
Putrescine (1,4, diaminobutane), a known
precursor of the polyamines, spermine, and
spermidine, was studied as a possible vehicle for
a radioisotope scan of the prostate and other
tissues rich in polyamines. Male Sprague-Dawley
rats received intravenous injections (2.3 ,@Ci/
100 gm) of 3H putrescine dihydrochioride (spe
cific activity, 107 PCi/pM). One hour after in
jection the ventral prostate and pancreas showed
uptake of radioactivity that was three and four
times greater than that of the liver, respectively.
The ratio of the amount of radioactivity in the
ventral prostate compared with that of abdomi
nal wall musculature was 8:1. The pancreas-to
muscle ratio was 10:1. At 1 hr the ventral pros
tate contained 0.6% (0.9%/gm wet wt) of the
total injected radioactivity and the pancreas,
0.5% (1.2%/gm wet wt) of the injected dose.
More than 90% of the radioactivity in the rat
ventral prostate, 6 hr after intravenous injection
of â€˜4C-putrescine dihydrochioride, was found to
be in the form of spermine and spermidine,
thus confirming previous in vitro biosynthetic
studies.

The basic polyamines, spermine [H2Nâ€”(CH2)@
NHâ€”(CH2)4â€”NHâ€”(CH2)3â€”NH2]and spermidine
[H2Nâ€”(CH2) 3â€”NHâ€”(CH2) 4â€”NH2], are aliphatic
amines present in varying quantities in microorga
nisms, plant, and animal tissues (1 ). The biologic
functions and the intracellular location of the poly
amines remain unclear, but recently observed in
vitro effects including stabilization of nucleic acids
and polyribosomes, partially attributable to the poly
cationic nature of the polyamines, may prove to be
important (2â€”5). In this regard it is interesting that,
in mammals, the highest polyamine concentrations
are found in regions of highest ribonucleic acid
(RNA) and protein synthesis, i.e., pancreas, pros

tate, and certain tumors (1 ,2,6) . Human prostatic
tissue contains abundant amounts of spermine (1).
Similarly, the ventral lobe of the rat prostate con
tains relatively high concentrations of polyamines
(7,8) . [The rat prostate consists of two ventral lobes
and two dorsolateral lobes (7) .1

Putrescine [H2Nâ€”(CH2)4â€”NH2]has been shown
to serve as a precursor of spermine and spermidine
both in vitro (9) and in vivo (10,11) in some or
gans. In vitro experiments have demonstrated that
putrescine can serve as a precursor for the rat ventral
prostate polyamines (9) but until the present study
in vivo confirmation of this observation was lacking.

We have demonstrated the selective in vivo in
corporation of radioactively labeled putrescine by
the rat ventral prostate. Adequate tissue uptake of
this diamine tagged with a suitable isotope may pro
vide a basis for developing a means of radioisotopic
visualization of the human prostate or other tissues
containing high polyamine concentrations.

MATERIALS AND METHODS

Putrescine distributionstudies. Sixteen-week-old
male Sprague-Dawley rats weighing approximately
500 gm were housed at room temperature and fed
food and water ad libitum. The animals were an
esthetized with diethyl ether by inhalation, and a
cutdown exposing the femoral vein was performed.
Putrescine (2,3, 3H-putrescine dihydrochioride, New
England Nuclearâ€”specific activity, 107 @@Ci/pM)
at a concentration of 78 @Ci/mlin 0.15 M NaCl
solution was injected into the femoral vein with a
tuberculin syringe fitted with a 27-gage needle. The
dose given was 0.03 ml (2.3 @Ci)/lO0 gm wet wt
(a total dosage of approximately I 7 @gof putrescine
dihydrochioride) . The cutdown site was closed with
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skin clips, and the animals were awakened, kept in
cages at room temperature, and fed food (without
water) ad libitum. At 30 mm, 1 hr, 3 hr, 6 hr, and
24 hr after the injection of 3H-putrescine, the ani
mals were again anesthetized with diethyl ether and
sacrificed by exsanguination (three animals per time
period) . The abdomen was immediately opened
through a midline vertical incision. Tissue samples,
each approximating 0.3 gm in wet weight, were
taken from the abdominal wall musculature, liver,
pancreas, kidney, ventral prostate, and dorsolateral
prostate. A sample of whole blood was taken during
exsanguination and, when possible, the bladder urine
was also sampled. The tissue samples were weighed
on a Mettler balance in tared plastic vials to the
nearest 0. 1 mg. The samples were then stored in
these vials at â€”20Â°Cfor no longer than 24 hr. The
tissues were wrapped in filter paper and oxidized in
a model 300 Packard tissue oxidizer. The radio
activity was collected in 10 ml of Bray's solution as
tritiated water. (Bray's solution: 60 gm napthalene,
4 gm 2,5-diphenyloxazole, 0.2 gm 2,2-p-phenylene
bis, 100 ml methanol, made to 1 liter with p-Di
oxane.) The radioactivity was counted in a model
3000 Packardliquid scintillationspectrophotometer
with an efficiency for 3H of 18% . The counts per
minute were corrected for counter efficiency and
water quenching by the use of a H20 quench curve.
The 3H content of the tissues was recorded as per
centage of injected dose taken up per total organ
weight and percentage of injected dose per gram of
tissue.

Polyainine synthesis studies. In those experiments
done to determine the fate of the injected putrescine,
14C-labeled putrescine [1,4, 14C-putrescine dihydro
chloride (New England Nuclearâ€”specific activity,
0.25 mCi/i .9 mg)} was preferred over 3H-labeled
putrescine because the 14C recovery from the elec
trophoresis paper was increased eight-fold over that
obtained using 3H-putrescine. As mentioned pre
viously, male Sprague-Dawley rats weighing 500 gm
were anesthetized and femoral cutdowns were per
formed. Twenty microcunes of 1,4-14C-putrescine in
0.2 ml of 0.15 M NaG solution (a total of 0.15 mg
putrescine dihydrochloride) was injected into each
animal. The cutdown site was closed with skin staples
and the animals kept at room temperature in a cage
without food or water. Six hours after injection, the
rats were sacrificed by exsanguination, the abdominal
cavity opened with a midline incision, and the two
ventral prostatic lobes were removed. Great care
was taken not to injure the bladder or other sur
rounding organs. The two lobes of the ventral pros
tate were immediately weighed (wet wt) in a plastic
vial, and kept at â€”20Â°Cfor not longer than 1 week.

At the time of assay, the polyamines were extracted
from the prostatic tissue using the technique described
by Raina (12) . The entire ventral prostate (both
lobes) was homogenized in 2 ml of 10% trichlor
acetic acid (TCAA) . One milliliter of this homoge
nate was then mixed with 3 ml of 10% TCAA,
allowed to stand for 10 mm, and centrifuged at
1,000 g for 20 mm. The supematant was removed

and saved; 2 ml of 10% TCAA was added to the
precipitate, mixed well, allowed to stand for 10 mm
and centrifuged as above. The supernatants were
combined and TCAA removed by six equal volume
extractions with diethyl ether. The ether was re
moved by suction, the resulting product saturated
with a sodium sulfate-sodiumphosphate salt mixture,
and the pH adjusted to above 9.0 with NaOH. An
equal volume of n-butanol was added and the solu
tion mixed on a vortex mixer for 10 mm. The bu
tanol layer containing the polyamines was removed
and the pH adjusted to 1.0 with 12 N HC1. The
butanol extraction was done twice and the butanol
fractions combined. The acidified mixture was evapo
rated overnight in an evaporating hood. The re
sulting precipitate was reconstituted in 0.5 ml of
0. 1 N HC1. Ten microliters of each sample was then
electrophoresed using the paper electrophoretic tech
nique previously described (13) . For each ventral
prostate sample two duplicate electrophoretic strips
were run side by side ( 10 @lon each), along with
a strip containing spermine, spermidine, and putre
scine standards. One prostate strip was stained with
a ninhydrin solution ( 100 mg cadmium acetate, 10
ml H2O, 5 ml glacial acetic acid, 100 ml acetone,
and 1 gm ninhydrin) ; the other was left unstained.
The unstained strip was then compared with the
stained strip and with a stained strip containing
known concentrations of spermine, spermidine, and
putrescine standards. This comparison enabled us to
divide the unstained strip into sections representing
spermine, spermidine, and putrescine. These paper
sections were placed in appropriately labeled scm
tillation vials. The remainder of the unstained elec
trophoretic strip was cut into eight arbitrary areas
numbered one through eight, and each section was
placed into appropriately marked scintillation vials.
To each vial was added 10 ml of Aquasol (New
England Nuclear) . The vials were counted for 10
mm in a Packard liquid scintillation spectrophotom
eter with an efficiency for 14C of 70% . In addition,
appropriate controls were done to determine the re
covery of the polyamines through the extraction and
electrophoresis steps.

RESULTS

Prostate. The average weight of the total ventral
prostate (both lobes) in the rat weighing 500 gm
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FIG. 1. In vvouptakeof â€˜H.putres
cine by rat ventral prostate, pancreas, and
abdominal muscle at various intervals
affer intravenous injection. Results are cx
pressed as percentage of total injected
dose per gram wet tissue weight.

was found to be approximately 650 mg. Of the time
periods studied, the peak concentration of radio
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activity in the ventral prostate was reached at 1 hr
after intravenous injection (Fig. I ) . Over the course
of the 24 hr the animals were studied, the concen
tration in the ventral prostate did not vary greatly
from the peak values. At 1 hr the ventral prostate
to-muscle ratio of 3H concentration was measured
at 8.3 : 1 (Table 1) . The 650 mg of ventral prostate
contained 0.6% of the total injected dose of radio
activity at 1 hr following injection (0.9% /gm wet
wt) (Table 1).

The average weight of the dorsolateral prostate in
the 500-gm rat was approximately 330 mg. Of the
time periods studied (the 30-mm values were dis
carded for technical reasons) , the concentration of
radioactivity in the dorsolateral prostate was greatest
at 1 hr (Fig. 2) . The concentration of radioactivity
in the dorsolateral prostate, as in the ventral pros
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TABLE 1. UPTAKE OF 3H-PUTRESCINE AT
1 HR AFTER INTRAVENOUS INJECTION
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tate, did not vary greatly over 24 hr. The lowest
values observed were at 6 hr, at which time the con
centration of radioactivity was still approximately
85% of the peak value. At 1 hr the dorsolateral
prostate-to-muscle ratio of 3}4 concentration was
3.3:1 and the 330 mg of dorsolateralprostatecon
tamed approximately 0.1 % of the injected dose
(0.3%/gm wetwt) (Table1). Thus,approximately
0.7% of the total injected @Hdose was taken up by
the dorsolateral and ventral lobes of the rat prostate
under these experimental conditions (Table 1).

Pancreas. The average weight of the pancreas in
a 500-gm rat was 430 mg. The pancreas like the
ventral prostate was found to have the peak concen
tration of radioactivity at 1 hr. At this time the pan
creas-to-muscle ratio of radioactivity concentration
was 10.5 : 1 (Table I ) . The concentration of radio
activity in the pancreas after peaking at 1 hr fell
steadily over the next 24 hr (Fig. 1) . At 24 hr, the
pancreas contained about 25 % of its peak concen
tration. At 1 hr the pancreas contained 0.5% of the
total injected radioactivity (approximately I .2% /gm
wet wt) (Table I).

Liver. The average weight of the liver in the 500-
gm rat was approximately 15 gm. Peak values of 3H
were found in the liver at 30 mm after injection
(Fig. 3 ) . Over the next 24 hr, there was little change
found in 3H concentration in the liver, the lowest
levels being at 6 hr. The liver-to-muscle ratio ap
proximated 2.8: 1 for the entire study. The 15-gm
liver contained approximately 5.0% of the injected
dose at 1 hr (0.3% /gm wet wt) (Table 1).

Kidney. The average weight of the two kidneys in
the 500-gm rat was 3.3 gm. Peak values of 3H in
the kidney were found at 30 mm, at which time the
kidney contained 2.6% of the dose per gram wet

weight (Fig. 2) . At 1 hr the concentration of radio
activity in the kidney had fallen to 0.6% of the dose
per gram wet weight and fell only slightly over the
next 24 hr. At 30 mm the kidney-to-muscle ratio
was 36: 1, but at 1 hr the ratio had fallen to 5.3 : 1.
At 1 hr the 3,300 mg of kidney contained approxi
mately 2% of the injected dose (Table 1).

Urine. The urine, when available, was obtained
by bladder aspiration at the time the rodent was
sacrificed. The urine radioactivity, while reflecting
the accumulation of urine over varying periods of
time, nevertheless demonstrated a similar time-con
centration pattern as the kidney. Urine values were
highest at 30 mm (with values of 8% and 23% of
the dose per milliliter) , and fell quickly at 1 hr to
1.3% of the doseper milliliter, to plateau for the
remaining 24-hr period at approximately 0.8% of
the dose per milliliter.

Muscle. The average weight of muscle in a 500-
gm rat is approximately 45.4% of body weight or
227 gm (14) . The concentration of 3H-putrescine

in the abdominal wall muscle rose slowly to a mean
peak value of 0.2% dose/gm wet wt at 6 hr (Fig. 1).
The 24-hr 3H concentration had decreased only
slightly. At 1 hr the 227 gm of muscle contained
approximately 24.6% of the injected dose (0. 1% /
gm wet wt) (Table I).

Blood. A 500-gm rat has a whole blood volume
of approximately 6â€”7%of body weight (32.5 gm)
(14) . In the time periods examined, the greatest
concentration of radioactivity in whole blood was
found at 6 hr with values of 0.2% dose per milli
liter and the lowest at 1 hr (Fig. 3 ) . At 1 hr the
whole blood-to-muscle ratio of 3H concentration was
1: 1. The approximately 32.5 gm of blood contained
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3.5% of the injected dose 1 hr following adminis
tration (0.1%/mi) (Table 1).

Excluding urine, the organs studied at 1 hr ac
count for approximately 36% of the total injected
disintegrations per minute (Table 1).

POLYAMINE SYNTHESIS STUDIES

These experiments were performed to determine
the fate of the injected radioactive putrescine in the
prostate, specifically to demonstrate the in vivo bio
synthetic pathway for the polyamines in the prostate
as has been shown in vitro (9) and in vivo using
other organs (1 1 ) . The results of these studies are
seen in Fig. 4. The areas of the electrophoretic strip
are expressed as putrescine, spermine, and spermi
dine and the â€œremainderof the strip.â€•The latter
category was used because there was no area on the
strip that consistently contained as many radioactive
counts as those found in the polyamine fractions.
The â€œremainderof the stripâ€•represents the total
counts on the strip minus the counts found in the
three amine areas. The values shown in Fig. 4 repre
sent the average percentages obtained from the yen
tral prostates of three rats at 6 hr. More than 90%
of the radioactivity recovered from the prostate 6 hr
following injection of the isotope was in the form of
spermine and spermidine rather than putrescine (ap
proximately 4% ) ; the total radioactivity in the other
areas of the paper strip accounted for the remaining
5% of the isotope recovered.

When the 14C-putrescine that was used for injec
tion was electrophoresed without having been run
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FIG.4. Percentagedistributionoftotalradioactivityrecovered
from rat ventral prostate 6 hr after intravenous injection of â€œC-
putrescine. Bars represent mean percentage of total electrophoretic
strip radioactivity that was recovered from areas corresponding
to migration of spermine, spermidine, putrescine, and radioactivity
on remainder of strip.

through the extraction procedure, 98.6% of the
recovered radioactivity was found in the putrescine
area; only 1.4% of the injected â€˜4C-putrescinewas
recovered in the â€œremainderof the stripâ€•and the
spermine and spermidine areas.

DISCUSSION

In this study we demonstrated that exogenously
administered :3H_putrescine is selectively taken up
by the rat ventral prostate in vivo and that the degree
of incorporation was greater for the prostate than
for many other organs. These experiments were
based on previous work that had shown that the
prostate contained large amounts of polyamines (1)
and that putrescine could serve as a precursor for
these polyamines in vivo in other organs (1 1 ) and
in vitro for rat prostate homogenates (9).

Intravenously injected 3H-putrescine was selec
tively concentrated in the rat pancreas as well as the
ventral prostate. As early as 30 mm after the admin
istration of 3H-putrescine, the concentration of radio
activity in the pancreas and prostate was many times
greater than that found in most other organs ex
amined. The concentration of radioactivity in these
two organs was not surprising in that both contain
high concentrations of polyamines compared with
the other body organs (1 ) . Excluding the 30-mm
kidney and urine values, the greatest amount of
radioactivity was found in the pancreas, the activity
peaking at 1 hr at a concentration ten times greater
than abdominal musculature and more than three
times greater than liver concentrations. The radio
activity in the ventral prostate also peaked at 1 hr
after injection at concentrations slightly less than
those found in the pancreas. At 1 hr the concentra
tion of radioactivity in the ventral prostate was ap
proximately eight times greater than that of the
abdominal muscle. As would be expected considering
the lower concentrations of polyamines reportedly
found in these tissues (1,7), the liver, kidney (ex
cept for early time periods) , abdominal muscle,
dorsal prostate, and blood all contained significantly
lower concentrations of radioactivity. In the liver the
concentration of radioactivity was consistent over the
time periods examined, the values being approxi
mately 35 % of those of ventral prostate at its peak.

Interestingly, JÃ¤nne(1 1) found that 2 hr follow
ing intraperitoneal injection of 3H-putrescine, normal
liver contained 6% of the injected dose. In agree
ment, we found that at 1 and 3 hr following intra
venous injection the liver contained approximately
5 % of the injected dose. The highest concentration
of radioactivityin the kidney was found at 30 mm
after injection. At this time the values were almost
three times as great as the peak values in the pan
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creas and prostate, but the kidney values decreased
rapidly by 1 hr after injection to 50% of peak values
found in the prostate. The urine concentration of
radioactivity, while not accurately reflecting timed
excretion (due to collection through bladder aspira
lion) , also showed a similar time concentration pat
tern. We believe that the high and early peaking of
radioactivity in the kidneys most probably represents
the very quick renal clearance of 3H-putrescine or its
metabolites into the urine and this probably accounts
for much of the 64% of the radioactivity not
recovered.

Abdominal wall musculature contained concentra
tions of radioactivity that consistently ranged at
levels about 15% of peak ventral prostate levels.
The dorsal prostate contained concentrations that
approximated 33 % of peak ventral prostate levels
even though these two organs are in anatomical
contiguity. The concentration of radioactivity in
whole blood was approximately equal to that of
muscle and varied very little over the time period
observed. At 24 hr after injection only the ventral
prostate concentrations remained slightly elevated
above the values found in abdominal muscle.

The finding that most of the radioactivity recov
ered from the ventral prostate was incorporated into
spermidine and spermine was in agreement with the
in vivo work of JÃ¤nne( 11 ) with rat liver and con
firmed the in vitro observation that the biosynthesis
of thepolyaminesinvolvestheformationof spermine
and spermidine through putrescine (9).

The prostate in man as in the rat contains rela
tively high amounts of polyamines. The selective up
take of the labeled polyamine precursor by the rat
prostate thus raises the possibility that putrescine
might serve as a vehicle for a radioisotope scan of
the prostate in humans if a suitable gamma-emitting
isotope could be incorporated into the molecule with
out significantly altering its distribution character
istics in the body. Furthermore, the ratio of ventral
prostate-to-abdominal muscle uptake (8 : 1) may
make a scan feasible. While spermine has been shown
to be somewhat nephrotoxic in mice, spermidine was
found to be only one-twentieth as toxic and putres
cine was found to have no nephrotoxicity (15).

The rat pancreas is also rich in polyamines, es
pecially spermidine (1 6) , and as expected, it incor
porated the administered putrescine readily (1.2%
of injected dose per gram at 1 hr) . The human pan
creas, however, does not contain the relatively high
amounts of polyamines that are found in the rat pan
creas (1 ) . Therefore, using putrescine to visualize
the pancreas in man may not prove to be as feasible

asusingthe diamineto visualizethe humanprostate
and other tissues rich in polyamines such as certain
neoplasms (6).
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