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2-Pyrrolidinone-A cyclization product of r-aminobutyric acid detected in mouse 
brain 

(Received 16 December 1977; accepted 3 March 1978) 

The neurotransmitter candidate y-aminobutyric acid 
(GABA) is structurally similar to glutamic acid. Cycliza- 
tion of glutamic acid and GABA produces the lactams, 2 
- pyrrolidinone - 5 - carboxylic acid (pyroglutamic acid, 
5-oxoproline) and 2-pyrrolidinone respectively. While 2 - 
pyrrolidinone - 5 - carboxylic acid is known to occur in 
brain[ 11, studies on pyrrolidinone have been limited to 
exogenously administered compound. Pharmacological 
studies have indicated that pyrrolidinone in high doses 
exhibits anticonvulsant activity in animals, presumably 
by acting on the GABA system[2-4]. Other workers have 
been unable to verify these findings [5,6]. Tower [7] has 
shown that cat cerebral cortex slices have the capacity to 

enzymatically convert [Z’%]pyrrolidinone to [“C]GABA. 
Thus, pyrrolidinone might potentially serve as a GABA 
precursor in the central nervous system. In this com- 
munication, mass spectral evidence is provided which 
suggests that pyrrolidinone is a natural constituent of 
mouse brain. Studies with labeled GABA are also 
presented which indicate that oyrrolidinone is not an 
&fact of the work-up process. _ _ 

Male ICR mice (25-30g) were used for all the expe.ri- 
ments. The animals were decapitated and the brains 
quickly removed, weighed and homogenized in cold 
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0.1 N formic acid (2 ml) containing internal standard. 
[5,5-‘HJpyrrolidinone (> 97% deuterium incorporation) 
was prepared by the reduction of succinimide with 
lithium aluminum deuteride (Merck & Co., Inc./Isotopes, 
St. Louis, MO 63116) following the method of Duffield et 
al. [8]. [4,4-‘HJGABA [> 97% deuterium incorporation, 
m.p. 202” dec. (unlabeled GABA lit.[9] m.p. 203” dec.)] 
was prepared by hydrolysis of [5,5-‘Hrlpyrrolidinone in 
refluxing 15% HCI for 2 hr and purified by ion exchange 
chromatography (AG SOW-X8). The brain homogenates 
containing standards were centrifuged at 12,OOOg for 
6 min and each supernatant fraction was placed on an ion 
exchange column (AG 5OW-X8, 50-100 mesh, formate 
form, 1.0 g wet weight). Pyrrolidinone was contained in a 
water wash (10 ml) of the columns. 

Identification of brain pyrrolidinone by thin-layer 
chromatography-mass spectrometry. The brains of three 
animals were homogenized in the presence of 
[‘H*]GABA standard (0.60 pmole/brain) and the super- 
natant fractions applied to ion exchange columns as 
above. The combined water washes of the columns were 
extracted with an equal volume of EtzO. The Et,0 layer 
which contained lipids was discarded. The aqueous layer 
was then extracted with 5 vol. chloroform-methanol 
(2: 1, v/v). The combined organic layers were reduced in 
volume by distillation with a short path distillation ap- 
paratus to approximately 50~1 and the residue was 
streaked on a glass t.1.c. plate (silica gel G, 250 pm thick) 
and developed in benzene-methanol (9: 1, v/v). The 
region co-chromatographic with authentic pyrrolidinone 
(R, 0.2-0.3) was scraped and eluted with methanol 
(0.5 ml). The methanol layer was filtered and distilled to 
leave about 50 ~1 residue. The residue was transferred to 
a clean melting point tube and placed in a vacuum oven 
overnight (60”, house vacuum) to remove the remaining 
solvents. Pyrrolidinone was identified in the residue by 
direct probe insertion into a mass spectrometer (DuPont 
21-490 mass spectrometer with 21-094 data system, elec- 
tron impact mode, 70 eV). 

Identification of brain pyrrolidinone as a pentafluoro- 
propionyl derivative by gas chromatography-mass spec- 
trometry. Supernatant fractions of the brains of three 
animals were applied to ion exchange columns and 
washed with water and the combined water washes ex- 
tracted with Et20 and CHC&-CH,OH as described 
above. The combined organic layers were distilled to a 
volume of about 50~1. Evaporation to dryness was 
carried out in a vacuum oven as above in a 10ml pear 
shaped flask. To the residue was added 50~1 
pentafluoropropionic anhydride and the mixture was 
heated with a heat gun until the residue dissolved. A 
portion of the sample (l-2 ~1) was injected into a gas 
chromatograph (3% OV-17 on Chromosorb W.H.P.. 
2 m x 3 mm glass column, oven temp. 90-260” program- 
med at 15”lmin) interfaced with a mass spectrometer. 
The molecular ion for N-pentafluoropropionylpyr- 
rolidinone (M’, m/e 231, relative intensity 6%) and its 
major fragment (M’-C,F,, m/e 112, relative intensity 
100%) were monitored in the gc. effluent by the mass 
spectrometer-data system. 

Quantification of brain pyrrolidinone by gas chroma- 
tography-mass spectrometry. Brains from animals killed 
by exposing the skull to a beam of microwave radiation 
(2.0 kW, 3 set, model BN-K2 General Medical Engineer- 
ing Corp. Microwave Radiator) were homogenized as 
described above. The pyrrolidinone fraction of the 
homogenate, which contained added [‘HJpyrrolidinone 
(19.0 nmoles/brain), was extracted with an equal volume 
of Et,O. To the aqueous layer was added an equal 
volume of cont. HCl and the mixture was held at reflux 
for 2 hr. The solution was then evaporated to dryness 
with a rotary evaporator and the residue dissolved in 
water (5 ml) and applied to a second ion exchange 
column. The column was washed with water (lOm1) 

followed by l.ON NH,OH (15ml). The NH,OH wash 
was evaporated to dryness with a rotary evaporator and 
the residue treated with 50~1 of a solution of N,N- 
dimethylformamide dimethyl acetal in acetonitrile (2: 1, 
v/v)[lO, 111. The derivatives, methyl 4 - (N,N - dimethyl- 
N’ - formamidino)butanoate (I) where I equals 
(CH&N-CH=N-ICH,h-CO,CH~ and I’H,l-I. were 
formed in 10 ml stoppered pear shaped flasks-with gentle 
heating with a heat gun until the residue dissolved in the 
reagent. The gas chromatogram of the derivatives was 
continuously scanned during elution from mass range 51 
to 219 a.m.u. at a scan rate of approximately 4sec/scan 
which yielded a total of 6-7 scans for each compound 
eluted. Quantification of pyrrolidinone in the brain 
homogenate was accomplished from a ratio of the areas 
of computer constructed ion chromatograms of the ion 
current associated with the molecular ions of I (m/e 172) 
and standard [2H2]-I (m/e 174)[12]. 

REXJLTS AND DISCUSSION 

A comparison of the mass spectrum of authentic pyr- 
rolidinone with the spectrum of the material isolated 
from mouse whole brain which exhibited the same 
chromatographic properties as pyrrolidinone is shown in 
Fig. 1. In this experiment, [4,4-‘HJGABA was added to 
the brain prior to homogenization to serve as a control 
for potential cyclization of GABA during the work-up 
procedure. The mass spectrum of pyrrolidinone from 
mouse brain to which [‘HJGABA had been added 
revealed that essentially all of the ionization resulted 
from unlabeled pyrrolidinone (Fig. 1). Since the brain 
homogenate contained approximately equal quantities of 
unlabeled and deuterium-labeled GABA during work-up, 
it is likely that pyrrolidinone produced as an artifact 
would exhibit the same unlabeled to labeled ratio. In this 
experiment, mass spectrometric analysis showed that 
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Fig. 1. Mass spectra of authentic pyrrolidinone (above) 
and of the pyrrolidinone fraction isolated from mouse 
brain (below). The spectra are not corrected for back- 
ground. The brain pyrrolidinone spectrum (below) 
represents m/e values > 5 per cent of the relative in- 

tensity of m/e 85. 
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less than 2 per cent of the detected pyrrolidinone was 
accounted for as deuterated pyrrolidinone. This suggests 
that the brain pyrrolidmone was not derived from 
cycliition of GABA or [%IdGABA during work-up of 
the tissue. 

To further characterize the mouse brain pyrrolidinone, 
a derivative was formed by reaction of the pyrrolidinone 
fraction from Ihe ion exchange column with 
pentatluoropropionic anhydride. Mass spectral analysis 
of the g.c. peak with the appropriate retention time 
showed the presence of the parent ion of N- 
pent~uoropropionylp~olidinone (M*, m/e 231) and its 
major fragment (M+-C2F5, m/e 112) in approximately the 
same ratio as found in authentic material. 

As a means of quantifying pyrrolidinone in single 
whole brain, a second derivative and gas chromato- 
traphy-mass spectrometry were utilized[lO]. In this 
method, pyrrolidinone, which had been separated from 
GABA by ion exchange chromatography, was 
hydrolyzed in acid. The resulting GABA was treated 
with N,N~ime~y~orm~ide dimethyl aeetal[ll] to 
form methyl 4-(N,N-dimethyl-N’-formamidino)butanoate 
(I). Compound I has suitable properties for gas chromato- 
graphy-mass spectrometry quantitative analysis. 
[*H2]Pyrrolidinone served as internal standard. The mole- 
cular ions of the hydrolyzed and derivatized pyrrolidiuone 
oroducts I (m/e 178 and I*H,l-I (m/e 174) were monitored 
in the g.c. e&ent from r&o&t&~ed ion current profiles 
derived from successive scanning[l2]. The ratio of the 
peak area of m/e 172 and of the known amount of standard 
m/e 174 yielded a quantitative estimate of the quantity of 
pyrrolidinone in the sample. By this method the concen- 
tration of pyrrolidinone in single whole mouse grain was 
found to be 42 It 9 nmolesfg wet tissue (mean of six mice 
-tS.E.M.). 

While the biosynthetic source of the brain pynolidinone 
and a relationship between pynolidinone and the 
functioning GABA system have not been established, the 
possibility exists that a physiologically significant 

GABA-pyrrolidinone equilibrium may occur in mouse 
brain. 
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Maternal transport of chlorophenoxyisobutyrate at the foetal and neonatal stages of 
development 

(Received 26 October 1977; accepted 28 February 1978) 

Administration of the widely used anti- 
hypercholesterolemic drug ‘clofibrate’ (ethyl -a-p- 
chlorophenoxyisobutyrate) to the rat has been shown to 
produce many changes in the liver. Mention, in this 
regard, may be made of he~tome~y [l], prol~eration 
of mitochondria[2,3] and increase in the activity of the 
mitochondrial enzyme a-glycerolphosphate dehy- 
drogenase* (L-glycerophosphate (acceptor) oxidore- 
ductase, EC 1.1.99.5)[3,4]. Both mitochondria and GPD 
are known to increase post-natally in animalsU1. it was 
therefore, of interest, to know the effect of administration 
of clofibrate to the mother during pregnancy and lactation 
on the above-mentioned developmental changes. The 
results of such a study are presented and discussed in this 
paper. 

* Abbreviation used: GPD, a-glycerolphosphate 
dehydrogenase; CPIB, p-c~orophenoxyisobut~ate (free 
acid). 

Female albino rats weighing 120-15Og from the 
Central Animal Facility of this Institute were maintained 
on a stock diet obtained commercially. Experimental 
animals were adm~s~red with clofibrate orally (SOmg 
per rat per day) as an emulsion in water (0.2 ml) during 
the entire period of mating, gestation and lactation. 
Animals not receiving the drug served as controls. The 
offspring were weaned from their mothers after 21 days 
of lactation. 

Offspring of age groups as indicated were killed and 
the serum and liver collected. The livers of 12-15 new 
born pups were pooled for subcelbdar fractionation 
which was done essentially as described earlier[3]. 
Mitochondrial GPD was assayed manometrically [3]. The 
level of chlorophenoxyisobutyrate in serum and liver 
was estimated ~pectrophotomktrically[6] as well as by 
using methyl [“Cl CPIB. Protein was estimated usine 
Folin’s reGeni[7].- 

Ad~nis~ation of clofibrate to the adult animal causes 
cessation of weight gain as well as enlargement of the 


