
inhibitor activity. Thus, inhibition of 1 j%- 
207% involves uncertainty factors of an order 
which would make i t  difficult to compare ac- 
curately the degree of inhibition obtained. 

Excretion of total sulfur and phosphate (as 
P) in “normal” human urine is reported as 
approximately 1.0 g and 1.1 g, respectively, 
per day(6) .  Inasmuch as sulfate ions con- 
stitute 92rj‘c of total sulfur excreted daily(6).  
it  is conceivable that the number ol  sulfate 
ions present in the urinary dialysate are suf- 
ficient to produce the described inhibitory ef- 
fect. Qumtity of sulfate ions in Concentrated 
urinary dialysates is approximately S .O mg 
ml or 8 s 10 31. This concentration of sul- 
fate was found to inhibit L)Sace T T  effectively 
(Fig. 3 ) .  

The data (Fig. 3 )  suggest that in charcoal- 
treated urinary concentrates sulfate ions 
might be largely responsible for inhibition of 
DSase  11. Phosphate ions probably contrib- 
ute little to inhibition of Dh‘ase I1 in the case 
of the preparations used since removal of 
phosphate by charcoal did not affect degree of 
inhibition. Thus. although phosphate ions 
niay have an inhibitory effect, their contribu- 
tion to inhibition under our experimental con- 
ditions (Table I) appears to be small. 

Sumw~ury. 1. Urinary dialysates were 
found to retain inhibitory activity toward 
IlNase IL after ashing. 2. Chemical analysis 
of the charcoal-treated dialysate before and 
after ashing indicated presence of detectable 
quantities of sulfate ions but not of Mg++ and 
Cii-+. 3. l’arious divalent ions, in contrast to 
monovalent ions, had a marked inhibitory ef- 
fect on Dn’ase 11. 4. The data suggest that 
a major portion of urinary inhibitory activity 
with respect to DNase is due to presence of 
sulfate ions in the concentrated urinary di- 
alysate. 

~ _ _ _ _ _ _ _ _ _  
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Protection of Mouse Bone Marrow by Inorganic Conipounds During 
Freezing and Thawing. (25846) 

PHAN THE TRAN* AND hI. A BENDER (Introduced by C. C. Congdon) 
Biology Division, Oak Ridge National Lab.,t Oak Ridge, Tenn .  

It has long been known that glycerol pro- 
tects mammalian cells against freezing and 
thawing damage ( 1 ) . Lovelock showed that 
human red blood cells are protected against 
hernolysis not only by glycerol but also by a 
number of neutral organic solutes of low 
molecular weight ( 2 ) .  H e  attributed freezing 
damage to the increase in electrolyte concen- 

* Visiting investigator on leavc frcJm .Atomic Ener- 
gy Office, Saigon, Viet Nam. Present address: Atomic 
Energy Office, Saigon, Vict Nam. 

t Operated by Unicn Carbide Corp. for U. S. 
Atomic Energy Comm. 

tration that occurs when pure ice is formed 
in and around the cells, and the protective 
action of organic solutes to reduction of elec- 
trolyte concentration in and around the cells 
because of the colligative properties olf solu- 
tions. However, low concentrations of inor- 
ganic ions will protect bacteria against freez- 
ing and thawing damage(3). A similar pro- 
tection, if it could be demonstrated folr mam- 
malian cells, would be contrary to  Lovelock’s 
hypothesis. We tested a number of inorganic 
compounds for ability to protect mouse bone 
marrow cells against freezing and thawing 
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death. Mouse bone marrow cells have been 
preserved by the Polge-Smith-Parkes technic 
of slow-freezing in glycerol solutions and, 
after thawing, used successfully to promote 
recovery of lethally irradiated mice(4,S). I t  
has been shown that recovery is the result of 
replacement of the host's damaged hemato- 
poietic system by proliferation ~f the donor's 
cells (6) .  Our previous experiments showed 
that mouse bone marrow cells could also be 
successfully slow-frozen in presence of or- 
ganic molecules other than glycerol. Many 
other polyalcohols and mono- and disaccha- 
rides are effective( 7,8,9). 

Maferials and metkods. The technical de- 
tails of these experiments are identical to 
those described previously( 7 ) .  Suspensions 
of femoral bone marrow from (C57BL X 
1Ol)FI donor mice were made in saline con- 
taining 3.5 % polyvinylpyrrolidone (PVP) 1 
and the compound to be tested. PVP, previ- 
ously shown to be nonprotective, was used to 
prevent cell clumping. Samples of suspension 
(1 ml) were frozen in a bath whose tempera- 
ture dropped a t  a rate of l"C/min from 
+20" to -25"C(lO). The tubes were then 
plunged into liquid nitrogen and kept a t  
-196°C folr 1 hour. Samples were thawed by 
agitation in a 37°C water bath, the cells were 
counted in a hemocytometer, and the suspen- 
sion was diluted with saline to a concentration 
of 2 X lo6 nucleated cells/ml. Lethally ir- 
radiated (900 r)  isologous host mice were 
each given 0.5 ml of this suspension via the 
tail vein. Eosin-uptake measurements ( 11 ) 
were also made to determine the percentage 
of nonstaining (and presumably viable) cells. 
Seven simple inorganic molecules were tested 
using 8 different concentrations of each. 

Results are given in Table I. The mice not 
given bone marrow all died, but 75% of con- 
trol mice that had received lo6 fresh bone 
marrow cells survived more than 30 days. 
Mice given marrow frozen in either physio- 
logical saline (0.154 M NaCl) or in Tyrode's 
solution did not survive. Of 7 neutral salts 
used, treatment with 6 (NaI, NaBr, NaNQ, 
Na2SOI, NaaS20a and NaSCN) gave fairly 
good 30-day survival a t  some concentrations, 

_. 

$ Vinisil, Abbott Labs., North Chicago, Ill. 

and even the seventh, NaNO?, gave a few 
survivors. The eosin-uptake measurements 
seemed to be of little value in estimating re- 
covery-promoting power of cells frozen in 
these solutions. 

Discussion. The data in Table I suggest 
that there are 2 concentrations of each com- 
pound that give high protection. Thus, with 
NaSCN, survival is obtained between 0.003 

TABLE 1. Thirty-Day Survival of Let,hallp Tr- 
radiated Mice after liifusion of l o G  Nucleated Bcme 
Marrow Cells E'rozeii and Thawed in Solutions of 

Inorganic Salts. 

cone. (&I) 
of salt in riega tive 30-day 

3:5% P V P  No. of cclls survival 

$1 o siii - 

Solution in saliiie mice (%) (yo) 
Soiie  
Fresh 
Frozen in  saline 
Frozen i n  Tyrode's 
Frozen iii N:tI .003 

.006 

.(I13 

.025 

.05 

.1 

.2 

.4 

Frozen iii .003 
N:iRr .006 

.013 

.025 

.05 

.1 

.2 

.4 
Frozen in .003 

NaNO,, .006 
.OK3 
.025 
.05 
'1 

.4 
C) 

.Y 

Frozcii in .003 
NiNO, .006 

.0 13 

.025 

.05 

.1 

.4 
L) 
.a 

Frozen i n  .003 
Na,80, .006 

.o 13 

.025 

.05 

.1 

.2 

.4 

84 
3 
5 
11 
11 
19 
35 
23 

3 
2 
0 
5 

16  
9 
6 
4 
1 
2 
1 

19 
14 
1 2  
13 
17 

9 
3 
0 
7 

11 
10 

7 
12  
9 
5 
2 
6 
2 
1 
1 

5 
2 
0 

n 

0 
75 

0 
0 
6 
(i 
0 
5 0 
35 
10 

0 
0 

25 
55 
40 
45 
40 
25 
35 

0 
40 
65 
95 
45 
45 
15 
59 

( 1  

5 
0 
0 
0 
5 
0 
0 
0 

60 
0 

50 
5 

15 
0 
5 
0 
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Frozen in 
s a,R,0,3 

solutes. Neither can it be the result of vitri- 
fication of cellular fluid as suggested by Luyet 
( 1 2  ) . More quantitative physical data, pre- 
ferably on individual cells, may help to ex- 
plain the observed phenomena. 

The  ability of inorganic com- 
pounds to protect mouse bone marrow cells 
against freezing and thawing damage has been 
investigated, using a lethally irradiated isolo- 
gous recipient as a functional assay of via- 
bility. Na l ,  NaBr, NaN03,  NaN02,  NazS04, 
NaSCN, and Na2S203 were tested. All 
showed protective action against freezing and 
thawing. The  effectiveness of different inor- 
ganic salts varied greatly. Each compound 
was effective only a t  certain concentrations. 

Summary. 

and 0.013 111 and between 0.2 and 0.4 hl but 
not a t  intermediate concentrations. Although 
the data are not extensive enough to estab- 
lish a bimodal concentration-protection curve 
for any one compound, the fact that all the 
compounds tested showed some effect seems 
significant. This phenomenon has been noted 
previously with protective organic compounds 
( 7 ) .  I ts  significance, however, remains ob- 
scure. 

A small amount of protective compound 
was injected into each mouse along with the 
test cells. The dose of compound varied from 
a minimum of 0.056 mmole/kg up to 12.8 
mmole/kg. It seems extremely unlikely that 
this quantity by itself could have any protec- 
tive effect on the mice. 

I t  is difficult to explain the protection of 
mammalian cells against freezing and thaw- 
ing damage by inorganic salts. It cannot, 
however, be attributable to a simple lowering 
of electrolyte concentration during freezing, 
as was suggested by Lovelock ( 2 )  for organic 
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