
Histological localization by fluorescent 
hormone conjugate has been used to de- 
termine the histological localization of 
hormones in various nonneuronal tissue 
(10). In these earlier studies, however, 
competitive inhibition by excess unla- 
beled hormone was not included. Bioac- 
tive rhodamine-conjugated enkephalin 
was recently used in neuroblastoma cells 
to study the distribution of binding sites 
(11). The use of bioactive fluorescent de- 
rivatives of peptides in brain tissue can 
become a fast and accurate method for 
demonstrating the distribution of recep- 
tor regions in brain tissue. 

STEVE LANDAS 
Department of Pathology, 
College of Medicine, 
University of Iowa, 
Iowa City 52242 

M. IAN PHILLIPS* 

JOHN F. STAMLER 
MOHAN K. RAIZADA 

Department of Physiology and 
Biophysics, College of Medicine, 
University of Iowa 

Histological localization by fluorescent 
hormone conjugate has been used to de- 
termine the histological localization of 
hormones in various nonneuronal tissue 
(10). In these earlier studies, however, 
competitive inhibition by excess unla- 
beled hormone was not included. Bioac- 
tive rhodamine-conjugated enkephalin 
was recently used in neuroblastoma cells 
to study the distribution of binding sites 
(11). The use of bioactive fluorescent de- 
rivatives of peptides in brain tissue can 
become a fast and accurate method for 
demonstrating the distribution of recep- 
tor regions in brain tissue. 

STEVE LANDAS 
Department of Pathology, 
College of Medicine, 
University of Iowa, 
Iowa City 52242 

M. IAN PHILLIPS* 

JOHN F. STAMLER 
MOHAN K. RAIZADA 

Department of Physiology and 
Biophysics, College of Medicine, 
University of Iowa 

References and Notes 

1. A. N. Epstein, J. T. Fitzsimons, A. K. Johnson, 
J. Physiol. (London) 238, 34 (1973); W. B. Sev- 
ers and A. E. Daniels-Severs, Pharm. Rev. 25, 
415 (1973); J. P. Buckley, Biochem. Pharmacol. 
26, 1 (1977). 

2. M. I. Phillips and W. E. Hoffman, in Inter- 
national Symposium on the Central Actions of 
Angiotensin and Related Hormones, J. P. Buck- 

References and Notes 

1. A. N. Epstein, J. T. Fitzsimons, A. K. Johnson, 
J. Physiol. (London) 238, 34 (1973); W. B. Sev- 
ers and A. E. Daniels-Severs, Pharm. Rev. 25, 
415 (1973); J. P. Buckley, Biochem. Pharmacol. 
26, 1 (1977). 

2. M. I. Phillips and W. E. Hoffman, in Inter- 
national Symposium on the Central Actions of 
Angiotensin and Related Hormones, J. P. Buck- 

clinical use of DFMO. 

Ornithine decarboxylase (ODC) (E.C. 
4.1.1.17) catalyzes the first and probably 
rate-limiting step in the biosynthesis of 
the polyamines putrescine, spermidine, 
and spermine (1, 2). Polyamines are 
thought to play regulatory roles in both 
nucleic acid and protein syntheses, and 
the ODC molecule itself may act as an 
initiating factor for RNA polymerase I 
(3). Studies with regenerating rat liver, 
tumor cells, and a variety of prokaryotic 
and eukaryotic systems have demon- 
strated that ODC activity and polyamine 
concentrations are highest during rapid 
growth, differentiation, or replication 
and decrease as these processes cease or 
as the number of growing or dividing 

SCIENCE, VOL. 210, 14 NOVEMBER 1980 

clinical use of DFMO. 

Ornithine decarboxylase (ODC) (E.C. 
4.1.1.17) catalyzes the first and probably 
rate-limiting step in the biosynthesis of 
the polyamines putrescine, spermidine, 
and spermine (1, 2). Polyamines are 
thought to play regulatory roles in both 
nucleic acid and protein syntheses, and 
the ODC molecule itself may act as an 
initiating factor for RNA polymerase I 
(3). Studies with regenerating rat liver, 
tumor cells, and a variety of prokaryotic 
and eukaryotic systems have demon- 
strated that ODC activity and polyamine 
concentrations are highest during rapid 
growth, differentiation, or replication 
and decrease as these processes cease or 
as the number of growing or dividing 

SCIENCE, VOL. 210, 14 NOVEMBER 1980 

ley and C. Ferrario, Eds. (Pergamon, 
York, 1976), p. 325; M. 1. Phillips, D. Felii 
E. Hoffman, D. Ganten, in Approaches tt 
Cell Biology of Neurons, W. M. Cowan a 
A. Ferrendelli, Eds. (Society for the Neur 
ences, Bethesda, Md., 1977), p. 308; M. 1. 
lips, J. F. E. Mann, H. Haebara, W. E. 
man, R. Dietz, P. Schelling, D. Ganten, N 
(London) 270, 445 (1977); J. Buggy, A. E. 
er, W. E. Hoffman, A. K. Johnson, M. 1. 
lips, Science 190, 72 (1975). 

3. W. E. Hoffman and M. I. Phillips, Brain 
110, 313 (1976). 

4. M. I. Phillips, Neuroendocrinology 25, 
(1978). 

5. J. Buggy, G. D. Fink, A. K. Johnson, 1 
Brody, Circ. Res. 40 (Suppl. 1), 1-110 (197' 
K. Johnson and J. Buggy, Am. J. Physiol. 
R122 (1978). 

6. J. F. Stamler, M. K. Raizada, M. I. Phillip 
E. Fellows, Neurosci. Lett. 17, 173 (1980) 

7. M. 1. Phillips and D. Felix, Soc. Neur 
Abstr. 5, 536 (1979); W. D. Knowles and 
Phillips, Brain Res. 195, 256 (1980). 

8. R. C. Nairn, Fluorescent Protein Tro 
(Churchill Livingstone, Edinburgh, 1976) 
369-377. 

9. M. I. Phillips, L. Balhorn, M. Leavitt, W. 
man, Brain Res. 80, 95 (1974). 

10. E. E. Mancini, O. Vilar, J. M. Dellacha, A 
meno, A. Castro, Nature (London) 184, 
(1959); R. E. Mancini, 0. Vilar, J. M. Dell. 
0. W. Davidson, A. Castro, J. Histoc 
Cytochem. 9, 271 (1961); S. C. Mohos, ( 
Hennigar, J. A. Fogelman, J. Exp. Med. 1E 
(1963); 0. Vilar, B. Alvarez, 0. Davidson, 
Mancini, J. Histochem. Cytochem. 12, 
(1964); P. C. Farrant and W. I. H. Shedden, 
betes 14, 274 (1965). 

11. E. Hazum, K.-J. Chang, P. Cuatrecasas. 
ence 206, 1077 (1979). 

12. We thank J. Goeken and P. Heidger for the 
use of facilities. Supported by NSF 
BNS75-16364, NIH grants HL14388 Cardi, 
cular Center and AM25295 Diabetes and I 
crinology Center, and NIMH research scik 
award to M.I.P. 

* Present address and address for reprints 
partment of Physiology, College of Medi 
University of Florida, Gainesville 32610. 

22 May 1980; revised 13 June 1980 

ley and C. Ferrario, Eds. (Pergamon, 
York, 1976), p. 325; M. 1. Phillips, D. Felii 
E. Hoffman, D. Ganten, in Approaches tt 
Cell Biology of Neurons, W. M. Cowan a 
A. Ferrendelli, Eds. (Society for the Neur 
ences, Bethesda, Md., 1977), p. 308; M. 1. 
lips, J. F. E. Mann, H. Haebara, W. E. 
man, R. Dietz, P. Schelling, D. Ganten, N 
(London) 270, 445 (1977); J. Buggy, A. E. 
er, W. E. Hoffman, A. K. Johnson, M. 1. 
lips, Science 190, 72 (1975). 

3. W. E. Hoffman and M. I. Phillips, Brain 
110, 313 (1976). 

4. M. I. Phillips, Neuroendocrinology 25, 
(1978). 

5. J. Buggy, G. D. Fink, A. K. Johnson, 1 
Brody, Circ. Res. 40 (Suppl. 1), 1-110 (197' 
K. Johnson and J. Buggy, Am. J. Physiol. 
R122 (1978). 

6. J. F. Stamler, M. K. Raizada, M. I. Phillip 
E. Fellows, Neurosci. Lett. 17, 173 (1980) 

7. M. 1. Phillips and D. Felix, Soc. Neur 
Abstr. 5, 536 (1979); W. D. Knowles and 
Phillips, Brain Res. 195, 256 (1980). 

8. R. C. Nairn, Fluorescent Protein Tro 
(Churchill Livingstone, Edinburgh, 1976) 
369-377. 

9. M. I. Phillips, L. Balhorn, M. Leavitt, W. 
man, Brain Res. 80, 95 (1974). 

10. E. E. Mancini, O. Vilar, J. M. Dellacha, A 
meno, A. Castro, Nature (London) 184, 
(1959); R. E. Mancini, 0. Vilar, J. M. Dell. 
0. W. Davidson, A. Castro, J. Histoc 
Cytochem. 9, 271 (1961); S. C. Mohos, ( 
Hennigar, J. A. Fogelman, J. Exp. Med. 1E 
(1963); 0. Vilar, B. Alvarez, 0. Davidson, 
Mancini, J. Histochem. Cytochem. 12, 
(1964); P. C. Farrant and W. I. H. Shedden, 
betes 14, 274 (1965). 

11. E. Hazum, K.-J. Chang, P. Cuatrecasas. 
ence 206, 1077 (1979). 

12. We thank J. Goeken and P. Heidger for the 
use of facilities. Supported by NSF 
BNS75-16364, NIH grants HL14388 Cardi, 
cular Center and AM25295 Diabetes and I 
crinology Center, and NIMH research scik 
award to M.I.P. 

* Present address and address for reprints 
partment of Physiology, College of Medi 
University of Florida, Gainesville 32610. 

22 May 1980; revised 13 June 1980 

cells declines (3, 4). Although these 
servations imply a functional role 
ODC and the polyamines in the reg 
tion of cellular development, not unti 
cently has direct proof of this hypoth 

300 - 
_T 

O o 200 
0 o0 / ? ISO 

100 - 

- D,DFMO + ISO 
a3 DFMO ?5D_, 

cells declines (3, 4). Although these 
servations imply a functional role 
ODC and the polyamines in the reg 
tion of cellular development, not unti 
cently has direct proof of this hypoth 

300 - 
_T 

O o 200 
0 o0 / ? ISO 

100 - 

- D,DFMO + ISO 
a3 DFMO ?5D_, 

0 4 8 1, 
f \ Time (hours) 

DFMO ISO 

0 4 8 1, 
f \ Time (hours) 

DFMO ISO 

New been obtainable; the development of a- 
x, W. 
o the difluoromethylornithine (DFMO) (RMI 
nd J 71, 782), a potent, selective, enzyme-ac- rosci- 
Phil- tivated irreversible inhibitor of ODC (5), 
rHff- has made it possible to show that ODC ature 
Fish- activity is necessary if cell replication is 
Phil- to progress normally. Incubation with 
Res. DFMO retards the multiplication of cells 

354 in culture, and the growth of tumors in 
M J vivo and in vitro is inhibited by the drug 
7);A. (6). During mammalian development, 
234, DFMO causes the arrest of embryogene- 

,s, R. sis (7). 
rosci. It is unclear, however, whether ODC 
M. l. is obligatory in all growth processes or 

acing whether only replication is affected. One 
, PP. way of testing this hypothesis is to exam- 
Hoff- ine the effects of inhibition of ODC in tis- 

. Gi- sues that grow by hypertrophy of pre- 
1733 existing cells rather than by replication, 

acha a circumstance that prevails in the ma- 
3. R. ture rat heart (8). Cardiac hypertrophy 
R, 667 
R. E. can be produced by aortic constriction, 

621 sympathetic hyperactivity, hyperthy- Dia- 
roidism, or chronic stress or exercise (9), 

Sci- and in each case the changes in heart 
?kind weight are preceded by ODC stimula- 
grant tion. In our study, DFMO has been used ovas- 
Endo- to determine if ODC activity is necessary 

ntst for the normal growth of the mature 
? De- heart and whether stimulation of ODC is 
icine, 

an obligatory step in sympathetically in- 
duced (with isoproterenol) or hormo- 
nally induced (with triiodothyronine) 
cardiac hypertrophy. 

Male Sprague-Dawley rats (Zivic-Mill- 
er) with initial body weights of 160 to 180 
g were housed two per cage and given 
unlimited amounts of food and water. 
Cardiac hypertrophy was produced by 

oro- daily subcutaneous administration of dl- 
but isoproterenol (ISO) (0.5 mg/kg) or 3,3',5- 
tri- triiodo-l-thyronine (T3) (0.1 mg/kg) (both 

yen- from Sigma Chemical Company). Rats 
smns were killed by decapitation, and the 
and heart ODC activity was determined in 

the 26,000g supernatant of hypotonic tris 
homogenates by a modification of the 

ob- method of Russell and Snyder (2, 10); 
for heart and body weights were recorded, 

;ula- and the ratio of heart weight to body 
il re- weight (a more specific index of cardiac 
lesis hypertrophy) was calculated. Results are 

reported as the means + the standard er- 
rors of the means of six or more animals, 
with levels of significance calculated by 
the two-tailed t-test. 

Subcutaneous administration of 200 
mg/kg of DFMO resulted in a rapid and 
profound decline in cardiac ODC, and 
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Abstract. Inhibition of cardiac ornithine decarboxylase (ODC) by a-diflu4 
methylornithine (DFMO) did not prevent normal cardiac growth in mature rats 
attenuated isoproterenol-induced hypertrophy. Hypertrophy caused by 
iodothyronine was not prevented by DFMO. There appear to be both ODC-dei: 
dent and ODC-independent processes contributing to the subcellular mechani 
associated with growth, which must be considered in the potential laboratory 
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enzyme levels were still very low after 26 
hours (Fig. 1). Similarly, DFMO com- 
pletely prevented the elevation of car- 
diac ODC caused by ISO. With daily ad- 
ministration of the drugs for 14 days, 
identical ODC stimulation by ISO alone 
and identical inhibition by DFMO of 
both basal ODC and of the ISO effect 
were obtained on each day (Fig. 2A). De- 
spite the clear-cut effectiveness of 
DFMO, this drug failed to interfere with 
normal cardiac growth, since control 
heart weights increased from 471 + 13 
mg at the beginning of the experiment to 
900 + 25 mg 14 days later, as did heart 
weights in the DFMO group (500 + 17 
mg to 946 ? 31 mg). Moreover, DFMO 
did not prevent the initial phase of ISO- 
induced cardiac hypertrophy (Fig. 2B), 
but a small attenuation of the hyper- 
trophy became noticeable beginning af- 
ter 8 days of treatment. This finding sug- 
gested that DFMO might be effective if 
treatment with DFMO were begun well 
before ISO administration was initiated. 
To test this possibility, we administered 
DFMO to rats daily for 10 days prior to 
the start of daily ISO administration; the 
rats were killed 4 days after ISO adminis- 
tration was started. Inhibition of ODC 
was apparent in both DFMO and 

Fig. 3. Heart ODC 
(A) and the ratio of 
heart weight to body 
weight (B) in rats pre- 
treated for 10 days 
with DFMO or saline. 
From day 11 to day 
14, animals received 
DFMO or saline and 
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T3 2 hours later. Rats 
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ter ISO administra- 
tion and 24 hours af- 
ter T3 administration, 
since these are the 
times at which ODC 
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target organ receptors to myocardial 
growth. The potential clinical use of 
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anesthetized rats (increase after ISO = 
183 ? 12 beats per minute in controls, 
187 + 7 beats per minute in DFMO- 
treated rats). Neither DFMO alone nor 
DFMO in combination with ISO pro- 
duced significant changes in body 
weight. 

In contrast to the inhibition by DFMO 
of ISO-induced hypertrophy, even a 10- 
day pretreatment with DFMO did not 
block hypertrophy caused by T3 (Fig. 
3B), despite complete effectiveness in 
preventing the rise in ODC (Fig. 3A). 
This result indicates that there are funda- 
mental differences in the action of ODC 
in cellular mechanisms by which thyroid 
hormones and sympathomimetics elicit 
increased cardiac growth. 

The results in the heart can be con- 
trasted with the relatively complete ef- 
fectiveness of growth inhibition by 
DFMO in a variety of systems in which 
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