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Abstract

The spinal ejaculation generatisrcomprised ofumbar spinothalamic (LSt) cells and their
axonal projeetions to autonomic and motor neuiorike lumbosacral spinal cordSt cells
regulate @culatory reflexes by release of neuropeptides that aexmessed in their axons, as
previously,demonstrated for gastrin releasing peptide and enkeptalathe role of two other
neuropeptides.cexpressed in LSt celfer ejaculatory reflexes asemonstrated: galanin and
cholecystokinin (CCK)Adult male rats wee anesthetizedpinalizedand received intrathecal
infusions ofgalanin receptoantagonist Galantidgl or 10 nmol) oCCK receptorantagonist
proglumide* (71 or 714 nmolJ.hedorsal penile nerve (DPN) was electrically stimulated to
trigger ejaculatory reflexemnd seminal vesicle pressure (SVP) and rhythmic contractions of the
bulbocavernosus muscle (BCM) wenealyzdas parameters of emission and expulsion
respectively Treament with galanin or CCKrdaagonists significantly reduc&WVP increases
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and BCM bursting, demonstrating that galanin and CCK are requireghfariation Next,
anesthetized, spinalized males received intrathecal infusions of gala&im{@B nmol) o
CCK(26:33) (4.35 nmoljand effecton subthreshol®PN stimulations were determined.
Intrathecal infusiosof galaninor CCK facilitated ejaculatory reflexes induced by subthreshold
DPN stimulation in all anima)sut did not trigger ejaculatory reflexiesthe absence @PN
stimulation . Togetherthese resultdemonstrat¢hatgalanin and CCK both agt the spinal
ejaculation‘generatdo regulate ejaculatiotdowever, effects of galanin and CCK were
dependent'on"'DPN stimulation, suggesting that these neuropeptides may actrirvdtmogher
LSt coexpressed neuropeptides.

Introduction

In male mammals, ejaculation is a reftmatrolled bythe spinal ejaculation generataich

controls ejaculation through a complex coordination efdyimpathetic, parasympathetic and

motor components with sensory inputs during sexual activity (Cebkn 2004; Coolen, 2005;
Veening &Coolen, 2014; Clement & Giuliano, 201Bjaculation is dehed ashe forceful

dischargesof seminal contents from the urethral meatus and consists of two phases: emission and
expulsion (Coolert al., 2004; Coolen, 2005; Veening & Coolen, 2014; Clement & Giuliano,

2015) Emission refers to the secretion of seminal fluids from the prostate, seminal vesicles and
vas deferens"and these processes are under the control of parasympathetic preganglionic neurons
in the sacralkparasympathetic nucleus (SiaNhe uppe sacral spinal cord @nunder control of
sympathetic preganglionic neurons in the intermediolateral cell column (IML) and central
autonomic nucleusJAN) in the thoracolumbar spinal coféllard et al., 2005; Younggt al.,

2009; Giuliano,.2011). The expulsion component is characterized by rhythmic contractions of

the striated perineal muscléscluding the muscle of the bulbocavernosus (BCM), accompanied

by the forceful expulsion of semen from the urethral me@esstenbergt al., 1990; Holmest

al., 1991; Helmes & Sachs, 1991). Motweurons that control the rhythmic contrantof the

BCM are located in the spinal nucleus of the bulbocavernosus (SNB) in the lumbosacral spinal
cord in male rat§Schroder, 1980; McKenna & Nadelhaft, 1988)e £nsory inputs to the

spinal ejaculation genatorare primarily relayed via the dorsal penile nerve (DRN)
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stimulation of the DPN triggers ejaculatory reflexes (Staudk, 2010; 2011; Stauct al.,
2012). The pivotal component of the spinal ejaculation generator is composed of a population of
interneurons referred to asmbar spinothalamic (LSt) celland located in lamina 10 and the
medial portion of lamina 7 of lumbar segments 3 afid344). LSt cells are essential for
ejaculationas.L.St celspecific lesions ablate ejaculatory reflexes and behévraitt & Coolen,
2002; Staudet al., 2012).It is hypothesized that LSt cells transform sensory signals associated
with the"summation of coitus and conveyed by the DRtg, motorand secretory outputs to
trigger emission and expulsi@mruitt et al., 2003; Staudét al., 2010; 2011)LSt cells co
express several neuropigies including gastrin releasing peptide (GRP), enkephalin, galanin and
cholecystokiny(CCK) (Nicholaset al., 1999; Cooleret al., 2003; Kozyrewet al., 2012).
Thereforewe hypothesizéhat these neuropeptides are released from LSt cell axon terminals
onto preganglionic sympathetic (IML and CAN), parasympathetic (SPN) and motoj (SNB
neurons to modulate ejaculatory reflexes. Indeed, our laboratory has recentlydraverdieal
role for GRP _and enkephahmthin the spinakjaculationgeneratoin male ratgKozyrevet al.,
2012; Kozyrewi& Coolen, 2015)t was discovered thattimthecal infusionsf the GRP
antagonist'RG@G095, muopioid receptor antagonists CTQ&nd delta opioid receptdtPP,
severelydisrupted ejaculatory reflexesnesthetized and spinalized male (&iszyrevet al.,
2012; Kozyrév & Coolen, 2015). Conversely, intrathecal infusion oGRE agonist GR®* or
mu opioid receptoagonist DAMGO tiggered ejaculatory reflexes male rats. In addition,
intrathecal.infusion of GR*°> DAMGO, or delta receptor agonist deltorphin ficilitated
ejaculatorysreflexes following subthreshold levels of DPN stimulatisufficient totrigger
ejaculatorysreflexes in control animdlsozyrevet al., 2012; Kozyrev & Coolen, 2015).
However, theoles of galanin andCKK for ejaculation areurrently unknown, even though LSt
cells were_first described based on the expression of these neurop@ptiites Coolen, 2002;
Coolenet al.,.2003).

The purpose of the current study was to test the hypothesis that galanin and CCK
neuropeptidegeleased by LSaxon terminals onto their target regions, @rgcal for triggering
the emission and expulsion components of ejaculafiba.current study aimed to investigate the
individual contributions of galanin ar@CK receptor activation in the control of emission and
expulsion reflexes inducda electrical stimulation of the DPN in anesthetized and spinalized

male rats.
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Materialsand M ethods

Animals

For these experiments, adult male Sprague Dawley rat2@2§rams) were obtained from
Charles River (Wilmington, MA, USA) and housed in pairs in standard housing cages on a
reverse“lzhourlight/dark cycle with lights off at 9 a.m. Food and water were availdble a
libitum. AlFfprocedures were approved by the University Committee on Use and Gamaratls
at the University of Michigan and conformed to the guidelines outlined by the Natiotiaitéss
of Health.

Surgical Procedures

Procedures were identical to our previously described studies (8talil2010; 2011; Kozyrev

et al., 2012; Staudét al., 2012; Kozyrev & Coolen, 2015; Kozyreval., 2016) Sexually naive
adult malesratsiwere deeply anesthetized with urethane (1.5 g/kg, i.p.), a lamyneets
performed-between the sixth and the eighth thoracic spinal segments and etetrapsaction

of the spinal cord was performed at the same spinal level. Next, the bulbocavernosus muscle
(BCM) andrthe dorsal penile nerve (DPN) were surgically exposed and the surrounding
connective tissue was removed. Subsequently, silver recording electrodes, attdlobed t
PowerLab/7SP Data Acquisition System (AD Instruments, Inc., Colorado SpringslSZQ)

were inserted-hilaterally into the BCM and a ground electrode wasdpiiaio the muscle of the
right thigh“inspreparation for electromyographic (EMG) recordings. Addition&iéyright

seminal vesicle was exposed by coeliotomy for the purpose of measuring and recoriiivag s
vesiclepressurdSVP), a marker of the emission component of ejaculgitiamentet al., 2008
Kozyrevetal.,.2012; Kozyrev & Coolen, 2015; Kozyreval., 2016).SVPwas measured with a
pressure cathet (AD Instruments Inc., model number: SBRL(1.4 F, Single, Straight, 15 cm,
NY) attachedo a catheter interface cable (AD Instruments Inc., model numbetOEg@nd
connectedto.a Bridge AMP (AD Instruments Inc.). The pressure catheter was carefully inserted
into the lumen of the seminal vesicle and secured in place prior to recording.draticepfor
stimulation of the DPN, a bipolar stimulating electrode connected to the @i29eSPulse
Stimulator (Grass Technologies, West Warwick, RI, USA) p@stioned directly above the
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DPN. Initial stimulation of the DPN was performed immediately after spinal cord transection in
order to verify that the spinal cord transection is complete, as evidenced by rhiythstiocg of
the BCM and simultaneous SVP ieases. Initial electrical stimulation of the DPN comprised
square wave pulses of 1 ms duration, 4 V at 60 Hz for 10 seconds. These established DPN
stimulation. parameters reliably trigger rhythmic bursting of the BCM, corresponding to the
expulsion phase of ejaculation, in all salineated control animalStaudtet al., 2010; 2011;
Kozyrevetal:;2012; Staudét al., 2012; Kozyrev & Coolen, 2015; Kozyreval., 2016). In
addition, spinal‘cords were removed after completion of akxiperiments anthe complete
separatiomf the spinal cord at mid thoracic levels was confirmed anatomically.
Pharmacological experiments began two hours after spinal cord transection ito @it the
acute effects of spinal cord transection to subgdaudtet al., 2010) Next, a small incision was
made in the dura mater at the site of the laminectomy and a polyethylene cathet&d@@asy
PE-10, Parsippany, NJ, USA) was carefully inserted into the subarachnoid spatiecuopién
end reached thé*3umbar4™ lumbar (L3L4) spinal segments.

Experimental Designs

General Design

Each animal received two “Testifdgials”, which consisted of a first trial durirvghich all

animals received intithecal infusions of saline and recording of BCM EMG and SVP, followed
by stimulatons of the DPN and recording of BCM EMG and SVP. In a subsequent second trial,
all animalssreceived intrathecal infusions of galanin or CCK antagonists osesgand

recording oBCM EMG and SVP, followed by stimulations of the DPN and rexgpod BCM

EMG and SVPThus, this first testing trail served as a control trail (Trial 1; saline trial and the
second trial thus served as the experimental trial (Trial 2; drug @af)previous publications
have demonstrated that saline infusionsepeated DPN stimulations do not affect parameters of
ejaculatory.refleXKozyrevet al., 2012; Kozyrev & Coolen, 2015; Kozyreval., 2016)

I ntrathecalinfusions of Galanin or Cholecystokinin antagonists
In Trial 1 (saline trial) 10 pL of saline was infused each animathrough the polyethylene
catheter to baththe entire lumbosacral spinadlrd and BCM EMG activity was recorded for 25

minutes. Following the saline infusion, the DPN was stimulated at 30 Hz and 60 Hz in a
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counterbalanced order, withrbinute rest priods betweestimulations These stimulation
parameters reliably trigger ejaatbry reflexes in control male rats (Stagdl., 2010; 2011;
Kozyrevet al., 2012; Staudét al., 2012; Kozyrev & Coolen, 2015; Kozyreval., 2016).After

each DPN stimulatioBCM EMG and SVRwvere recorded foa period of 90 seconds,
corresponding.to the duration of a representative ejaculatory reflex triggerdeNogtnulation

in male ratgStaudtet al., 2010; 2011; Kozyrewet al., 2012; Staudét al., 2012; Kozyrev &
Coolen;2015;Kozyreet al., 2016) The entire procedure was repeated one hour later in the
same animals;"which now receivedig treatment (Trial;2rug tria), consisting okithera 10

pL infusionof the galanin antagonist galantide or élecystokinin (CCK) antagonist
proglumideinstetal, threeantagonisexperiments were conductedthreeseparate groups of
animals Tordeterminghe effects of galantide, in a first experimemtales receivedne of two
doses of galantide (1 nmol, N = 7; 10 nmol, N = 8; [Phoenix Pharmaceuticals Inc. USA,
Burlingame, CA, USA])and the effects on BCM EMG, but not SVP, were recorded for 25
minutes. Ina second experimergffects of one dose of galantide (10 nmol N=6) was determined
for both BEMFEMG and SVP. Ithe thirdexperiment, animals receivede of two doses of the
CCK antagonist proglumide (71 nmol, N = 6; 714 nmol, N = 6 [Sigma-Aldrich Corp. St. Louis,
MO, USA})..BCM EMG and SVP were reated for 25 minutes after drug infusion. At 25
minutes_ after antagonist infusicime DPNwas stimulateét 30 Hz and 60 Hz in a
counterbalanced orderith 5 minutes between stimulatigresmd concurrent recordings of 90
seconds faBCM EMG and SVRafter eah of the DPN stimulations (il 2; drug trial).

I ntrathecalinfusions of galanin or cholecystokinin

Male rats/were anesthetized, spinalized, and prepared as describedrabasmilar
experimental design was uséd Trial 1 (salinetrial), all mak rats received 10 pL intrathecal
infusions 0f 0.9 salineand BCM EMG and SVP were recorded for 10 minutes after infusion.
Next, the DPN.was stimulated at 5 HZ, 10 HZ, 30 HZ and 60 HZ in a randomized and
counterbalanced ordenth 5 minute intervals betvea stimulations and BCM EMG and SVP
were recorded. foa 90-second duration followirgachstimulation (Trial 1, saline trigl The 5

and 10 Hz stimulation frequencies do not normally trigger ejaculatory reflexestinlaoale

rats and arsubthresholdtsnulations.Therefore, the use of these stimulatiatisws forthe
detection of facilitatory effects dfiereceptor agonistozyrevet al., 2012; Kozyrev &
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Coolen, 2015). One hour following the final DPN stimulation, the procedure was repeated in the
same animals, which now received 10 pL intrathecal infgsadgalanin or cholecystokinin

(Trial 2; drug trial). In total, three separate experiments were conducted. The effects of galanin
were tested in two separate experimentshénfirst experimentats receivedne of two doses

of galanin (0:15 nmol, N = 6 or 0.3 nmol, N = 7 (Bachem Americas, Inc. Torrance, CA, USA)]
and BCM EMG but not SVP, was recordel the second expement rats received galanin (0.3
nmol, N*'="7)and both BCM EMG and SVP recordings were conducted. In the third experiment,
rats recaiedcholecystokim [CCK (26-33) (sulfated), 4.35 nmol; N = 8] (Phoenix
Pharmaceuticals Inc. USA, Burlingame, CA, USANd BCM EMG and SVP were recorded for

10 minutes:after infusion. Next, 10 mins after agonist infusions, the DPN wasaséichat 5, 10,

30, and 60*Hzin a counterbalanced order and BCM EMG and SVP were recorded for 90

seconds after each DPN stimulation

Analysis of BCM EMG and SVP

General Criteria

Analyses were‘performed as describedun previous studies (Stauettal., 2010; 2011,
Kozyrevetal., 2012; Staudét al., 2012; Kozyrev & Coolen, 2015; Kozyreval., 2016).
Analysis.efBCM EMG and SV recordings spanned 25 minutes or 10 minutes after infusion of
the antagonist or agonist, respectively, and 90 seconds after every DPN stimulation. The
numbers of BCM events, bursts, and SVP increases were anabingd_abChart 7.35 (AD
Instruments®ing.as in our previous publicatiofsStaudtet al., 2010; 2011; Kozyreet al.,

2012; Staudeétal., 2012; Kozyrewt al., 2012; Kozyrev & Coolen, 2015). Additionallgriteria

for BCM events, bursts, and S\iitreases were set as in our previous paamnts wee

defined as any increasbave baseline activity; bursts were defined by grouping of 10 or more
consecutivevents without return to baseline ween events, and SVP increaseseefined as

an incease.abaove baseliri@ata for all animals were includedtime analyses.

Statistical Analyses Antagonist studies

Theeffects of antagonist treatments on the numbers of events, bursts and SVP increases
were compared within animals (betweeal 1 andtrial 2 within the same grougf animals for
each of the drug doseand betweetreatmengroups (betweedifferent doses within trial 1 and
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again within trial 2)for the 30 and 60 Hz stimulations separately. None of the animals
demonstrated any response to antagonist infusions, hence data warthao&nalyzedor this
infusion period. For these analysaswo-way repeatedANOVA was usedfactors:Testing
Trial and Drug doseyith Holm-Sidakpairwise comparisons f@ost hoc testslests for normal
distribution.and equal variance were conducted for all data and a 95% confideneekevel
utilized for.all tests.

Statistical Analyses Agonist studies

Theeffects of agonisnfusions on the numbers of events, bursts and SVP increases w
compared.within animals (betweseral 1 and trial 2, within the same group of animals for each
of the drug'doses) and between treatment groups (between different doses withiartdal
again within trial 2) separately for each stimulation settihgfusion, 5 Hz, 10 Hz, 30 Hz, and 60
Hz). For these analysesiao-way repeatedNOVA was used (factorSirial and DPN
stimulation)and Holm-Sidak pairwise comparisons for post hoc tests. In additiosff¢iots of
30 Hz and60Hz stimubtion frequencies on the numberBd&M eventspursts and SVP
increasesverescompared to responses during infusion using StudeststTests for normal
distribution.and equal variance were conducted for all data and a 95% confideneekevel
utilized for-all tests.

Results

Galantide Suppressed BCM Activity

In the first experimentihe effects of two dosages of the galanin antagonist galantide on BCM
events and bursts were determined (Figure l3la@@ide significantly suppressed DPN
stimulationinduced ejaculatory reflexes at both 30 and 60 Hz stimulation frequencies as
evidenced.in.the reduced numbers of BCM events, and bursts.

BCM EventsiyThere were main effects of testing trgdail 1 versudrial 2) on the numbers of
BCM events for both 30 Hz (E, 13 = 50.905;P < 0.001) and 60 Hz stimulation frequencies
(F(1, 13) = 30.213P < 0.001; Figure 1A, ). Post hoc analyses revealed that animals treated
with either dose of galantide during tria(drug trial) had significantly decreased BCM events in
response to 30 and 60 Hz DPN stimulations compar&tatd (saline trial;30 Hz:P = 0.003 (1
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nmol); P < 0.001 (10 nmol); 60 HZ? = 0.008 (1 nmol)P <0.001 (10 nmol); Figure 1A, C, D).

In addition, animals treated with the higher dose of galantide during trial 2aybsbl
significantly fewer BCM events in response to 60 BRN stimulation frequency compared to
saline treatment in trial ¢saline trial;P = 0.022 [10 nmol]; Figure 1A, C, D). Nenof these
effects were.attributable to pexisting group differences, astimal 1 when all animals received
saline, there were no significant differences in the numbers of BCM events in response to either
30 or 60'HZ'DPN stimulations between groups (Figure 1A).

BCM Bursts©“The effects of galantide on BCM bursts paralleled the effects on BCM events
(Figure 1B, GD). There were main effects of testing trflal 1 versus trial 2pn the numbers

of BCM bursts«for both 30 Hz (F(1, 13) = 100.2P3 0.001) and 60 Hz (F(1, 13 218.400P

< 0.001) stimulation frequencies (Figure 1B). Specifically, male raasettewith either dose of
galantide during trial 2 (drug trial) demonstrated significantly fewer BCM bursts compared to
trial 1 (saline trialY30 Hz:P < 0.001 [1 nmol]P < 0.001 [10 nmol]; 60 HZ? < 0.001 [1 nmol];

P < 0.001{10 nmol]; Figure 1B, C, D). In addition, there were significant interactions dsetwe
factors of testing trial and drug dosage on the number of BCM bursts for both(8Q1H43 =
4.916;P =70.045) and 60 Hz (F(11.3) = 6.067;P = 0.029) stimulation frequencies. Post hoc
analyses‘demonstrated that male rats treated with the higher dose of galantidgidugridrug

trial) had.significantly fewer BCM bursts in resporigeés0 Hz DPN stimulation frequendrial

2: P = 0.041 [10 nmol]) compared to trial $aline trial;Figure 1B, C, D). There were no
significant differences in the numbers of BCM bursts after 30Hz or 60 Hz DPN stimulation
within trial A*(salinetrial), indicating that differences in trial 2 (drug trial) were due to tfecef

of galantidex(Figure 1B

Galantide Suppressed Seminal Vesicle Pressure and BCM Activity

The effects of galantide on SVP increases, a marker of the emission component of ajaculatio
was tested. in_gecond experiment, usingsaparate group of animals in which BCM EMG and
SVP were recorded simultaneously following intrathecal infusion of theehise of galantide

(10 nmol)(Ne=.6, Figure 2). Thattenuatingeffectsof galantideon BCM events and bursts were
replicated angaralleled by significant decreasestlire numbers of SVP increaséBigure 2)

There were main effects of testing tr{fdial 1 versus trial 2pn the numbers of BCM events
(F(1, 5 = 30.227;P = 0.003 datanot shown, BCM bursts (F(15) = 53.382;P < 0.001) and
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SVP increases (F(5) = 110.401;P < 0.001). Post hoc analyses revealed that male rats treated
with galantide in trial Adrug trial) showed significantly fewer numbers of BCM events, bursts
and SVPincreaseghan in trial 1 (saline trial)for both 30 Hz (eventsP = 0.004 (data not
shown) bursts:P < 0.001 (Figure 2A)SVP: P < 0.001; Figure 2B) and 60 Hz (evenB=

0.001 (data.net shown)bursts:P < 0.001(Figure 2A, €D); SVP:P < 0.001; Figure2B, C-D)
stimulation, frequencieg€ven though the attenuating effects of galantigee replicated in this
second“experiment, the 10 nmol dosage in experiment 2 did not completely suppress all BCM
activity in"all"animals, as in the first experiment. I thecond experiment;8Bof 6 animals
showed 12 bursts during the 90 second recording period after DPN stimulations, whereas in t
first experiment, none of the animals showed a single burst. There were nendirin
methodology between experimenkat explain this slight difference in results. Moreover, the
suppression by:galantide in the second experiment was severe, as all of the animals -ditowed 5
BCM busts after DPN stimulations during the first trial in which they received sabwerall,

these results _confirm that intrathecal galantide suppresses both the emission and expulsion
componentspof ejaculation, indicating that activation of galanin receptors ilurttmsacral

spinal cordrisrequired for ejaculatory reflexes in male rats.

Proglumide'Suppressed Ejaculatory Reflexes

The CCK antagonist proglumide doskependently disrupted DPN stimulatiorduced
ejaculatory. reflexes in response to 30 and 60 Hz stimulation frequencies as reflected in the
reduced numbers of BCM events, bursts, and SVP incragese 3).

BCM Eventsi=Fhere were main effects of testing trial (trial 1 versus trialoB)the numbers of

BCM eventqgFigure 3A, DE) for both 30 Hz (F(110) = 23.289;P < 0.001) and 60 Hz (F(1,0)
=5.446;P = 0.042) stimulation frequencies. Post hoc analyses revealed that angaidd with

the higher (7214, nmol) but not the lower (71 nmol) dose of proglumide durin@ (daug trial)

had significantly decreased BCM events in response to 30 and 60 Hz DPN stimulationecompa
to trial 1 (saline trial)(30 Hz:P < 0.001 (714 nmol); 60 H2Z = 0.020(714 nmol); Figure 3A, D-

E)). There'was also a main effect of drug dosage on the numbers of BCM events following 60
Hz DPN stimulation (F(110) = 5.025;P = 0.049) and a significant interaction between factors

of drug dosage and testing trial on the numbers of BCM events following 30 Hz DPN sbtmulati
(F(1, 10 = 9.846;P = 0.011). Post hoc analyses revealed that male rats treated with the higher
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dose of proglumide during trial 2 (drug trial) displayed significantly fewer BGMn&s
following 30 Hz P = 0.015) and 60 Hz DPN stimulation frequencies=(0.018) compared to
animals that received the lower dose of proglunddeng trial 2 Figure 3A. There were no
significant. differences in the numbers of BCM events in response to 30 &tz6DPN
stimulation._frequencies between the groups during triadaling trial), indicating that group
differences,were due to the effects of different doses of progluiFigiere 3A).

BCM Bursts:“Similarly, there were main effects of testing tridial 1 versus trial 2pn the
numbers of' BCM bursts fahe 60 Hz stimulation frequencfF(1, 10) = 6.680P = 0.027) but

this did not reach statistical significance tbhe 30 Hz DPN stimulationPost hoc analyses
revealed thatrmale rats that received infusions of the higher dose (714 nmodghinpde
during trial*2 (drug trial) displayed significantly fewer BCM bursts thatrial 1 (saline trial)
following the60:Hz @ = 0.014; Figure 3B, HE) DPN stimulation frequency. Furthermotiegre

was a main effect for drug dosage floe 30 Hz DPN stimulation frequency (F(1, 10) = 8.0B7,

= 0.018) andmale rats treated with the higher dose (714 nmolproiglumide showed a
significantsreduction in the numbers of BCM bur@®s= 0.003)compared to male rats treated
with the lower-dose of proglumide (71 nmol; Figure 3B). There were no significantedifks
between“the_groups in the numbers of BCM bursts following 30 or 60 Hz DPN stimulations
during tial-1"(salinetrial; Figure 3B).

SVP Increases: In addition, intrathecal infusions of proglumide dapendently suppressed
SVP increases. There were main effects of testing(trial 1 versus trial 2pn the numbers of
SVP increases,following 30 HE(1,10) = 10.565;P = 0.009) and 60 Hz (F(1,0) = 6.288;P =
0.031) stimulation frequencies. Post hoc analyses demonstrated that the higher dose (714 nmol)
of proglumide significantly reduced numbers of SVP increasegpared to trial 1 (saline trial)
following 30 Hz @ = 0.012; 714 nmol; Figure 3C) and 60 HZ=< 0.014; 714 nmol; Figure 3C
D-E) stimulation frequencies-urthermore, there was a maifect of dosage during trial 2 (drug
trial) whereby animals receiving the higher dose of proglumide (714 nmol) displayed
significantlysfewer SVP increaseompared to the lower dosaga, response to 30 HZA(=
0.039; Figure,3C) and 60 HP € 0.021; Figure 3C, ) stimulation frequencies. Finally, there

were no differences between groups during trigalifetrial; Figure 3C).

Galanin Facilitated BCM Events, Bursts and SVPs
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In the first experiment, effects of two dosages of galanin on BCM events ard e
determined (Figure 4First, in trial 1(saline trial) it was confirmed thagaline infusion, or DPN
stimulation at subthreshold stimulation frequenc£S and 10 Hz did not trigger BCM activity
(Figure 4A, B, C) It was further confirmed th&0 and 60 Hz DPN stimulation did trigger BCM
events and.burgEigure 4A, B, C; BCM events and bursts: p<0.0001 for both groups, for 30 and
60 Hz stimulation frequencies, compared to saline infusiBarond, in trial 2, galanin was
shown to facilitate ejaculatory reflexes.

BCM Eventsi*There were main effects of testing tr{adial 1 verss trial 2)on the numbers of
BCM events for Infusion: (F(111) = 17.937;P = 0.001); 5 Hz: (F(111) = 17.853;P = 0.001

and 10 Hzi(F(1,14) = 54.000;P < 0.001) stimulation frequencies. Post hoc tests demonstrated
that infusions rof the lower dose of galanin, in the absence of DPN stimulaioeasedhe
number of BCM events (0.15 nm8! = 0.003; 0.3 nmol; P=0.051uring trial 2 (drug trial)
compared tdrial 1 (salinetrial; Figure 4A). Moreover, galanin facilitated BCM events asiap
threshold "DPN stimulation amale rats treated with either dose of galanin demonstrated
significantlysgreater numbers of BCM events following 10 Hz (0.15 nme&!:0.001; 0.3 nmol:

P < 0.001;"Figure 4A) DPN stimulation. There was an effect of dosage for the 5 Hz stmulat
frequencysduring trial 2 (drug trial). Specifically, animals treated with the higher dose of galanin
demonstrated significantly greater numbers of BEXents following 5 Hz DPN stimulation
compared to animals treated with the lower dose of galanin (0.3 Brmd.014; Figure 4A).

BCM Bursts. The effects of galanin on BCM bursts were similar to the effects on BCM events
However, (galanin infusions imhé¢ absence of DPN stimulation did not cause a significant
increase insnumbers of BCM bursesren though it did increase BCM events. That is explained
by the low portion of males that responded to galavith at least lor morecomplete BCM
bursts only 1 rat responded in the high dose grotfence,the effect of galanin infusionsn
ejaculatory. reflexesvithout further DPN stimulatiomppeardo be minor. In contrast, galanin
had astrongereffect on facilitatingBCM bursts induced by subthreshold DPN stimulation. There
were main.effects of testing trial on the numberBGM bursts for 5 H{F(1, 19 = 31.406;P <
0.00) and"10,HZ(F(1, 19 = 30.305;P < 0.001) stimulation frequencies. There were also main
effects of drug dosage for 5 Hz (F(1) = 17.453;P = 0.002; 10 Hz: (F(111) = 16.183;P =
0.002) and 60 Hz (F(111) = 9.739; P = 0.010) stimulabn frequenciesand significant
interactions between the factors for 5 Hz (F(1) = 17.453;P = 0.002) 10 Hz(F(1, 1) =
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16.183;P = 0.003 and 30 Hz (F(210) = 6.119; P = 0.0183timulation frequencies. Post hoc
tests revealed that the higher dose (0.3 nmol) of galanin during trial 2 (drugigmaficantly
increasedhe numbes of BCM bursts following 5 HzF < 0.001), 10 Hz (P < 0.001), 30 KR <
0.001), and 60 Hz (P=0.049) stimulation frequencies compared to tsalidefrial) (Figure 4B,

C, D). Male.rats treated with the higher dose of galanin in trial 2 (drug trial: 0.3 nmol) had
significantly mere BCM burstsompared to the lower dosé galanin(0.15 nmol)within trial 2

(drug triali5"Hz: P < 0.001; 10 HzP < 0.001; 30 HzP = 0.004; and 60 HZ? = 0.006; Figure

4B).

Effects of galanin (0.3 nmol)noSVP increases were tested ise@ond experiment, inseparate
group of malerrats witBimultaneousecordings of SVP and BCM EM(@igure 5) Theresults
confirmed the findings of the first galanin experiment described above and furthermossl show
that nfusions_of galanin (0.3 nmol) facilitated both the emois and expulsion components of
ejaculation,as evidenced in the increased numbers of BCM events, bursts and SVP increases
following subthreshold levels {0 Hz) of DPN stimulation. First, there were main effects of
stimulation*frequency on the numbersBEM events data not shown; F (£4) = 36.451,P <
0.001), bursts (Figure 5A,-D; F(4, 24 = 37.889;P < 0.001) and SVP increases (Figure 5B, C
D; F(4, 24="18.603;P < 0.001). In salindreated males, in trial 1 (saline trial), only 30 and 60
Hz DPN dimulation frequencies increased BCM events, bursts, and SVP increases as expected
(all P < 0.001 compared to saline infusion) (Figure 5A, B). There were also significant
interactions*between main factors of testing trial and stimulation freguem¢he numbers of
BCM events«(F (424) = 11.633;P < 0.001), bursts (F(424) = 10.774;P < 0.001) and SVP
increases (F(£4) = 8.779P < 0.001).

Post hoc, analyses demonstrated that male rats treated with galanin in(driady Zrial)
had significantly grear numbers of BCM even{slata not shown), bursts and S¥fiereases
following 5. Hz (eventsP < 0.001; burstsP < 0.001; Figure 5A, C, D; SV < 0.001; Figure
5B, C, D).and 10 Hz (eventB.= 0.008; burstsP = 0.003; Figure 5A; SVPP = 0.003; Figure
5B) DPN stimulation frequencies compared to trigdline trial). Overall, these results indicate
that intrathecal galanin facilitates but does not trigger the emissiorxpal$ien components of
ejaculation. However, contrary to the figalanin experiment where it was found that intrathecal
galanin facilitated numbers of BCM events and bursts not only in response to subth¢®difol
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Hz) but also following threshold (380 Hz) levels of DPN stimulation, in this second
experiment, thréwld levels of DPN stimulation (60 Hz) significantly decreased the numbers of
BCM bursts and SVP increases following galanin infusions in trial 2 (bists0.041; Figure

5A; SVP:P = 0.036; Figure 5B).

Cholecystokinin{CCK) Facilitated BCM Events, Bursts and SVPs

In the final'study, it was demonstrated tR&iK (CCK 26-33) facilitated both the emission and
expulsion*components of ejaculation as evidenced by the increased numbers of BCM events,
bursts and SVP increases following subthreshold leveBRN stimulation. There were main
effects of stimulation frequency on the numbers of BCM events PB{4; 51.540;P < 0.001),
bursts (F(420)'= 56.316;P < 0.001) and SVP increases (F@) = 38.292;P < 0.001). As
expected, during trial 1 (saline thiainfusions of saline and subthreshold DPN stimulations of 5
and 10 Hz did not increase BCM activity or SVP increases (Figw€)6/ contrast30 and 60

Hz DPN stimulatios increasedhenumbers of BCM events, bursts and SVP increases compared
to salne infusion, 5and10 Hz stimulatiorfrequenciegall P < 0.001; Figure 6AB). There were

also significant interactions between main factors of testing trial and stimulation frequency on
the numbers_of BCM events (F(20) = 4.897;P = 0.006) and bursts (&, 20 = 5.493;P =
0.004).Infusions of CCK in the absence of DPN stimulation did not have significant effects on
BCM activity or SVP increases and only 1 rat responded with 1 or more BCM buttstsGECK
infusion. This result was similar to that debed above for galanin infusions. However, CCK
facilitated «ejaculatory reflexes triggered by subthreshold DPN stimule®iost hoc analyses
revealed thaafter CCK infusionsin trial 2 (drug trial) there were significantly greater numbers

of BCM events, brsts and SVP increases following 10 Hz (eveRts: 0.040; Figure 6A;
bursts:P = 0.01% Figure 6B; SVPP = 0.005 Figure 6C) DPN stimulation in trial 2 (drug trial)
compared.to.trial 1 (saline trial). CCK did nogmificantly affect SVP increasdsllowing 5 Hz

DPN stimulation during trial 2 compared to trial 1, even though BCM bursts and evests we
increased®-=="0.05 and 0.001; Figure 6B). Taken together, the results indicate that intrathecal
infusions of*CCK facilitate both the emission and expulsion components of ejagulftexes

following subthreshold levels of DPN stimulation in male rats.

Discussion
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Thes data support theypothesis thagjalanin and CCK receptor activationLSt target areas
critical for ejaculatory reflexes in male rditg acting on galanin and CQi¢ceptorsn LSt target
areas in the lumbosacral spinal coAb predicted intrathech infusions of galanin orCCK
receptor antagonist galantide and proglumidespectivelyseverely disruptetoth the emission
and expulsion phases of ejaculatiorresponse to sensory stimulatiohthe DPNin male rats
Conversely,“glanin and CCK agonisti&cilitated ejaculatory reflexegollowing subthreshold
sensory stimulatio(6—10 Hz)in 100% of male ratdn contrast, galanin or CCK infusions in the
absence of DPN stimulation were not sufficient to trigger ejaculatory refl€kesfinding is in
contrast withseur previous observations that agonists for GRP or mu opioid receptogg€io tri
ejaculatory=reflexesn the absence of DPN stimulatidiiKozyrev et al., 2012; Kozyrev &
Coolen, 2015)'t is therefore possible thatgalanin and CCK act synergistically withthe
endogenouselease of neuropeptidé®m LSt axon terminals, including GRP aadkephalin,
upon sensory stimulation of the DPN.

Intrathecal infusions of galanend CCKtriggered ejaculatory reflexes the absnce of
DPN stimulation only infew animals, whichmay potentially be explainedy the presence of
individualdifferences in galanin and CCK receptor densities in the lumbosaanal cordlt is
possible that male ratespondersin the current studyave a lower threshold to ejaculation and
are more likely to exhibithe characteristic aspects‘pfemature ejaculation’. Indeed, a previous
study observethherentdifferencesn the spinal command of ejaculatibetweerrats classified
as ‘rapidejaculators’as compared to ‘sluggish ejaculators’ and ‘normal ejaculators’ based on
their ejaculation frequency in a set of mating t€&srgdorff et al., 2009) Specifically, BCM
contractions followingnicro stimulationof the spinal ejaculation generator, corresponding to the
expulsion_phase of ejaculation, wesignificantly accelerated in ‘rapid ejaculators’ compared
with ‘sluggish.ejaculators’ and ‘normal ejaculatofBbrgdorffet al., 2009). Overall, the agonist
experimentsn_the current studyndicate that activation of galanin a@CK receptors in the
lumbosacralsspinal cord facilitates ejaculatory reflexes following subthreshold levels of DPN
stimulation®(510 Hz) but is not sufficiento trigger ejaculatory reflexes the majority ofmale
ratsin the absence afensory stimulatio of the DPN.

LSt cells and axons eexpress glanin and CCKand the expression of both
neuropeptides has been shown tosk&ually dimorphic(Newton, 1992; 1993)Specifically,
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male rats have a significantly greater number of both galanin andiC@urons and greater
optical densits for both galanin and CCithan female rats and males with a testicular
feminization mutation (Tfm}that lack functional androgen receptors (Newton & Phan, 2006)
Therefore, androgens and functional androgen receptors regulate the expression rofagdlani
CCK in LSt.¢ells In addition,the expression oGRP, another neuropeptide expses inLSt
cells and axondjas been shown to laadrogndependent since castratisignificantly reduced
the intensity“of GRRr fibers inthe lumbar spinal corth male ratsand this reduction was
prevented by androgen replacemakamotcet al., 2009) Galanin is a 280 amino acid long
neuropeptideencoded by the GAL gen@Evanset al., 1993)that is widely distributed in the
brain, spinal gerd and gastrointestinal tractn@mmalsKasket al., 1997; Hokfeltet al., 1999)
andis involvedin a variety of physiological functions including feeding, nociception, cognitio
regulation of bleod pressuand mood(Mechenthaler, 2008)Galaninir is expressed imorsal
root ganglioncells (Hokfelt et al., 1993; Kasket al., 1997; Landryet al., 2005), but m the
lumbosacral spinal cord, is expregsexclusively inLSt cells(Truitt & Coolen, 2002; Truitet

al., 2003; Staudet al., 2011). Furthermoregalaninir axon terminals exclusively deriving from
LSt cells aransclose proximity to cell bodies and proximal dendrites of autonomic preganglionic
and motor, neurons (Newton, 1992; Ohmaehial., 1996) A predominately inhibitory,
hyperpolarizing neuropeptide (Ito, 2009)galaninmediates its effas through its receptors:
GALR1, GALR2and GALR3 Galaninreceptors are inhibitory @roteincoupled receptors that
are assoated with G-protein coupled inwardlyectifying K+ (GIRK) channelgdKask et al.,
1997; Wangetwal., 1998) and GALR1 receptors have the highest densities postsynaptically
compared testhe other two receptor typBsumovskyet al., 2006; Landryet al., 2006) In the
lumbosacrakpinal cord, GalR1 receptors have been observéldeidorsal and ventral horns,
lateral spinal nucle{Brumovskyet al., 2006)and numerous GAR1 positivemRNA neurons
weredetected.in lamina X, presumably in the vicinity of the LSt q@lsimovskyet al., 2006)
GALR2 mRNA expressions considerably diminished compared to GALR1 mRNA expression
and is confined primarily to the dorsal horfBrumovsky et al., 2006) However, the most
intensely labeled neurorese observed inthe ventral horn, likely on motorneurons, and a few
GALR2 positive mRNA neuronaredetected in theympathetic and parasympathetic lateral cell
columns, in the locations of thdML and SPN (Brumovskyet al., 2006) In light of these
findings, it is likely that galanin facilitates emission and expulsion byh@an GALR1 and
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GALR?2 receptors in LSt target regions, specifically on autonomic preganglionionseur the
lateral cell columns and on motorneurons in the ventral horns of the lumbosacral sminal ¢
male ratsAs previously mentioned;ALR1 receptors have beafso obsergd in lamina X, in

the region of LSt cells. Howevet,remains to be tested whether these receptors are expressed on
LSt cells or.ether types of neuroms the lumbosa@ spinal cord.If GALR1 receptors are
indeed expressed on LSt cells, this suggests the possibility of autoreceptor iameraict
reciprocal‘connectionsithin the LSt cell population

Similarly“to galanh, CCK is one of the first peptide hormones toibaated from the
gastrointestinaltract and is widely distributed in the nervous system of mammals
(Vanderhaegheret al., 1975). CCK is involved in many physiological processes including
digestion,satiety,and is known to induce anxiety addug tolerace to opioids(Greenouglet
al., 1998; Fukazawat al., 2007; Bowerset al., 2012; Yu & Smagghe, 2014)The actions of
CCK are mediad by two classes of recepto@CKA and CCKB subtypewhich belong to a
family of G-proteincoupled receptor€z et al., 2007) CCK is expressed in dorsal root ganglia
cells andissinvelved in the maintenance of neuropathic daifowing nerve injury(Brewer et
al., 2003; Kimet al., 2009)reflected insubstantial increases in CCK mRNA following injuries
to the CNS(Xu et al., 1993; Breweset al., 2003) In the spinal cordCCK is expressed in LSt
cells andaxons and CCK receptor expression has been described in motor n€odaset al.,
1990; Schiffmanret al., 1991; Truittet al., 2003) In addition, CCK depolarized neurons in
lamina X in_the lumbar spinal cof@helan& Newton, 2000) the precise location of LSt cells.
Bath applieation of CCK haalsobeen shown to depolarize isolated, hemisected lumbar spinal
cord ventralshorn neurons and motorneurons in neonatal(®ataueet al., 1981) and this
depolarizing action was mediated by CCKB type receptOs et al., 2007) Activation of
postsynaptic CCKB receptors can emta the excitability ofnotorneuronsand other types of
neurons in ventral spinal cord of rgt3z et al., 2007) This may also be the mechanisms by
which CCK facilitatedBCM bursting.

CCKuis an antagonist of endogenous opioids in the brain and spinglGasskh, 1995;
WiesenfeldHallin et al., 1999) It appears that CClhediates its noxious effects through CCKB
type receptorsThe systemic administration of the CCKB receptor antagonist but not gpioids
successfully reduced mechanical allodynia in an ischemel ofspinal cord injury(Xu et al.,
1994) The tendency of CCK to antagonize opioids raaglain whythe effect ofCCK infusions
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on ejaculatory reflexefollowing subthreshold sensory stimulationi6 Hz) was somewhat
dampened compared talgnininfusions in this studyL St cells are hypothesized to release their
co-expressed neuropeptides, including enkephalin, onto neurons in their target regreby, the
triggering ejaculation. Indeed, our laboratdyys demonstratetthat intrathecal infusions of the
mu opioid reeeptor agonist DAMGO consistently triggered ejaculatory reflexes in the absence of
sensory stimulation in 75 % of male rdtozyrev & Coolen, 2015)Thus, activation of mu
opioid receptors in the lumbosacral spinal cord was sufficient to trigger ejaculatory reflexes in
large majority“ofmale rats. ifusions of CCK in the current study may have suppressed the
facilitative effects ofopioids on ejaculatory reflexes in male rats by antagonizing endogenous
opioids released from the LSt cells onto target regions following stimulatitwe @&PN.

In the first set of experiments, the higher dose of galanin (0.3 nifaalilitated
ejaculatory reflexes not only in response to subthreshold levels of DPN siim&10 Hz) but
also following threshold stimulation frequencies-@DHz). However, in the subsequent group
of male rats, intrathecal infusion of the same dose of galanin (0.3 nmol; Figure 5caighjfi
decreasedmumbers of BCM events, bursts and SVP increases fglivitz DPN stimulation.
In theseanimals, galanin (0.3 nmol) facilitated nunmbesf BCM events, bursts and SVP
increasesnuresponse tgubthreshold levels of DPN stimulation18 Hz). The discrepancies in
ejaculatoryresponses between the two groups of male rats suggest that galanin consistently
facilitates ejaculatory reflexes smbthreshold (80 Hz) but not to threshold (380 Hz) levels of
DPN stimulation Similarly, the inhibition of ejaculatory reflexeslemonstratedn the first
galantide experimenwasnot completelyidenticalin the second group of male rats. White
higher dosesof‘galantide (10 nmol) completely suppressed ejaculatory reflexes (BCM events and
bursts) in{response to 30 and 60 Hz DPN stimulation frequeinctas first experimentn the
second (repeat) experimeperformed in a separate group of animalsvhich the effects of
galantide werdgested on SVP increases, the same dogmlahtide considerably attenuated but
did not completely abolish ejaculatory reflexéke differences in ejaculatory responses between
the two greups of animals indicates tlgatlantide consistently attenuates It completely
preventsjaculatory reflexes in male rats.

Sincethe activation of galanin or CCK receptors was not sufficient to trigger ejagulator
reflexes in the majority of male rats tested, the activation laingaor CCK receptors may be
required in combination with activation other receptors in LSt target areas in order to trigger
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ejaculation. One candidate is the GRP receptoleed, it was recently shown by our laboratory
thatactivation of GRP recept®rs required to trigger ejaculati@nd that intrathecal infusions of
GRP triggered ejaculatory reflexes in up to 66% of male(kaigyrevet al., 2012).

Infusions ofgalanin significantly reduced the numbers of BCM events, bursts and SVP
increases following threshol®PN stimulation(60 Hz) This finding is in agreementwith
previous repod of intratkecal infusions of GRP, DAMGO and deltorphin Il that have all
significantly“reduced the numbers of BCM events, bursts and SVP incfelisesng 60 Hz
DPN stimulation(Kozyrev & Coolen, 2016 This consistensuppression of ejaculatory reflexes
to threshold DPN stimulatio60 Hz) may bedue to theeffects of intrathecal infusions of
neuropeptidesembined with theendogenouselease obpioids followingDPN stimulation that
cumulatively act toinhibit or desensitizéhe Gprotein coupled receptors in autonomic and
motor regions involved in ejaculation and suppress the transmission of sensory inpets$to t
cells which are required to trigger ejaculation

In conclusion, these dasaipport the hypothesibdtactivation ofgalanin andCCK
receptos inrthegdlumbosacral spinal casdrequired for sensoistimulationinduced emission and
expulsion ih anesthetized asginalized male rat&salanh and CCK likely act on receptors in
LSt celltarget regions, including motorneuranghe SNB, and autonomic preganglionic
neurons.ntthe IML, CAN and SPN in the lumbosacral spinal €avdrall, these datsuggest
that the cerelease of neuropeptidé®m LSt cell axon terminalsicluding galanin, C&,
enkephalin.and GRP, triggezfaculatory reflexes in male raGonversely, the release of only
one of these"neuropeptides is not sufficient to trigger ejaculatory reflexes in all animals in the
absence ofiadded sensory stimulatkinally, these datauggest that galanin and CCK
antagonists may beromisingpharmacological ages inthe treatment of ejaculatory disorders,
particularlyfor the purpose of delaying the onset of emission and expulsion isuffering
from premature. ejaculatioor facilitating ejaculation in meafflicted with anejaculation, as

following spinal cord injuryKozyrevet al., 2016).
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Abbreviations

BCM: bulboeavernosus muscle
CAN: Central autonomic nucleus
CCK: choleeystokinin

DPN: dorsal'penile nerve

EMG: electromyographic

GALR: galaninteceptor

GRP: gastrin releasing peptide

IML: Intermediolateral cell column
LSt: lumbar spinothalamic cells

SCI: spinalcord injury / spinal cord injured
SEG: spinalejaculation generator
SNB: sacral nucleuulbocavernosus

SVP: seminal vesicle pressure
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Figure Legends

Figure 1 Effects of galantide on numbersof BCM eventsand burstsin malerats.

Quantitative analyses and accompanying EMG traces of BCM events and bursts following
intrathecal.infusions of galantide. Quantitative analysis of BCM evéjtsaaiid burstsg) in
respase ter30wand 60 Hz DPN stimulatsfollowing infusions of saline in trial 1 (control trial)

or one of twe-doses of galantide (1 or 10 nmol) in trial 2 (drug trial). EMG traces of 90 seconds
duration following 60 Hz DPN stimulation (arrow) after an intrathecal infusion of saline (
controltrial) and, galantidel¥: same animals as (). * denotes significant differences from trial

1 within the same treatment group, while # indicates significant differences between treatment

groups within the same testing trial.

Figure 2 Effects of galantide on the numbers of BCM bursts and SVP increases in male

rats.

Quantitative analyses and accompanying EMG traces of BCM bursts and SVP increases
following intrathecal infusions of galantide. Quantitative analysis of BCM b#gtand SVP
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increasesR) in response to 30 and 60 Hz DPN stimuladifmiiowing infusions of saline in trial

1 (control trial) or galantide (10 nmol) in trial 2 (drug trial). EMG and concurrent SVP traces of
90 seconds duration following 60 Hz DPN stimulat{@nrow) after an intrathecal infusion of
saline C: contral trial) and galantiddd( same animals as ). * denotes significant differences

from trial 1 (econtrol trial).

Figur e 3'Effectsof proglumide on the numbers of BCM events, burstsand SVP increasesin
malerats.

Quantitative analyses and accompanying EMG traces of BCM events, bursts and SVP increases
following intrathecal infusions of proglumide. Quantitative analysis of BCM eventdrsts

(B) and SVP increases (C) iasponse to 30 and 60 Hz DPN stimulation following infusions of
saline in trial 1 (control trial) or one of two doses of proglumide (71 or 714 nmol) in trial 2 (drug
trial). EMG _traces of 90 seconds duration following 60 Hz DPN stimulation (arrdes) ah
intrathecakinfusion of saline (D: control trial) and galantide (E: same animals as in C). * denotes
significant«differences from trial 1 within the same treatment group, while # indicates significant

differences'between treatment groups within the sastag trial.

Figure 4 Effects of galanin on the numbers of BCM eventsand burstsin malerats

Quantitative analyses and accompanying EMG traces of BCM events and bursts following
intrathecal.infusionf galanin. Quantitative aheis of BCM events A) and burstsK) in
response to“infusion, 5 Hz, 10 Hz, 30 Hz and 60 Hz DPN stimuta{mounterbalanced)
following infusions of saline in trial 1 (control trial) or one of two doses of galdhitb(or 0.3

nmol) in trial 2 (drug tri§. EMG traces of 90 seconds duration following 10 Hz DPN
stimulation (arrow) after an intrathecal infusion of sali@e ¢ontrol trial) and galanind; same
animals as.in.C). * denotes significant differences from trial 1 within the same treatmept gr
while # indicates significant differences between treatment groups within the same testing trial.
Significant.effects of 30 and 60 Hz stimulation frequencies in Trial 1 (whitg) lmser BCM

events and*bursts compared to infusion (p<0.0001) are not marked by a symbol.

Figure 5 Effects of galanin on the numbersof BCM burstsand SVP increasesin malerats.

This article is protected by copyright. All rights reserved



Quantitative analyses and accompanying EMG traces of BCM bursts and SVP increases
following intrathecal infusion®f galanin.Quantitative analysi of BCM bursts (A) and SVP
increases(B) in response to infusion, 5 Hz, 10 Hz, 30 Hz and 60 Hz DPN stinmlation
(counterbalanced) following intrathecal infusions of saline in trial 1 (control trial) or galanin (0.3
nmol) in trial, 2 (drg trial). EMG traces of 90 seconds duration following 10 Hz DPN
stimulation,(arrow) after an intrathecal infusion of saline (C: control trial) and galanin (D: same
animals”as“in“C). * denotes significant differences from trial 1 (control trial), whilei¢aies

significant'differences from infusion, 5Hz and 10 Hz within the same testing trial.

Figure 6 Effegts of CCK on the numbers of BCM events, burstsand SVP increasesin male

rats.

Quantitative analyses and accompanying Etviiées of BCM events, bursts and SVP increases
following Intrathecal infusions of cholecystokinin (CCK). Quantitative analysis d¥lB@ents

(A) bursts(B) and SVP increases (C) in response to infusion, 5 Hz, 10 Hz, 30 Hz and 60 Hz
DPN stimulation (countdalanced) following intrathecal infusions of saline in trial 1 (control
trial) or CCK(4.35 nmol) in trial 2 (drug trial). EMG traces of 90 seconds duration following 5
Hz DPN stimulation (arrow) after an intrathecal infusion of saline (D: control tnal\GCK (E:

same animals as in D). * denotes significant differences from trial 1 (control trial), #hile
indicates significant differences from infusion, 5 Hz and 10 Hz within the same testing trial.
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