EXPERIMENTAL BIOLOGY

UREA AS A PRESERVATIVE FOR FROZEN BONE MARROW CELLS

N. A. Fedorov UDC 615.361.018.46.014.414:547.495.2/.

A new property of urea has been found, by virtue of which it will preserve a
higher percentage of bone marrow stem cells than glycerol. It is unnecessary
to wash the urea from the thawed-out cells before using them for transplanta-
tion.
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The unique combination of properties of urea — reversible denaturation of pro-
teins and nucleic acids, high solubility and marked ability to lower the freezing
point of aqueous solutions, good permeability through cell membranes, and rapid elim~
ination from the body — has served as the basis for the suggestion that urea can be
used as an effective protective agent and preservative for use during the freezing of
bone marrow cells.

To test this suggestion the protective action of urea and glycerol was compared
by studying the degree of absorption of eosin by bone marrow cells, the number of col~
onies in the spleen of lethally irradiated mice after transplantation of thawed bone
marrow cells previously frozen with these two preservatives, and the action of the two
preservatives on incorporation of thymidine—H3 into DNA of human bone marrow cells.

EXPERIMENTAL METHOD

Experiments were carried out on bone marrow cells of man, dogs, and CBA mice.
Bone marrow obtained from donors or animals was diluted with ZF solution [1] or in
medium No. 199 with the addition of heparin [2]. Erythrocytes were separated by stand-
ing and myelokaryocytes by centrifugation at 500 g for 15 min. The myelokaryocytes
thus obtained were suspended in 100 ml of the supernatant, filtered to remove fat and
clots, then treated with 30 ml of the preservative (30 ml glycerol or 30 ml 15% or 30%
urea solution in 10% glucose solution), 20 ml of group ABO serum, and 50 ml of super-
natant obtained after separation of the myelokaryocytes. The final concentration of
urea in the incubation medium was 2.25 or 4.5%.

Freezing was carried out in corrugated containers with a capacity of 170 ml in
accordance with the following program: at the rate of 1 deg per minute down to —13°C,
then at the rate of 10 deg per minute to —196°C. Thawing was carried out in a water
bath at 38 or 39°C for 1 min.

DNA was extracted by the method of Schmidt and Thannhauser and its content esti-
mated spectrophotometrically (2 ml medium contained 4 x 106 cells and 5 uCi thymidine-
udy, Radioactivity was measured on a Nuclear Chicago Mark II (USA) scintillation
counter,

Laboratory of Biochemistry, Central Institute of Hematology and Blood Transfusion,
Ministry of Health of the USSR, Moscow. (Presented by Academician of the Academy of
Medical Sciences of the USSR N. A. Fedorov.) Translated from Byulleten' Eksperi-
mental 'noi Biologii i Meditsiny, Vol. 80, No. 8, pp. 95-97, August, 1975. Original
article submitted July 26, 1974.

© 1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in eny form or by any means, electronic, mechanical, photocopying, microfilming, recording
or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for §15.00.

962



Since the object of preserving and freezing the bone marrow cells was to pre-

TABLE 1.

Number of Colonies in Spleens of Lethally Ir-

radiated (900 R) Mice after Receiving Injection of 105
Thawed Homologous Bone Marrow Cells Previously Frozen
in ZF Medium Containing 15% Glycerol (group A) or 4.5%

Urea (group B)

&) Mean num-=
1z| Group and num-= ber of col-
é‘ig ber of animals Number of colonies in spleens of surviving omies in each
%2l () mice group (M +m)
o &

Control (bone
marrow not
injected) ) ’
n=1 1j0j0joyoj1rfojoj{oj0f—|—|—|—i 0,180,
1 |Group A, glycerol
(15%),
n=20 1081481649410/ 9]|5]5 10 6,9+0,64
Group B, urea
(4.5%)
n=20 6 (14 {10 (15| 827|710} 911|108 ]|— 9,0=0,89
Control (bone
m%rgoyv
no ;
n:slnjected) ololololelelo ol o Lo 1o 1 1 0
2 | Group B, urea
(4.5%)
n=1y 14110 11416 | 5 {— (12| 6 {13 |— |— |— |— |— 10,0==1,36
TABLE 2. Number of Colonies in Spleens of Lethally Ir-

radiated (900 R) Mice after Receiving Injection of
Thawed Homologous Bone Marrow Cells Previously Frozen
in Medium No. 199 with the Addition of Heparin

Group and number of I[;/leanfnur{l—
g ies i ivi er of col-
animals () Number of colonies m. spleens of surviving onies in each
mice group (M x m)

Control (bone martow not

injected), n=10 310 0] 1] 4 1,6=0,57
1 (nonfrozen bone marrow),

n=12 208118115111 |17]10|26]|23! 9 15,8+=1,84
2 (bone marrow frozen with

15% glycerol), n=12 6161 71 5] 4| 51 9 6,0==0,57
3 (bone marrow frozen with

4,5% urea), n=12 2516 91 7] 7] 9| 6] 4 9,02,25
4 (bone marrow frozen with

15% 2polyethylene oxide),

n=12- 514110 71 4| 2 1 4,7=+1,07

EXPERIMENTAL RESULTS

serve the largest number of stem cells, the principal criteria of the effectiveness of

the preservatives and protectives were given by experiments to study cloning of the

stem cells in the spleen of lethally irradiated mice.

The optimal concentrations of urea and the optimal programs of freezing with it

were not determined;

nevertheless, relative to the basic index — the number of colon-

ies in the spleen of lethally irradiated mice — urea proved to be the best preserva-

tive compared with glycerol and polyethylene oxide (Tables 1 and 2).
cellular composition of the colonies in the spleen revealed no difference from the
composition of the colonies in the spleens after injection of freshly obtained bone
It will be noted that in all three of the cloning experiments bone marrow

marrow.

The study of the
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TABLE 3. Action of 157 Concentration of Glycerol
and 4.5% Concentration of Urea on Incorporation
of Thymidine—H3 into DNA of Human Bone Marrow
Cells (M + m)

Incorporation of thymidine~H? into DNA (counts/
Experi- |Incubation | min/pg DNA)

ment time (in
No. h) ‘without | 8lycerol urea Polyethylene
‘addition | (15%) | (4.5%) oxide (15%)
1 44,822 26,6%3,9 34,884 38,5=+=9,7
1 18 214327 133=16,5 230=+=24,8 118=%=20,6
2 15 1483==275 — 1517+=103 —

cells frozen with 4.5% urea were injected into the mice immediately after thawing,
without washing them to remove urea, whereas the glycerol, which is usually used for
this purpose, had to be removed for it has a toxic action. This advantage of urea is
of great practical importance.

The proliferative power of the bone marrow is a very valuable indicator of the
viability and normal functioning of bone marrow cells. As Table 3 shows, the addition
of glycerol to the incubation medium in ZF solution reduced the incorporation of thy-
midine-H3 into DNA by half during incubation with the labeled precursor for 1 and 18 h.
Addition of 4.5% urea to ZF incubation medium did not reduce the incorporation of thy-
midine-H3 into DNA of bone marrow cells (Table 3), whereas cells frozen in medium con-
taining 2.25% urea incorporated several times more thymidine-H3 into DNA after thaw-
ing than the same cells when frozen with 15% glycerol.

On the basis both of the number of colonies in the spleen of the lethally irradi-
ated mice and of the intensity of incorporation of thymidine—H3 into DNA, the use of
urea as preservative before freezing thus gives better results than the use of glyc-
erol. Unlike glycerol, urea is able to preserve bone marrow cells (using absorption
of eosin and morphological integrity as criteria) for at least 5 days at 4°C. A great
advantage of this method of preservation is that there is no need to remove the pre-
servative after thawing the bone marrow cells. This fact, together with the properties
of urea already mentioned, make the use of urea solutions a promising method also for
organ perfusion with aim of preserving them at temperatures close to 0°C.

The author is grateful to Professor I. L. Chertkov, head of the Laboratory of
Hematopoietic Cell Culture, and to T. E. Monakova, scientific assistant in the same
laboratory, for their help with the cloning experiments and with the cytological analy-
sis of the spleen colonies.

LITERATURE CITED

1. Data on Problems to do with the Blood Service [in Russian], Moscow (1970), p. 502.
2. J. E. Till and E. A. McCulloch, Radiat. Res., 14, 213 (1961).

964



