). 
In  patient H., 65 hours after the injection 

(Fig. l ) ,  the concentration of S-35 in a sub- 
cutaneous nodule of chondrosarcoma was 
about 3 times as high as in the skin (epidermis 
and upper dermis), 6 times as high as in the 
subcutaneous adipose tissue, and 11 times as 
high as in the blood. At the death of this 
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patient (Fig. Z) ,  samples of both primary and 
metastatic chondrosarcomas contained large 
amounts of S-35. The  cioncentration varied 
markedly between samples of tumors of dif- 
ferent sites; even in adjacent samples of the 
same tumor the variation appeared greater 
than in adjacent samples of normal tissues. 
The average concentration of S-3 5 in normal 
cartilage was about two-thirds the average 
concentration in the neoplasm. Progressively 
lower levels were found in bone marrow, 
spleen, kidney, skin, liver, cortical bone, adi- 
pose tissue, and voluntary muscle. I n  the 
muscle the concentration of S-35 was about 
one two-hundredth that in the tumor. The  
ratio of concentration between tumor and soft 
tissues had increased with time, since the iso- 
tope level was about the same in the chondro- 
sarcoma, and had rapidly fallen in the skin 
and adipose tissue. There was a similar fall 
of the level of S-35 in the blood (Table I ) .  

The relative concentrations of radioactive 
sulfur in the tissues of the leg of patient G., 
amputated 50 hours after injection, are given 
in Fig. 3.  In  the skin and blood the relative 
concentrations were about the same as in the 
specimens of the first patient taken 65 hours 

RELATIVE CONCENTRATION O F  S35 

I N  TISSUES AFTER I I  DAYS 

(L.H. necropsy) 
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FIG.  3. The 1 0 0 v ~  relative concentration corresponds to ,124 pc per g 011 day of inj. decayed 
to  .114 uc ner P at time of death. 
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TABLE I. .Relative Concentration of 5-35 in 
Blood of Pa t ien t  H. 

~~ 

H r  af te r  iiij. yo conc. 

1 2  
G5 

18(J 

61.7 
7.4 
1.4 

after injection. The lower relative concen- 
tration in the adipose tissue of G. seems re- 
lated tlo the better nutritional status and 
higher fat content. If the 2-day specimens 
of G. and the 11-day specimens of H. are 
compared, the expected fall of concentration 
is noted in the bone and muscle; on the other 
hand the similarity of level of S-35 in the 
specimens of cartilage suggest that in man, as 
in rats (2), sulfur is retained over llong periods 
in cartilaginous tissues. In  the chmdrosar- 
coma of G., the relative concentration of S-35 
was similar lor higher than in the tumor of the 
first patient, reaching 2.5 times the theoretical 
initial average body level. The concentration 
in the chondrosarcoma averaged 4.4 times that 
present in the cartilage and 63 times that in 
voluntary muscle. 

Discussion. The high but variable uptake 
of sulfate sulfur by the chondrosarcomas 
seems related to the amlount of ground sub- 
stance and to the pnoliferative activity of the 
cells. The concentration was maximal in the 
tumor of G. that had abundant ground sub- 
stance . 

Radioautographs of biopsy specimens of thle 
patient H. (Fig. 4) disclosed larger amounts 
of isotope in the portions )of the tumor where 
the neoplastic cells were interspersed in ground 
substance. However, all viable portions of the 
growth, even the undifferentiated sarcoma- 
like areas, contained more s-35 than the soft 
tissues. The concentration was generally 
higher a t  the gnowing ledges of the tumor and 
minimal in necrotic portions. Small amounts 
of S-35 were taken up by the epidermis and 
by the fibrous tissue. Somewhat larger 
amounts were visualized in the probably 
newly formed dense connective tissue adjacent 
to the tumor or near the blood vessels supply- 
ing it. Labeled sulfate is probably incor- 
porated, altholugh to a lesser degree than in 
cartilage, in the intercellular substance of 
connective tissue, as indicated by the studies 

of Layton( 11). 
The observation that radioactive sulfate 

specifically localizes in chondrosarcomas sug- 
gests some possible diagnostic or therapeutic 
applications. 

Thle counts on the exposed surfaces of the 
surgical lor necropsy specimens of both pa- 
tients grossly paralleled the counts on the 
purified sulfur fraction of 'the corresponding 
tissues, The Geiger-Mueller ccounter ap- 
peared more reliable than the gross appearance 
in differentiating between neoplastic nodules 
and scar tissue at  the periphery of the cureltted 
chondrosarcoma of G., as shown by subse- 
qulenit microscopic examination. However, 
such a diagnostic application would be limited 
to the direct explloration of an operative field, 
possibly with a probe-shaped G-M #tube, to 

RE L AT I V E C ONCENTRATIO! 
OF s35 IN TISSUES AT 

I kj AMPUTATION -Patient L .G. 

FIG.  3. The 100% relative concentration cor- 
responds to .053 p e  per g on day of inj. decayed 

to .052 pe per g at  time of amputation. 
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FIG.  4a (left). Subcutaneous nodule of chondrosarcoma obtained at biopsy from p t i e i i t  H. 
Neoplastic cells infiltrate the capsule (center). I n  lower and right fields fibrous aiid adipose 

tissues. Acid formalin fixation, paraffin embedding, 5 p section, H. E. stain. X -1.1. 
PIG. 4b (right). Radioautograph obtained from the section of Fig. 4a (Kodak Contrast 
Process Ortho film was held at about 20 ,A from the surface of the unstained deparaffiiiized 
section, 97 days exposure). 8-35 is demonstrated throughout the tumor, mainly in areas with 
abundant ground substance and a t  the growing edge. The dark areas in  the right l o ~ e r  corner 

correspond t o  blood vessels. X 42. 

determine lthe extent of a chondrosarcoma, 
since the soft beta rays of S-35 are absorbed 
by less than 1 mm of tissue. 

Because of the low average energy of the 
radiation (0.055 MEV) and the rapid excre- 
tion of the sulfate, the doses of S-35 used in 
these studies can be uonsidered to be trlacer 
doses. Tissues with a 1100% relative cloncen- 
tration of S-35 would have received initially 
0.41 rep/day in the case of H., and 0.18 
rep/day in the case of G. (calculated by flor- 
mula 3 of Evans(l2)). 

The administration of very large doses of 
S-35 would be required to damage chondro- 
sarcoma cells. .Whether such djoses could be 
tolerated by the human organism will depend 
not conly upon the concentration in the differ- 
ent tissues, but also upon the time the radio- 

isotope is retained in the respective tissue 
(effective half-life), and upon the radiosensi- 
tivity 'of the tissue. The ionization due to 
S-35 is limited to the tissue where it concen- 
trates because of the very short range of the 
radiation. S-35 is retained at  high levels in 
both primary and metastatic chondrosarcomas, 
mainly in the portions with ablundant ground 
substance and in the areas actively growing. 
Large doses might, however, be harmful to 
normal cartilage, where they are retained for 
long periods, and to the bone marrow: which 
has a high radiation sensitivity. Recent re- 
sults (also indicate that very large amounts of 
radiation are delivered to the excretory organs 
immediately after administration of radio- 
active sulfur. 

These toxic effects may outweigh the pos- 



SERUM CITRIC ACID IN HODGKIN’S DISEASE, LYMPHOMA 339 

sible beneficial effects on the tumor. Addi- 
tional studies on the radiation toxicity of S-35 
are needed in order to evaluate whether any 
therapeutic benefit could be hoped for from 
the administration of radioactive sulfur in se- 
lected cases of chondrosarcoma. 

Summary. Two patients with chsondrosar- 
comas received respectively 6.7 and 2.9 milli- 
curies of S-35 as sodium sulfate. Tissue 
samples were obtained at  operations and at  
necropsy several days after the injection and 
were analyzed for S-35 content. The highest 
concentrations of isotope were found in 
the chondrosarcomas. Progressively smaller 
amounts were found in other tissues in the 
sequence : cartilage, bone marrow, spleen, 
kidney, skin, liver, bone, adipose tissue, and 
muscle. Radioautographs indicated maximum 
concentratilon in the growing portions of the 
chondrosarcoma and in those containing abun- 
dant ground substance. The findings are dis- 
cussed in relation to the possibility of diag- 
nostic or therapeutic applications. 
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Serum Citric Acid in Hodgkin’s Disease, Lymphoma and Carcinoma.* 
(19616) 

ANTONIO ROTTINO, GEORGE T. HOFFMANN, AND BARBARA BRONDOLO. 
From the Hodgkin’s Disfase Research Laboratory, St. Vincent’s Hospital, N e w  York City .  

Thunberg ( 1 ) published an enzymatic 
method for quantitating serum citric acid. 
Benni, Schersten and Ostberg (2 ) ,  employing 
this method, reporlted normal serum values of 
1.5 to 3.75 mg per 100 ml of serum. Schersten 
( 3 )  noted hypocitricemia in some patients 
with cancer. Olstberg(4) tested sera for citric 
acid in 8 patients with malignant disease and 
found values to be normal, below normal, or 
above normal. 

Since we were unable #to find any values on 
citric acid levels in persons with Hodgkin’s 
disease, we underltook to make det,erminatio(ns 

* Sufpported in part by grants from the American 
Cancer Society and the Damon Runyon Memorial 
Fund. 

of serum citric acid in 50 patients with this 
disease and, in addition, in 19 patients with 
cancer, 10 with lymphosarcoma, and in 7 with 
leukemia. The control group embraced 37 
normal persons and 60 patients with various 
non-malignant diseases. In  the 67 patients 
with Hodgkin’s disease, lymphosarcoma, and 
leukemia 13 7 serum determinations were 
made. In  34 subjects single determinations 
were done, and in each of the remaining 33 
persons, 2 to 5 determinations were made over 
a period of 4 mmths. The study covered a 
period ‘of one year. In  the Hodgkin’s group 
data were obtained on patients during relapse 
and remission, in the early and terminal stages 
of the disease, and in mild and severe forms 


