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Abstract
Septum occupies a strategic position in limbic system and has been implicated in variety of behaviors. Present study 

was designed to evaluate the role of medial septum in modulation of pain and explore the role of neurotransmitters.

The present study was divided in two parts in first part the tail flick latencies were observed in rats with septal 
lesions and compared with sham operated ones. While in the second part, the effect of intraseptal injections of 
neurotransmitters and naloxone on tail flick latencies ofcannulated rats was recorded after intraseptal lesions.

It was observed that the septal lesions decrease pain threshold. The interaseptal injection of Acetylcholine (5 µg 
to 20 µg) and Naloxone (5 µg to 20 µg) increases pain threshold. While the Interaseptal injection of Noradrenaline and 
Scopolamine decreases pain threshold.

The findings of the present study suggest that septum may be involved in modulation of pain. The neurotransmitters 
like Acetylcholine, Noradrenaline and opioid peptides may have an individual or collective role to play in the observed 
pain modulation.
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Introduction
Major advances in past few decades have contributed immensely to 

the changing perceptions of how pain is integrated and modulated [1-
4]. Studies have described a linear system of pain modulation involving 
the periaqueductal gray region (PAG) through the rostral ventromedial 
medulla (RVM) and descending to the spinal cord. We also envision 
pain as a complex matrix that includes important cortical regions and 
significant elements of the limbic system as well as the midbrain [4,5].

Septum occupies a strategic position in limbic system, as it makes 
extensive connections with some parts of central nervous system, 
especially to important parts of limbic systems (e.g. hippocampus, 
cingulate, amygdale and hypothalamus). Septum has been implicated 
in variety of behaviors like aggression, sexuality and drinking [5-
7]. Recently a study by Dutta et al. indicates that the medial septal 
glutamate receptors play an important role in the modulation of 
immune responses [8]. There are significant numbers of studies 
suggesting a probable role of septal nuclei in modulation of pain [9-
18]. While the nature of neurochemical transmission involved in the 
septal nuclei which causes modulation of pain have not been explored 
previously. Therefore the present study has been undertaken to evaluate 
and confirm the role of septum in modulation of pain and the probable 
neurotransmitters involved in it. To know exactly which part of the 
septal nuclei is involved in modulation latero-medial portion was 
selected for lesioning in experimental rodents and subsequently testing 
them for pain responses. Various important neurotransmitters like 
opioid peptides, noradrenaline, acetylcholine, γ-aminobutyric acid, 
glutamate and somatostatin are involved in peripheral and spinal 
processing of pain [19-21]. The opioid system is chiefly concerned 
with the descending pathway, whether the same exists in the septal 
nuclei or there is non-opioid system involving neurotransmitters 
like acetylcholine and noradrenaline needs to be examined. Taking 
this fact into consideration in the present study we decided to focus 
on the three main modulating systems opioidinergic, cholinergic and 
adrenergic. As there are studies which suggest activation of muscarinic 
and nicotinic receptors produces analgesia in animal models of acute 
and chronic pain on one side, while on the other side the activation 
of adrenergic receptors in the dorsal horn of the spinal cord produces 
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powerful analgesia in various animal models [22-27]. Although there 
are no noradrenergic neurons in the RVM or PAG, there is evidence 
that brain stem noradrenergic neurons contribute to the PAG-RVM 
inhibition of spinal nociceptive transmission [25,27]. Implantation of 
cannulae in septal nuclei and local injection of specific opioid blocker 
like naloxone and individual neurotransmitters was done to evaluate 
the pain modulating mechanisms.

Material and Methods
Animals

70 adult male wistar rats aged between 120-150 days (weighing 
200-250 g) were used for the present studies. The surgical animals 
were housed in separate polyvinyl cages under 12 hour light and dark 
regime [light on at 600 hours and off at 1800 hours] and were fed with 
standard diet and water ad libitum. A prior permission was taken 
from the Institutional Ethics Committee of Rajarambapu College of 
Pharmacy, Kasegaon (RCPK) for use of rodents for the present research 
work. RCPK is registered under CPCSEA [Committee for the Purpose 
of Control and Supervision of Experiment on Animals]. The protocol 
of the present study was approved by the CPCSEA approved committee 
of RCPK. The experiments were performed according to the Ethical 
Guidelines of the International Association for the Study of Pain [28].

Drugs

Sodium pentobarbitone, acetylcholine, noradrenaline, scopolamine 
and naloxone were purchased from (Sigma St. Louis, U.S.A.). While 
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all the other chemicals like Potassium ferrocynide, ferric chloride, 
formalin, alcohol were purchased from Research lab Mumbai.

Stereotaxic Operative procedure for septal lesions and 
implantation of cannula

Zero adjustment of the instrument: For precise localization 
of electrodes, the stereotaxic apparatus (INCO, Ambala, India) was 
adjusted properly with an anteroposterior scale, a lateral scale and a 
vertical scale for proper placement of electrodes. The ear bars were 
adjusted equally. The electrode carrier with dummy electrode was 
placed in between the two ear bars, taking care that the electrode was in 
a straight position. The readings of anteroposterior bar and lateral scale 
were noted for zero adjustment.

Lesioning procedure: Rats were anaesthetized with sodium 
pentobarbitone 35 mg/kg body weight, intraperitoneally and then 
were administered with atropine sulphate 2.5 mg/kg to minimize any 
respiratory discomfort. The anaesthetized rats were fixed properly on 
the stereotaxic apparatus with the help of ear bars. Then ear bars were 
inserted in clips and so adjusted that their distance on either side was 
equal and the head was in a fixed position. The incision of 1.5 cm length 
was made with razor blades on the skin of the skull starting at level 
behind the eyes, the membranous fascia covering the skull was cut 
away and the skull surface was exposed, so that external landmark of 
sutures become visible. The bregma was taken as reference point and 
with the use of stereotaxic co-ordinates; the sites to be implanted was 
marked with the ink using a dummy electrode. The holes were drilled 
at the marked points through the skull. The unipolar (anodal) electrode 
(28 gauge) varnished except at the tip was lowered stereotaxically in 
predetermined sites using previously reported co-ordinates. The other 
electrode (Neutral) was fixed to the ear of the animal. By using research 
stimulator S.S. 44 (Medicare), a D.C. anodal current of 1.5 mA intensity 
was passed for 20 seconds in lesion groups in a bilateral manner. In 
the sham operated group the electrode was lowered to septal nuclei 
but no current was passed. The co-ordinates for septal nuclei were as 
follows: 0.2 mm anterior to Bregma, 0.5 mm laterally on either side 
of sagittal suture, 5 mm deep below the surface of skull bones. After 
the procedure was over, the electrodes were removed from the skull 
and skin was sutured while the operative site was cleaned with spirit. 
Antiseptic powder was applied on dermal surface of the surgery and 
intramuscularly injection of Penicillin 10,000 I.U. was given. The 
operated animals were transferred to their respective cages for recovery.

Implantation of cannulae for intraseptal injection: A single 21 
gauge guide cannula with stilet was introduced by stereotaxic technique 
into septum using following co-ordinates: 0.2 mm anterior to bregma, 
0.5 mm lateral to midline suture and 5 mm deep. One screw was fixed 
over the skull in order to anchor cannula in its appropriate place. Dental 
cement was used for fixation of cannula and screw. The operative 
animals were given a time of one week to recover from operative trauma.

Intraseptal injections of neurotransmitter: The intraseptal 
injection of neurotransmitter under study was injected by using 
Hamilton syringe and slow injector pump. The microinjection was 
carried out by inserting the guide cannula which was a 26 gauge stainless 
steel needle connected to 5 ul Hamilton syringe by a polyethylene 
syringe. The tip of the injection jutted out from that of guide cannula 
by 1 mm. The tail flick latencies of rats were studied after injection of 
neurotransmitters and naloxone in 0.9% saline.

Recording of tail flick latencies: The animals were held in a rat 
holder, with its tail protruding outside. 15 minutes adaptation period 
was allowed. 1 cm segment of the rat’s tail, 5 cm away from the tip of the 

tail was kept in the groove of the water jacket above the nichrome wire 
of Analgesiometer (Techno Mark IV). The analgesiometer was switched 
on and the timer was set to zero. The A.C. current of 3.5 ampere was 
passed through the nichrome wire by pressing the foot switch. This also 
simultaneously stated the timer.

The moment the rat flicks its tail due to pain, the foot switch was 
pressed again to stop the timer and switch off the current through the 
nichrome wire to allow further injury the rat. The reading on the timer 
in seconds was considered as the tail flick latency. There readings were 
taken at an interval 15 minutes and average mean of three readings was 
calculated. The tail flick latencies were recorded for all the experimental 
groups. A cut off time of 30 seconds was fixed to avoid damage to the 
tail of the rats.

Experimental protocol

 The operated animals were observed for 7-8 post operatively when 
the aggressive behavior or such affective response disappeared. The 
present study was divided in two parts in first part the tail flick latencies 
were observed in rats with bilateral septal lesions and compared with 
sham operated ones. While in the second part, the effect of intraseptal 
injections of neurotransmitters and naloxone on tail flick latencies was 
recorded after intraseptal lesions.

The rats were divided into seven groups of ten animals each as 
follows: group I – rats with bilateral septal lesions; group II – sham 
operated rats; group III – cannulated rats serving as control treated 
with 2 ul vehicle [0.9% saline] intraseptally; group IV – cannulated rats 
treated with Acetylcholine 5 ug intraseptally; group V – cannulated 
rats treated with Scopolamine 5 ug; group VI – cannulated rats treated 
with Noradrenaline 5 ug intraseptally; and group VII – cannulated rats 
treated with Naloxone 5 ug intraseptally.

The rational basis for selecting the equal amount of doses such as 5 
µg for all the drugs used in the present study was drawn from previous 
reports and a previous study from our lab [14].

In the groups injected with neurotransmitters intraseptally all the 
neurotransmitters (5 ug) were dissolved in 2 ul of 0.9% saline, over a 
period of 60 seconds and the needle was held in place for about another 
60 seconds after injection.

Histological studies 

At the end of the experiment septallylesioned rats were sacrificed 
by large dose of pentobarbitone given intraperitoneally. The brain was 
taken out and kept in 10% formalin for hardening and later subjected 
to histological examination to evaluate the site and extent of lesion by 
Prussian blue reaction. The septal sections were kept in 3% of potassium 
ferrocyanide solution after Prussian blue reaction at the site of lesion to 
determine extent of diffusion of neurotransmitter [29].

Statistical analysis

The mean of tail flick latencies in sham operated and 
septallylesionsed rats were calculated and students ’t’ test was applied 
to assess the level of significance in observed differences. Two way 
repeated measures Analysis of variance (ANOVA) was used to see if 
the differences observed in tail flick latencies after injection of various 
neurotransmitters in individual groups were significant or not as 
compared to the saline (vehicle) treated groups followed by Tukey’s 
multiple comparison test, to test the level of significance.
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Results
Effects on tail flick latencies in rats with bilateral septal lesions 
and sham operated ones

Animals exhibited phenotype indications of distress after the 
electrolytic lesion of the septum for first five days after the surgical 
procedure. So the tail flick latencies were recorded on the eighth day 
when the sterotyphic and phenotyphic signs were abolished. The effect 
of septal lesions on tail flick latencies in rats was studied in Group I 
septallylesioned (n=10) and Group II sham operated (n=10). The 
results of the present study show that in septallylesioned rats the tail 
flick latencies were reduced considerably as compared to sham operated 
group (P<0.01), for details see Figure 1.

Effects of intraseptal injection of naloxone

In the attempt to explore the possible role of opioidnergic system in 
septum on pain modulating reaction of the rats, Naloxone (5 µg, 10 µg 
and 20 µg) was injected intraseptally and was compared for thetail flick 
latencies with the saline group, the comparative results are depicted in 

Figure 2. In naloxone treated group the tail flick latencies increased after 
15 and 30 minutes (P<0.01). These findings are rather contradictory to 
the general belief that naloxone blocks opiate analgesia.

Effects of intraseptal injections of neurotransmitters

Toexplore the possible role of various neurotransmitters in septum 
on pain modulating reaction of the rat’s acetylcholine and noradrenaline 
were injected intraseptally and all the groups were compared for their 
tail flick latencies with the saline group, the comparative results are 
depicted in Figures 3 and 4.

In the Acetylcholine injected group it was seen that although tail 
flick latencies was increased immediately and after 5 minutes but 
they were not statistically significant. However, the tail flick latencies 
increased after 15 and 30 minutes (P<0.01) were statistically significant. 
In scopolamine injected group it was seen that the tail flick latencies 

Figure 1: Effect of bilateral septal lesions and sham operated rats on tail flick 
latencies. Data are represented as mean ± standard deviation n=10 for both the 
groups. Significant differences relative to the bilateral septal lesioned group are 
indicated as P<0.01.

Figure 2: Effects of intraseptal administration of nalaxone on heat 
hypersensitivity in septally lesioned rats. Each point represents the mean ± SEM 
of the tail flick latency (in seconds) at the indicated time points. P<0.01 denotes 
the significance levels in comparison to saline treated group (n=5).

Figure 3: Effects of intraseptal administration of Acetylcholine and Scopolamine 
on heat hypersensitivity in septally lesioned rats. Each point represents the 
mean ± SEM of the tail flick latency (in seconds) at the indicated time points. 
P<0.01 denotes the significance levels in comparison to saline treated group 
(n=5).

Figure 4: Effects of intraseptal administration of Noradrenaline on heat 
hypersensitivity in septally lesioned rats. Each point represents the mean ± SEM 
of the tail flick latency (in seconds) at the indicated time points. P<0.01 denotes 
the significance levels in comparison to saline treated group (n=5).
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decreased immediately, after 5 minutes and after 15 minutes of injection 
and was normalized after 30 minutes. In the Noradrenaline treated 
group the tail flick latencies increased after the intra septal injection but 
were not statistically significant.

Discussion
To summarize the results of the present study it was observed that 

the septal lesions decrease pain threshold. The interaseptal injection of 
acetylcholine and naloxone in septum increases pain threshold. While 
the interaseptal injection of noradrenaline and scopolamine decreases 
pain threshold.

In the present study, septallylesioned rats exhibited decreased tail 
flick latencies indicating that septum may be involved in modulation of 
pain. It was previously observed that somatosensory stimulation could 
elicit bursting activity in the septum [30-33]. Further the septal neurons 
are sensitive to pain stimulation as noted by Dutar et al., that majority 
of septohippocamal neurons in rats are activated by noxious stimuli 
[18]. Stimulation of septal region can modify the consequences of 
painful stimulations, impair conditioned emotional response learning 
and can attenuate acquisition of passive avoidance response [34]. The 
efferent, afferent and intrinsic connections of the septal nuclei have 
been analyzed in systematic studies and also by the autoradiographic 
method in rats [12,35]. The effects of the stimulation of lateral and 
medial septum with the single pulses of current were assessed on the 
neural activity evoked by a noxious tail shock as well as spontaneous 
activity in 72 cells located in periventricular nuclei, PAG, dorsal raphe 
and nucleus raphe magnus of anaesthetized rats [36]. Pronounced 
inhibitory effects of evoked activity were found primarily in dorsal 
raphe and PAG. Inhibitory effects on dorsal horn neurons responding to 
noxious stimuli have been reported by stimulation of septal areas in the 
cat [37]. Studies have demonstrated the fact that the septal nuclei have 
increased in prominence throughout the primates and have reached 
their highest degree of primate development in the human brain [38].

As the direct connections of septal nuclei with dorsal horn cells 
have not been reported, nor do the ascending pain pathways pass 
through the septum, it is difficult to explain the mechanism by which 
septal nuclei increase the pain threshold. However, indirect connection 
of septal nuclei with descending analgesic pathway may explain 
modulation of pain by the septum. The ventral part of the lateral 
septal nucleus sends fibers through medial forebrain bundle to the 
various nuclei of hypothalamus mammillary body and to the ventral 
tegmental area. Similarly the medial septal nuclei also send fibers to 
the ventral tegmental area in the midbrain and raphe nuclei [12]. The 
septal nucleus is closely connected to the most important component 
of descending analgesic system i.e. ventral tegmental area and nucleus 
raphe magnus. It is possible that the septal nuclei may be tonically 
activating descending analgesic system through these connections and 
modifies the pain reactions of the animal. The issue needs to be resolved 
by correlating unit activity from septum, ventral tegmental area and 
nucleus raphe magnus during rest and after painful stimuli.

Our study with naloxone an opioid receptor blocker has produced 
results contrary to the general belief, as it exhibited analgesic effect 
after its administration in the septal area. Previous study has shown 
that micro injection of morphine (10 µg) into unilateral septal 
nucleus had no obvious effect on the pain threshold; also the effect of 
electroacupuncture was remarkably prolonged by injecting Thyroid 
Releasing Hormone (1.5 µg) into unilateral septal nucleus [39]. If 
the endogenous opioids are involved in intrinsic mechanisms of pain 
inhibition and naloxone antagonizes all opioid like substances, then 
naloxone itself should produce a hypersensitivity to painful stimuli. 

This hyperalgesic effect has been demonstrated in humans [40] and 
animals [41] supporting the notion that naloxone antagonizes a tonic, 
opioid mediated inhibition of nociception. The intraseptal injection of 
morphine and pentazocine also had no effect on pain threshold after 
septal lesions, however our study indicates that interaseptal injection of 
naloxone produces analgesia.

Vaccarina et al., have reported naloxone induced analgesia in 
BALB/C mice with formalin test and have suggested that the effect is 
mediated via an opioid system [42]. They also proposed that naloxone 
analgesia may result from naloxone acting as an agonist or a partial 
agonist at a subpopulation of opioid receptor that are more prominent 
in the BALB/C mice. It is possible that while naloxone has affinity as an 
antagonist for receptors responsible for morphine analgesia, at higher 
doses it may behave as an agonist at another set of opioid receptors to 
produce analgesia independent of morphine’s site of action. Synergism 
between morphine and naloxone has previously been demonstrated 
in human and the partial opiate agonist buprenorphine, has also been 
reported to have similar effect when combined with naloxone [43]. 
Furthermore, microinjections of morphine have been reported to 
produce both analgesia and hyperalgesia in the rat with both effects 
being reversed by naloxone [44]. Gillman and Licthigfield have 
proposed a dual system hypothesis of pain perception to explain these 
findings. They suggest the existence of two opposing opioid systems 
[45]. One of which decreases pain and other one that enhances it. 
Vaccarina et al., have suggested that naloxone analgesia is independent 
of naloxone antagonism of morphine analgesia in formalin test and is 
dosing related [43]. Such a hypothesis provides a means for reconciling 
the present data with the role of naloxone in septum. It is possible that 
intraseptal injection of naloxone in graded doses may block kappa 
receptors in septum and potentiate action of endogenous opioids on 
mu receptors. However, elucidation of these mechanisms requires 
further experimentation.

Present study was also designed to see the possible role of some 
common neurotransmitters in septal regulation of pain perception. 
In our study intraseptal injection of acetylcholine increased the tail 
flick latencies in rats as compared to saline group. Which indicates 
that acetylcholine decreases the pain threshold. Acetylcholine is 
one of the main neurotransmitters released in the neocortex and 
hippocampus [25]. Acetylcholine in the cerebral cortex is derived 
from the basal forebrain, with the nucleus basalis innervating the 
neocortex and the medial septum and vertical limb of the diagonal 
band innervating the hippocampus and entorhinal cortex [7,25]. The 
basal forebrain cholinergic nuclei are comprised of the medial septal 
nucleus, while it is also know that cholinergic fibers from septum 
project to various areas including ventral tegmental and PAG [27]. Both 
these areas are important component of descending analgesic system. 
Thus the intraseptal injection of acetylcholine may have stimulated 
the descending analgesic system. To confirm these results we used 
cholinergic blocker scopolamine. As expected there was decrease in tail 
flick latencies after intraseptal injections of scopolamine in rats.

Nor adrenaline has a widely demonstrated role in pain modulation and 
is a main neurotransmitter in locus coeruleus, one of the major components 
of the descending pain pathways [28]. Similarly there are reports, 
describing seemingly contradictory results regarding the involvement of 
noradrenaline in morphine analgesia [28]. It is worth pointing out that both 
tramadol and tapentadol are opioids which also are potent noradrenaline 
reuptake inhibitors and are used clinically as analgesics [46,47] and a 
similar mechanism might be active in septum [48]. However, the present 
study needs further evaluation together by using specific blockers along 
with simultaneous electrophysiological studies.
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To conclude the outcomes of the present study confirm that the 
septum may be involved in modulation of pain and neurotransmitters 
like Acetylcholine, Noradrenaline and opioid peptides may have an 
individual or collective role to play in modulation of pain.
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