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Abstract: The biosynthesis of polyamines was investigated in the brains of the
audiogenic seizure-susceptible (SS) mutant and the wild-type, seizure-resistant
(SR) deermouse Peromyscus maniculatus bairdii. For this purpose a new,
rapid, and economical high pressure liquid chromatography (HPLC) procedure
for the quantitation of putrescine, spermidine, and spermine was developed.
Benzoyl derivatives of the polyamines, prepared from a crude brain superna-
tant, were ether extracted and, following removal of the ether, were separated
and quantitated by HPL.C. The high sensitivity of the method allows quantita-
tion of putrescine in 50 mg and of spermidine and spermine, in as little as 2—2.5
mg, of brain tissue. No differences were found in endogenous levels of the 3
polyamines in brains of SS vs SR deermice. Using [**C]putrescine as a
polyamine precursor, we found the specific radioactivity of spermidine to be
lower in the SS than in the SR brains following a 1 h intraventricular (i.vt.)
pulse. No such differences were noted if [3,4-'*CImethionine was used as the
polyamine precursor. To test whether the flux of methionine through the
transmethylation pathway was also different in SS and SR deermouse brain, we
administered [1-*C]methionine (i.vt.) (1 h pulse). Even though the brains of SS
animals contained higher methionine and lower S-adenosyl-L-methionine
(AdoMet) levels than the SR brains, the specific radioactivities of methionine
and AdoMet were, respectively, lower and higher in SS compared to SR
brains. The latter results are in agreement with our previous findings of an
accelerated utilization of AdoMet in brains of Swiss-Webster mice following
administration of the chemical convulsant L-methionine-d,/-sulfoximine
(MSO). Taken together, the data suggest that the SS condition, whether geneti-
cally determined (as in the SS deermouse) or chemically elicited (as after
MSO), correlates positively with higher than normal rates of conversion of
methionine to brain AdoMet and leads to an enhanced rate of utilization of
AdoMet via the transmethylation pathway. Key Words: Seizure-sensitive—
Seizure-resistant—deermice—Brain polyamines—Transmethylation—S-
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Our past research on the effects of the chemical
convulsant L-methionine-d,/-sulfoximine (MSO) on
cerebral methylation reactions (Schatz and Sel-
linger, 1975) has revealed lower than normal levels
of S-adenosyl-L-methionine (AdoMet) in brain after
MSO administration. This decrease appears to be
the consequence of an MSO-elicited acceleration of
the in vivo methylation of a number of cerebral
methyl-accepting substances including histamine
(Schatz et al., 1978), transfer ribonucleic acids
(Salas et al., 1977; Dainat et al., 1978), proteins
(Schatz et al., 1981a), and phospholipids (Schatz et
al., 1981a). Recently, we also found significant dif-
ferences in the in vitro activity of brain histamine N-
(EC 2.1.1.8) and catechol O- (EC 2.1.1.6) methyl-
transferases (Doyle and Sellinger, 1980) as well as in
the in vivo rates of cerebral histamine methylation
(Doyle et al., 1981) when comparing the autosomal
recessive, audiogenic seizure-sensitive (SS) mutant
and the wild-type, seizure resistant (SR) deermouse
Peromyscus maniculatus bairdii. On the basis of
our overall findings we suggested that methylation
may be characteristically elevated in the brains of
the SS Peromyscus as well as in the brains of
MSO-treated mice.

In addition to its role as the universal methyl
donor molecule, AdoMet, in its decarboxylated
form, donates its n-propylamino moiety to putres-
cine (Pt) to form spermidine (Spd) and to Spd to
form spermine (Spm), both Spd and Spm being
known to elicit convulsions (Anderson et al., 1975;
Sakurada et al., 1975; Shaw, 1979a). It appeared
necessary, therefore, to determine whether the flux
of methionine through AdoMet and on to Spd and
Spm is also altered in the **seizure prone’’ brain. In
light of the recent finding (Antrup and Seiler, 1980)
that ‘‘the two parts of the polyamine molecule
which derive from ornithine (the precursor of put-
rescine) and methionine have significantly different
life spans”, we injected SS and SR deermice with
[**Cmethionine or putrescine and determined their
respective incorporation into Spd and Spm. We also
determined the endogenous levels of Pt, Spd, and
Spm in brains of SS and SR deermice. For
polyamine determinations we used a new, rapid,
sensitive assay procedure which is described in de-
tail below. This new procedure utilizes reverse
phase high pressure liquid chromatography (HPLC)
to separate the benzoylated derivatives of Pt, Spd,
and Spm (Redmond and Tseng, 1979). The salient
advantages of this procedure over the numerous
existing ones (Seiler, 1977; Newton and Abdel-
Monem, 1977; Radhakrishnan et al., 1977; Seiler et
al., 1978; Saeki et al., 1978; Kai et al., 1979; Brown
et al., 1979; Dresser et al., 1980) are: (1) benzoyla-
tion is done directly on the neutralized perchloric
acid brain supernatant without any pre-purification;
(2) the entire HPLC run requires less than 10 min
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for each sample; and (3) no gradient elution is re-
quired.

MATERIALS AND METHODS
Apparatus

A Waters Model ALC/GPC-204 liquid chromatograph
equipped with a Model 6000A high-pressure pump, a U6K
loop injector and Model 440 absorbance detector (254 nm)
was used throughout the study. An Omniscribe recorder
(Texas Instruments, Austin, Texas) was used to record
the chromatographic runs. A prepacked (30 x 0.4 cm,
i.d.) uBondapak C18 column (Waters Associates, Mil-
ford, Massachusetts) was used to separate the benzoyl-
ated polyamines.

Chemicals

Putrescine diHCIl, spermidine triHCl, spermine tet-
raHCl and diethylpyrocarbonate were purchased from
Sigma Chemical Co. (St. Louis, Missouri). [I,4-
“CIPutrescine diHCl (122 mCi/mmol), [**C]Jspermidine
triHCl (122 mCi/mmol), [**Clspermine tetraHCl (122
mCi/mmol) and L-[1-**C]methionine (59 mCi/mmol) were
obtained from Amersham/Searle (Arlington Heights, II-
linois).

L-[3,4-"*C]Methionine (49 mCi/mmol) was from Re-
search Products International Corp. (Elk Grove Village,
Minois) L-PH-methyl}-Methionine (1 Ci/mmol) was from
ICN Pharmaceuticals (Irvine, California), and [*C]Ado-
Met (57 mCiy/mmol) and [8-“Cladenosine (54 mCi/mmol)
were from New England Nuclear (Boston, Massachu-
setts). S-Adenosyl-L-methionine disulfate di-p-toluene-
sulfonate (AdoMet) and S-adenosyl-L-homocysteine (Ado-
Hcy) were generously donated by Dr. G. Stramentinoli
(BioResearch Labs, Liscate, Italy). Amberlite CG-50 was
from Accurate Chemical (Hicksville, New York) and
Dowex 50W-X8 (200—400 mesh), from BioRad (Rich-
mond, California). Other chemicals used in the study
were of analytic grade quality.

Animals

Males of the mutant epileptic (SS) (epep) Peromyscus
strain were obtained from stocks bred and maintained at
our institute.

The wild-type, SR (EpEp) deermice were wild-
conceived animals obtained from the Museum of Zool-
ogy, University of Michigan, Ann Arbor, Michigan. The
animals received ‘‘Teklan 4% mouse and rat diet” and
water ad libitum and were housed in stainless steel cages,
1—6/cage. The SS deermice were derived from homozy-
gous matings (epep X epep) and were tested individually
for clonic or tonic seizure response at least once after
weaning by the key-jingling procedure of Barto (1956).
They were compared to the wild-type Peromyscus which
are generally SR at all ages (Barto, 1956; Doyle and Sel-
linger, 1980). All experiments were conducted on adult
deermice, 70—90 days old. For intraventricular (i.vt.)
[“Clputrescine or methionine injections, the mice were
lightly anesthetized with ether, a small piece of scalp was
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removed for ease in identification of the injection site and
putrescine (0.5 pCi) or methionine (2 wCi) was injected
into the lateral cerebral ventricles in a vol. of 10 ul of
artificial cerebrospinal fluid (Merlis solution) (Schatz et
al., 1978). Animals were sacrificed 1 h after i.vt. injection
by immersion (head-first) into liquid nitrogen. Their
brains were rapidly removed while still frozen and imme-
diately immersed in liquid nitrogen after which they were
stored at —20°C until homogenization.

Preparation of Brain Samples for
Polyamine Determination

For polyamine analysis, the frozen brains were
homogenized in 5 vol. (w/v) of 0.3 M-perchloric acid and
the homogenates centrifuged at 12.000 x g for 20 min.
The pellets were re-treated with 2 ml of 0.3 M-perchloric
acid and centrifuged as above. The pooled supernatants
were adjusted to pH 7 by the addition of KOH solution,
allowed to stand at 4°C for 60 min, and centrifuged as
above to remove potassium perchlorate. The clear super-
natants were lyophilized and the resulting dry powder
was dissolved in 1 ml of deionized water. In order to
prepare UV absorbing derivatives of the polyamines, the
samples were submitted to derivatization with benzoyl
chloride as previously described for standard polyamine
solutions (Redmond and Tseng, 1979).

HPLC Separation of Polyamines

Five to 50 ul of a methanol solution (original vol. 200
wl) containing the benzoylated polyamines were injected
onto the uBondapak CI18 column and the polyamines
eluted with 60% methanol (v/v) (flow rate, 2 ml/min). The
quantitative determination of the polyamines was carried
out with the aid of calibration curves previously gener-
ated from standard solutions. Recoveries of the
polyamines were determined by addition of ['*
Clpolyamines to brain homogenates followed by derivati-
zation and HPLC analysis as above. We determined the
amounts of radioactivity in the individual polyamines by
collecting fractions (1.0 ml) from the HPLC runs and
counting them in 6 ml of ACS (a tissue solubilizer-
scintillant mixture, Amersham/Searle, Arlington Heights,
[llinois). With this technique, percent recoveries were
found to be 61.3 + 2.4% for putrescine, 50.0 + 4.0% for
spermidine, and 71.3 = 7.0% for spermine.

Determination of S-Adenosyl-L-Methionine and
S-Adenosyl-L-Homocysteine Levels and
Specific Radioactivities

Radioactive [8-'*ClAdoHcy was prepared from -
homocysteine and [8-'*Cladenosine as previously de-
scribed (Schatz et al., 1977a). The AdoHcy was purified
by HPLC on a pBondapak C18 column. AdoHcy was
eluted with 0.04 M-ammonium formate (10% methanol) (2
ml/min) after which the sample was lyophilized, dissolved
in water and stored in small aliquots at —80°C until use.
AdoMet and AdoHcy levels were determined by a mod-
ified isotope-dilution method (Schatz and Sellinger, 1975;
Schatz et al., 1977b; 1981b). To weighed frozen tissue

samples were added [**C]AdoMet and AdoHcy (1-7 X
10° d.p.m./umol) in a sufficient quantity to dilute the
normal, endogenous tissue concentrations by about 40%.
The tissues were homogenized in 5 ml of ice-cold 0.4
M-perchloric acid and centrifuged (10,000 g x 10 min).
The supernatants were adjusted to pH 5.5—6 by stepwise
addition of KOH (10 M, 1 M, 0.1 M) in an ice bath, and the
volume was adjusted to 8 ml with water. After centrifuga-
tion as above, the supernatant was divided into two 4 ml
fractions. For AdoMet determination, 4 ml were applied
to a Dowex-50 (Na*) column (0.7 x 3 cm) previously
equilibrated with 0.1 M-NaCl. The column was washed
successively with 15 ml of 0.1 M-NaCl and 5 ml of water,
and AdoMet was eluted with 5 ml of 6 M-HCI. The HCI
fraction was lyophilized and dissolved in 0.5 ml of water,
after which 25—50 ul were injected onto a pBondapak
C18 column. AdoMet was eluted with 0.04 M-monobasic
ammonium phosphate (1% methanol) (2 ml/min). The
AdoMet peak was collected and a 0.5 ml aliquot counted
in 5 ml of ACS. Tissue concentrations of AdoMet were
calculated with the isotope-dilution equation (Wang and
Willis, 1965).

For AdoHcy determination, the remaining 4 ml were
applied to an Amberlite CG-50 (H*) column (0.7 X 3 cm)
previously equilibrated with water. The column was
washed with 2 ml of water followed by 15 ml of 0.03 M-
ammonium hydroxide, and AdoHcy was eluted with 5 mi
of 3 m-ammonium hydroxide. The AdoHcy fraction was
lyophilized and dissolved in 0.5 ml of water after which
100 ul were injected onto a pBondapak C18 column.
AdoHcy was eluted with 0.04 M-monobasic ammonium
phosphate (7.5% methanol) (2 mVmin). The rest of the
experimental procedure was identical to that used for
determination of AdoMet. This assay technique is capa-
ble of detecting as little as 10 pmol of AdoMet or AdoHcy.
For determination of AdoMet and AdoHcy specific ra-
dioactivities (s.r.a.), mice received i.vt. injections of 2
1Ci of L[ 1-*C]methionine and were sacrificed 1 h later.
AdoMet and AdoHcy were determined as described
above, the only exception being the use of standard solu-
tions of AdoMet and AdoHcy to aid in the determination
of the tissue concentrations of AdoMet and AdoHcy.

Determination of L-Methionine Levels and
Specific Radioactivity

L-Methionine was determined by the enzymatic proce-
dure of Parrilla et al. (1973). The tRNA used in this pro-
cedure as a specific L-methionine acceptor was purified
from 18-day old rat brains by the procedure of Ortwerth
and Der (1974) as modified by Sellinger and Der (1980).
After homogenization of the brains in 0.25 M-sucrose
containing 35 mMm-Tris-HC| (pH 7.4). 25 mm-KClI, 25
mM-MgCl,, | muM-sodium EDTA, 10 mm-2-mercapto-
ethanol and 0.05% diethylpyrocarbonate, the homoge-
nates were centrifuged (30,000 x g for 20 min), and the
tRNA was extracted from the supernatants by phe-
nolization followed by further purification by DEAE-
cellulose chromatography (Sellinger and Der, 1980). Me-
thionine determinations were carried out on the water
washes from the Amberlite CG-50 columns (see above).
These fractions were lyophilized. redissolved in 0.5 mi of
water and 50-100 ul were added to the tRNA aminoacyla-
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tion reaction mixtures. These fractions contained
95-98% of the radiolabeled methionine applied to the
Amberlite columns (data not shown). The aminoacyl
tRNA synthetases were prepared from rat liver as de-
scribed above (Sellinger and Der, 1980). The aminoacyla-
tion of tRNA with standard solutions of methionine or
tissue extracts was carried out in the presence of optimal
concentrations of KClI (10 mM). magnesium acetate (10
mM), 0.4 Ay, units of tRNA, 1 uCi of L-[*H]methionine
and |1 mg of aminoacyl tRNA synthetase protein. The
reaction mixtures were incubated for 10 min at 37°C after
which the reaction was stopped by the addition of 5 ml of
10% trichloroacetic acid (TCA). The resultant mixture
was filtered through Whatman GF/A filters, and the filters
were rinsed twice with 5 ml of 10% TCA, twice with 10 ml
of 5% TCA and once with 10 ml of ether-ethanol (1:2,
viv). The filters were air-dried and counted in 5 ml of
ACS. Methionine concentrations were calculated with the
aid of a standard curve that was run concurrently with the
tissue samples.

For determination of methionine s.r.a., mice received
i.vt. injections of L-[1-*C]methionine as described under
AdoMet and AdoHcy determination (see above). An
aliquot (20 ul) of tissue sample (Amberlite CG-50 water
wash) as used for methionine determination (see above)
was spotted on silica gel TLC plates together with non-
radioactive carrier amounts of methionine, methionine
sulfoxide, L-cysteine, L-homocysteine and cystathionine
(S pl of a solution containing 1 mg/ml of each amino acid).
The TLC plates were developed in phenol-water (80:20,
w/v), after which the amino acids were identified with
ninhydrin spray. The methionine spot was scraped from
the TLC plate, placed in a scintillation vial containing 1
ml of water and shaken for 60 min at 60°C. After addition
of 10 ml of ACS, the sample was counted and the
radioactivity contained therein was used for determina-
tion of methionine s.r.a.

RESULTS

Brain Polyamine Levels in SR and SS
Deermice

The application of the HPLC method of Redmond
and Tseng (1979) to the separation and quantitative
determination of benzoylated polyamines in brain
tissue readily allowed the measurement of Pt, Spd
and Spm levels in individual brains. Since adult ro-
dent brain Pt levels are much lower than those of
Spd or Spm (Seiler and Lamberty, 1975; Pajunen et
al., 1979), our procedure requires approximately SO
mg of brain tissue for Pt determinations as com-
pared to 2—2.5 mg for Spd or Spm. The additional
modifications of increasing the methanol concen-
tration to 60% (v/v) and using a pBondapak C18
column (rather than a Brownlee RP-8 column) al-
lowed an appreciable shortening of the total elution
time for all three polyamines from about 15 to 10
min. Figure 1 illustrates the separation of the en-
dogenous polyamines and their radioactivity profile
after a 1 h (i.vt.) pulse of ["Clputrescine to SS
animals. There is a significant amount of radioac-
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FIG. 1. HPLC elution profile of benzoylated polyamines in SS
deermouse brain. Mice received i.vt. injections of 0.5 uCi of
[“Clputrescine in 10 ul of artificial cerebrospinal fluid and
were sacrificed 1 h later. Polyamines were analyzed as de-
scribed in Materials and Methods. The arrow indicates a
change in recorder sensitivity from 0.05 to 0.2 absorbance
units, full scale. 1 ml fractions were collected for determina-
tion of specific radioactivity. PT, putrescine; SPD, spermi-
dine; SPM, spermine.

tivity in both the Pt and Spd fractions but not in the
Spm fraction (Fig. 1; see below).

As in the brain of the albino mouse (Mus) and
that of the rat (Shaw and Pateman, 1973; Snyder et
al., 1973; Harik and Snyder, 1974; Seiler and Lam-
berty, 1975; Seiler and Schmidt-Glenewinkel, 1975;
Pajunen et al., 1979), the levels of Pt in deermouse
brain were significantly lower than those of Spm
(Table 1). Spm levels were, in turn, moderately
lower than levels of Spd. There were no significant
differences in polyamine steady state levels in
brains of SR and SS deermice.

Brain Polyamine Formation in SR and
SS Deermice

Following a 1 h i.vt. pulse of either L-["C-
3,4imethionine or [**C]putrescine, the relevant **C
polyamines were benzoylated, separated by HPLC
and their s.r.a. values determined. As previously
noted (Snyder et al., 1973; Shaw, 1979b), a 1 h pulse
of [*Clputrescine yielded no radioactivity in the
Spm fraction (Table 2). Conversely, the s.r.a. of the
Spm fraction was higher than that of the Spd frac-
tion in both the SR and SS brains following a ['*
Clmethionine pulse (Table 2).

Of particular interest is the significantly lower
Spd s.r.a. value after [*Clputrescine in SS com-
pared to SR brains. This value was generated in the
face of identical SS and SR Pt s.r.a. values (Table 2)
and reveals SR-SS differences in the labeling of the
Pt-derived, but not of the methionine-derived, moi-
ety of Spd. This finding complements those of
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TABLE 1. Brain polyamines in SR and SS deermice

Animal Putrescine Spermidine Sﬁermine
SR 8.19 + 1.19(12) 240.2 + 22.4 (12) 123.3 + 12.8 (12)
SS 73511911 253.0 £ 22.4 (11) 126.7 = 14.0 (10)

Values are expressed in nmol/g as means * s.e.M. Numbers in parentheses
represent the number of animals in each experimental group.

Antrup and Seiler (1980), who examined the long-
term turnover of polyamines in mouse brain.

Brain Levels and Specific Activities of
Methionine, AdoMet and AdoHcy in SR and
SS Deermice

Before determining the rate of conversion of me-
thionine to AdoMet and of AdoMet to the poly-
amines, it was necessary to compare the endog-
enous levels of methionine, AdoMet, and AdoHcy
in the SS and SR deermouse brains. Figure 2A
shows that brains of SS deermice have signifi-
cantly higher levels of methionine and lower levels
of AdoMet compared to their seizure-resistant
counterparts (SR). There were no significant differ-
ences in brain AdoHcy levels between SR and SS
mice.

We also determined the specific radioactivity of
[**C]methionine, ['*C]AdoMet, and [*C]AdoHcy
following a 1 h i.vt. pulse of L-[1-'C]methionine.
This enabled us to estimate the flux of methionine
through the transmethylation pathway in the ab-
sence of any spillover of radioactivity into the
polyamine pathway. Under these conditions, the SS
brains had significantly lower methionine s.r.a. val-
ues and significantly higher AdoMet s.r.a. values
than the SR brains, while there were no differences
in AdoHcy s.r.a. values (Fig. 2B). These findings
suggest differences in rate of flux of cerebral methi-
onine into AdoMet between SR and SS deermice
which could not be accounted for by the observed
differences in endogenous pools of brain methionine
or AdoMet in these two groups of animals (Fig. 2A).

Acoustic Stimulation of SS Deermice

Acoustic stimulation of the SS apimals led to cir-
cular running behavior within 45 s. If allowed to
proceed, such behavior invariably terminated in
tonic seizures. Animals were, therefore, killed as
soon as running behavior was observed. Table 3
shows higher Spd values in the brains of the stimu-
lated deermice (compare to Table 1, SS Spd value).
Also, the s.r.a. value of Spd was no longer signifi-
cantly different from the nonstimulated SS Spd
s.r.a. value (Table 2) or, for that matter, from the
SR Spd s.r.a. value.

DISCUSSION

The HPLC procedure (Redmond and Tseng,
1979) adapted for the separation and quantitation of
brain polyamines exceeds all existing procedures in
brevity and simplicity since it involves: (1) the di-
rect benzoylation of a neutralized perchloric acid
supernatant of brain; (2) its ether extraction and
evaporation of the ether under nitrogen; and (3) the
injection of the redissolved sample directly onto the
HPLC column. Elution with 60% methanol as the
only mobile phase clearly separated all three ben-
zoylated polyamines from each other, within 10—11
min. HPLC of S-dimethylaminonaphthalene-1-
sulfonyl (dansyl) derivatives of polyamines on a
uBondapak C18 column (as used in this study) was
recently reported to require a programmed gradient
elution system of 1-heptanesulfonic acid and aceto-
nitrile and an elution time of 30 min (Brown et al.,
1979). In another study a 40 min elution time was
required to separate dansylated polyamines by

TABLE 2. The conversion of 1-{"*C]methionine and [“C]putrescine
to "C polyamines in brains of SR and SS deermice

“C polyamine (d.p.m./nmol)

Animal “C precursor Putrescine Spermidine Spermine
SR [“C] Met — 21.2 £ 1.0 (5) 26.9 + 2.3 (5)
MClPt 937+£7.0(M) 819.3 + 68.6 (7 N.D.
SS [*C] Met — 18.4 2.3 (5) 23.0 = 3.8(5)
MCl Pt 86.7 = 5.3 (5) 614.5 + 42.8 (5)¢ N.D.

Mice were given an i.vt. injection of either L-[3,4-'*CImethionine (2 uCi) or [“Clputrescine
(0.5 1Ci) and killed 1 h later. Values are expressed in d.p.m./nmol as means * ..M. Numbers
in parentheses represent the number of animals in each experimental group.

N.D.: No radioactivity was detected in this fraction.

@ Significantly different from SR value, p < 0.05 (Student’s ¢-test).

J. Neurochem., Vol. 37, No. 3, 1981
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HPLC with a Lichrosorb RP-8 column and pro-
grammed gradient elution system consisting of
methanol-water (Seiler et al., 1978). Elution time
could be reduced to 20 min if the dansylated
polyamines were separated by HPLC on a Mi-
cropak CN-10 column with an elution gradient of
acetonitrile-water (Saeki et al., 1978). Other, more
cumbersome procedures, require prepurification of
the biological samples (Kai et al., 1979) or, alterna-
tively, dansylation followed by elution from a Mi-
cropak CN-10 column with a discontinuous gradient
(Newton and Abdel-Monem, 1977).

The deermice used in this study were of interest
because the SS animals represent a unique example
of an autosomal recessive mutant endowed with an
innate susceptibility to convulse when stimulated
audiogenically by the sound of jingling keys (Barto,
1956). We have shown previously that the activity
of cerebral histamine N-methyltransferase in SS
deermice and SS DBA/2J mice (21 days old) was
lower than that of SR deermice as well as SR
DBA/2] mice (70 days old) (Doyle and Sellinger,
1980). We have also reported higher initial in vivo
rates of methylation of [*H]histamine to [*H]methyl-
histamine in brains of the SS compared to the SR
deermice (Doyle et al., 1981). This finding was in
agreement with our previous observation of in-
creased brain histamine methylation following ad-
ministration of MSO to Swiss-Webster mice (Mus
mus) (Schatz et al., 1978). The present results
reveal two additional similarities between SS deer-
mice and MSO-treated Mus, namely, decreased
brain AdoMet levels (Fig. 2A) and increased
AdoMet s.r.a. values (Fig. 2B) (when compared to
SR deermice or saline-treated Mus, respectively)
following i.vt. [**C]methionine. Analysis of the flux
of [*C]methionine (via AdoMet) into polyamines,
however, showed dissimilarities between SS deer-
mice and MSO-treated mice in that the s.r.a. values
for Spd and Spm were the same in brains of SS and
SR deermice (Table 1) but were significantly in-
creased in brains of MSO-treated mice compared to
saline controls (Porta et al., 1981). Of further inter-
est are the findings concerning the conversion of
[MCIPt to ["C]Spd. This process appeared some-
what slowed in the brains of SS, relative to SR,
deermice (Table 2), while remaining unaltered in
brains of MSO-treated, compared to saline-treated
mice (Porta et al., 1981). It is thus possible to con-
clude that the SS condition, whether genetically
determined (as in SS deermice) or chemically elic-
ited (as in MSO-treatment), correlates positively
with higher than normal rates of conversion of ex-
ogenous methionine to brain AdoMet and leads to
an enhanced rate of utilization of AdoMet via the
transmethylation pathway. The role of brain
AdoMet as a polyamine precursor, in contrast, ap-
pears to be altered only in the brains of MSO-
treated mice but not in those of SS deermice (Table
2; Porta et al., 1981).

J. Neurochem., Vol. 37, No. 3, 1981

A B
L
200+ Me thionine Lo
*
1001 l:] l D * 5
0 - \-0
AdoMet

nmol /g
( €-°l X jowuswdp)'nas

2 - AdoHcy 10

1 l DN

0 0
O-SR B-55

FIG. 2. Brain levels and specific radioactivities of L-
methionine, S-adenosyl-L-methionine and S-adenosyl-L-
homocysteine in SR and SS deermice. Values in panel (A) are
expressed in nmol/g as means *+ S.E.M. in 6-7 mice. Values in
panel (B) are expressed in d.p.m./nmol as means * S.E.M. in
6-7 mice. For s.r.a. determinations (panel B) mice received
i.vt. injections of L-[1-*C]methionine (2 uCi) and were killed 1
h later. *Significantly different from SR mice; p < 0.05
(Student's t-test).

One interpretation of this finding may be that
changes in the flux of AdoMet toward the n-
propylamino moiety of Spd and Spm represent a
secondary response to the epileptogenic stimulus,
i.e. this pathway becomes activated only after the
convulsant agent (MSO) or the acoustic stimulus
has triggered the primary response, which consists
of an accelerated AdoMet synthesis and utilization
for transmethylation reactions. Preliminary, albeit
indirect, support for such a possibility is shown in
Table 3. As may be noted, acoustically stimulated
SS deermice, killed immediately prior to seizures,
had statistically significantly higher brain sper-
midine levels and, by extension, an increased total
polyamine content. There was also a correspond-
ing, although not statistically significant, increase in

TABLE 3. Effect of acoustic stimulation on brain
polyamine levels and specific radioactivity
in 8§ deermice

Polyamine nmol/g d.p.m./nmol
Putrescine 9.86 + 1.02 (5) 80.5 5.9 (5)
Spermidine 324.1 +24.2 (5)° 764.8 +75.7 (5)°
Spermine 153.3 £ 14.2 (5) N.D.

SS deermice were given an i.vt. injection of ["*CJputrescine
(0.5 1Ci) and sacrificed 1 h later. Values are expressed either in
nmol/g or d.p.m./nmol as mean + s.e.M. Number in parentheses
represents the number of experimental animals in each group.
Acoustic stimulation was by the key jingling method of Barto
(1956). N.D., No radioactivity detected.

@ Significantly different from SS value in Table 1; p < 0.05
(Student’s ¢ test).

® This value is not significantly different from that shown for
SR deermice in Table 2; p > 0.05.
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the s.r.a. value of Spd, suggesting a sudden acceler-
ation of the synthesis of Spd from Pt in response to
acoustic stimulation. It is important to note that
acoustic stimulation of SR animals resulted in no
alterations of brain polyamine levels or s.r.a. values
(data not shown).
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