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VAN WIMERSMA GREIDANUS, T. B., G. CROISET AND G. A. SCHUILING. Fornix transection: Discrimination 
between neuropeptide effects on attention and memory. BRAIN RES. BULL. 4(4) 625-629, 1979.-Transection of the 
fornix and the stria terminalis completely blocks the inhibitory action of ACTH 4-10 on extinction of a conditioned 
avoidance response (CAR), whereas this effect of the vasopressin analogue des-glycinamide-lysine-vasopressin (DG-LVP) 
is not affected. These data indicate that the behavioral effect of DG-LVP may be localized to certain anatomical substrates, 
while ACTH 4-10 needs an intact limbic system as a functional substrate for its effect on avoidance behavior. This 
differential effect of fornicotomy may also be interpreted as a discrimination between the effects of these neuropeptides on 
attention or on memory consolidation. Additionaliy, transection of the fomix and the stria terminalis induces an increase in 
motor responsiveness to an electric footshock (EFS) and a facilitation of acquisition of a CAR. 

Neuropeptides ACTH Vasopressin Fomix transection Avoidance behavior Responsiveness to EFS 

IT HAS been shown that adrenocorticotropic hormone 
(ACTH) and its fragments such as ACTH l-10 and ACTH 
4-10 as well as melanocyte stimulating hormone (MSH) and 
related peptides of the ACTH family exert several behavioral 
effects [27], e.g., they affect extinction of active avoidance 
behavior [3,24,28,32], improve passive avoidance behavior 
[25,32] and seem to be involved in attention, motivation 
and/or retrieval processes [16, 21, 26, 301. These peptides 
have to be administered prior to behavioral testing [25,32]. 
Vasopressin, desglycinamide-lysine-8vasopressin (DG-LVP) 
and related analogues, which are generally devoid of the 
antidiuretic, pressor and ACTH-releasing effects of vaso- 
pressin itself [29], also affect active and passive avoidance 
behavior. Vasopressin-like peptides act on behavior prob- 
ably by an improvement of memory function at the levels of 
storage as well as of retrieval of information [31, 34, 361. If 
consolidation effects are studied these peptides have to be 
administered during acquisition of a behavioral task [28,31]. 
Both categories of peptides act directly on the brain to pro- 
duce these behavioral effects and several structures of the 
limbic system play a role in their actions. Extensive lesions 
in the dorsal hippocampal complex [35], in the septal region 
[32,38] and in the amygdaloid nuclei [39] completely block 
the effects of vasopressin and ACTH and/or their fragments 
on extinction of a conditioned avoidance response (CAR), 
whereas the parafascicular nuclei appear to be essential for 
the behavioral effect of ACTH, but less important for that of 
vasopressin [4,37]. However, it has been proposed that these 
brain regions may not necessarily be the site(s) of behavioral 
action of these so-called neuropeptides but that the limbic 
system needs to be intact in order to allow them to display 

their inhibitory action on extinction of a CAR [35]. In order 
to test this hypothesis transections were made through the 
pre- and postcommissural fibers of the fornix and the stria 
terminalis immediately dorsal of the commissura anterior. 
Afterwards rats with these fornix transections were used to 
determine the inhibitory influence of the neuropeptides 
ACTH 4-10 and DG-LVP on extinction of a CAR. Addi- 
tionally animals with fomix transections were compared 
with sham-operated animals in their responsiveness to elec- 
tric footshock (EFS) and in their behavior in an open field. 

METHOD 

The transections were made in 60 male rats weighing 
140-160 g (TNO, Zeist, The Netherlands) with a knife de- 
rived from that designed by Hal&z and Pupp [9]. The 
L-shaped knife, equipped with a horizontal blade with a 
length of 1 mm, was lowered into the brain with its blade in 
the midline, to a depth of 6.5 mm. Once the knife was 
properly located, it was rotated for 360” causing a circular 
cut. In the sham-operated animals (n=60) the knife was low- 
ered to a depth of 4 mm and not rotated. 

When the animals had returned to their pre-operative 
body-weight, usually 6-7 days after operation, they were 
subjected to conditioned avoidance training in a pole jumping 
apparatus [24,33]. In brief, the rats were trained to jump onto 
a pole in order to avoid a scrambled EFS. The light of a bulb 
placed on top of the box was used as conditioning stimulus. 
Acquisition sessions of 10 trials/day with a mean intertrial 
interval of 60 set were run on consecutive days until the 
criterion of 7.5 CAR’sisession was reached as mean per- 
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FlG. 1. Section of rat brain showing transection of the fomix (FO) 

formance of both transected and sham-operated animals. 
After acquisition, extinction trials (IO trials/day) were per- 
formed during which no EFS was applied. 

DG-LVP was injected subcu~neously (SC) jmmedjately 
after the last acquisition session and extinction was then 
observed for 3 consecutive days. ACTH 4-10 was adminis- 
tered SC 1 hr prior to each of the extinction sessions on 2 
consecutive days. One dose level, 3 &g/rat, of each peptide 
was used in sham-operated animals, whereas rats with fornix 
transections received injections of 3 fig or 9 pg of either 
ACTH 4-10 or of DG-LVP. Saline (0.5 ml) was used as a 
placebo. Animals were randomly allocated to different 
treatment groups. 

Exploratory behavior of the animals was studied during 3 
mm sessions held on each of 3 consecutive days in a circular 
open field [23]. The behavioral parameters used during the 
sessions were ambulation (frequency of crossings of lines 
drawn on the floor of the open field), rearing, grooming and 
defecation. Furthermore the responsiveness of the rats to 
EFS was determined by scoring their percentages of 
jerk/~n/jump reactions, flinches and no responses to various 
shock levels ranging from 0.31 mA to 0.187 mA [6,7]. Ten 
different shock levels were used and each shock level was 
presented twice. The 20 EFS’s were presented in a randomly 
fixed order, The duration of each EFS presentation was I see 
and the interval between presentations was 20 sec. 

RESULTS 

Rats with fornicotomy displayed a significantly higher 

amount of intense motor responses to EFS than did controls 
as was shown by the lower percentages of no responses and 
flinches and the higher percentages of jerk/~n~ump reac- 
tions in this group of animals than in the sham-operated con- 
trols (Table 1). Moreover in the transected group the in- 
tense motor responses consisted of jerks as well as runs and 
jumps whereas in the sham-operated rat jerks were the only 
responses in this category. Furthermore, the difference in 
motor responsiveness to EFS between the two groups of 
animals was not associated with adifference in the frequency 
of vocalization during the presentation of the EFS. 

The open field behavior of fornix transected rats differed 
only slightly from that of controls. Rearing, grooming and 
defecation were no different and ambulation was also similar 
in both groups during the first two days of observation. On 
the third day, the transected animals had a significantly 
(It<O.O5) higher level of ambuIatjon but only a trend to higher 
rearing frequencies (0.05<~<0.10): grooming and defecation 
remained unaffected. 

Sham-operated animals generally took one day more to 
reach the acquisition criterion on the pole jump avoidance 
training than did rats bearing fornix transection (5 vs 6 days) 
(see Tables 2 and 3). 

DG-LVP has a long lasting inhibitory action on extinction 
of the CAR not only in sham-operated animals but also in 
rats with fornix transections. A single injection of the peptide 
immediately after the last acquisition session resulted in a 
dose dependent. long lasting inhibition of extinction of the 
avoidance response, as compared with saline treated animals 
(Table 2). In contrast the inhibitory action of ACTH 4-10 on 
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TABLE 1 

RESPONSIVENESS OF RATS WITH FORNIX TRANSECTIONS AND OF SHAM-OPERATED RATS TO EFS. RESULTS ARE 
EXPRESSED AS PERCENTAGES (MEAN + SEM) OF CATEGORIES OF MOTOR RESPONSES AND AS FREQUENCY OF 

VOCALIZATION DURING A SINGLE SESSION OF 20 EFS PRESENTATIONS. 

No Response Flinch Jeek/Run/Jump Vocalization 

Fornix transection (N = 10) 8.5 * 2.9* 17.5 ?- 2.4* 74.0 t 3.1t 8.6 r 1.2 

Sham-operation (N = 10) 21.5 + 2.5 28.5 + 2.5 50.0 t 3.9 9.3 * 1.8 

*O.Ol<p<O.O2 (Fornix transection vs sham-operation) tp<O.OOl (Fornix transection vs sham-operation) 

TABLE 2 

EFFECT OF DESGLYCINAMIDE-LYSINE-VASOPRESSIN (DG-LVP) ON EXTINCTION OF A POLE-JUMP AVOIDANCE 
IN RATS WITH FORNIX TRANSECTION AND IN SHAM-OPERATED RATS AS EXPRESSED IN NUMBER 

(f SEM)/SESSION 

RESPONSE 
OF CAR’S 

Acquisition Extinction 

Fornix Transections 

Day I II III IV v -1 VIII 

Placebo (N = 7) 0.7 6.6 7.7 8.5 8.4 5.7Y1.31) 3.3::.1t 2.0 + 0.7 

3 c(g DG-LVP (N = 6) 2.3 3.3 6.7 7.4 7.7 6.0 f 1.3 5.0 + 1.2t 4.5 f 0.8* 

9 DG-LVP c(g (N = 5) 1.4 3.6 5.4 7.0 9.0 8.4 ? 1.0 8.0 * l.Ot 7.4 ?r 0.9$ 

Sham Transections 

Day I II III IV v VI L VII VIII IX 

Placebo (N = 11) 0.7 4.1 3.7 7.0 7.4 7.6 2.1 + 0.6 1.4 * 0.7? 0.4 f 0.2 

3 pg DG-LVP (N = 9) 0.1 3.2 4.5 6.5 8.0 7.5 6.2 ? 0.7t 5.0 + 0.71 4.7 f 0.9t 

J- injection *0.02<p<O.O5 $p<O.Ol (vs placebo) 

TABLE 3 

THE EFFECT OF ACTH4_10 ON EXTINCTION OF A POLE JUMP AVOIDANCE RESPONSE IN RATS WITH FORNIX 
TRANSECTION AND IN SHAM-OPERATED RATS AS EXPRESSED IN NUMBER OF CAR’S (’ SEM)/SESSION 

Acquisition Extinction 

Fornix Transections 

Day I II III IV v 1 VI -1 VII 

Placebo (N = 10) 0.9 4.1 6.7 7.4 8.8 6.2 * l?) 4.0 * 1.2 

3 ACTH4_lo c(g (N = 10) 0.0 3.8 6.0 7.4 8.1 6.8 f 0.7 4.5 * 1.4 

9 ACTHq-10 c(g (N = 10) 0.5 4.3 5.5 6.2 8.2 6.7 ? 1.0 4.6 f 1.3 

Sham Transections 

Day I II III IV v VI 4 VII 1 VIII 

Placebo (N = 11) 1.5 3.0 4.1 5.3 6.6 8.4 6.6 f 1.0 3.2 f 0.9 

3 ACTH4.-1~ fig (N = 9) 1.4 3.4 5.4 6.2 6.8 8.3 8.6 * 0.4 6.6 ? 0.8* 

& injection *0.01y7<0.02 a 

extinction of conditioned avoidance behavior is completely 

blocked by the fomix transection. Whereas 3 pg ACTH 4-10 
induced inhibition of extinction of the CAR after daily injec- 
tion during extinction, this peptide was ineffective in this 
respect in rats with fomix transections, even in a high dose 
of 9 pg (Table 3). 

DISCUSSION 

The cuts destroy connections between the limbic system 
and the hypothalamus (see Fig. 1). In particular the 
fomix-of which the pre-commissural component projects to 
the septum and the area preoptica and the postcommissural 
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component to the corpora mammillaria [ 17, 19, 20]-and the 
tractus co~icohypothalamicus which projects to the NN. ar- 
cuatis and pe~ventricularis [13,17] are inte~pted com- 
pletely. Additionally the stria terminalis, originating in the 
amygdala, is transected. The stria terminalis runs both pre- 
and postcommissurally: the precommissural component 
projects to the NN. ventromedialis of the basal hypothala- 
mus, and the postcommissural component projects to the 
area preoptica. 

Rats normally show a decrease in exploration during sub- 
sequent sessions in an open field, indicating that a certain 
rate of adaptation occurs. The higher activity of the fornix 
transected animals as presently observed on Day 3 may 
therefore point to a lower degree of adaptive behavior. These 
open field data are consistent with the lower level of freezing 
responses, the increased spontaneous motor activity and de- 
crease in time spent in total sleep others have found to follow 
fornicotomy [ 1, 14, 401. 

The observation that the difference in reactions to EFS. 
between rats with fornicotomy and sham-operated animals is 
not associated with a difference in vocalization suggests that 
one is dealing with a difference in motor responsiveness 
rather than in sensitivity to EFS. This difference in respon- 
siveness to EFS may at least partly underly the difference in 
acquisition of the CAR between the rats with fomix transec- 
tion and sham-operated animals since the acquired response 
is an avoidance of shock. 

The limbic system is known to be involved in behavior 
which is driven by emotional conditions and several behav- 
ioral changes have been shown to follow dis~ption of the 
system, in particular by fomicotomy [15,22]. Although for- 
nix lesions appeared to improve shuttle box avoidance learn- 
ing [61 and rats with limbic-fornix lesions showed facilitation 
to the acquisition of a CAR in other situations with motiva- 
tional cues [ 11 fornicotomy has been shown to produce defi- 
cits in the reversal of position habits [12] and to retard learn- 
ing probably by producing shifts in behavioral control from 
motivational states to external stimuli [S, 6, 1 l]. Since it has 
been argued that ACTH peptides improve attention or affect 
retrieval processes by increasing the motivational value of 
environmental stimuli and so increase the probability that 
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stimulus specific responses occur, the present data may be 
consistent with these suggestions. On the other hand it has 
been demonstrated that fomix lesions impaired spatial learn- 
ing and the primary behavior deficit of fornicotomy may be 
an impairment in the ability to discriminate spatially [Sl. 
Since these transections disrupt the major extrinsic connec- 
tions of the hippocampus it has been suggested that in spa- 
tially organized behaviors the hippocampus plays an impor- 
tant role [ 181. This suggestion has also been made by Black 
c’f trf. [21 saying that the hippo~ampus is primarily involved in 
information processes on places and less in behavior in 
which cue strategies are employed. 

Complete fornix transection would transect all hip- 
pocampal efferents and eliminate direct septal input to the 
hippocampus. Nevertheless we have found that both the 
dorsal hippocampus and the septal region needed to be intact 
for ACTH as well as for vasopressin to inhibit the extinction 
of a CAR 132, 35. 381. while we have now shown that an 
intact limbic system is only needed for the behavioral effects 
od ACTH and not for that of vasopressin. This difference 
may indicate that the septal region and the dorsal hippocam- 
pal complex are more or less restricted and independent 
anatomical substrates for the behavioral effect of vasopres- 
sin, whereas the limbic system itr toto is a more functional 
substrate for the effect of ACTH on behavior. 

Since ACTH 4-10 acts on processes involved in attention, 
motivation and/or retrieval [ 16. 21, 26. 301. the transection 
probably interfered with these processes. On the other hand 
vasopressin plays an important role in memory processes 
related to storage of information 131, 34, 361 and DG-LVP 
could still improve the behavioral performance of animals 
with fornix transections. Thus the present data may indicate 
that disruption of the limbic system by fornicotomy inter- 
feres not necessarily with avoidance behavior at the level of 
storage, but rather at the level of retrieval, attention or moti- 
vation. Therefore, it is suggested that the differential effects 
of fornix transection on the behavioral effects of ACTH and 
vasopressin may discriminate between the effects on proc- 
esses related to attention, motivation or retrieval and those 
on memory consolidation. 
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