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material was in a conjugated form. 

Cystic fibrosis is an autosomal reces- 
sive genetic disorder characterized by 
pancreatic dysfunction and obstructive 
pulmonary disease (1, 2). The increased 
and abnormally viscous secretions of 
mucus that also characterize the disease 
may be a result of abnormalities in all 
exocrine glands (2). Although there have 
been several attempts to characterize 
this disease on a biochemical basis, the 
underlying metabolic defect remains ob- 
scure (3). 
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Several studies have shown that poly- 
amine levels in whole blood are altered 
in cystic fibrosis patients (4, 5). Cohen et 
al. (5) found that concentrations of 
spermidine in erythrocytes were ele- 
vated to 150 percent as compared to 
those of controls, and that the spermine 
content in lymphocytes and granulocytes 
was decreased. Although Rosenblum et 
al. reported that all three polyamines 
(putrescine, spermidine, and spermine) 
were elevated 2- to 30-fold in the urines 
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Fig 1. Dowex chromatography of 
plasma from normal and cystic fi- 
brosis (CF) patients (A) 1 minute 
and (B) 4 minutes after intra- 
venous [14C]spermidine injection. 
The radiolabeled material was 
eluted with 2M to 5M linear 
NaCl gradient and collected in 1- 
ml fractions. Free [14C]spermidine 
eluted in fractions 25 to 35, 
whereas conjugated [14C]spermi- 
dine eluted in fractions 3 to 9. 
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of patients with cystic fibrosis, patients 
who had been given a tracer dose of 
[4C]spermidine excreted only 11 to 13 
percent of the labeled material in their 
urines within 72 hours compared to 60 to 
76 percent excreted by normal individ- 
uals in the same period (6). In this study 
we report that cystic fibrosis patients do 
not exhibit the rapid conjugation of 
[14C]spermidine observed in normal indi- 
viduals and patients with cancer (Fig. 1), 
conjugation that appears necessary for 
its excretion (7). These data support the 
proposition that polyamine metabolism 
is altered in, and related to, the patholo- 
gy of cystic fibrosis. 

Venous blood samples were taken at 
1-minute intervals for 10 minutes after 
injection of ['4C]spermidine (100 .tCi, 
12.5 mCi/mmole). Total urine output was 
collected for 3 days after the injection. 
To separate free from conjugated 
[14C]spermidine, samples of plasma or 
urine were chromatographed on Dowex 
50W x 8 with a linear NaCl gradient (8). 
Chromatography of plasma samples 
from normal individuals (two male, two 
female, mean age 25 years) showed that, 
after 4 minutes, 70 percent of the 
[14C]spermidine had been conjugated 
(Fig. 1). Cystic fibrosis patients (one 
male, one female, mean age 27 years, 
NIH clinical score <50) failed to demon- 
strate any conjugation after 4 minutes. 
Analysis of the labeled material in the 
urine showed that both normals and cys- 
tic fibrosis patients excreted more than 
90 percent of the [14C]spermidine in a 
conjugated form (data not shown). This 
suggests that conjugation, although de- 
layed, does take place in cystic fibrosis 
patients. Sephadex G-25 chromatogra- 
phy of the polyamine conjugate isolated 
from normal individuals and cancer pa- 
tients suggests that it has a molecular 
weight of 1000 (9). 

On the basis of their studies of hepa- 
tectomized rats, Rosenblum and Russell 
(8) suggested that polyamine conjugation 
might occur in the liver. Although the oc- 
currence of hepatic cirrhosis in cystic fi- 
brosis has been well documented, the 
two patients we studied showed no clini- 
cal evidence of hepatic dysfunction. 
However, both cyctic fibrosis patients in 
this study received trimethoprim (Bac- 
trim, Roche) therapy, and we cannot rule 
out the possibility that the delayed con- 

jugation may be a drug effect, even 
though cancer patients receiving trimeth- 
oprim therapy did not have altered poly- 
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It is not known whether delayed con- 
jugation and sequestration of [14C]sper- 
midine represents a primary genetic ex- 
pression of the disease or a secondary ef- 
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Cystic Fibrosis: Decreased Conjugation and 

Excretion of [14C]Spermidine 

Abstract. Free and conjugated [14C]spermidine were measured in plasma samples 
from normal individuals and cystic fibrosis patients. Within 4 minutes, the 14C-la- 
beled material in the plasma from normal individuals was 70 percent conjugated 
compared to no detectable conjugation by cystic fibrosis patients. Further, the pa- 
tients excreted only 11 to 13 percent of the [14C]spermidine in their urine within 72 
hours whereas normal excretion was 60 to 76 percent. In both cases, the labeled 

Cystic Fibrosis: Decreased Conjugation and 

Excretion of [14C]Spermidine 

Abstract. Free and conjugated [14C]spermidine were measured in plasma samples 
from normal individuals and cystic fibrosis patients. Within 4 minutes, the 14C-la- 
beled material in the plasma from normal individuals was 70 percent conjugated 
compared to no detectable conjugation by cystic fibrosis patients. Further, the pa- 
tients excreted only 11 to 13 percent of the [14C]spermidine in their urine within 72 
hours whereas normal excretion was 60 to 76 percent. In both cases, the labeled 



fect produced by the pathological con- 

sequences of the disease. It is possible 
that elevated spermidine in red blood 
cells of patients with cystic fibrosis is re- 
lated to a conjugation defect that inhibits 
excretion, since the addition of exoge- 
nous spermidine to membranes alters 
their properties (10). A decreased sperm- 
idine excretion and consequent extra- 
cellular increase, therefore, could con- 
tribute to the membrane pathology asso- 
ciated with cystic fibrosis. 
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The singleness of binocular vision is so 
immediate and compelling that we are 
seldom aware of its dual monocular ori- 
gins. Evidently inputs from the two eyes 
are unified by the brain, but the details 
of this inconspicuous process are in- 
complete. The most popular theory of 
binocular single vision assumes that the 
two monocular inputs are combined, or 
fused, in a cooperative fashion, such that 
each eye contributes more or less equal- 
ly to the final binocular product (1). 
There is, however, an alternative theory 
that assumes that we actually see with 
only one eye at a time, owing to suppres- 
sion of the partner eye's information (2, 
3). This so-called suppression theory, al- 
though somewhat counterintuitive, ac- 
counts for a variety of perceptual out- 
comes that are troublesome for fusion 
theory (3), and it is not incompatible with 
the occurrence of stereoscopic depth 
perception (4). 

Because the two eyes ordinarily share 
a common view, phenomenal observa- 
tion cannot tell us which process, fusion 
or suppression, operates to promote 
single vision (5-7). Suppression is evi- 
dent, however, when the two eyes re- 
ceive different views by dichoptic stimu- 
lation; instead of stable single vision, this 
situation produces alternating periods of 
dominance and suppression between the 
two eyes, an outcome known as binocu- 
lar rivalry. Indeed, this phenomenon of 
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impetus for suppression theories of bin- 
ocular single vision. Work on binocular 
rivalry has shown that phenomenal sup- 
pression is accompanied by a general de- 
crease in the visual sensitivity of the sup- 
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pressed eye, relative to the eye's sensi- 
tivity during dominance (8). Now, if 
binocular vision always involves sup- 
pression, even under normal viewing 
conditions, losses in visual sensitivity 
should be a symptom of suppression 
when the two eyes receive identical stim- 
ulation. We have tested this possibility 
by measuring monocular detection 
thresholds under stimulus conditions 
yielding stereopsis, apparent fusion, mo- 
nocular dominance, and monocular sup- 
pression. 

Observers with excellent acuity and 
stereopsis viewed displays generated 
electronically on two cathode-ray tube 
(CRT) displays and presented separately 
to the two eyes by a mirror stereoscope. 
Each display consisted of a rectangular 
field, 8? by 10? of visual angle, produced 
by placing a translucent mask over the 
CRT screen; the luminance of this sur- 
round field was 1.7 cd/m2. In the center 
of each field was a circular aperture, 1? of 
visual angle in diameter, through which 
the CRT screen was exposed. Within 
each circular area could be displayed si- 
nusoidal grating patterns, either vertical 
or horizontal, or a homogeneous area of 
the same average luminance as the grat- 
ing, 5.1 cd/m2. A briefly flashed spot of 
light 10 minutes in diameter could be su- 

perimposed optically in either the upper 
or lower portion of the circular target 
viewed by the left eye. Observers trig- 
gered the flash by depressing a button 
and indicated with a lever switch wheth- 
er the flash appeared in the upper or 
lower position (9). 

We began by determining for each ob- 
server the flash duration yielding approx- 
imately 90 percent correct performance 
when the left eye, which received the 
test flash, was dominant; durations 
ranged from 9.5 to 12 msec among ob- 
servers. To promote dominance a 6 
cycle/deg vertical grating was presented 
to the left eye while the right eye viewed 
a homogeneous field; grating contrast 
was 1 log unit above threshold, a value 
that ensured continuous visibility of the 
pattern (condition MD); these values 

Fig. 1. Correct detection for each observer on 
a two-alternative forced-choice task. A small, 
brief test flash was presented in either the up- 
per or lower portion of the display viewed by 
the left eye. The flash was delivered while the 
left eye was continuously dominant (MD), in- 
termittently dominant (BR-D), intermittently 
suppressed (BR-S), continuously suppressed 
(MS), or while the left and right eye patterns 
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fered significantly (P < .01) from all other 
conditions. Each value is based on at least 100 
trials. 
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Is Binocular Vision Always Monocular? 

Abstract. Visual sensitivity of one eye was determined under binocular stimulus 
conditions yielding apparent fusion, stereopsis, monocular dominance, and monocu- 
lar suppression. Marked losses in sensitivity accompanied monocular suppression 
but were not evident during stable single vision. The results are inconsistent with the 
hypothesis that suppression alone mediates binocular single vision. 
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