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RESUMEN. Doce ratas Sprague-Dawley fueron sujetas a la lesión 
de la fimbria fornix (transección de la vía septohipocampal). Seis 
de estos animales recibieron inyecciones intraventriculares de 3 pg 
de factor de crecimiento nervioso (FCN) en días alternos y durante 
dos semanas, mientras que los otros seis recibieron citocromo c en 
igual esquema y dosis (controles). La actividad específica de la 
glutatión S-transferasa (GST) se midió en el septum, el hipocampo, 
el estriado y la corteza frontal. Los animales tratados con FCN 
mostraron un incremento significativo (p < 0,002) de la actividad 
de la GST en el septum. No hubo diferencias entre los grupos en 
las otras estructuras estudiadas. Este incremento en la actividad de 
la GST puede estar vinculado con el efecto protector del FCN so- 
bre la población colinérgica septal . 

ABSTRACT. Bilateral fimbria fornix lesion (septohippocampal 
pathway transection) was performed on 12 male Sprague -Dawley 
rats. Six animals received intraventricular injections of 3 Fgo f 
nerve growth factor (NGF) on alternate days for two weeks. Six 
animals received the same amount of cytochrome c (controls). The 
glutathione S-transferase (GST) specifíc activity was measured in 
septum, hippocampus, striatum and frontal cortex. A significant 
increase of GST activity (p < 0.002) was found in the septum of 
the NGF-treated animals. No differences were found between 
groups in the other areas. This increase in GST activity might be 
related to the protecting effect of NGF on the cholinergic septal 
population. 

INTRODUCTION 

Glutathione S-transferase (GST) (E.C. 251.18) includes 
various isoenzymes which participate in detoxification events 
of a wide variety of compounds.’ Multiple isoforms of GST 
have been reported in almost all the rat tissues investigated 
so far.” Presente of substantial amounts of GST in the brain 
may indicate a physiological role for this enzyme in neuropro- 
tective mechanisms.3e5 

Previous work confirmed the presente of GST activity in 
severa1 areas of normal rat brains. The highest levels were 
measured in the septum and the hippocampus. A dramatic de- 
crease of GST activity in those areas was detected in aged 
brains.6 In young animals after fimbria fornix (FF) lesion (tran- 
section of the septohippocampal pathway) the distribution pat- 
tern of GST activity showed a reduction of 41 % in the sep- 
tum.7 Both, aged and FF-lesioned animals have showed a re- 
duced number of cholinergic septal neurons.8’g These evi- 
dences suggest that the level of GST activity might be related 
to the protection of that neurona1 population. 

Nerve growth factor (NGF) has been shown to promote 
the sutvival of cholinergic neurons of septal origin in aged8 
and FF-lesioned animals,g”O but the mechanisms of this ac- 
tion are still unknown. 

The aim of this study was to determine whether the treat- 
ment with NGF to FF-lesioned rats is able to produce changes 
in the brain GST activity. 

MATERIALS AND METHODS 

Twelve Sprague-Dawley male rats weighing 270-290 g at 
the time of surgery were used. Under chloral hydrate narcose 
(400 mg/kg i.p.) a bilateral aspirative lesion of the FF fiber sys- 
tem was perf0rmed.A guide cannulawas implanted 1 .Omm an- 
terior to bregma, 0.9 mm lateral to the midline and 2.0 mm un- 
der the bone surlace, in the direction of the right lateral ventri- 

cle. Murine NGF (3 pg) dissolved in 10 FL salinewere intraven- 
tricularlyinjectedthroughan injectioncannulaat the time of sur- 
gery and from then on, the sameamount was injectedeverysec- 
ond day for two weeks. The injection rate was 1 mL/min; the- 
cannula was left in position for 2 min after finishing the injec- 
tion. Six animals treated in this way formed the NGF-treated 
group. A similar group of six rats was lesioned and injected in 
the same way, but using cytochrome instead of NGF to consti- 
tute a control group. Cytochrome c is a protein with a similar 
molecular weigh but without neurotrophic activity. NGF bio- 
logical activity was confirmed by the classical assay using 
sympathetic ganglia from chicken embryos.” 

The day following the last injection rats were decapitated 
and their brains extracted. The septum, hippocampus, stri- 
atum and frontal cortex were dissected in cold saline, and 
stored at -70 OC. 

The tissue samples of each cerebral area were individu- 
ally homogenized using a glass-teflon homogenizer and cen- 
trifuged at 16 000 g for 30 min at 4 OC . The supernatant was 
assar2ed for soluble proteins according to the method of Brad- 
ford. GST activity was determined by coupling chloro-2,4- 
dinitrobenzene (CDNB) to reduced glutathione (GSH). Reac- 
tion progress was followed by recording the absorbance in- 
crease at 340n m One unit of GST activity was the quantity 
of enzyme required to catalyze the conjugation of 1 mol/min of 
CDNB to GSH usinge=96 OO L mor’ cm-’ and the conditions 
describedby Habig. l3 Assayswere carriedout in triplicate. 

All valuas wete expressed as the mean f S.EM. Differences 
between means wete analyzed by the Mam-Whitney’s test. 

RESULTS AND DISCUSSION 

The GST activity showed a difference between the ani- 
mal groups studied. The GST activity in septum increased sig- 
nificantly (p < 0.002) in those animals treated with NGF after 
FF lesion when compared with cytochrome c-treated ani- 
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mals.The differences between groups were not significant for 
striatum, hippocampus and frontal cortex (Table 1). 

TABLE I 
Glutathione S-transferase specific activity in the septum, 

hippocampus, striatum and frontal cortex from fimbria 
fornix lesionecl rats treatecl with cytochrome c 

Brain area Cytochrome c NGF 

Septum 78.60 * 3.25 99.23 f 2.66* 

Hippocampu 128.99 & 11.24 109.40 * 10.45 

Striatum 112.35 f 4.38 113.83 5 5.91 

Frontal Cortex 86.99 f 4.30 94.16 * 7.31 

* Significantly different from cytochrome c-treated group (p < 0.002). 
(n = 6) or NGF (n = 6). NGF Nerve growth factor. 
Values are expressed in nmol mi-’ mg of protein-’ as mean 
S.E.M. 

The fact that only the GST in the septum showed an ef- 
fect after NGF treatment should not be ascribed to the vicinity 
of this area to the ventricular system. Other structures investi- 
gated in this report as the hippocampus or the striatum are 
also near the ventricles and no such differences were noticed. 
Using radiolabeled NGF, Yan et aLi have shown that the in- 
traventricularly injected neurotrophic substances are readily 
distributed across the brain tissue, though it finally accumu- 
lates in the septum due to the high concentration of NGF-re- 
ceptors in this area. Therefore, the effect reported in this pa- 
per seems to be selective for this brain area. 

It has been suggested that NGF increases cell survival 
by enhancing cellular defense systems, which would include 
antioxidant enzymes and low molecular weight scavengers. 
For example, NGF has been re$orted to rescue PC 12 cells 
from hydrogen peroxide attack and to stimulate glutahione 
peroxidase, glucose-6-phosphate-dehydrogenasand gamma- 
glutamylcysteine synthetase activities in this cellular line.16 
Besides, this neurotrophin restores decreases in catalase ac- 
tivity and stimyptes glutathione peroxidase activity in the aged 
rodent brain{s while induces catalase expression in young 
rat striatum. An effect of NGF on GST activity has not been 
previously reported. 

An early common event in many growth factor ligand-re- 
ceptor interactions, including NGF ones,lg is the induction of 
c-fos, a member of the heterodimeric protein complex AP-1. A 
regulatory AP-1-like binding site located upstream a GST 
gene has been demonstrated to be involved in the induction 
mechanisms of the enzyme.*’ These facts suggest that the 
stimulation of GST activity by NGF could be mediated by the 
induction of the transcription factor AP-1. 

As previously mentioned, NGF shows a neuroprotective 
action on the septal cholinergic neurons, which abundantly ex- 
press NGF receptors.g’10”4 The specific and highly significant 
effect of NGF on the GST activity in septum should not be a 
consequence of an increased survival of the septal cholinergic 
population, since GST is mainly expressed by glial cells.5 On 
the contrary, an increase in GST activity by NGF could be im- 
portant for the protection of those neurons. A neuron-glia-neu- 
ron interaction might be considered. 

A neuroprotective action by NGF has also been repotted 
in aged, memory deficient animals,g but there are no indica- 
tions of what the mechanisms of this action might be. In a pre- 
vious reporl a significant decrease in GST activity in septa ob- 
tained from aged rats was described.6 It is tempting to specu- 
late that the loss of cholinergic septal neurons might be influ- 
enced by the reduced GST activity. Future studies on the ef- 
fect of NGF on GST activity in naive animals will further con- 
firmed this hypothesis. 

CONCLUSION 
The effect of NGF increasing the GSTacitivity in septum 

seems to be plausibly linked to its neuroprotective action on 
the same brain area. 
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