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cells, which multiply only in the presence of as a chemotherapeutic agent. 
streptomycin. The frequency with which Conclusions. The isolation and cultural 
streptomycin-resistant variants and organisms characteristics of a streptomycin-resistant 
capable of utilizing streptomycin for growth organism capable of multiplying in aqueous 
have been described has limited its usefulness s o h  tions of streptomycin has been described. 
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-4rsenic"; is characterized by a /3 radiation 
maximum of 3.04 JIEY. a 7 radiation masi- 
mum of 2.15 JIEV, and a 26.8 hour half-life. 
The high energy beta and gamma emission 
simplify counting but necesitate s!>:elrlin? to 
protect personnel. The short half-life makes 
tracer experiments of long duration impo3- 
sible; but the rapid decay is useful in thera- 
peutic applications, as radiation dosage is 
easily controlled. 

I n  order to calculate radiation dosage from 
any radioactive material to a particular tissue, 
it is essential to know not only the physical 
characteristics of the isotope employed, but 
also the concentration of the material in the 
tissue under consideration. For this reason, 
as well as for the more theoretical purposes 
discussed in an earlier paper.' we began a 
series of studies on the fate of raclio-arsenic in 
laboratory animals, and, later, in man. Sev- 
eral phases of this research still are far froni 
complete: however, because of the therapeutic 
potentialities of and because radio- 
isotopes of arsenic are now offered for general 
d i~ t r ibu t ion ,~  we feel that our studies on dis- 
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tribution and excretion may be of some in- 
terest and value to other experimenters. 

Early work with radio-arsenic. Radioac- 
tive arsenic has been previously reported upon 
by Lawton and co-workers: who administered 
16-day arsenic (-Asi4) to a group of 6 cotton 
rats infected with Litornosoides carinii, sacri- 
ficing their animals 24 hours after intraperi- 
toneal injection; by DuPont et aLJ5 who in- 
jected radio-arsenic intravenously in 3 7 rab- 
bits; and by Hunter and co-workers,G who 
studied distribution in tissues, and in various 
chemical fractions of tissue, of radio-arsenic 
administered subcutaneously to rats, rabbits, 
guinea pigs, higher apes, and man. -411 of 
these experiments showed a remarkable degree 
of individual variation among animals of the 
same species receiving apparently identical 
treatment. 

In  general, all animals in all experiments 
exhibited greatest arsenic concentration in 
liver. kidney, spleen, and lung. Low arsenic 
uptake by the Brown-Pearce rabbit tumor was 
found by the DuPont group, who also re- 
ported no change in the tissue distribution 
pattern of tumor-bearing animals. Hunter 
et al. noted a remarkable difference between 
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arsenic distribution in rats and in any other 
species studied: in rats, arsenic is concen- 
trated to a great extent in the blood, particu- 
larly the erythrocytes; in other animals, 
arsenic does not remain long in the blood 
stream, but is rapidly distributed to the 
tissues. 

Technics. Arsenic was administered as 
sodium arsenite in buffered isotonic solution; 
the preparation of the arsenic solution has 
been describ4.l 

Mice were killed by breaking their necks, 
rats and rabbits by injection of nembutal. 
Groups of mice and of rats were usually sacri- 
ficed at  one time, and necropsied as quickly 
as possible; at  no time did more than 1% 
hours elapse between sacrifice of an animal 
and necropsy. Tissues were placed in pre- 
viously weighed containers and weighed im- 
mediately to minimize loss of water by evap- 
oration; they were then wet-ashed, and the 
activity measured with a thin mica end- 
window Geiger-Mueller tube. Similar treat- 
ment was accorded to biopsy specimens from 
patients, and to tissue samples from one pa- 
tient who was moribund at  the time of ad- 
ministration. 

The wet-ashing technic: Whole organs (ex- 
cept livers) of mice were placed directly in 
porcelain counting capsules; whole organs of 
rats, livers of mice, and portions of organs of 
rabbits and of man were first placed in small 
pyrex beakers. The material was dissolved 
in fuming nitric acid and evaporated to dry- 
ness in a hood under a battery of 300 watt 
hIazda Reflector flood lamps. Solutions in 
beakers were transferred to capsules as soon 
as their volumes were sufficiently reduced ; 
this was followed by one rinsing of the beaker 
with acid and 2 rinsings with distilled water, 
the rinsings being added to the capsules. This 
procedure resulted in a layer thin enough for 
accurate counting, and the nitric acid pre- 
vented formation and consequent loss of 
AsCls. 

Stool samples were placed in bakelite- 
capped glass specimen jars, and activity 
measured directly in a calibrated high pres- 
sure gamma ionization chamber using a vi- 
brating reed galvanometer? 
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TABT,E IT. 
Ewrction in Xan. 

P a t  ion t 0. A. G. R. 
Diagnosis Ilodgkiii ’s 1)jsease Tqmpha tic leukemia 
Dose 3.0 millicurirs 2.7 millicurics 
7 7 r \ 

T!rine Feces Yo of dose Urine Feces %ofdose 
h e >  e ~ c  ret ea (PC) (puc) excreted 

~ ~ 

1 s t  24 lm 498 2.0 16.7 116 4.3 
2nd ’ 9  7 7  348 3.; 18.5 574 21.5 
3rd ” ” 288 9.6 194 5.6 7.4 
4th ” ” 149 14.(i 5.4 234 6.8 8.6 
5th ” ” 260 3.6 8.8 296 11.0 
6th ” ” 124 4.1 183 6.8 
itlt “ ’’ 3 04 5.2 3.7 

Figures on activity in all samples of tissues 
and of excreta are corrected for decay to the 
Lime of injection. Thus, activity is always 
proportional to the true amount of the isotope 
present for animals treated with the same 
injection solution, and animals of different 
treatment groups may be compared on the 
basis of “per cent of injected dose.“ 

Excretion studies. Rats  .- Five male Sprague- 
Dawley rats, injected in the tail vein with 47 
pc (0.2 cc), were immediately placed in 
metabolism cages, and excreta were collected 
at  24 hour intervals. Activity in the fecal 
samples was too low to count: Table I shows 
the data on the urine samples. 

Rabbits: Four stock rabbits each received 
235 pc (1 cc) via ear vein. Excreta were 
collected at intervals of 24 hours, except in 
the case of rabbit No. 39, which was sacri- 
ficed 6 hours after injection. Data on rabbit 
excreta are included in Table I. 

M a n :  Table TI summarizes the data on 
arsenic excretion in 2 representative patients 
injected intravenously. 

Mice: h-o exact measurements were made 
on excretion rates in mice, but surveys with a 
portable meter on mouse cages and mice in- 
jected intraperitoneally indicated that some 
75yQ of the injected dose is excreted within 
the first 24 hours. 

I t  can be seen from the tables, and from 
Fig. 1, which summarizes the data, that ar- 
senic excretion takes place far more slowly in 
rats (<lo”/, the first 48 hours) than in 

7 (slcinc~is, V., aiid Plrar, S., (“I1-38Yf), Quart vrl j  
Report, 13iology Uivis io~~,  Jurw 1: 194i. ;Irgoniic- 
National L abo rat r y . 

rabbits (70%) or man (30-45%). More 
significant, probably, is the rapidity with 
which the arsenicT6 content of rats comes to 
equilibrium, as illustrated by the leveling off 
of the excretion curve. 

In all species studied, including the rat, the 
feces account for less than 10% of the total 
arsenic excreted. 

Tissue distribution patterns. Rats:  Eight 
Sprague-Dawley males injected intravenously 
with 47 pc each were sacrificed in pairs a t  6 ,  
24, 48, and 96 hours. The results are shown 
in Table 111. 

The high concentration of arsenic in the 
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TABLE 111. 
Tissue Distribution, Rats (mpc/g). 

Sacrificed at 6 hr 24 hr  48 hr 96 hr - - - r 
Dose 230 295 336 324 174 313 350 255 

Organ 

Blood 
Spleen 
Heart 
Lung 
Kidney 
Adrenal 
Thymus 
Liver 
Testis 
Ifuscl c 
Skin and fur  

1705 
603 
538 
442 
396 
283 
200 
174 
43 
58 
47 

2360 
662 
628 
420 
345 

407 

65 
50 

2780 
990 
700 
542 
382 
255 
142 
365 
74 
41 
64 

2820 
1420 
840 
598 
347 
323 
388 

80 
42 
70 

2600 
448 
239 
512 
184 
298 
186 
148 
22 
11 

2160 
900 
266 
356 
255 
213 
304 
159 
41 
23 

1390 
540 
328 
610 
157 

630 
158 

22 
38 

1990 

365 
460 
186 
300 
264 
104 

28 
12 
.7 8 

TABLE IV. 
Distribution of Arsenic in  Tissues of Rabbits (mpc/g). 

Sacrifice time (hr after inj.) 6 24 48 96 
9 
70 

Sex 9 
Dose 72 

6 8 
82 76 

Blood 
Spleen 
Heart 
Lung 
Kidney 
Liver 
Muscle 
Femoral marrow 
Brain 

23 
63 
46 

104 
168 
415 

36 

12 

9 
22 
13 
’is 
46 
62 
27 

186 
10 

3 
19 
3 3 

15 
24 

10 5 
39 36 

2 

blood is very striking. The fairly high arsenic 
content of spleen and lung, the large indi- 
vidual variation, and the lack of any great 
tendency for a decline in the arsenic content 
of most tissues, even after 48 hours, are also 
noteworthy. Inspection suggests that the 
high spleen values may be explained by the 
blood contained therein. 

Table IV presents the data on 
tissue localization in the 4 rabbits used in the 
excretion studies (above). This pattern is in 
distin,ct contrast to that found with rats, in 
that concentrations of arsenic in blood after 
any time interval studied are never as great 
as in most of the solid tissues, and all tissues 
show a distinct reduction in arsenic content 
as time progresses. Liver, kidney, and lung 
contain the highest concentrations of arsenic. 

Mice: Tissue localization of arsenic was 
studied in several series of mice, some bearing 
transplantable tumors. Tumors used were: 

Rabbits: 

* Obtained from DY. J. C. Aub of Harvard 
TTni ver si t y . 

1. The Jackson-Brues embryoma,*8 which 
is grown in C3H mice, develops slowly, and is 
quite variable as to rate of growth, percentage 
of “takes,” and tissue organization; and 

2. A lymphomat which is grown in A mice, 
kills the host 4 to 6 weeks after transplanta- 
tion, has 100% “takes,” and is quite homo- 
geneous. 

Arsenic concentration was determined, as a 
rule, only in kidney, liver, lung, spleen, mus- 
cle, and tumor, when present. In  all experi- 
ments, mice were injected intraperitoneally. 

In  the first study on mice 19 males of the A 
strain, 11 bearing lymphomas that had been 
transplanted 3 weeks previously, received 0.8 
pc (in 0.25 ml) each. Table V records the 
results obtained in this experiment. Although 
this is a highly inbred strain, and although all 
efforts were made to treat the mice identically, 
the degree of individual variation within any 

8,Jackson, E. B., and Brues, A. hl., Cancer Re- 

t Kindly supplied by Dr. Egon Lorenz. 
seci.rch, 1941, 1, 494. 
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TABLE 1'1. 
I~idiie~.-Liver-Splecii Rn tios hi X iw.  

Proportion (70 basis) 
tf , 

Non-tumorous 

Strain Hr after inj. Kidney Lirer Spleen I<idney Livcr Splccii 

T um o I' - hca riii g 
I 7 ------ 7 

A 6 46 
45 

A 12 29 
'38 

CsH 32 22 
91 
26 
39 
21 
24 
31 
'27 

24 21 
20 
25 
17 

31 23 
32 24 

31 40 
39 40 

42 3 (i 
47 32 
47 27 
36 33 
3 8 41 
44 32 
43 87 
40 83 

31 46 
40 41 

26 5 i  
34 40 

27 
63 7 

39 34 
35 3 5 - 
31 41 99 
38 36 26 
37 40 23 

41 3 5 44 
34 4'1 2 -1 

49 36 15 
1s 15 36 

TABLE 1-11. 

(20 liours after injection.) 
Tissue Distribution in Man (l'aticnt H. S.). 

Tissue n w / g  

Liver 
Kidney 
S p leeii 
Parotid tumor 
Heart 
Jejunum 
Vcrtebral marrow 
Mesenteric lymph node 
Stomach 
Pancreas 
Muscle (quadriceps) 
Ilcuni 
Lung 
Femoral marrow 
Adrenal 
Orary 
Thyroid 
Skin 
Brain 
Femoral cortical bone 

46.4 
29.5 
16.1 
15.6 
14.6 
14.3 
14.2 
12.8 
11.; 
11.6 
11.4 
11.1 
10.8 
10.8 

8.5 
8.3 
7.6 
6.7 
2.5 
2.4 

Man: A moribund 6S-year-old female with 
carcinoma of the parotid was given 5.00 micro- 
curies of As76 (-4 mg arsenic) 20 hours be- 
fore death. The distribution of activity in the 
tissues at  time of death is shown in Table VII. 

Arsenic levels in the blood. At the time of 
sacrifice of rabbits and of rats for distribution 
studies, specimens of blood were usually 
taken. Blood samples have also been obtained 

from patients, and a series of samples was 
drawn from one chicken. The results of these 
determinations are plotted semi-logar it h- 
mically as a function of time after injection 
in Fig. 2.  The great degree of arsenic reten- 
tion in rat blood is illustrated both by the 
high level at  any particular time, and by the 
low negative slope of the curve. 

Discussion. The change in distribution of 
arsenic in non-tumorous organs of tumor- 
bearing mice appears to be an example of a 
systemic effect wrought by a (histologically) 
localized phenomenon. arsenic is largely 
bound to protein? and, though to a lesser ex- 
tent, to the -SH groups in cystine, gluta- 
thione, etc.g The proportion of arsenic re- 
tained in a particular organ can presumably 
be altered by 

a. a change in the concentration of the 
arsenic binding constituents. 

b. an alteration in the arsenic-combining 
capacity of some chemical substance, or 

c. a combination of a and b. 
Although the presence of tumor clearly 

alters the distribution of arsenic, the direction 
of the change in a particular organ (as, say, 

9 Voegtlin, C., Dyer, H. A., and Leonard, C. S., 
Public Health Reports, 1923, 38, 1882. 
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FIG. 1. 
ArsibnicT'; l e~e ls  in ivliole blood. Concentration 

of arsenic,X per grani of blood at a particular t ime 
is expressed as pcrccntage of the administered 
dose per gram of body weight. 

liver) is unpredictable. 
Several workers have considered the effects 

of tumors on chemical composition of unin- 
volved organs, and the question has been re- 
viewed in part by Toennies."' Glutathione 
and cystine appear to have been especially 
altered in unaffected organs of tumorous ani- 
mals, as reported by Voegtlin and Thompson, 
by M700dward, and by Schenk.ll It should 
also be noted that changes in the -SH levels 
of blood plasma are found in the presence of 
10 Tociiiiies, G., Cancer Reseurch, 1947, 7, 193. 
11 Voegtlin, G., and Tliomyson, J. W., J .  Bid.  

Chcm., 1926, 70, 801; 'SVoodward, G. E., Biocimn. 
J., 1935, 29, 2405; Schenck, E. C., Arch. f. exp.  
Path. u. Pharm., 1934, 175, 405. 

a great variety of tumors, and form the basis 
for several attempts a t  formulating sero- 
diagnostic tests for cancer.r2 

We have as yet been unable to find any 
unique physiological or chemical property of 
rat's blood which might explain the high de- 
gree of arsenic retention. The deceleration 
of excretion rate beyond the first day makes 
it appear that retention in the rat is not pri- 
marily due to inability to excrete arsenic; the 
high blood concentration with preference for 
erythrocytes'; suggests that the red cell of the 
rat may contain a system binding arsenic. 

Summary. 1. Arsenic excretion was studied 
in man, rats, and rabbits. Less than 10% of 
the excreted arsenic is found in feces in any 
of these species; rats have by far the slowest 
rate of excretion. 

2. Data are given for arsenic distribution 
in various organs in man, the rat, the rabbit, 
and 2 strains of mouse. 

3. The degree of individual variation within 
each species was very great; in contrast to 
man and to other animals studied, the rat 
retains most of the injected dose in the blood 
for a considerable length of time. 

4. The ratio of arsenic concentration in kid- 
ney, liver, and spleen of healthy inbred mice 
was found to be fairly constant for a given 
time after adqministration, and this ratio is 
suggested as a criterion for effects of various 
types of treatment. 

5. Using this ratio as criterion, it was found 
that arsenic distribution is altered by the 
presence of transplanted tumors. 

6 .  Factors changing arsenic distribution are 
discussed in relation to effects on levels of 
sulfhydryl-containing substances. 
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