
The results presented in Table 1 also 
suggest that indole oxidation is a proper- 
ty of bacterial dioxygenases that form 
cis-dihydrodiols from other aromatic hy- 
drocarbons. Beijerinckia strain B836 is a 
mutant that oxidizes biphenyl and vari- 
ous polycyclic aromatic hydrocarbons to 
cis-dihydrodiols, whereas P. putida 
strain 39iD oxidizes benzene, toluene, 
and several monocyclic aromatic hydro- 
carbons to cis-dihydrodiols (4, 11). Both 
of these mutant strains and their wild- 
type parents oxidize indole to indigo. 
The ability of both B836 and wild-type 
Beijerinckia strains to oxidize indole to 
indigo is induced by m-xylene. The en- 
zyme system from P, putida that cata- 
lyzes the formation of (+)-cis-(1S,2R)- 
dihydroxy-3-methylcyclohexa-3,5-diene 
(cis-toluene dihydrodiol) from toluene 
has been resolved into three protein 
components that are essential for enzy- 
matic activity (11). This enzyme system 
consists of a flavoprotein (ferredoxinToL 
reductase), a two-iron-two-sulfur ferre- 
doxin (ferredoxinToL), and an iron-sulfur 
protein (ISPTOL). Mutations in any one 
of the structural genes that code for 
these enzymes results in a complete loss 
of toluene dioxygenase activity (12). 
These mutants-strains F106, F102, and 
F26A (Table 1)-are also incapable of 
oxidizing indole to  indigo. 

The reaction sequence shown in Fig. 2 
accounts for the formation of indigo by 
the recombinant E. coli and the other 
bacterial strains used in this investiga- 
tion. It also provides a possible explana- 
tion for previous reports on the bacterial 
formation of indigo (13-15). We have not 
been able to  detect the formation 
of cis-2,3-dihydroxy-2,3-dihydroindole. 
However, the formation of this interme- 
diate can be inferred from the results 
presented in Table 1. Elimination of wa- 
ter from the cis-dihydrodiol would yield 
indoxyl, which is a known precursor of 
indigo. In addition, we have detected the 
presence of oxindole in culture filtrates 
after indole transformation by P. putida. 
Oxindole, the keto tautomer of 2-hy- 
droxyindole, is the other expected prod- 
uct after dehydration of cis-2,3-dihy- 
droxy-2,3-dihydroindole. The sequence 
in Fig. 2 differs from the reactions pro- 
posed by Fujioka and Wada (16) for the 
oxidation of indole to  2,3-dihydroxyin- 
dole by a Gram-positive coccus. Howev- 
er,  these authors reported the accumula- 
tion of an unidentified blue pigment by 
indole-grown cells. 

Our results illustrate the potential of 
recombinant DNA technology in the de- 
velopment of innovative microbial meth- 
ods for the production of useful chemi- 
cals. The cloning and expression of 

14 OCTOBER 1983 

naphthalene dioxygenase genes in E. coli 
will facilitate studies on the regulation 
and expressions of genes involved in the 
microbial degradation of aromatic hydro- 
carbons. In addition, the observation 
that indigo formation is catalyzed by 
different aromatic hydrocarbon dioxy- 
genases suggests that indole may be a 
valuable substrate for elucidating the 
mechanism of action of this class of 
enzymes. 

Note added in proof: Another method 
for the cloning and expression of naph- 
thalene oxidation genes in E. coli has 
been reported by Schell (17). 
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Anticarcinoma Activity in vivo of 
Rhodamine 123, a Mitochondrial-Specific Dye 

Abstract. Carcinoma cells and  normal epithelial cells differ in the mitochondrial 
retention of a permeant cationic compound, rhodamine 123. The possibility of 
utilizing this difference in carcinoma chemotherapy was investigated. Rhodamine 
123 exhibited anticarcinoma activity in mice, and  this activity was potentiated by 2- 
deoxyglucose. 

Epithelial cancers, particularly those 
of the breast and colon, are the major 
causes of death due to  cancer in the 
United States. Most of the anticarcino- 
ma drugs in clinical use are targeted a t  
the DNA of the cell. Carcinoma chemo- 
therapy in which drugs are  targeted at  
the plasma membrane, mitochondria, en- 
doplasmic reticulum, cytoskeleton, o r  
intermediary metabolism unrelated to  
DNA is largely unexplored. We discov- 
ered that a fluorescent dye, rhodamine 
123 (Rh123), localizes in the mitochon- 
dria of living cells (I),  probably as  a 
result of high membrane potential across 
the mitochondrial membrane (2). The 
mitochondria of a variety of carcinomas 
retain Rh123 for prolonged periods (2 to  
5 days), whereas normal epithelial cells 

release it within a few hours (3). This 
unexpected finding prompted us to  in- 
vestigate whether this difference in the 
mitochondria of carcinoma and normal 
epithelial cells can be utilized in cancer 
chemotherapy. We reported earlier that 
Rh123 is selectively toxic to  carcinoma 
cells in vitro (4, 5). We now report that 
Rh123 has anticarcinoma activity in mice 
and that this activity is potentiated by 2- 
deoxyglucose, an inhibitor of glycolysis. 

Ehrlich ascites tumor cells, confirmed 
to be of epithelial origin by immunofluo- 
rescence with antibody to keratin, were 
injected intraperitoneally (5 x lo5 cells) 
into mice. These tumor-bearing mice had 
a narrow range of survival times (18 to 22 
days; median, 19 days), reflecting con- 
sistency in the mortality pattern (Fig. 1 
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Table 1. Survival of mice bearing Ehrlich ascites tumors treated with rhodamine 123 (Rh123) 2- 
deoxyglucose (2-DG), or both. Ehrlich ascites tumor cells (5 x lo5) were injected intraperitone- 
ally into BDFl female mice aged 5 to 6 weeks. Intraperitoneal drug injections were started 24 
hours later (day 1). Survival was expressed as TIC (median survival time of drug-treated mice as 
a percentage of the median survival time of untreated controls). Ten mice used as untreated 
controls had a median survival of 19 days; seven mice were used in each drug treatment group. 
The results shown are averages of five different experiments. Results shown in parentheses are 
from individual experiments. Arabinosylcytosine (Ara-C) was used as a positive control. 

Treatment 

Rh123 (5 mglkg, days 1, 3, 5, 7, 9) 
Rh123 (10 mglkg, days 1, 3, 5, 7, 9) 
Rh123 (10 mglkg, days 1 to 10) 
Rh123 (15 mglkg, days 1, 3, 5 )  
Rh123 (15 mglkg, days 1 to 5) 
Rh123 (20 mglkg, days 1, 3, 5) 
2-DG (0.5 glkg, days 1, 3, 5) 
Rh123 (15 mglkg, days 1, 3, 5) plus 

2-DG (0.5 glkg, days 1, 3, 5) 
Ara-C (200 mglkg, days 1 to 5) 

TIC (%) 

Table 2. Survlval of mice bearing MB49 bladder carcinoma treated with rhodamine 123 (Rh123), 
2-deoxyglucose (2-DG), or both. MB49 (1 x lo6 cells) were injected intraperitoneally in BDFl 
mice. Drug treatments were started 24 hours later. Ten mice used as untreated controls had a 
median survival of 19 days; seven mice were used in each drug treatment group. The results 
shown are averages of five separate experiments. Results of some individual experiments are 
shown in parentheses. Arabinosylcytosine (Ara-C) was used as a positive control. 

Treatment TIC (9%) 

Rh123 (5 mgikg, days 1, 3, 5, 7, 9) 110 
Rh123 (10 mglkg, days 1, 3, 5, 7, 9) 115 
Rh123 (10 mglkg, days 1 to 10) 120 
Rh123 (15 mglkg, days 1, 3, 5) 180 (157, 179, 184, 184, 189) 
Rh123 (15 mglkg, days 1 to 5) 110 
Rh123 (20 mglkg, days 1, 3, 5) 90 
2-DG (0.5 glkg, days 1, 3, 5) 100 (98, 105, 100, 100, 105, 105) 
Rh123 (15 mglkg, days 1, 3, 5) plus 250 (188, 252, 305, 263, 252) 

2-DG (0.5 glkg, days 1, 3, 5) 
Ara-C (200 mglkg, days 1 to 5) 150 

I Ehr l ich a s c i t e s  tumor  

Fig. 1. Effect of rhodamine 123 and 2-deoxyglucose on survival of mice implanted with Ehrlich 
ascites carcinoma: (0) Untreated controls; TIC, 100 percent. (0) Rh123 (5 mglkg, days 1, 3, 5, 
7, 9); TIC, 105 percent. (U) Rh123 (10 mglkg, days 1, 3 , 5 , 7 ,  9); TIC, 115 percent. (0) Rh123 (15 
mglkg, days 1, 3, 5); TIC, 263 percent. (A) Rh123 (15 mglkg, days 1, 3, 5) plus 2-DG (0.5 glkg, 
days 1, 3, 5); TIC, 400 percent. Each experiment included ten mice as untreated controls and 
seven mice in each drug treatment group. 
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and Table 1). Treatment with Rh123 (5 to  
10 mglkg) on days 1, 3, 5, 7, and 9 or  on 
days 1 to  10, did not significantly prolong 
survival of carcinoma-bearing mice; the 
median survival time was 20 to 21 days, 
and TIC (median survival time of drug- 
treated mice as  a percentage of the medi- 
an survival time of untreated controls) 
was 110 to 120 percent. When the maxi- 
mum nonlethal dose of Rh123 was used 
(15 mglkg on days 1, 3, and 5), survival 
was prolonged to a median of 50 days 
(TIC, 260 percent). Approximately 10 
percent of the mice showed no evidence 
of tumor when they were killed 90 days 
after tumor implantation. Other sched- 
ules of treatment with large doses of 
Rh123, such as  15 mglkg on days 1 to  5 or 
20 mglkg on days 1, 3, and 5, were 
ineffective in prolonging survival be- 
cause of early deaths (on days 5 to  9) 
attributable to drug toxicity. Arabinosyl- 
cytosine (Ara-C) (200 mglkg on days 1 to 
5), used as  a positive control, prolonged 
survival to 29 days (TIC, 150 percent). 

Rhodamine 123 accumulates selective- 
ly in mitochondria and indirectly inhibits 
mitochondrial adenosine triphosphate 
(ATP) synthesis (6-8). 2-Deoxyglucose 
inhibits glycoiysis, the pathway for non- 
mitochondrial ATP production It was of 
interest, therefore, to determine whether 
2-deoxyglucose would potentiate the an- 
ticarcinoma activity of Rh123. 2-De- 
oxyglucose (0.5 glkg on days 1, 3, and 5) 
alone had no effect on survival of tumor- 
bearing mice (TIC, 100 percent). Howev- 
er,  treatment with the combination of 2- 
deoxyglucose (0.5 glkg on days 1, 3, and 
5) and Rh123 (15 mglkg on days l , 3 ,  and 
5) prolonged median survival to  80 days 
(TIC, 420 percent). Approximately 40 
percent of the mice treated with this 
combination had no evidence of tumor at  
90 days. 

Mice injected intraperitoneally with 
1 x lo6 MB49 cells, a mouse bladder cell 
line induced by 7,12-dimethylbenz(a)n- 
thracene (9) ,  died between 17 and 22 
days (median, 19 days). MB49-bearing 
mice treated with Rh123 at  5 to  10 mglkg 
administered intraperitoneally on days 1, 
3, 5, 7, and 9 or on days 1 to  10 had a 
median survival time of 21 to 23 days 
(TIC, 110 to 120 percent). (Fig. 2 and 
Table 2). However, survival was pro- 
longed to 34 days (TIC, 180 percent) with 
Rh123 administered intraperitoneally at  
15 mglkg on days 1 , 3 ,  and 5. As with the 
Ehrlich ascites tumor-bearing mice, me- 
dian survival was shorter when other 
schedules of Rh123 were used (for exam- 
ple, 15 mglkg on days 1 to 5 or 20 mglkg 
on days 1, 3, and 5. 2-Deoxyglucose 
alone did not prolong the survival of 

SCIENCE, VOL. 222 

4 12 2 0 2 8 3 6 44 5 2 6 0 
Days 

'3? j 
- 

;L?g-.,+ -------------- 
: I  1 
! I  I 

- 
+ ---------------------------- 

1 I 

j I 7 1 - r  

: I  - 
; hv 
! I  i I  

I 
$sir I * ------- --4 

- i I  
! I  
: I  ho &------------------------ 

- ? 
, . . . . . . . . . , . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ... . . . . .. . . . . . . . .. .. . ... ..... .. .. . . .. . . 

?---------I1 
1 

1 1 I I 



MB49-bearing mice. The combination of 
2-deoxyglucose (0.5 gikg on days 1, 3, 
and 5 )  and Rh123 (15 mgikg on days 1, 3, 
and 5) prolonged survival to 48 days 
(TIC, 250 percent). Approximately 10 
percent of these mice showed no evi- 
dence of their tumor at 90 days. Higher 
doses of 2-deoxyglucose (1 gikg on days 
1, 3, and 5) used in combination with 
Rh123 resulted in early deaths due to 
drug toxicity, although this higher dose 
of 2-deoxyglucose by itself was not le- 
thal. Ara-C (200 mglkg on days 1 to 5), 
used as a positive control, prolonged 
survival to 29 days (TIC, 150 percent). 
Leukemia and melanoma cell lines, un- 
like carcinomas, release Rh123 within 16 
to 24 hours in rhodamine-free medium 
(3). Lewis lung carcinoma cells, like 
those of human oat cell carcinoma, con- 
tain keratin but are not long retainers of 
Rh123 in vitro. Because L1210 leukemia, 
P388 leukemia, B16 melanoma, and 
Lewis lung carcinoma are commonly 
used to screen potential anticancer 
drugs, we tested the antitumor activity of 
Rh123 in these tumor models. As shown 
in Table 3, Rh123 did not significantly 
prolong survival of mice implanted with 
these tumors. 

We have found that Rh123 prolonged 
survival of mice implanted with Ehrlich 
ascites tumor or MB49 mouse bladder 
carcinoma. The prolongation of survival 
was dependent on the dose and schedule 
of administration. The anticarcinoma ac- 
tivity of Rh123 was most marked when 
administered at the highest tolerable 
doses soon after tumor implantation (15 
mglkg on days 1, 3, and 5). Other maxi- 
mum nonlethal dose schedules, such as 
10 mgikg on days 1 to 10 and 5 mglkg on 
days 1 to 12, were not as effective, 
although the cumulative doses were at 
least as high as those attained with treat- 
ment on days 1, 3, and 5. Thus, pulse 
treatment with high doses of Rh123 ap- 
pears to be more effective than pro- 
longed administration of small doses. 
Pulse treatment with large doses of 
Rh123 may have led to selective reten- 
tion of high concentrations of Rh123 in 
carcinoma cells. We observed earlier 
that carcinomas retained Rh123 for long 
periods (2 to 5 days) after a short pulse of 
Rh123 treatment in vitro, whereas nor- 
mal epithelial cells, hematopoietic cells, 
and fibroblasts released the dye within 1 
to 16 hours in dye-free medium (3). Cells 
that retained Rh123 for long periods 
seerned to be more sensitive to the toxic 
effect of Rh123 in vitro than cells that 
retained Rh123 for short periods (4, 5). 
Prolonged retention of dye by carcino- 
mas may be responsible also for the 
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Fig. 2. Effect of rhodamine 123 and 2-deoxyglucose on survival of mice implanted with MB49 
carcinoma cells: (0) Untreated controls; TIC, 100 percent. (0) Rh123 (5 mglkg, days 1, 3, 5, 7, 
9); TIC, 110 percent. (W) Rh123 (10 mglkg, days 1, 3, 5, 7, 9); TIC, 115 percent. (0)  Rh123 (15 
mglkg, days 1, 3, 5); TIC, 179 percent. (A) Rh123 (15 mglkg, days 1, 3, 5) plus 2-DG (0.5 glkg, 
days 1, 3, 5); TIC, 263 percent. Each experiment included ten mice as untreated controls and 
seven mice in drug treatment groups. 

anticarcinoma activity of Rh123 in vivo. Mitochondria are the likely initial tar- 
Support of this hypothesis is provided by gets for the cytotoxic action of Rh123 
the absence of antitumor activity of since the dye is selectively accumulated 
Rh123 in mice implanted with L1210 by mitochondria (1-3). Rhodamine 123 
leukemia, P388 leukemia, Lewis lung disrupts mitochondria1 functions such as 
carcinoma, and B16 melanoma, which ATP synthesis (6-8). The anticarcinoma 
retain Rh123 for short periods in vitro, activity of Rh123 was markedly poten- 

tiated by 2-deoxyglucose, although 2- 
deoxyglucose by itself did not prolong 
survival of tumor-bearing mice. The si- 

Table 3. Survival of mice with various tumors 
or leukemias after treatment with rhodamine multaneous inhibition of ATP synthesis 
123 (Rh123). L1210 leukemia cells (lo5), P388 mitochondrial metabolism and gly- 
leukemia cells (lo6), or B16 melanoma cells colysis may provide a rationale for the 
(10') were injected intraperitoneally, and combined use of Rh123 and 2-deoxvelu- - - 
Lewis lung carcinoma (2 10') were case. There is a particular need to devel- 
injected intramuscularly into BDFl mice. 
Drugs were injected intraperitoneally starting OP new and drugs against 
at 24 hours after tumof implantation.  en epithelial tumors, especially those origi- 
mice were used as untreated controls; seven 
mice were used for each drug treatment 
group. 

Treatment TIC 
(%I 

L1210 leukemia 
Rh123 (10 mglkg, days 1 to 10) 110 
Rh123 (10 mglkg, days 1, 3, 5, 7,  9) 110 
Rh123 (15 mglkg, days 1, 3, 5) 110 
Rh123 (20 mglkg, days 1, 3, 5) 110 

P388 leukemia 
Rh123 (10 mglkg, days 1 to 10) 110 
Rh123 (10 mglkg, days 1, 3, 5, 7, 9) 110 
Rh123 (15 mglkg, days 1, 3, 5) 110 
Rh123 (20 mglkg, days 1, 3, 5) 100 

B 16 melanoma 
Rh123 (10 mglkg, days 1 to 10) 
Rh123 (10 mglkg, days 1, 3, 5, 7,  
Rh123 (15 mglkg, days 1, 3, 5) 
Rh123 (20 mglkg, days 1, 3, 5) 

Lewis lung carcinoma 
Rh123 (5 mglkg, days 1 to 10) 
Rh123 (10 mglkg, days 1 to 10) 
Rh123 (20 mglkg, days 1, 3, 5) 

nating in the lung, breast, and colon (10). 
Our results may be the basis for clinical 
application of Rh123, as well as for a 
screening program to search for perme- 
ant cationic compounds more effective 
than Rh123. 

SAMUEL D. BERNAL 
THEODORE J. LAMPIDIS 

ROBERT M. MCISAAC 
LAN BO CHEN 

Dana-Farber Cancer Institute, 
Harvard Medical School, 
Boston, Massachusetts 02115 

References and Notes 

1. L. V. Johnson, M. L. Walsh, L. B. Chen, Proc. 
Natl. Acad. Sci. U.S .A.  77. 990 (1980). 

2 L V. Johnson, M. L. Walsh, B. J. Bockus, L.  
B. Chen, J .  Cell Biol. 88, 526 (1981). 

3.  I. C Summerhaves et al.. Proc Natl. Acad. 
Sci. U.S.A. 79, 5392 (1982). 

4. T. J .  Lamvidis. S. D. Bernal. I. C. Summer- 
hayes, L. 8. chen,  Cancer ~ e s .  43, 716 (1982). 

5. S .  D. Bernal, T. J .  Lampidis, I. C. Summer- 
hayes, L. B. Chen, Science 218, 1117 (1982). 

14 OCTOBER 1983 



6. T. J. Lampidis, C. Salet, G. Moreno, L.  B. 
Chen, Agents Actions, in press. 

7. A. R. L.  Gear, J .  Biol. Chem. 249, 3628 (1974). 
8. T. Higuti, S .  Niimi, R. Saito, S. Nakasima, T. 

Ohe, I. Tani, T. Yoshimura, Biochim. Biophys. 
Acra 593, 463 (1980). 

9. I. C. Summerhayes and L.  M. Frank, J .  Narl. 
Cancer Inst. 62,  1017 (1979). 

10. E. Silverberg, Ca 31, 13 (1981). 
11. We thank I. C. Summerhayes for his contribu- 

tion to the initial phase of this work and E.  

Racker for providing mice bearing Ehrlich asci- 
tes tumors. S.D.B. is supported by a biomedical 
research support grant; T.J.L. is supported by a 
National Cancer Institute new investigator 
award; and L.B.C. is the recipient of an Ameri- 
can Cancer Society faculty research award. This 
work was supported by grants CA22427, 
CA29793, and CA33847 from the National Can- 
cer Institute. 

August 1983 

Potentiation of Glucocorticoid Activity by 

SP-Dihydrocortisol: Its Role in Glaucoma 

Abstract. 5P-Dihydrocortisol potentiated the threshold level (the smallest dose 
producing a measurable efect)  of topically applied cortisol (0.02 percent) and 
dexamethasone (0.003 percent) in causing nuclear translocation of the cytosolic 
glucocorticoid receptor in rabbit iris-ciliary body tissue. 5P-Dihydrocortisol accumu- 
lates in cells cultured from trabecular meshwork specimens from patients with 
primary open-angle glaucoma, but not in similar cells derived from nonglaucoma- 
tous patients. In view of the sensitivity ofpatients with primary open-angle glaucoma 
to the effects of glucocorticoids in raising intraocularpressure, this potentiation may 
be responsible for the steroid sensitivity and for the ocular hypertension seen in this 
disorder. 

Primary open-angle glaucoma (POAG) 
is the most common form of glaucoma 
and a major cause of blindness. Most 
patients with this disorder show a 
marked sensitivity to the effects of topi- 

A B C D E F  

Fig. 1. Glucocorticoid receptor concentration 
in the cytosol of rabbit iris-ciliary body after 
topical (ocular) administration of (A) vehicle 
(PBS), (B) 1 percent 5p-tetrahydrocortisol, 
(C) 1 percent 5a-dihydrocortisol, (D) 1 per- 
cent 5p-dihydrocort~sol, (E) I percent corti- 
sol, and (F) 0.1 percent dexamethasone-21- 
phosphate. The values shown represent the 
averages of at least two separate experiments. 
In each experiment, duplicate measurements 
were made on pooled tissue from at least 
three animals. In (A) the standard deviation 
was determined from seven separate experi- 
ments and is indicated on the bar graph. The 
animals were killed 1 hour after topical appli- 
cation of 25 p1 of the indicated steroid solu- 
tion. When there was no response (A through 
D), two applications of test solutions were 
used, at 2 hours and at 1 hour before the 
animal was killed. 

cal and systemic glucocorticoids in rais- 
ing intraocular pressure ( I ) .  This sug- 
gests that endogenous cortisol plays a 
role in the ocular hypertension found in 
POAG. 

We reported earlier that cortisol me- 
tabolism is altered in cells cultured from 
specimens obtained by trabeculectomy 
from patients with POAG (2). These cells 
accumulated SP-dihydrocortisol and, to 
a lesser extent, Sa-dihydrocortisol-in- 
termediates not found in similar cells 
derived from non-POAG patients. In 
view of the sensitivity of POAG patients 
to the effect of glucocorticoids in raising 
intraocular pressure, we undertook a 
study of the biologic activity of dihydro- 
cortisol. Nuclear translocation of the cy- 
toplasmic glucocorticoid receptor in rab- 
bit iris-ciliary body tissue was used as  a 
test system. Specific glucocorticoid tar- 
get cells have been identified in the out- 
flow pathway region of the rabbit by 
both biochemical and autoradiographic 
techniques (3). After topical and system- 
ic administration of active glucocorti- 
coids, there was a loss of glucocorticoid 
receptors from the cytoplasm with a con- 
comitant gain in the nucleus (4). The 
median effective dose of various steroids 
for translocation of the glucocorticoid 
receptor to  the nucleus was found to be 
correlated with the activity of the ste- 
roids in raising intraocular pressure (4). 
We now report that SP-dihydrocortisol 
potentiates the cortisol- and dexametha- 
sone-induced translocation of the cyto- 
plasmic glucocorticoid receptor to the 
nucleus. This translocation is an early 
and necessary event in the action of 
steroid hormones. 

Young New Zealand rabbits weighing 
less than 2 kg were used as the experi- 
mental animals. A control group and an 
experimental group of three animals 
each were used in each experiment. The 
steroids were suspended in phosphate- 
buffered saline (PBS) by homogenization 
with a Teflon pestle; this produced a fine 
suspension of the steroids that mini- 
mized corneal irritation. One hour after 
the last steroid treatment the animals 
were killed, and the iris-ciliary body was 
removed, homogenized, and assayed for 
cytosolic glucocorticoid receptor con- 
centration by determining the specific 
binding of [3H]dexamethasone (4). The 
concentration of labeled dexamethasone 
and the conditions of incubation were 
sufficient to saturate unbound receptors 
and to exchange (more than 90 percent) 
with receptor-bound nonlabeled cortisol 
or corticosterone (4). 

Figure 1 shows the amount of receptor 
remaining in the cytoplasm after treat- 
ment with different steroids (5) .  Animals 
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Fig. 2. Potentiation of glucocorticoid activity 
by cortisol metabolites. Glucocorticoid recep- 
tor concentration in cytosol was measured 
after topical (ocular) administration of thresh- 
old levels of cortisol (0.02 percent) and dexa- 
methasone-21-phosphate (0.003 percent), 
with and without steroid metabolites. The 
values shown represent the average of at least 
two separate experiments, with six animals 
used for each (three control and three experi- 
mental). Paired groups of animals were used 
to control for possible variations due to differ- 
ent batches of animals and day-to-day biolog- 
ic fluctuations. One group of three animals 
each received threshold levels of glucocorti- 
coids alone (solid bars): (A through D) corti- 
sol and (E) dexamethasone-21-phosphate. 
The other group of three animals each re- 
ceived threshold levels of one of these gluco- 
corticoids with the test metabolites (open 
bars). The test metabolite was given 2 hours 
and again 1 hour before the animal was killed. 
The threshold level of glucocorticoid was 
administered 1 hour before the animal was 
killed. The test metabolites and threshold 
glucocorticoids (in parentheses) were (A) 1 
percent Sp-tetrahydrocortisol (cortisol); (B) 1 
percent 5a-dihydrocortisol (cortisol); (C) 1 
percent Sp-dihydrocortisol (cortisol); (D) 0.1 
percent Sp-dihydrocortisol (cortisol); and (E) 
1 percent Sp-dihydrocortisol (dexamethasone- 
21-phosphate). 
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