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white ntdules just a l m e  the aortic valve in 
it few rablits in all 3 groiq)~, Except for 
these lesions, microscopically visi hle as sill)- 

intimal, fibrous calcified lesions. none of the 
animals showed severe medial alterations, but 
half of the d-thyroxine-injected and 2 of the 
saline-injected animals had scattered accumu- 
lations of metachromatic substance in the 
media between the elastic membranes. Con- 
sidering the content of water. hexosamine, 
hydroxyproline and the hexosamine /hydroxy- 
proline ratio no difference was seen between 
the 3 groups, whereas the uptake of sul- 
fate in aorta showed a significant increase in 
the d-thyroxine group. The injected doses 
of d- and 1-thyroxine were found to have a 
complete inhibitory eft'ect on release of 13' 1- 
labelled hormone from the thyroid gland. 
The effect was noted 24 hours after onset of 
injections. 

Discussion. D-thvroxine showed an in- 

thyroxine as well as 1-thyroxine exerts its in- 
tluence on the arterial wall by a direct peri- 
Ibheral action and not uiu TSH. 

Sum mtrry . I) - t h y roxine en hancd epine- 
1)hrine-induced a1 terations in the aortic wall 
in rabbits, causing an increase in hexosamine 
content and uptake of 35S sulfate. D-thyrox- 
ine alone increased uptake of 35S sulfate. 
Compared to 1-thyroxine used in previous 
experiments, d-thyroxine acted similarly but 
to a lesser extent. As the applied amounts 
of d- and 1-thyroxine exerted an equally 
inhibitory effect on TSH, d-thyroxine as well 
as 1-thyroxine probably exerts its damaging 
effect on the arterial wall by direct peripheral 
action. 
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Cytotoxici ty of Adrenal Cortex Hormones on Normal and Malignant 
Lymphocytes of Man and Rat.* (26928) 

ROBERT SCHREK 
Tumor Research Laborat my, Research and Surgical Services, Veterans Administration Hospital, 

Hin es, I l l .  

I have shown by the method of unstained newly developed slide-chamber methd(2)  
provided a ~-WUE *for extending this study to 
human l ~ m ~ h o c ~ t e s .  This method was used 
in this study to measure the toxic effect of 
cortisol on normal human and rat lympho- 
cytes and also on human leukemic l p p b  
cytes. 

cell counts( 1 )  that cortisol and related hor- 
mones have an in vitro cytotoxic effect on 
cells derived ,from the rabbit thymus. The 

*Aided by grants from Damon Runyon Memorial 
Fund and Nat. Cancer Inst. 
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1 Methods. Three groups of individuals Dol 

were used in these studies. First was a group 
of 7 normal men and women, employees of 
the Research and Laboratory services, to 
whom I am indebted. A s a n d  group con- 
sisted of 16 non-leukemic, ambulatory, male 
hospitalized paltients with more or less nor- 
mal hemograms. Specimens from these pa- 
tients were obtained through courtesy of the 
Laboratory Service of Hines Hospital. A 
third group consisted of 12 men and 1 woman 
with chronic lymphocytic leukemia or lymph- 
osarcoma in leukemic phase. Specimens from 
these patients were obtained from the Hema- 
tologic Sections of the M T d i d  Service of 
Hines Hospital and of Hektoen Clinic of 
Cook County Hospital. 

The leukocytes from human or rodent 
blood were concentrated, washed, and resus- 
pended in equal parts of normal homologous 
serum and tissue culture medium 199 (Dilf- 
co). Cell suspensions were also prepared from 
a normal human spleen and a lymph node. 
The cortisol succinate was the commercial 
preparation Sdu-Cortef (Upjohn). The cell 
suspension plus hormone was put up in slide- 
chambers (2) composed of 2 large cover slips 
separated by a metal disk 0.9 mm in thick- 
ness. The slide-chambers were incubated at 
37°C. 

The numbers of viable lymphocytes were 
counted one or more times a day in an area 
0.04 >: 10 mm by means of an inverted phase 
microscope with special accessories. The cri- 
teria for viable lymphocytes have been de- 
scribed(2). The counts enabled the con- 
struction of survival curves for treated and 
untreated lymphocytes. Survival curves 
were summarized by the index, the 10% sur- 
vival time; ie., time in days during which 
90% of the lymphocytes died or were killed 
and 10% survived. 

The effect of a reagent was calculated by 
the arbitrary formula: the logarithm af 10% 
survival time of untreated lymphocytes minus 
that of 10% survival time of treated lympho- 
cytes. An index of 0 means no effect of the 
reagent at  a specific dosage. The same index 
was used as a measure of sensitivity of the 
lymphocytes to the reagent at a given dose. 

Results. Rat  blood lymphocytes. Suspen- 
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FIG. 1. Survival curves of rat  and human lympb- 
ocytes incubated with and without cortisol suc- 
cinate, 10 pg/ml. Abscissa represents days of in- 
cubation ; ordinates, logarithms of percentage of 
lymphocytes surviving incubation. 

FIG. 2. Effect of 10 pg/ml of cortisol succinate 
on lymphocytes from the blood of 23 non-leukemic 
individuals (O),  of 13 leukemic patients ( o ) ,  and 
of 2 rats (m). Abscissa represents 10% survival 
time of untreated suspension ; ordinates, the effce.t 
as measured by the formula given under Methods. 

sions of rat blood lymphocytes were incu- 
bated with and without cortisol succinate (10 
pg/ml). Fig. 1 presents survival curves af 
rat blood lymphocytes in a typical experi- 
ment. It is seen that the viable lymphocytes 
in the control suspension decreased slowly 
and that lol(r, of rat lymphocytes survived 
2.14 days. In contrast, the 10% survivd 
time was only 0.90 days for lymphocytes 
treated with 10 pg/ml. 

The effect of varying doses of cortisol suc- 
cinate on rat lymphocytes is shown in Table 
I. It is seen that 0.1 pg/m1 produced a mod- 
erately toxic effect. Increasing the dosage to 
100 pg/ml produced little, if any, increase in 
toxicity. A dosage of lo00 pg/ml was, how- 
ever, highly toxic. 

Human blood lymphocytes. The effect of 
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TABLE I.  XfYecdt of Adreliill Cortical Horiiioiic~ oil Normal Lyniphocytes from Huiriaii aiid Hat  
B1 oocl . 

Effect* 
Blood l ~ ~ i ~ > h o -  r Dose (pg/nil)- \ 

cytes froin Re:rgeiit 1 0 0 0  100 1 0  1 .1 .01 

of trc;itct1 lynl]’llocytc~s 1 .  

cortisol succinate on blood lymphocytes of a 
patient is shown in Fig. 1.  The patient had 
a normal hemogram. The control untreated 
lymphocytes in 50% human serum had a 
10% survival time crf 8.7 days, much longer 
than that observed for rat blood lymphocyte< 
in 505  rat serum. The long 10% survival 
time of human lymphocytes as compared to 
that of rat lymphocytes has been observed 
previously( 3 ) .  The lymphocytes treated 
with 10 pg/ml of hormone had a 10% sur- 
vival time of 12.3 days, 34-p greater than the 
control. Cortisol succinate caused. if anything. 
longer survival of the cells. According to 
these experiments, 10 pg/ml had a toxic effect 
on rat lymphucytes but not on human lymph- 
ocytes. The sensitivity of rat and human 
lymphocytes is also compared in Table I. A 
dose as small as 0.01 pg/ml was toxic to rat 
blood lymphocytes but doses of 10 and 100 
pg/ml were not appreciably toxic to human 
cells. 

Fig. 2 and Table I1 summarize the effect of 
10 pg,/ml on blood lymphocytes af 16 nlon- 
leukemic patients and 7 normal individuals. 
The average effects were -0.04 and -0.02 re- 
spectively, which are nat significant (Table 
11). In only one test, a positive effect of 
0.20 was observed (Fig. 2 ) .  However, a re- 
peat test on this individual failed to substan- 
tiate sigriilficant sensitivity of the lympho- 
cytes to the hormone. 

I t  may be concluded that a dosage of 10 
pg/ml of cortisol succinate had no perceptible 
cytotoxic effect on hulman b l d  lymphocytes 
of non-leukemic individuals. In contrast, rat 
blood lymphocytes were sensitive to dosages 
as low as 0.01 pg/ml. 

Huwann leukemic lymphocytes. Thirteen 
patients with chronic lymphmytic leulkemia 
or with leukemic lymphosarcoma were tested 
one or more times for the sensitivity of their 
blood lymphocytes to cortisol succinate (Ta- 
ble TI and Fi?. 2 ) .  The table shows that 10 
pg ’ml of cortisol succinate was slightly but 
significantly toxic to the lymphmytes olf 13 
leukemic patients but was not toxic to lymph- 
ocytes of 23 non-leukemic individuals. Fig. 
2 shows that the results varied from no sensi- 
tivity for leukemic lymphocytes of 4 patients 
to moderate sensitivity (0.53 and 0.60) for 
the cells of 2 patients. Six repeat tests were 
done on 5 leukemic patients. The effect 
found on a second and third test deviated 
from the original test by 0.010 to 0.101. Av- 
erage deviation was 0.044. In other words, 
the leukemic lymphocytes remained as sensi- 
tive to cortisol succinate on a repeat test as 
on the first test. 

Other tissues and other corticosteroids. A 
normal human spleen and a lymph node were 
available for testing. The spleen was re- 
moved incidentally during a partial gastrec- 
tomy *for a gastric ulcer. A suspension pre- 
pared from the spleen consisted largely of 
normal lymphocytes. Lymphocytes of the 
spleen and lymph node were as resistant to 
cortisol succinate as blood lymphocytes (Ta- 
ble 11). 

The toxic effects of other corticosteroids on 
rat and human blood lymphocytes were 
studied. The free steroids, cortisol and cor- 
ticaterone, were dissolved in methyl alcohol. 
0.1 cc of the required dilution of these ster- 
oids was placed in the center of a large cover 
slip. The alcohol was allowed to evaporate 
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TABLE 11. Effect of 10 pg/ml of Cortisol Succiiiate 011 Hurnaii aiid Rat Lynipliocytes in 50% 
Homologous Serum. 

No. of ill- Avg 10% survival time (days) 
dividuals Untreated Lymphocytes Effect* 

Source of lyiiiyliocytes or animals lymphocytes + reageiit (avg) S t a i d  error 

Rat blood 6 2.43 1.43 .282 .045 

Huma.n blood 
Normal iiidividuals 7 9.31 9.86 -.042 .049 
Non-leukemic patients 16 8.78 9.36 -.OM .017 
Leukemic patientst 13 7.73 5.14 .194 .053 

Lymph iiocle-normal 1 5.75 5.56 .015 
TI urn ail 

11 Spleen- 1 8.78 8.90 -.006 

* See footnote, Table I. 
t Diagnoses : Chronic lymphocytic leukemia :tiid lymphosarcoma in leukemic p1i:ise. 

leaving a fine deposit. The cell suspension 
was then added to the precipitated steroid on 
the cover slip and the slide-chamber was 
completed and sealed. Both cortisol and cor- 
ticosterone were toxic to rat lymphocytes 
(Table I ) .  On the other hand, survival of 
human lymphocytes was nolt appreciably aif- 
fected by moderate doses of cortisol or by 
corticos terone. 

Discussion. Dougherty and White( 4) 
demonstrated that injections of adrenal cor- 
tical hormones and adrenocorticotropin into 
mice and rats resulted in lymphopenia and 
atrophy of lymphoid tissue. The findings 
have been amply confirmed by others, as in- 
dicated by Valentine et aZ.( 5 ) .  The in vivo 
findings stimulated many in vitro studies. 
Corticosterolids were found to have an in 
vitro cytotoxic effect on rat and rabbit lymph- 
ocytes according to the unstained cell count 
method( l ) ,  tissue culture( 6) and, in the pres- 
ent study, the slide-chamber method. The 
in ziitro and in vivo findings agree that rat 
lymphocytes are sensitive tol glucocorticoids. 

Results of studies by different workers on 
in viva effects of glucocorticoids on lympho- 
cytes in man have Seen variable(5,7,8). Ac- 
cording to a review by Valentine et aZ.( S), it 
has not been conclusively demonstrated that 
adrenal cortical hormones produce l p p h o -  
p n i a  in man. The authors, therefore, raised 
the question whether hematologic experi- 
ments with corticosteroids on mice and rats 
can be extrapolated to man. Similarly Long 
(9) concluded that there are cortisone-sensi- 

tive and cortisone-resistant species. Long’s 
conclusion was based on reports af in vivo ef- 
fects of cortisone on body weight, gamma 
globulin synthesis, and antibody production. 
Accolrding to these in vivo criteria, the rat 
and rabbit are cortisone-sensitive and man is 
cortisone-resistant. 

The present irz vitro work showed that glu- 
cocorticoids in small doses were cytotoxic to 
b l d  lymphocytes of the rat but had no per- 
ceptible effect on blood lymphocytes of 23 
men. Both in vitro and in vivo work indicates 
that rat lymphocytes are sensitive to gluco- 
corticoids but human lymphocytes are resis- 
tant. 

It seems of particular interest that cortisol 
suainate was, on the average, more cyto- 
toxic to leukemic than to normal lymphocytes. 
In contrast, several other reagents, including 
x-rays and nitrogen mustard were, on the 
average, equally toxic to normal and leuke- 
mic lymphocytes(l0). However, the semi- 
tivity of the leukemic lymphocytes to the 
steroid was usually only slight. Only 2 of 13 
patients had leukemic lymphocytes that were 
moderately sensitive. 

Shaw et (21. ( 11 ) administered prednisone to 
18 patients with chronic lymphocytic leuke- 
mia. The therapy usually resulted in an in- 
crease in lymphocyte count of the M o d ,  sug- 
gesting that the lymphocytes of the blood of 
the leukemic patients were not sensitive to 
prednisone therapy. 

Shaw et aZ.(11) also found that 2 of 18 
patients showed a decrease in blood lympho- 
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cytes as a result of prednisone therapy. In 
the present study, 2 of 13 patients had lymph- 
ocytes which were moderately sensitive to 
cortisol succinate. The parallel in vivo and 
in vitro findings suggest further studies to de- 
termine whether there is a correlation be- 
tween in vitro sensitivity of leukemic lymph- 
ocytes to cortisol and in viva response of the 
leukemic patient. 

Summary. Cortisol succinate, cortisol, and 
corticosterone in small doses were toxic to 
lymphocytes from rat blood and rabbit thy- 
mus. The toxicity was indicated by a reduc- 
tion in in t~i tro survival time orf the lympho- 
cytes, according to a slide-chamber method. 
Minimal toxic effects were produced by 0.01 
pg/ml of cortisol succinate and cortisol and 
by 0.1 pg/ml of corticosterone. In contrast, 
lymphocytes from the blood of norma1 individ- 
uals and from non-leukemic patients were re- 
sistant to 10 pg/ml of cortisol succinate. 
These experiments suggest a species differ- 
ence in the sensitivity of lymphocytes from 
man as compared to those from the rat and 
rabbit. 

Similar tests were done on the lymphocytes 

from the blood af 13 patients with chronic 
lymphocytic leukemia or with lymphosar- 
coma in leukemic phase. In general, the leu- 
kemic lymphocytes were more sensitive to 
cortisol succinate (10 pg/ml) than normal 
lymphocytes. Two of the 13 patients had 
lymphocytes which were very sensitive to the 
cor t icos t eroi d . 
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Experimental Phenylketonuria in Rats." (26929) 

HWA L. WANG A N D  HARRY A. WATSMAN 
Department o j Pediatrics, University o j  Wisconsin Medical School, Madison 

Auerbach, Waisman and Wyckoff ( 1 )  found 
that rats fed a diet containing 5% DL-phe- 
nylalanine or 2.5 % each of DL-phenylala- 
nine and L-tyrosine showed a 2-fold increase 
in plasma phenylalanine levels and an in- 
creased excretion of urinary phenylpyruvic 
acid. Similar observations were reported re- 
cently by Huang et aL(2 ) .  However, Neil1 
and Langford(3) failed to demonstrate any 
phenylketonuria in rats fed a synthetic diet 
containing as high as 3.75% each of L-phe- 
nylalanine and L-tyrosine. The slightly ele- 
vated plasma phenylalanine levels obtained 

*Supported in part by grants from V. S ,  Public 
Health Service. 

by previous investigators ( 1,2 ) were much 
lower than those found in phenylketonuric 
patients or in experimental phenylketonuric 
monkeys( 4,s). The increased excretion of 
phenylpyruvic acid by rats fed DL-phenyl- 
alanine( 1,2) is in all probability due to pres- 
ence of the D-isomer, since D-phenylalanine 
can be deaminated by D-amino acid oxidase 
in kidney to form phenylpyruvic acid(6). 
Therefore, i t  seemed appropriate to obtain 
additional information in rats fed excessive 
quantities of the L-isomer of phenylalanine 
before the observations made in rats, mon- 
keys and man could be compared biochemi- 
cally. 

Methods and materials. Eighteen-day-old 




