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fatty tissues. The quantitative significance 
of these findings remains to be evaluated. 

Summary. Rats were fed a cholesterolemic 
diet which contained either 20% lard or corn 
oil. The blood lipid and cholesterol levels were 
appreciably lower in the rats fed diets con- 
taining an excess of PUFA. The livers of these 
rats had a higher cholesterol content but equal 
lipid and appreciably lower cholesterol ac- 
tivities than the group ingesting saturated 
fatty acids. Results suggest that a decreased 
rate of cholesterol synthesis occurs only after 
sufficient cholesterol has accumulated in the 
liver to inhibit its formation. The greater ac- 
tivities in the lipids of the intestinal and fatty 
tissue apparently were not promoting higher 
blood lipid levels. The activities of the cho- 
lesterol of both intestinal and fatty tissues 
were lower in the PUFA fed rats. Thus a de- 
creased synthesis of cholesterol occurs in the 
liver as well as the intestinal tissue along with 
a slightly decreased content in the fatty tis- 
sues of rats fed a cholesterolemic diet con- 
taining large amounts of PUFA. 

The authors wish to acknowledge the excellenit 
technical assistance of Mr. James B. Frederick, Jr. 
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Irradiated and  Preserved Leukocytes in  Mixed Leukocyte Cultures-’ 
(320aO) 
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After several days’ incubation, cultures of 
mixed leukocytes from 2 individuals contain 
imlmature mononuclear cells which probably 
are derived from small lymphocytes. These 
cells incorporate thymidine into DNA, and 
measurements of H3-thymidine uptake have 
been used to quantitate the b1astogen)ic reac- 
tion in mixed leukocyte cultures ( 1,2). The 
disadvantage of the mixed leukocyte reaction 
has been that the reaction is not “one-way”. 
Various attempts have been made tot develop 
a technique of unidirectional measurement. 

~~ 
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Red blood cells and platelets were ineffective 
( 1) .  Frozen and thawed leukocytes have been 
used by some work6rs(3,4,5), but we anld 
others (6-9) have failed to) demonstrate coa- 
sistent blastogenesis with frozen and thawed 
cells. We have reported that X-irradiated 
cells could be used for unidirectioaal stimu- 
lation in mixed leukocytes cultures (9).  
Homologous macrophages ( 10) and cells 
treated with mitomycin C(11) or nitrogen 
mustard( 12) have been used to achieve one- 
way stimulation. 

Techniques for low temperature storage of 
peripheral blood leukocytes have been pub- 
blished by Ashwood-Smith( 13) ,  Cavins( 14), 
and Pegg( 15). We decided to study the pos- 
sible application of these techniques to the 
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preservation of intact and X-irradiated leuko- 
cytes for use in mixed leukocyte cultures. 

Materials and methods. Leukocyte suspen- 
sions were prepared from the blood of healthy 
donors, as described previously( 1) .  In the 
experiments involving the preservation of ir- 
radiated leukocytes, Falcon plastic tissue cul- 
ture flasks (30 ml) containing these leukocyte 
suspensions in plasma were subjected to 2,000 
r (106 r/min) of irradiation (Picker Van- 
guard, 280 KVP, cone size 15 X 20 cm) . I t  
has been shown that 10% is the optimal con- 
centration of dimethylsulfoxide for the pres- 
ervation of blood leukocytes( 13-15). Two 
parts of the plasma containing either non- 
irradiated leukocytes or irradiated leukocytes 
were added to one part dimethylsulfoxide and 
7 parts of tissue culture medium. The sus- 
pension, totalling 50 ml, was transferred to 
a 150 ml Fenwal plastic bag. Each bag was 
then placed between copper plates and frozen 
to ensure a uniform freezing rate through- 
out the cell suspension. The freezing rate was 
approximately 1°C per minute to -2OOC 
and somewhat faster to the final storage tem- 
perature of -70°C. Storage periods of indi- 
vidual samples were 2 weeks. At the end of 
this time, specimens were thawed by gentle 
agitation in a 37°C water bath and centri- 
fuged for 10 minutes a t  1,000 r.p.m. The 
supernatant was decanted, and the leukocytes 
were resuspended in medium 199 containing 
2070 fresh pooled normal plasma. Cell counts 
were done on each suspension and the per- 
centage of viable cells was determined by a 
trypan blue dye exclusion test after mixing 
one drop of the leukocyte suspension with one 
drop of 0.2% trypan blue( 16). Ten minutes 
after mixing, the percentage of unstained cells 
(viable cells) was determined. In  each experi- 
ment, the amount of medium added was ad- 
justed so that the concentration of viable 
non-irradiated cells was between 1,000 and 
1,500/mm3 and that of irradiated cells was 
between 800 and 1,500/mm3 in the final 
suspensions. On the day of thawing the 
stored leukocytes, a fresh leukocyte suspen- 
sion from the original donor was prepared. 
The leukocyte suspension obtained from the 
original donor of stored irradiated cells was 
subjected to 2,000 r of X-irradiation. In  each 
experiment the concentrations of fresh and 

stored viable cells were adjusted so that they 
were approximately equal. The concentra- 
tions of fresh irradiated and stored irradi- 
ated cells were similarly made equal. 

The leukocytes were incubated at 3 7 "C 
in 17 X 100 mm disposable plastic culture 
tubes (Falcon). Each culture contained 4 ml 
of cell suspension. The mixed leukocyte cul- 
tures were incubated for 5 days and those 
using phytohemagglutinin were incubated for 
3 days. All cultures were set up in duplicate 
or triplicate. 

Cultures consisted of 1 : 1 mixtures of (1) 
fresh leukocytes and irradiated fresh allo- 
geneic leukocytes, (2) stored leukocytes and 
irradiated fresh allogeneic leukocytes, (3) 
stored leukocytes and irradiated fresh syn- 
geneic leukocytes, (4) fresh leukocytes and 
stored irradiated allogeneic leukocytes, and 
( 5 )  fresh leukocytes and stored irradiated 
syngeneic leukocytes. Unmixed fresh and 
stored leukocytes containing 0.1 ml of phyto- 
hemagglutinin (Difco, Detroit, Mich.) were 
cultured a t  the same time. At the end of the 
incubation period, H3-thymidine (Thymidine- 
6-T, sp. act. 5 c/mM) was added to the cul- 
ture tubes to give a concentration of l pc/ml. 
After one hour a t  37"C, the cells were washed 
three times with cold physiological saline and 
their radioactive content was measured by a 
liquid scintillation counter as previously de- 
scrilbed(2). Smears were made from one of 
the culture tubes in some experiments. The 
H3-thymidine count correlated well with the 
number of lymphoblastoid cells found in the 
smears. 

Results. Eflect of irradiation in vitro on 
mixed leukocyte cultures and on leukocyte 
cultures with ph ytohemagglutinin. Leukocyte 
suspensions were exposed to various doses 
of X-irradiation as described under Methods, 
and 30 minutes later, mixed leukocyte cul- 
tures were set up as illustrated in Table I. 
Unmixed intact leukocytes both with and 
without PHA were cultured a t  the same time. 
When leukocytes from only one donor re- 
ceived less than 600 r, there was no inhibition 
of the mixed leukocyte reaction. When 600 r 
was administered to the leukocytes from 
both donors, H3-thymidine uptake was in- 
hibited, but was not abolished. After 1,000 r, 
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TABLE I. Effects of X-irradiation in vitro on Mixed Leukocyte Cultures and on Single Leukocyte 
Cultures Containing Phytohemagglutinin. 

Coun ts/min. /cul ture 

Dose of 
X-ray A” B A + B +  A x + B $  A x + B x  A x + P H A  A + P H A  

600 r 632 448 32,146 11,779 2,872 15,754 40,561 

1,000 r 1,026 732 27,011 16,078 2,062 10,375 40,342 
1,200 r 843 125 35,446 19,243 1,060 13,393 36,576 
1,500 r 378 863 36,374 9,356 739 13,048 41,243 
1,800 r 945 564 29,45 1 19,062 223 10,031 48,356 
2,000 r 778 562 22,690 9,539 522 11,041 44,710 
3,000 r 748 697 14,288 10,842 3 14 10,394 48,182 

800 r 739 539 30,923 17,088 1,828 18,574 49,574 

6,000 r 1,201 866 20,033 9,553 398 565 55,498 
- 

* For simplicity, the leukocytes of each member of any pair of subjects are labeled A and B, 

j- Cultures of mixed leukocytes from A and B subjects. 
$.Cultures of irradiated cells (Ax) and intact allogeneic cells (B). The cells were cultured 30 

respectively. 

minutes following irradiation of the cells. 

there was very questionable enhancement of 
DNA synthesis in the mixed cultures of ir- 
radiated cells as compared with cultures of 
non-irradiated leukocytes from a single donor. 
After application of 1,500 r, or more, to 
leukocytes of only one donor, these cells still 
caused blastogenesis of non-irradiated leuko- 
cytes from a second donor in mixed leukocyte 
cultures. When this dose was applied to 
leukocytes of both donors, the H3-thymidine 
uptake of their mixed leukocyte cultures was 
no greater than that of the control cultures of 
non-irradiated cells from a single donor. Thy- 
midine uptake was actually depressed below 
control values when doses above 1,500 r were 
administered. When cultures of irradiated 
leukocytes with PHA were compared with 

similar cultures of the same donor’s non-ir- 
radiated leukocytes with PHA (Table I ) ,  H3- 
thymidine uptake was inhibited but not 
abolished even after application od 5,0001 r 
(not shown in the Table). When leukocyte 
suspensiolns were treated with more than 
5,000 r and then cultured with PHA, 
blastogenesis was completely inhibited. 

The experiments depicted in Table I1 were 
performed to determine whether the stimu- 
latory activity of leukocytes is altered by ex- 
posing them to 2,0010 r of X-irradiation. In 
all of these experiments, the sum of the one- 
way (Ax + B) and (A + Bx) reactions was 
approximately equal to the 2-way (A + B) 
reaction (Table 11). 

Reactivity of leukocytes stored at low tern- 

TABLE 11. Relationship Betweell “One-Way” and “Two-way” Rc- 
actions in Mixed Leukocyte Cultures. 

H3-thymidine uptake Counts/minutej4 X lo6 cells 

Exp. 
NO. A + B”, t  Ax + B*,$ A + Bx”,: 

1 24.708 5 1,853s 12,277 _+ 1,026 10,683 * 487 
2 21,754 1,941 11.236 _+ 420 10,467 796 
3 14,349-t 197 5,587 +_ 831 7,349 +. 651 
4 22,988 2 665 7,307 _+ 524 19,029 5 169 

- 

5 13,891 804 9,986 _+ 1,162 5,474 599 
* For simplicity, the leukocytes of each member of any pair of sub- 

jects are labeled A and B, respectively. Different donors were used in 
separate experiments. 

j- Cultures of mixed leukocytes from A and B subjects (“two-way” 
reaction). 

$ Cultures of irradiated cells a i d  intact allogeneic cells. The  cells 
were cultured 30 min. following irradiation (2,000 r) of the cells (“one- 
way” reaction). 

§ Mean values from triplicate cultures 5 S.D. 



358 LEUKOCYTE IRRADIATION IN MIXED CULTURES 

TABLE 111. Blast Transformation of Stored Leukocytes in vitro When 
Stimulated by X-irradiated Allogeneic Leukocytes. 

Couri ts Imin. /cul ture 
- 

Exp. Control Cultures 
NO. cultures of irradiated allogeneic Cultures of 

of unmixed cells from I)* and irradiated cells 

from A* intact cells stored cells stored cells 
cells from AX and 

from A+ from A X  from AX 

1 
2 
3 
4 

6 
7 
8 
9 

10 

) 

1,333 
474 
603 

1 ,04 1 
5'79 

1.139 
1 ,01 6 
1.098 

79 1 
870 

19,843 
8,419 
6,360 

13,283 
7,973 
6,284 
f,2.54 
7,816 

19,158 
15.39.5 

20,680 870 
6,225 195 
5,537 158 

12,203 144 
6,958 216 
3,988 163 
5,147 - 
6,620 - 

16,092 - 
14,514 - 

* For simplicity, the leukocytes o f  each inember of any pair of sub-  
jects are labeled A and B, respectively. 

perature. The data in Table I11 showed that 
stored leukocytes exhibited blas togenic trans- 
formation in vitro (expressed by H3-thymidine 
uptake) when cultured with X-irradiated al- 
logeneic leukocytes. The loss in totaI cell 
count after storage varied from 10% to 20%. 
The percentage of viable cells (unstained cells 
with trypan blue) ranged from 78% to 9570 
with a mean of 85%. After storage at -70°C 
for 2 weeks, the reactivity of stored leukocytes 
to allogeneic irradiated cells in mixed leuko- 
cyte cultures was of similar magnitude to 
that of leukocytes freshly prepared from the 
same donor. 

Antigenicity of stored X-irradiated leuko- 
cytes. Table IV illustrates the ability of 
stored irradiated leukocytes to enhance DNA 
synthesis and mitosis of allogeneic intact leu- 
kocytes in mixed leukocyte cultures. In most 
instances, the stimulatory activity of fresh 
irradiated leukocytes was greater than that of 
stored irradiated cells. Storage of irradiated 
cells resulted in 40-50c/o cell loss. This was 2 
to 3 times as great as that which occurred 
after storage of intact cells. Stored irradiated 
leukocytes did not enhance DNA synthesis 
of syngeneic leukocytes in leukocyte cultures. 

'I'AULE 117. Effect of Low Teiiiperature Storage on Ability of X- 
irradiated Leukocytes to Stimulate Blastogenesis of Normal Allogeneic 

Lymphocytes in vitro. 
Counts/min. / culture 

Exp. Control Cultures of 
No. cultures Cultures of intact cells intact cells 

of unmixed from A4X and from B X  and 
cells stored irrad- 

(Average fresh irradiated stored irratliatetl kited cells 
of' A,  13)* cells from BX cells from B* lronl B" __ ~~ 

1 1,333 19,843 1 1,386 735 
2 4 i 4  8,419 4,986 133 
3 603 6,360 4,293 420 
4 1,04 1 13,283 17,775 630 
5 1,139 6,284 3,968 167 
6 579 '7.973 4,765 654 
7 1,016 6,254 9,986 824 
8 1,098 '7,816 4,395 715 
9 79 1 19,158 5,730 1,254 

10 870 15,395 9,757 29 1 

* See legend for Table 111, 
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Table V. Reactivity of Stored Leukocytes to Phyto- 
hemagglutin. 

Counts/ min. /culture 
.- 

Exp. Control 0.1 ml Phytohemagglutinin 
cultures added to 

of unmixed Stored Fresh 
No. leukocytes leukocytes leukocytes 

from A from A" from A" 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

763 
84 1 
625 
915 

1,042 
826 
528 
462 
508 
412 

58,880 
48,094 
41,461 
40,881 
34,7 17 
83,132 
24,528 
30,752 
37,943 
32,437 

129,883 
38,368 
40,915 
34,309 
38,770 

149,243 
62,091 
74,148 
55,473 
78,137 

* See Legend for Table 111. 

In Table V, it may be seen that stored 
leukocytes underwent blast transformation 
when cultured with PHA, but reacted less 
strongly than fresh leukocytes in 6 of 10 
cultures. 

Discussion. In  vitro irradiation of leuko- 
cytes with 1,500 r or more destroyed their 
capacity for DNA synthesis and mitosis in 
mixed leukocyte cultures (Table I, Ax + 
Bx). However, their ability to stimulate in- 
tact leukocytes was not destroyed because 
blastogenesis occurred in mixed cultures in 
which leukocytes from only one subject had 
been irradiated (Table I, Ax + B).  Under 
these conditions, the stimulatory activity of 
irradiated leukocytes was not modified, since 
the sum of the undirectional (Ax + B) 
and (A + Bx) reactions were equal ap- 
proximately to the two-way (A + B) reac- 
tion (Table 11). These results show that 
properly irradiated leukocytes can be used for 
unidirectional quantitation of the mixed leu- 
koc y t e reaction. 

Blastogenesis in mixed leukocyte cultures 
was abolished by 1,5001 r, but the response to 
phytohemagglutinin was not completely in- 
hibited by 5,000 r. In other experiments, we 
have observed that uremic plasma. inhibits 
the reactivity of normal cells in mixed cul- 
tures, but does not inhibit the normal reac- 
tion to PHA. The difference in response to 
these two blastogenic stimuli may be due 
simply to the greater strength of the PHA 
stimulus or it may be that stimulation by 

allogeneic leukocytes requires initial steps 
(such as processing of antigen by macro- 
phages) which are circumvented by the action 
of PHA. 

The magnitude of the effect on PHA cul- 
tures was found to vary only slightly over 
the range of doses from 600 to 3,0001 r, and 
6,000 r were required before blastogenesis was 
completely inhibited. This indicates that there 
may have been two discrete lymphocyte popu- 
lations: a sensitive population, which was 
completely inhibited by 6001 r, and a resisitant 
population, which could still lbe stimulated 
by PHA after receiving 3,0001 r, and which 
was completely inhibited only after 6,0001 r. 

Intact leukocytes stored at  low temperature 
for 2 weeks lost almost none of their capacity 
to respond to irradiated allogeneic leukocytes. 
Irradiated leukocytes were more labile, and 
following low temperature storage, they lost 
a significant portion of their ability to stimu- 
late blastogenesis. This loss of activity cannot 
now be explained, but may be prevented by 
technical improvements. 

Further investigation is required to define 
fully the possible applications of leukocyte 
preservation at  low temperatures to tissue 
matching. Preserved leukocytes could be ex- 
changed between institutions, allowing the 
comparison of results from different research 
groups. Exchange of leukocytes would aid in 
the standardization of leukocyte typing and 
culture techniques, and it might improve our 
ability to select donors for kidney and other 
transplants. 

Summary and conclusions. When leuko- 
cytes received 1,500 r or more in vitro, they 
were rendered incapable of DNA synthesis 
and mitosis in mixed leukocyte cultures, but 
did not lose their ability tol stimulate the 
blas togenesis of allogeneic in tact leukocytes. 
The sum of the "one-way" (Ax + B) and 
( A  + Bx) reactions was approximately equal 
to the "two-way" (A + B) reaction. There- 
fwe, irradiated leukocytes can be used for 
unidirectional quantitation of the mixed leu- 
kocyte reaction. When leukocytes were ir- 
radiated with less than 6,0100 r and cultured 
with PHA, some transformation to blasts oc- 
curred. Leukocytes stored a t  -7O"iC for 2 
weeks retained their capacity for blast trans- 
formation when cultured in the presence of 
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S-irradiated allogeneic cells. Frozen storage 
of irradiated leukocytes reduced their blas- 
togenic effect variably up to 3070 of that of 
fresh controls. 

We wish to express our appreciation to Dr. B. 
Bain for advice and help in ‘the final preparation of 
this paper. 
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A Sensitive in vitro Method for Prolactin Determination.” (32091) 

J. MISHKINSKY, S. DIKSTEIN, M. BEN-DAVID, J. AZEROUAL, AND F. G. SULMAN 
Department  of Applied Pharmacology, School o f Pharmacy,  Hebrew University,  Jerusalem, Israel 

The most common bioassays for prolactin 
are of rather low sensitivity. The most sen- 
sitive in vivo test is the crop-sac proliferation 
after intradermal injection; it is sensitive to 
0.015 I.U. of prolactin. 

I t  would seem that the most accurate 
method for prolactin assay would be one which 
brings the hormone in direct in vitro con- 
tact with its target organ, the mammary gland 
(1-5). Various technics of tissue culture for 
prolactin assay have shown that for differen- 
tiated development of mammary tissue 5 
different hormones are required : estradiol, 
progesterone, hydrocortisone, insulin and pro- 
lactin (6-9). Rivera ( 10) added aldosterone 
and growth hormone. The shortcomings of 
the method devised by Prop( 7,9,15,16) and 
its sensitivity (0.01-0.001 IU) will be de- 
scribed in the discussion. 

In this work, the proper requirements for 
the use of the rat mammary gland and the 
optimal hormone concentrations, as well as 

* Generously aided by a US,DA grant FG-IS-147, 
project ’A 10-AH-3. 

their specificity in vitro, will be reported. The 
quantitative aspects will be reported sepa- 
rately. 

Materials and methods. Mammary gland 
slices were obtained from female virgin, ma- 
ture, non-primed albino rats of the “Sabra” 
strain of the Hebrew University, weighing 
270  t 10 g when in metestrus. The rats 
were sacrificed by a blow on the head. The 
abdomen was then shaved and swabbed with 
7070 alcohol. A mid-ventral incision was 
made, the 2 inguinal glands were exposed and 
transferred in situ into a sterile Petri dish con- 
taining a few ml of medium M-199 (1 1) ,  a 
synthetic, protein-free medium. The gland 
was then stretched, the frontal and caudal 
parts rejected, and the middle part cut into 
six 2 mm longitudinal strips. This precaution 
had to be taken since the frontal part of the 
gland is less sensitive, and the caudal part 
is over-developed. This difference in sensitivity 
required the running of parallel control pieces 
in the culture. Each of the 6 strips was cut 
into 2 mm long pieces, yielding ten 2 mm 


