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ABSTRACT 

Effecta of T yptophan Depletion on Central and Periphenl Cbemorefkses in Man 

University of Toronto, Department of Physiology 
LukaszStluzik 

Master of Science (200 1 ) 

Backeround: Klein (1993) suggests that panic attacks are the resuh of a defective "suffocation 

aiana" thnshold that presents with carbon d i o d e  ( C a )  hypersensitivity, exaggerated 

ventilatory response and pimic in panic disorder (PD) patients. Serotonin is expected to 

wrmaiize the "suffocation aiarm" threshold d associated CO2 hypersensitivity. Cumnt 

research supports b t h  5-HT-mediated increases and demases of ventiiatory output. Knowledge 

of serotonin's d e  on ventilatory output and its newanatomical sources impacts on the 

"suffocation aiam" theory vaiidity and predictive value. Method: We used tryptophan depletion 

(TRP-) in concert with a mdiW Read rebreathiag test to determine the effect of deficient 

semtonergic mduiation on the central and periphed chemrefiex threshold and sensitivity of 

response to C a  in eleven Mthy men Resuhs: TRP- did not a i t  central or peripheral 

chernoreflex threshold or sensitivity of response to C a .  However, basal ventilation was 

signüïcantiy elevated during TRP-. Conclusions: In contrast to "suffocation alarm" theory 

predictions, deficient 5-HT neurotransniission does not significantly &ect the respiratory 

chemorefkx response to C a ,  instead increasing non-chemreflex drives to break. Panic 

associated respiratory abmrmaîities may be related to deranged 5HT modulation of mn- 

chernoreflex drives to breathe, umelated to any respiratory chernoreflex abaormaüty. 
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INTRODUCTION 

Panic disorder (PD) is a comrnon and debilitating disease characterized by the 

presence of spontaneous panic attacks (Wittchen and h a n ,  1993; Amencan Psychiatrie 

Association, 1994). Panic attacks (PAS) are discrete episodes of intense anxiety that are 

perceived to be uncontrollable and are accompanied by unpleasant physical sensations 

wch as palpitations, chest pain, dyspnea, choking, sweating, tremors, faintness and 

paraesthesia. PAS are also accompanied by psychosensorial syrnptoms such as 

depersonalization and cognitive symptoms such as fèar of losing controt, going craty or 

dying. A PA can last fiom a few minutes to more than an hour, and intense fatigue is 

âequently reported at the conclusion of the episode (Bradwejn and Koszycki, 1994). 

Although successful treatments for this condition are now available, the uiiderlying 

pathophysiology of the illness remains elusive. 

BtioIqikal ï%edes of Pa& 

Etiological considerations of panic broadly fit into those supponed by "cognitive 

theorists" (ex. Clark 1986, 1988; Barlow 1985; Cox 19%) and "bioiogical theorists" (ex. 

Klein 1993, Chamey and Redmonâ, 19û3; Ley 19û9; Gomw et al., 2000). Propnents 

of the former consider panic to be the rwl t  of catastmphic cognitive misinterpretation of 

interoceptive sensations or thoughts. A PD patient, on perceiving sensations either 

periphenl (e-g. dyspnea, sweating, tachycardia) or central (e.g. derealisation, loss of 

contml), is believed to interpret theu significmce as catastmphic (Le. a disastrous event 

like a heart attack or faint is forthcoming). This elicits Lrther apprehension and 

sensation focus, nsulting in positive Wback ofcatastrophic cognitions culminating in a 



panic attack. Major objections to the tbeory oaea nised by "biologid theonsis" 

include: nochinial panic during the non-rapid eye movement (non-REM, dream) phase of 

sleep (ex. Mellman and Uhde, 1990; Hauri et al., 1989) where danger ares cognitions are 

absent; absence of pmic in PD patients during states that genaate numerous 

uncornfortable physical sensations (ex. pngnsncy and parturition, Klein, 1993) and the 

absence of panic in phatmadogically-induced states of somatic panic symptoms (see 

Klein, 1993). Panic is considd the resuh of a physiological flaw. While catasfrophic 

cognitions may be part of a panic attack, they are not thought to be a causal element in 

panic initiation (see Coplan and Klein, 1996; Nutt and Lawson 1992 for teview). 

lbùcqgenie GWknges 

The spontaneous nature of PAS necessitateci the introduction of a numba of 

labontory panic inducing agents (panicogens) in an atternpt to study the phenornenon. 

More extensively studied physiological and pharmacological challenges include: 

nondrenergic (NA) agents (ex. yohimbine and noradrenaline), cholecystokinin (CCK), 

lactate, bicarbonate, hypercapnia, serotonergic g e n t s  (ex. 5-HT agonists and antagonists) 

and hyperventilation (see Nutt and Lawson, 1992 for review). Of the numerous agents 

identified, lactate, bicarbonate and hypefcapnic chaiknges have fonised on the 

ventilatory response in PD patients (set Coplan and Klein, 1996 for review). 

Chaîlmge studies usiag intravcmw sodium lactate have long shown its 

effdveness in inducing PA'S in PD patients but not in controls (Pitts and McClure, 

1 % .  Despite years of researc4 aimat Meranire provides no mechanism on its mode 

of action. Becruse sodium lactate and sodium bicarbonate are both panicogenic and 



metabolid to ceibon dioxide (Ca; see nview, Coplm and Klein, l m ) ,  ùiis elevation 

in C a  has been proposed as the mechanism of panic induction. However, this 

explanation is now not accepted since a non-metalisable de-rotary forrn of lactate also 

induad PAS (Gorrnan et al., 1990). Nevertheless, the success of C a  in inducing panic 

in a number of studies (Lousbag a al., 1988; ûonnan et al., 1993) gave nse to the "Ca 

hypersensitivity theory" of panic. Upon inhalation of a hypercapnic gas mixture (5% or 

35% C a )  PD patients are believed to experience a subjective sense of dyspnea, resulting 

in a panic attack. A number of other reports also confinn the presence and relevance of 

respiratory abnormaîities in patients with PD (Gorman a al., 1988; Woods et al., 1986; 

Griez et al., 1987; Carr et al., 1987; Sanderson et al., 1989.) B a d  on this research, 

Klein (1993) fomulated an integrative "fdse s u f f d o n  alann" theory of panic. 

Klein's (1 993) H y w h i s  

Klein (1993) argues thut panic patients are hypersensitive to Ca, with acceptable 

blood Ca levels lower than those of healt hy controlq so that when this threshold level is 

exceedeû, "the brain's suffocation monitor mneously signals a lack of usefiil air, 

thereby maladaptively triggering an evolved suffocation alann system" which manifests 

itself as a panic attack (PA). The monitor of the partial pressure of C a  (PCa) is thus 

considend the physiological mechanism for daeaing potmtial suffocation. According 

to the theory evayone, hcluding healthy subjectq possesses a "suffixation aiatm," but in 

PD this "evolutionarily derived set-point has becorne dysfiinctional," and the mutltant 

hypersensitivity becornes the instigator of spontcuieous panic attacks in a variety of 

common situations in life whae one's C a  levels would slightly rise. A major limitation 

ofdiis th- has ken the lack of an anatomicd system for the "suffixation alam." 



In an attenipt to defme the aeuroanatomical site of the "suffocation darrn," we 

sxarnined the respiratory chemoreftexes, the respuatory sensors of suffocation, in PD 

patients and controls (Ka- et al., 2001, in submission.) We foud no differences in 

the chemoreflexes in t m s  of either the thnshold or sensitivity of response to COi 

between the two groups. However, Klein also States that PD patients go t h g h  periods 

when their condition worsens, that is through "bad periodsM and through less morbid or 

"good perids" when they have fewer PAS. It is believed that "during bad spells the 

su~bcation alarm threshold is pathologically depresseci. " It is therefore possible that 

differences were masked due to a temporary reset of docation alarm in al1 or a subset 

of patients during a 6'gOOd spdl" of disease pathology. This, and the various challenge 

s u i e s  cited, have in part, been undertaken to eiucidate the specific brain system 

involved in p i c .  Om system that has shown a good deal of promise in ternis of king a 

plays in the anxiogenidpanicogenic system is the serotonergic system. 

Scrdonin, PIiru'c a& RqpirUto~~? E'ffccz~ 

Many lims of evidence have now linked a deficiency in serotonin (5- 

hydroxytryptamine; 5-HT) with anxiety and specifically with panic disorder (see 

Anderson and Mortimore, 1999, Coplan et el., 1992 for review), but its role remains 

unclear. Clinical trials indicate that dmgs that putatively increase 5-HT 

neurotraasmission (Blier et al., 1989, the selective serotonin reuptake inhibitors 

(SSRI's), are effiective anti-panic agents (Evans et al., 1986; Gomw et al., 1987; Den 

Boer and Westenberg, 1988; Sduieier et d., 1990). The success of the SSRh provides 

the buUc of evidence for the involvement of the 5HT system in panic. 



Early precli~cd studies provided the link between the hypothesis of deficient 5- 

HT neurotransmission and associated respiratory hyperactivity in panic disorder (Olson et 

al., 1979; Lundberg et al., 1980; Mitchell et al., 1983). Several studies showed that 

ventilation decreases after both peripharal and central administration of 5-HT agonists 

(Annijo and Florez, 1974; Mueller et al., 1980). Lundberg et al. (1978) has also shown 

that a precutsor of the substance (5-hydroxytryptophan; 5-HTP) decreased ventilation and 

C a  sensitivity in rats in a dodependent fishion. On the other hand, the tryptophan 

hydroxylase inhibitor parachlorophenylpiperazine (PCPA) caused hyperventilation in 

goats (Mitchell a al., 1983) and rats (Olson et al., 1979) with repletion of 5-HTP 

normalizing ventilation and CO2 levels. From these animal studies, it was generally 

agreed that the rok of 5-HT was to attenuate ventilation. This has led a number of 

researchers to suggest and test the theory of deficient 5-W modulation as a cause of 

respiratory hypersensitivity in PD. 

Recent human research into the etiology of panic has employed manipulation of 

brain 5-HT levels using a tryptophan (TRP) depletion intervention in concert with a C a  

challenge (Kent et al., 1996; Miller et al., 19%; Klaassen et al., 1 W8; Miller et al., 2000). 

Tryptophan king the pre-cumr ornino acid to 5-HT synthesis, its depletion causes a 

short-term global reduction in brain 5-HT ninction in human subjects as a consequence of 

ingesting a üyptophui ûee amino acid ctrink (Reilly et ai., 1997). in humans, there is 

evidence of reduced 5-HT synthesis (Nishizawa et al., 1997) and reduced areôrospinal 

ftuid tryptopbn and 5-hydroxyindoleacetic acid (5-Hi' metabolite) &et- TRP depletion 

(Carpeirter et al., 1998; Williams a al., 1999) with technique specificity verified by 



--- 
Gam et d. (1975) rad more recently by Klaassen a al. (1999.) The g d  oonseasus 

of these shidies is that TRP depletion enhances the effed of a Ca panic challenge by 

elevating tidal volume, tiequency and minute ventilation, with little effect on g e n d  or 

anticipatory anxiety levels in PD patients (Kent et al., 19%; Miller a al., 19%; Klaassen 

et al., 1998; Miller et al., 2000). This suggestion dso fits with the Klein theory in the 

context of defaive 5-HT neurotransmission sensitizing the respiratory control 

antedchemoreflexes (during low CNS 5-HT periods, or during "bad spellsn of panic), 

which misfire in response to slight elevations in C@. 

However, tecent in viiro studies of 5-HT involvement in control of breathing 

contcadict early preclinical studies and therefore negate the ptemise of serotonin's role as 

a depressant of ventilation. The caudal nphe nuclei have been shown to have putative 

chemoreceptive properties (Bernard r al., 1996; Richerson et al., 1995; Wang et al., 

1998) and to have stimulatory effècts on ventilatory output via incnased 

phnnic/hypoglod drive ( H i l ~ e  a al., 1997; Dreshnaj et ai., 1997). This is M e r  

complicated by the prwience of Ca-scmiulated (nucleus raphe obscurus, Rob; nucleus 

raphe magnus, RMg) and Ca-inhibited (nucleus raphe pallidus, RPa; Lalley, 1986) 

regions within the caudal raphe. 

Tbe role of 5-HT on ventilatory output d s  to reassessed before we are able to 

accept previous findings of 5-HT denciency mediating the respiratory abnormality in PD 

and consequtntly the d e  of deficient 5-HT in depressinglsensitizing the "suffocation 

aiam'' threshold. The present study ernployed the TRP depletion technique together witb 

a modified Read (1%7) rebreathing methocl, an accutate mecisure of the chemontlex and 



basd drives to breathe, to mswer the fouowing questions: What is the mie of 5-HT 

neuromodulation on the central and peripheral chernoreflex threshold and sensitivity of 

response to Ca and, as a corollary, what is the implication of that outcorne on Klein's 

"suffoc8tion alann" theory of panic. Study of any neurochemical system's modulation of 

respiratory control demands a basic understanding of both the former and the latter. The 

following discussion presents an o v e ~ e w  of control of breathing and the modulating 

neurochemical system in question, the serotonergic system. 

RIJpinroy Conad Ovlivicw 

Unlike PD, the respiratory system hm b a n  studied for over a century. This has 

meant that many of its major characterizations were made in the early stages of research 

in this field. Early on it was detemiined that there are thne main stimuli that drive 

ventilation: C a  (Miescher-Rusch, 1885) and its effective vascular equilibriurn biproduct, 

hydrogai ion (H+; Walter, 1868) (i.e. inmeases in hydrogen ion concentration, m) were 

identified as the primivy stimuli, with a role for oxygen (a; Pfluger, 1868) as a 

contnbuting stimulus. HaIdane and Priestley's (1905) groundbreaking work established 

that alveolar partial pressures of C a  are regulated by pulmonary ventilation. With this 

work, they essentially describeci a respiratory fkdback control system. That is, Ca is 

both regulated by lung ventilation (fd-forward control) and it stimulates lung 

ventilation (féeûback control). To detect changes in these drive stimuli and eRect a 

feedback d e  to this conad system necessitates a set of signai sensors or receptors, these 

are the central and periphaal chemoreœptors. 



Aside from the basic chernid drives to breatfie (m. FI+, 6) fiom the 

chernonceptors, there are other feeâ fomard stimuli corn muscle afferents (Freyschuss, 

1970; Goodwin et al., 1972) as well as widespreaci cortical and subcoriical mters (see 

reviews by Plum & Leigh, 1981; Hugeh, 1986; and Davenport & Re* 1995, arnong 

others). The latter may play an important d e  in the expression of ventilatory pattern in 

PD. 

Knowledge of the nature of the stimuli to breathe and the location of their 

receptors, allows a conceptualisation of a respiratory féedback control system (Grodins, 

1950; Grodins et al., 1954). This system has both foward and feedback components, 

brietly described bdow. 

Mctabdic Hypabora 

The metabolic hyperbola (also known as the ventilation equation, Gray, 1946, 

1950; Rahn & Fenn, 1955) describes the forward part of the féedhck loop. It describes 

the H i  of ventilation on carbon dioxide and oxygen (Stewart, 1897; Douglas, 19 1 1). 

At zero ventilation, the partial pressure of oxygen approaches zero and as ventilation 

increases, the partial pressure of oxygen asymptotically approaches the inspired level 

(Figure 1, solid red line). On the other h d ,  the partial pressure of carbon dioxide 

approaches zero as ventilation incnases and increases as ventilation tends towards zero 

(Figure 1, solid blue line). 

The sbpe of the metabolic hyperbola is dictated by the metabolic rate. As the 

metabolic rate incmses, the hyperôolas described by ventilation vs. carbon dioxide and 

oxygen respectively move outwanl as shown in Figure 1 (dashed blue and red lines 



Artenal Partial Pressure 150 - 

I Figure I : Metabolic hyperbolas at rest and during 
exercise. 

respectively). h the range 

of normal ventilation at rest 

(5 Urnin and 40 mmHg 

CO2), the hyperbolas are 

relat ive1 y flat, 

demonstrating the fact that 

small changes in 

ventilation result in 

profound changes in PO2 

and PC02. In addition, the 

mathematical intersection of the forward part of the controller lwp (metabolic 

hyperbola), with the fadback (chemoreflexes) and other feed-forward parts (behavioural 

drives) explained below, describes the equilibrium point of the chemoreflex control 

system (see Figure 2). 

Ceribal Ckemr@kx 

The central chemoreceptors are the basis of the central chemoreflex, fonning part 

of the f-ack of  the respiratory contrd toop tbt describes the nlationship between 

carbon dioxide and ventilation. The central chemoreceptors are localized mainly, but not 

exclusively (Nattie 1999) on r well-pefised ventral medullary surfiace (Loeschcke & 

Koepchen, 1958; Loeschcke & Mitchell, 1%3; Mitchell et al., 1963; Schlaefke et al., 

1970). Unlike their peipheral counterpartq these chemoreceptors are unaffeaed by 

diffmnt levels of iso-oxia, responding ody to hypercapnic and acidic ventilatory drive 

stimuli (Leusen, 1954; Mitchell a al., 1%3; Pappenheimer a al., 1%5; Fencl et ai., 



1%6; Nattie, 1983; Nattie, 1999). Due to their location witliin the blood bnin barriër 

(BBB; Pappenheimer, 1970; Bright- 1977) the central chemoreceptors are isolated 

âom polar solutes and are thus expected to have a damped and delayed response to these 

drive stimuli. 

nie centrai chentoreflex responds to changes in Ca and compensates for these 

changes by adjusting ventilation. Below a certain threshold level of Ca, changes in CO2 

level have no effect on ventilation; above this C a  threshold, ventilation raises with a 

Iinear slope in proportion to Ca. These same thrashold and sensitivity response 

properties govem the peripheral chemoreflex response. 

P e W  C l t e ~ c ~  

nie peripheral (carotid body) chemoreceptors (Heymans and Heymans, 1927) 

fom the basis of the peripheml chemoreflex feedôack drive of the respiratory control 

loop, additive to the centrai chemoreflex (Gray, 1950). Located at the bifurcation of the 

carotid artery (Coma  & Schmidt, 1938; Bitme, 1971), the perîpheral chemoreceptors 

consist of g lomdi  well encapsulateci by dense capillary beds (de Castro & Rubio, 1968) 

with a high rate of pemision ( G o d e z  et al., 19953, thus they are ideally situated and 

equippeû to sample blood approaching the bnin. Like the central chemoreceptors, the 

petiphaal chemoreceptors mpond to hypercapnic and acidic ventilatory drive stimuli. 

Howavar, th& response is to a given level of CO, stimulus is uniquely affected by the 

accompanying level of oxygen tension. 

The paiphaal chemoreflex is describcd by the reflex arc fonned by the aerent 

anâ effêrent connections to the periphenl chemoreceptors. Sensory information fkom the 



peripheral chemoreceptors leaves through the d d  sinus n e m s  ( G o d e z  et al., 1992) 

where they meet et the glossopharyngeal newe, and continue through the nucleus tractus 

solitarius, terminating in the ventral respiratory group of the medulla (Torrance, 19%). 

WaRcfulness CMvl 

Aside frmn basic chernical drives to breathe (COI, acidity, a) mediated by the 

chemoreflexes, many behavioural drives to breathe (Shea, 19%) contribute to the feed- 

foiward part of the respiratory control loop. These drives originate tiom cortical, ab- 

cortical or gamal arousal drives of reticular systm origin (see reviews by Plum and 

Leigh, 198 1; Hugelin, 1986; Davenport & Reep, 1995; Philipson and Bowes, 1986). The 

latter of these may represent what Fink (1%1) calleci the "wakefulness drive," since it 

disappears in sleep and anasthesia (Skamid & Dempsey, 1983) but is maintaineci dunng 

hypocapnia in awake humans. These drives are thus state dependent, but independent of 

Ca or levels and therefore independent of chernoreflex drives to breathe. 

rnt- M d 1  of RapUIlroiy Conhioi 

The modern respiratory contml system integrates the "wakefiilness drive," the 

feed-forward and fesdback components of the respiratory control loop with the metabolic 

hyperbola on the sarne set of axes for the pucpose of making predictions (Duffin et al., 

2000). The ordinate represents minute ventilation with arterial P C a  on the abscissa. 

End-tidal PC& (&Ca) values are taken as a close approximation of a r t ed  values 

mead & Leigh, 1967). A fkn of lines with increasing slopes represents the &ects of 

diffkrent levels of poI on the ventilatory response to incmasing P E * ~  IeveIs. The 

cmcnl and periphaal chemoreflex responses add together to gin a cornmon 

chemoreflex drive threshold and chemoreflex sensitivity of response to C a  - the 



feedôack part of the respuatory controlla. Smsitivity of the peripheral chemoreflex to 

different levels of PO2 can be diminished to zero or near zero (Pedersen et al., 1999) with 

a Pa level of 150 rnmHg or higher. At this hyperoxic level, the chernoreflex 

contribution to the ventilatory nsponse derives pnmarily from the central chemoreflex 

drive (Dejours, 1962;  MI^, 1971 ; Mohan and Duffin, 1997). Below the chernoreflex 

threshold response to CO2, ventilation is independent of PC02 or PO2 levels and is driven 

by "wakefirlness drives" and o k  behavioural fd-forward drives (Shea, 19%). A 

superimposition of the metabolic hyperbola on the chemoreflex response fan of lines 

gives the position of ventilatory equil ibrium. Furthemore, an isocapnic l ine shows 

intercepts along the chemoreflex response line that predict the system's response. This 

integrated mode1 of respiratoiy comrol is summarizeâ gnphically in Figure 2. 



----II-- 

metabdic hyperbola during exercise 

Figure 2: Cummt mode1 of the c b t e k x  control grstem. The comb'd e-t of the 
central and peripheral cbnnorPQx responses and theh resuitant tîueshold and a dope are 
shown as a fiia of lMs (black; 100, grteri; 60, and blue; 40 b). At kvelp of hyperoxb 
grrater tb 150 H g ,  the chemoreflex conüiibutioa is denKd pcincipaîîy h m  the central 
chernoreflex (red lm). Below the thteshold to carbon dia>ride, neither oxygen oor carbon 
diode anect ventilation @urple Iine). Superninposmg the mtabolic hyperbola (grey line) on 
the chexnoreflex response Lines shows the position of equü'bnum. Varyhg tbe rnetaboüc 
demsnd (grey dashed line) shifts this equilr'bnum point keephg in amd the vertical sbift of 
the ch#aorefiex respoase linc and the wakefùkss drive (purpie dasbed Lme and black dasheâ 
iiae). In addition, maintahhg isocapnia (bleck doned line) shows mtercepts dong the 
chnmreflex tesponse üne tbat predict the sysiem's respoase. 



= 7- 

--- DRN and MRN send tkir projections toward the fonbraia in two morpbobgicaiiy 

Mit major bimdks: one nms in the central gray matter, while the other is in the 

ventral part of the tegmmtum. The two fibre systems are thoroughly mixed in the medial 

forebrain bundie, whrh then distn'butes axons to tbe many brain areas, imluding iimbic 

and cortical structures. Tbe caudal raphe send theP pmjections primarüy, but not 

exclusively, to the brainstem ami spinal wrd. Organisation of the principai pathways of 

tbe human serotoaergic system are iilustrated in Figure 3. 

Figure 3: nie principal saotonergic nucki end th& projections. For clarity only four 
rapbe nucki are displayed: dorsal raphe nucieus, mdiaa raphe nucleus, raphe mgnus 
nucleus, and raphe obscurus. The two mstral nuclei am the principal sources of 
projections to the forebrain, whüe the two caudal niellei project m î d y  to the 
btallistem anâ spinal cord. ( h m  Tork and Homum. 1995). 



With an understendmg of the essentials of respiratory control and kmwledge of the 5-HT 

system projections, we are ready to address the initial questions poseâ in this study, 

nsmeiy : 

1) What is the role of 5-HT neuromodulation on the central and peripheral 

chwu>reflex threshold and sensitivity of response to Ca. 

2) And, as a corollary, what is the implication of that outcome on Klein's 

"suffocation alarm" theory of WC. 

To answer these questions, 1 ernployed the TRP depletion technique together with a 

modified R d  rebreathing method, an accurate m u r e  of the chernoreflex and basal 

cùives to breathe. 

Based on our previous measures of chernodex thresholds and sensitivities to CO2 in PD 

and heaithy volunteer (HV) populations (Katzman et al., 2001, in submission), 1 

hypothesized that decreases in 5-HT levels, as induced via TRP depletion, wül have no 

signincant effect on the chernoreflex threshold or sensitivity of ~sponse to COz. 



S n b t  

Eleven heahhy male volunteen participated in the study. Female subjects were 

excluded due to potential interactions of rnenstruai cycle and 5-HT leveis (Menkes et al., 

1994). None of the subjects met criteria for any psychiatrie diagnoses, as estabüshed by 

a semi-structureci clinical i n t e~ew (SCID) per DSM-N criteria (APA, 1994). AII 

subjects were in good physical health, as detennined by history, laboratory hematology 

and chemistry, urhalysis, EKG and medical examination. None of the participants were 

taking any medication and al1 gave inforniad consent for the experiments afier the Centre 

for Addiction and Mental Health Research Cornmittee for human expehntat ion 

appmveâ the protocol. None of the subjects were boni at high altitudes or were smokers. 

A%wuxd 

Subjects arrived to the chic on three separate occasions. On the fht day (day l), 

as part of a physical workup, blood was drawn foiiowing an ovemight fast for later 

analysis of plasma TRP levels (baseüne plasma TRP). The next two visits were test days 

(day 2 and 3), consisting of two interventions: a TRP-depleted (TRP-) or non-depleted 

(TRP+; placebo) dMk, consumed between 8:ûûh-8:3Oh; modifieci Read rebreathing tests, 

under byperoxic or bypoxic condaions, completed at a respiratory laboratory 4.5-6.5 

buts fobwing drink consumption, whni brain TRP levels are lowest (Carpenter et al., 

1998; Wüliams et aL, 1999). Each subjcct compkted 3 rebreathing tests on each test day: 

a practice test, a hyperoxk test, and a final hypolàc test, with a 20mm inter-test interd 

Cornparison of hypoxic aad hyperoxic measurements determineù if changes occurrwl in 



p n p l i a a ) o r c n i t r a f d # i n a ~ m a k i n g a s J a n i p c i a c i s ~ h ~ e t a t  

(2000). Eacb test visa was preoeded with a 24hr low-protein or TRP-supplemented diet 

as appmpriate. A blood sample was drawn 2.5 hours d e r  drink consumption for later 

-sis of plasma fke TRP levels to ensure sufficient plasma TRP depletion. Test days 

2 and 3 were separated by no less than 3 and no more than 7 days with aii interventions 

administered in a double blind, rdomized fàshioa. 

A&o Ac# Ddmk 

The lOOg tryptophan depleted (TRP-) amino acid drink was prepived following a 

standard protocol by Young et al. (1985) (Table 1) with L-Lysine replaced by Lysine 

momhydrochloride to improve drink paiatab'ity. The phce0 drinl< (TRP+) contained 

an additionai 2.3g of L-tryptophan. The amllio acid content of both drink types is 

approximately tbat of a 5000 steak, with expected increeses in p l a m  amino acid levels 

comparable to those following such a meal, except for the TRP- ârink, where plasma 

TRP levels are expected to nill significantly. The animo acids were dissolved in 250mL 

of bottleâ -ter and 60mL of chocolate syrup (Quick, Nestk). Subjects were instructed 

to swallow the drink as quickly as possible while removing olfactory contributions usbg 

noseclips. A sugar-fke mint guia was pvided  to di suôjects aAer drink cowumption 

with 750rnL water for coasumption untü end of test day. 



TaMe 1: Compodbn of thciwubacid-ch&. 
Amino Acid 
L - A h t h  
L-Ar- 
L-Cysteine 
Glycine 
L-Histiâii - 

Lysine monohydrochlotide 
L-Methionine 
L-Phenylalanine 

h the tryptopban depkted drgik, L-Tryptopbao was exchided. 
-1 1 I 

Composition (g) 
5.5 
4.9 
2.7 
3.2 
3.2 

8.9 
3 
5.7 

L- Tyrosine 
L-Vaiine 

AU subjects ate a low protem âiet as pet Delgado et al. (1990) for 24hrs prior to 

6.9 . 
8.9 

days 2 and 3 of testmg. Tbe diet consisted of a minimum possible amount of tryptophan 

(160mglday), while suppiying adequate protein (48g/àay) and energy (10 SûûW/dey). 

Subjects were permitted to consume water witbout restrictions but were asked to r e m  

h m  catfeine or alcohol consumption for 48 hours prior to each test day. 

PIirsrrro Amino Acid M c o s u m n e ~  

Fobwing venipmcture, blood was inmvdiateîy p W  on ice and centrifiiged at 

3000 rpm for 10 minutes at 4 OC. Subsequently, plesma was stored at -80 O C  and 

anslysod Br kvels of fke üyptopbea, ushg high pressure Muid chmatogtaphy 

(HPLC). 



RebmatAtng 

Before rebreathing, subjects voluntarüy hyperventilated room air for 5 minutes, 

whik coached to maintain end-tidaî partial pressure of carbon dioxide (Pd@) between 

19 and 25 d g .  FoUowing an expiration, subjects were switchecî to the rebreathing 

bag and took three deep breaths to ensure the Pc@ in the h g ,  lungs and arterial blood 

quicWy equiüited to the mixed vemus PCQ. The latter estimates the PC@ at the 

central chemoreceptor. A plateau in Pnc& at the start of rebreathuig evidenced 

adequate equilibration, and was a prerequisie for continuhg tbe test. 

The rebreathing bag initially c o n t a  a PC@ of 42 mmHg and a partial pressure 

of oxygen (Pq) of 150 mmHg for the hyperoxic rebreathing test, or a Pa of 50 d g  

br  the hypoxic rebreathhg test. The hyperoxic rebreathing test dirninishes the peripherai 

chemoreflex drive (Torrence, 1996) to breathe, generating a net centrai chernodiex 

response to hypercapnia. The hypoxic test sensitizes the peripheral chemoreflex drive to 

ôreathe, with any changes in ventilatory response the result of penpheial chemoreflex 

drive (Mohan et d., 1997). During rebreathing, Pa wa9 niaintained constant (iso-oxic) 

by the addition of oxygen to the rebreathiag bag under computer control. Rebreathing 

was terrnniated eithcr wtien ventilation exceeâed tûû L/min. or Pd@ exceeded 65 

mmm* 

During each rebreathing test subjects indicateà the oiiset of my symptom 

experienced by an u p w d  band-swing. Cessation of symptoms was mdicated by a 

downward band-swing, ifit occurred prior to completion of rebreatbiog. Foiîowiog each 

rebreathing test, subjects' symptoxns were retrospectively assessed with the use of a 



DSM-FV c k i v d  Panic Symptom Scale (PSS; K a q c k i  et ai., 1991 ) wich smnty of 

symptoms rangjng h m  O (not present) to 5 (extremly severe). A panic attack was 

de- as the presence of four symptoms with a score of greater than 1 including the 

"anxiety, fear and/or apprehension" measwe. 

APparatm 

nie rebreathing apparatus was described previousîy by Mohan and D 6  (1 997) 

and is ilhistrateci in Figure 4. Briefly, subjects wore nosectips throughout the experiment 

and breathed through a mouthpiece corinected to one side of a wide-bore Y valve ( C o b  

P-3 19, 80-ml dead space) that dowed them to switch fiom room air to the rebreathing 

bag. The 5-L rebreathing bag was encloseâ in a rigid container with a 50-mm diarneter 

tube connected to a dry rolling-seal spitometer (Morgan, Sphflow Model 130). A 

sample h w  of 90 dminute fiom the mouthpiece side of the Y valve (gas sample tube 

UD 5037, Bruel and Kjaer) permitted continuous adysis of carbon dioxide and oxygen. 

Carbon dioxide and oxygen were adyzeâ with an anesthetic gas monitot with a 

resolution of 1 mmHg and 5 mmHg respectively (Bruel and Kjaer, type 1304). The 

sampled gas was retunied to the rebreathing bag. Iso-oxia was maintained by a flow of 

oxygen to the mouthpiece side of the Y vaive, under computer contml. A 16-bit analog 

to digitai converter (National Instrwaents, AT-MO-16XE-50) digitized the analog 

signals for on-liw computer anaiysis ushg speciaUy written software (National 

Iastruments, LabVIEW) available on request. 

The software calculrtted tidel volumes, inspiratory and expiratory times, 

ventilation, P e  and P d  on a breath-ôy-breath bis. nie volume changes and 



WR 3 101) to mnitor the initiai rebreathing quilibration. The measunment system was 

caiibrated befom each experimentd session using grws of laiown concentrations (rmm 

air and commercial gas mixture of 5% Ca, IV!% a. 

Figure 4: Setup of the rebreathing apparatus. 

D i d a A m  

Adysis of the breath-by-breath data was accomplished using a spreadsheet 

(Microsof't, Excel) specially designed for thn purpose. Data fiom the initial equilibration 

at the siiut of rdmahing as well as si* swdlows and breatbs incorredy detecteâ by 

the software wen excluded fhm funher anaiysis. Then, plots of ventilation (VE, L/min.) 

and its components, tidaî vohime (VT, ml BTPS) and breathing frquency (f; 



breatbdmin,) wat pb#ed aga& end-tiAril P a  ( d g &  to gemxate tbree m p b t m y  -- 

outcome miables (ventilation, VE; fjdal v o b ,  VT; hathhg fkquency, f). 

These plots were adyzed by ntting a d e l  for the ventilatory response made up 

of a sum of three possible segments to each of the respiratory variables: ventilation (VE), 

tidai vohune (VT), d breathbg fiequency (f) accordhg to assumptions detded m 

Dufnn et al. (2000). The nrst segment representing basal values of the respiratory 

parameters was fitted with an exponential decline to account for any short-terni 

potentiation secondary to the vohuitary hyperventhtion p h r  to rebreatbg. The second 

segnmt was a straight-üne segment h m  the first breakpoint to the second. If a second 

breakpoint was evident, a third segment was n*ed above the second breakpoint. nie Ms 

were generated usmg a commercial Mting program (Sigrneplot, SPSS) that 

simultaneously calculsted the breakpoints, dopes, basai values a d  exponentiel constants. 

The fint breakpoint for VE masures the chemoreflex threshold a d  the dope above the 

nrSt breakpoint measures the chemoreflex secisitivity. The basal values manirr the 

drives to breathe otber than tbat h m  the chernordexes, including state atousal and 

bebaviorai drives. 

Stalisticui Aneses 

Tbree respiratory outcom variables were collected (ventilation, VE; tidal volume, VT; 

breatbing hquency, f) for each of three response characteristics (basethe, B; threshold, 

T; and seasaMty, S). Thus, nine tespitatory outcome variables were generated: basal 

values (B) for ventilation (Vg), tidal vohune (VTb), and beathmg âeqwncy (&); 

tbiesbold vahies O for ventilation (Ver), tidal vohune (Vn) and beathrng hquency 



(f7); andsmsitiyity values (S) for v e d a h n  0I-L tidaluolume (Vn) and kathhg 

Spsuency (&). These variables were compared for each response characteristic using 

repeated-messures adysis of variance (RM-ANOVA) h a 2 (drink type: TRP-, TRP+) x 

2 (Pa: hyperoxia, hypoxia) design. 

Ettécts of the different intervent ions (drink type and PO2) on variabüity in 

ventilation (VE) were alPO assessed by detennining indMdual subject data standard 

deviations (SD) h m  fit, foiiowed by a RM-ANOVA analysis of SD ushg the same 2 

(drink type: TRP-, W+) x 2 (P02: hyperoxia, hypoxia) design. 

The same analysis was made for PA outcome variables: PA presence 

(dichotornous outcome variable), thne of onset of symptoms (Omet), durat ion of 

symptoms m t i o n ) ,  number (#Sx) and severity (ZSx) of symptom using a 2 (drink 

type: TRP-, TRP+) x 2 (Pa: hypemxia, hypoxia) design (SigmaStat 2.0, SPSS). Effects 

of amino acid drink on f k e  tryptophan levels were aaalyzed using one-way RM-ANOVA 

on ranks (condition: baseüne, TRP-, TRP) followed by multiple-painvise comparisons 

(Student-Neman-Keub test) where appropriate. The signifiame level for aü analyses 

was set at 5%. Unless otherwise indicated, al1 tesults are reported as mean +/- SEM. 



PhPrno Tvflopkan DcpictU,~) 

Table 2 presents the TRP-, TRP+ and baseüne measures for fke plasna 

tryptophan. There was a significant fàii (PeO.05) in Eee tryptophan levels between the 

TRP- and baseline conditions, with median percent tiiU of 7 1%. Converseiy, a signXcant 

increase (P<0.05) in f.ke tryptophan levels was observeci between the TRP and baseline 

conditions, with rneâian percent increase of 147%. Tryptophan kvels between TRP- and 

TRP+ conditions were aiso significmtly different (Pc0.05), with d i a n  percent 

diffetence of 747%. 

Table 2: Plasma firee tryptophan leveis during various treatment interventions (baseline, 
TRP- and TRP+ with associated medians and bercentiles). 

Baseliae 
(Median, 

25% & 75%) 

Rebrcothhg 

Figure 5 presents a typical rebreathing test on a ventiiation (VE) VS. t h e  graph as 

it appears under experimental conditions during âata acquisition. Representative 

rebreathing test responses for a typical subject are shown in Figure 6, representing a 

hyperoxic rebreathing test d e r  dülkrent conditions of drink type (W- and TRP+); and 

Figure 7 representmg a hypoxic test unàer the Merent conditions of drink type (TRP- 

and TRP+). The diilkrent rebreathmg response characteristics of the respiratory variabks 

studied (baseline (B), chernoreflex thiesbld (T) d sensitivity (S)) are inliaiteci in each 

Fme T yptopbaa 
 dm 

T m -  
(Median, 

25% & 75%) 

8.977 
25% = 7.41 1 
75% = 9.779 

TRP + 
median, 

25%&75%) 

SQiificaace 

2.630 
25% = 1.677 
75% = 4.1 19 

22.273 
25% = 17.350 
75% = 22.778 

p<O.OS for all 
pair-wise 

cornparisons 



of Figures 6 and 7. Tables 3 and 4 present a summary of the eEat of TRP- and Pa 

respectively on ail the respiratory variables studied during rebreathiag. 

There was a significant effect on baseline ventilation (VE~), for drink type 

(W.û43), but not for Pa 0 . 0 9 )  with no drink x Pa interaction effects. Baseüw 

tidai volume (VTb) and breathing fiequency (&) showed no sigdcant dEerences for 

drink type or PO2 with no drink x PO2 interaction effects. 

SUnilarly, there was no significant effect of drink type on chernoreflex threshold 

response to CO2 for ventilation (Vm,) tidal volume (Vn) or breathing fiquency (fT). 

Expectedly, there was a signifiant effect of PO2 on aU of VR. (P<0.001), V m  (P<0.001), 

and fr (W.014) with no drink type x Pa interaction effects. 

Chernoreflex sensitivity of response to Ca was also not significantly affècted by 

àrink type with no significant effect on ventilation sensitivity (VES), tidal volume 

semitivity VTS), or breathing fkquency sensitivity (f). Expectedly, PO2 had a 

sigirllaCant eff i t  on Vm (P==û.015), and Vn v.044), but no signifiant effect on f .  

No signifiant drink type x PO2 interaction effécts were observeci for Va, VTS or f. 

Consistent with the other data, ârink type had no signifiant effects on variabiiity 

in VE m.423). Expecteûiy, PO2 haô a signifiant eB&t on VE variability, with 

si-tly àigher variability during the hypoxic reùreathing tests (P<O.Ol). There were 

m drink type x Pa interaction effects on VE variab'i. 



P&Miium 

Tben w m  2 rebreathing tests (hyperoxk ami hypoxic test; practice test 

exchidcd) perîormed on each of tbe 1 1 subjects for each drinlr type, for a nnal total of 44 

rebreathing tests. Thae were a total of 4 PAS e>rpaieirod in 3 différrnt subjects (2 PAS 

per eech dniiL type) in aü these r e h t h i q  tests. Then was no significant effect of 

drink type or Pa on the presence of pank, wah m drsik type x Pa interaction effects. 

Thc remainjng panic variables studieâ, Oasct of Sx, Duration of Sx, #Sx, and 

ZSx, were ud%cted by d r u  type or PQ. with no âhk  type x Pa interaction efIécts. 

A Ventilation 

O l l . l . : . ~ ~ . . : . . . . l : . . . l . : . l  

O 60 120 160 240 300 360 420 

Time (s) 

Figure 5: On Line tebreathing test nsponse for ventilation, end-tidal PC02 and PO,. 



Table 3: Effèct of tryptoph depletion on respiratory variables. 
Va-bk 1 DcibkType 1 ~~i i t iCr,ece  1 

Table 4: Effect of dinerent levels of POî on remhtorv variables. 

V E ~  
@/min) 

V T ~  
(mL) 

fb 
(W) 

VET 
(mmHg) 

V T ~  
( H g )  

f~ 
( U g )  

VES 
(LlrninhmHg) 

VIX 
(mL/mmHg) 

fs 
(Wmin~rnmHg) 

Variable 

V E ~  

p<O.OS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

(Mean +/- 
TRP- 

11.05 +/- 1.22 

62 1.62 +/- 79.24 

12.74 +/- 1.78 

39.76 +/- 0.85 

38.23 +/- 0.88 

40.92 +/- 1.83 

8.57 +/- 1.18 

237.56 +/- 33.56 

2.82 +/- 0.55 

SEM) 
TRP+ 

9.44 +/- 1.22 

548.5 1 +/- 79.24 

14.23 +/- 1.82 

40.15 +/- 0.85 

38.63 +/- 0.85 

40.40 +/- 0.39 

8.53 +/- 1.18 

222.5 1 +/- 33S6 

3.01 +/- 0.55 

- - 
Sign ificaace 

NS 

Po2 
(Mean +/- SEM) 

Hypemxia 

9.71 +/- 1.25 

HypoUa 

10.78 +/- 1.25 



A TRP- 
S = Chemorefiex Sensitivity 
T = Chernoreflex Threshold 
B= Basal Drives to Breathe 

Figure 6: Rep~sentative ventilatory responses during a hyperoxic rebreathing test. 
100 T 

Figure 7: Representative ventilatory responses d u ~ g  a hypoxic rcbreathing test 



DISCUSSION 

I masureci the effects of tryptophan depletion on the central and peripheral 

chemorefiex tkshold and sensitivity of response to CO2 and found no effect on these 

chernoreflex parameters, as measureù by ventilation, tidal vohune and breathing 

fkequency responses. These negative findings were obsewed in presence of sufficient 

CNS tryptoplian depletion as indicateâ by signifiant fd in f h  blood tryptophan ievels 

(71% M. 83% Delgado et aL, (1994) and 7û% Price et al., (1997)), as measured 2.5 hours 

after driak consumption. As with fmd Uitake, the placebo drink caused a significant 

incmase in fkee tryptophan (147%), comparable to others' results (360% Delgado et al., 

(1990); 184% Young et al., (1985)) - an issue of potential concem for positive nndngs. 

Research has shown thst piasma d i t s  of tryptophan are reached between 2-6 hours after 

drink consumption with CNS depletion reaching comparable Ievels 3-4 hours later (ex. 

Carpenter et al., 1998; Wüliams et al., 1999). As the tiin in tryptophan obsewed here is 

comparable with that in other studies, temporal effects considered (rebreathing tests were 

done at t h  of both CNS and plasma nadirs, 4.5-6 hours d e r  drink consumption), I 

mject the possibii  of iasufficient tryptophan depletion as the cause of these negative 

findings. It thediore appears that the central and peripheral chemoreflexes, the only 

respiratory seiisors of suffocation, are not signincantly affectecl in their thteshold or 

semitivity of response to CO2 by diminished 5-HT fùnction. 

An alternate explanation for tbis resuit is that the method 1 eiaployed is mt 

sensitive enough to measure the efféct of the intervention. Though this is a possibility, 1 

do not think it is a Wrely one. Our group has empbyed this technique to successflllly 



- determine effits of otber interventions on these chernoreflex parameters m meny studies 

(ex. Duif% and McAv~y, 1988; Mohaa anâ Dufnn, 1997; Mabamed a ai., 2001; 

Mahamed and Dufm, 2001). A h ,  our fïnding of elevated Veb with TRP- suggests that 

the technique is sensitive enough to detect sign&ant chemoreflex cbanges imparted by 

this intervention. This last observation also mggests that the power of the test was 

d c i e n t ,  with unlEeiy possibiility of a Type II error. 

Expectedly, hypoxia decreased the chemoreflex thshold of response to C a  for 

all of ventiletion, tidal volume ad breathing âequency, whik incmsing sensitivity of 

the chemoreflex response for ventilation, tidal volume but not for breathing fiequency. 

This is not a surprishg resuh as it folbws the mode1 nsponse to rebreathhg oufh, 

2000). T b t  is, most subjects increase th& ventilation during rebreathing prgiisrüy by 

ekvatiug Wu tidal volume respome and subsequently inCrrashg breathing tiopuency 

(seconâ breakpomt), once tidal voium reacbes a plateau. At that point Srreases in 

ventiletion are &en by inCreaues in breathmg frequency. This usually happeas late 

d h g  the rebreathhg test, shortly before its termination, with few data points between 

thia increase in frequency (second breeltpomt) and eid of rebreathing. More importantly, 

there were no drink type x Pa effbcts for this respiratory parameter (&), mdicatiiig that 

tryptophen depletion did mt contri te  to tbis e f k t  

Our messures for besal tidal volume or breathhg fkquency were not siBPificentîy 

W e d  by drink typ,  but basal ventiiahn was significsatly higber durittg the TRP- 

condition This is an hteresting resuit considering the role of 5-EU in musai. Our 

baseline masures consisteci of the rebreathiag pesiod h m  the ead of hyperventilation to 



just Mre cbemonzfkx theshoid (see F ' i  6 anci Q accomîhg fix any short-term 

potentiation effits due to the hyperventilation. As tbis is a hypocapaic p h ,  

ventilatory output during baseline measurrs is the result of musal (or ' t v a k e ~ s s n  

Fi& 1%1) drive to bcathe, without any cbemorek contriiution (Philipson and 

Bowes, 1986; Mehamd, et al., 2001.) Indeed, ushg ventilation as au index of muai 

state, it would appear tbat serotonin bas a "calming" efféct on arousd, since a SHT 

deficht state ekvates ventilation. A compromised musal system (ascending reticuIar 

aangtmg system) may play an important d e  in panic and associated respiratory 

aônormality, with 5-HT a potentiaîiy important modulator of this system. 

From the above discussion, it is 8LPO expected that should not affsct besal 

ventilation (Va), basal tidai volume (Vm), or bssal breathing frrquency (&), as Medeed, it 

did not, imspcctive of drinL type (no drink type x Pa miemctions). 

The negaiive resuhs of TRP- on chernoreflex thiesbold and sensitivity parameters 

does m t  resoive the contlictiag pre-clinicol eiinial h d h g s  commhg the d e  of SHT 

as a stimulatory (Bernard et al., 19%; Richerson et al., 1995; Wang et aL, 1998; Hilarie et 

al., 1997; Dreshnaj et al., 1997) W. an mhiiory (Armijo and Fierez, 1974; M u e k  et 

ai., 1980; L d b e r g  et al. (1978); Mitcbeii et al., 1983; O h n  et ai., 1979) modulator of 

ventilatory output. We cm only conchde tbat gbbd TRP- does mt dcientty afkct 

the in vivo central and periphcrai cbemateflex response to CQ. 

Wbat is tbc implication of this o v d  Jack of effat of TRP- on chenmrtflex 

parameters on the "su8bcation dmn* thcory of panic? The etncscy of SSRI's in 

reîieving panic suggests tbat inxessed 5HT huictioa should mrmaiize any associatd 



vedatary s)innniiaüty and hnplirntrrl 'bsu&&n a l d  dysfhction in PD. 

Conversely, deficient 5-HT fuaction is expected to sensitizddepress the 6bsu.Eocation 

h" threshold. The early in vivo animal shidies were supportive of this notion 

(Armjo and Florg 1974; Mueiler et al., 1980; Lundberg et al. (1978); Mitchell et al., 

1983; Olson et al., 1979), implicating 5-HT as an attenuating modulator of ventilatory 

output. This work hes stimulateci several studies showing respiratory hyperactivity to 

rebreathing during TRP- in PD but not in HV (Kent et ai., 1996; Milkr et al., 1996,200; 

Uwsen et al, 1998). However, methodological iimitations of these studies did not 

permit assessment of low 5-HT on specific sites involved in docation sensing (ex. 

respiratory chemoreflexes), specificaüy on the chernoreflex threshold and snsit ivity of 

response to CQ.  Our negative results of TRP- on these chemoreflex parameters in the 

heaithy volunteers concur with resuits fiom these studies. 

Our study was carried out in a non-clinid population. It has been previously 

suggested that the response of pi& patients to the intervention used here could be 

different than that of controls, indeed that a population with an "anxiety/panic system" 

pathology would responô diffcrentiy to a combination TRP-/CO2 challenge than that with 

a non-compromised Cbanxiety/pani~ system." This is a valid objection fiom the point of 

view of 8IYCiety or @ etiology as a wble, though it does not undermine our patadigm 

as a test of the "docation alarm theory," which States tbat all subjects, including 

healthy volunteers, have a dôcation alarm, as evidenceâ by the fàct that b'sufE~cation is 

an extremely intense, iernarkably common fear reprted in normal subjects" (Klein, 

1993). The aegative resuhs of this study thus speak against any chemoreflex mediteci 

docation alann, s k e  such a major disniption of 5-HT function (71% faU in fke 



p h  TRP) would be expected t e  SeciOusiy deiange the alamr, even M healthy 

volunteers. 

It is worth wting that TRP- atiécts global CNS 5-HT function, affecthg ail 

serotonergic bniin nuclei. W e  in vitro work has focused on the role of the caudal 

raphe, more traditionally associated with SHT-modulated control of breathing, it is 

interesthg to speculate on  the role of the rostral mphe nucki (dorsal raphe nucleus, DRN; 

mediai raphe nucleus, MRN) in ventilatory pattern expression. It is the mstral raphe 

nucki that appear to be involved in anxjety and panic in general (Grove et al., 1997). If 

the problem with anxiety and panic is flawed rostral raphe (especialiy MRN, Grove et al. 

1997) modulation of theü target structures (ex. amygdala (Amg) and dorsal 

periaqductal gray matter (PGA); Deakin and Graee 199 1) as many researchers suggest 

(Kent et al. 1998; Shmers et al., 2000; Grove et al., 1997), then such malfunctional 

neurornodulation would affect structures implicated in expression of p i c  (ex. PAG), 

generation of anticipatory anxiety (ex. Amg) and cognitions (corticai) that may 

participate in anticipatory anxiety and their catastrophisation which foUows the physical 

sensations of panic (Clark, 1988). Thus, the respiratory aônormality often cited with PD 

and panic attacks ( G o m  et aL, 1988; Woods et ai., 1986; Oiiez et al., 1987; Carr et al., 

1987; Sanderson et al., 1989) may be nothhg more t h  an epiphenomenon of the 

indirect (corticavbehavioral) input to the respiratory system, with the core biological flaw 

possibiy limited to deranged regdation of subcorticaî structures by the mstral mphe. One 

might imagine that such 5-HT-compromised regdation of corticaVbehaviora1 driws 

would be expressed on the ventilatory response where these drives play a key role, that is 

on V E ~  h the hypoaipaic phase of rebreathg, as inàeed observed in this study. Thus, a 



biological 8aw in psnic fend anxiety) m y  «<ist in (ht fomi of defeaive 5-HT 

modulation of subcortical structures (ex. PGA, panic; Amg, anxiety). anâ so as such, a 

"doc8tion alami" m y  exist, but niay have nothing to do with the nian areas involveâ 

in physiological detection of suEbcaîion/C@ - the respiratory cbemoreflexes. 

Associated breathkssnesdsuffocation, a key featwe of pgnic, as proposeci by Klein 

(1993), may be mtbing more then symptom catastrophisation (Ciark, 1988) from 

viscemsensory intemceptiw cues of an already triggered p d c  cascade. 

in sumaary, TRP- does not significantly aftéct the central and periphed 

chemoreflex thteshoid and sensitivity of response to C& m bealthy men. In conjuaction 

with our previous work (Katzman et al, 2001, in suknission), I conclude tbat the 

respiratory chemorefkxes, the oniy respiratory sensors of suffocation, are not the trigger 

of pank in a nonriaal or 5-HT deficient state. Pa& associated respiratory abmialities 

may be relateci to deranged 5-HT k t i o n  m a g e d  amusal mechanism, or other brain 

regions that trigger pank, uflteiated to any respiratory chexnoreflex abnomiality. 
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1.1 Panic Attacks and Panic Diaorder 

Panic disorder with or without agoraphobis (PD) is a coamion psychhtric illness that &ts 2% to 

5% of the general population (Nutt and L a w  1992; and WIttchen and Essan, 1993). 35% of the 

popdation has reported to have had at ieast one panic attack (Nutt aad Lawson, 1992; and Winchen 

anâ Essan, 1993). The hailmark of PD is the repeated occurrence of spontaneous panic attacks (PA) 

@iegaostic and Statistral M a n d  4'th edition, DSM-IV). These PAS are discrete episodes of 

intense anxiay tbst are perceived to be unoontroilable and are accompenied by unpleasant physical 

semations such as palpitations, chest pain, dyspnea, choliqg, sweetiog, tremors, fàintness and 

pataesthcsia. P h  are aiso accompiuiied by psychosensorial symptoms such as dep~onsliartion and 

mgnitin symptoms such as féar of bshg contrai, gohg crazy or dying. A PA cm last h m  a îkw 

minutes to more than an bout, and mtense nitigue is firsquently reported at the conclusion of the 

episode (Bridwejn and Koszycki, 1994). Because of these alarming physical and psychosensorial 

symptoms, niany patients mterpret theu PA as a potentiaiîy lifr threatenhg event, resd thg  in 

ernergency m m  visas ad othei beip-seekhg ôebavior. Although successîui treatrnents for PD are 

now avaiîable, t k r e  are stiil pmbkms with successfd diagaosis (Papp et aL, 1993a). PAS are irsuelly 

foibwed by the deveiopnmt of anticipatory d t y  and agoraphobia. The WLIIIIY)~ complications of 

PD Wude depression, substance abuse aad sigaificcint social anà occupationai mpewcnt (Bradwejn 

a d  Koszycki, 1994). The Nationai h s t i ~ e  of Mental He& bs9 rseently d e d  PD in the p c b r y  

care mditat setting as a high prbrity ( M e s  et ai., 1995). 

Chdienge Puradigm und Theuries in Pa& Dborder 

By its very dennition, a PA is "spontaiienus" m nature (APA, 1994). Therefore, in in attexupt to 

identify an rbiomial response in @ patients, a number of paie inâucing agents have been 

mttoduced m the labotatory. More extensiveiy studied pbysiobgical and pbarmacobgicaic~es 

hhde tests mvohring noradrraergic (NA) a g a s  (ex. phimbibe, andmiadrriisline), cboLcystolnnin 

(CCK), lactate/bicarbo~e/hypacapaia, serotoaagic agents (ex 5-HT agonistdaniagonists) and 



-- ~ ( f o t r e v i e w s œ N u t t d ~  1992). Oftkinnncrr,usagmisidentinc4 hiaaa. 

b1~81bonate aad hypercapnic cba(knges bave focused on the veniüetory nsponse and changes in PAS 

(see Coplan end Klein, 1996 for review). 

Chsllenge studies using imawnous sodium lactate bave long show its efféctiveness m induchg PA'S 

in PD patients but not in controls (Pitts and McClure, 1967). Despite the years of researcb, cunent 

lit- provides no mechsnism on its mode of action, Because sodium lactate and sodium 

bicarbonate (another proven panicogen, see Coplsn and Klein, 1996 for review) are bothpanbgenic 

and metaboiid to carbon diode (Ca), this elevation of CO, bas been proposeci as the mechanisan 

of p i c  induction, though this exphnation is now mt  accepteci (Gonnan et al., 1990). C a  

panbgenesis Iias however been coafimisd by various studies (Lousôerg et ai., 1988; G o m  et al., 

1994; KetPnen et al., 2000, in preparation), giving rise to the "CO2 hy~ersensitivity theow of @. 
The suggestion here is tbat PD patients are hypemnsitive to increttses in k i r  blood CC& kvels. 

Upon nihslation of a hypempnic gas mixture (5% or 35% Ca) ,  patients with PD are believed to 

experkmx a subj,tive sense of dyspnea, stimuiated by hypersemitive bramstem respiratory control 

niclei. Fobwhg the dyspnea, a triggerhg of a series of typicaî autommic symptoms is expressed 

(Papp et al., 1995). Idtoduction of hypffapnia hss been p e r f D d  through eitber a slow rebreathe 

of 5-7% CO2 m air (Bystritsky & Shaph, 1992), or breathhg one or two deep breaths of 35% C a  

(Verburg et al., 1995; Pema a aL, 1994 aad 19%). Both steady-state (Baüey et al., 1986; Milic- 

Eniili et al., 1976; end Papp et a, 1989) anâ rebreathhg (Cam et al., 1987; Lousberg et al., 1988; 

Pain et al., 1988; and Papp et al., 1990a and 1995) techaiqua have been useâ to record the 

chcmosensitivity of clinical panickm, to both 5% and 35% hypercapnic tests mentioneà above. 

Attempts to mcasure the C a  sensitivity of bth CW panickers and non-pariclrem have pduœû 

mixed resuîts that do mt unsquivocaUy support the mtion of enbanced chemosensitivity to Ca in 

individuais with PD (Papp & Gomian, 1990b; Katzntmn et al. 2000, m prepamtion). Nevertheless, a 

numbet of reports conftmi the presence and devance of respiratory abaontipoties m petiems W P D  

(Gomian et al., 1984; Woods a al., 1986; Griez et aL, 1987; Cm et ai., 1987; Metson et ai., 

1989). Based on reseerch Usmg ktate, bicatbonate anâ C a  cballaiges W m  (1993) bas fhmdated 

an integrative "fàlse suffocation akmn theory of paaic. 

Kkin (1993) argues tbat penic patients are -e to COI, tbeir acceptaMe bkod C a  levels 



Klein's aqpmnt may be rainimanPd as f o h :  Suffocation &am are c o m n  in all abjects, and 

the PC@ monitor is the physio bgicai mechanism for detecting potentiai suffocation In a PD pebieat, 

this "evoiutionariiy derived set-point hss become dysfmctiod," and the tesuitant hypersensitivity 

kcomes the instigator of spontaneous gmk attack in a variety of common situations in üfé, whem 

am's Ca bels would siightly rise. A major limitation of this theory has been the kick of an 

anatoniical system fbr the "doc8tion alaria" 

These challenges bave m part been undertaken to eiucidate the specifk brain system mvolved. One 

system tbat bas shown a gwd deal of promise in ternis of being a player in the 

CUUaOgenic/pankogeaic system is tbe serotoaergk system, 

Many lines of evidence bave now linked a deficiency m serotonia (5-hydroxytiyptamine; 5-HT) with 

d t y  and specifïcaiiy with panic disorder (see Anderson and Mortmiore, 1999; or Coplan et ai., 

1992 for review,) bit its role rrnieiris uackar. C W  triais mdrate that àrugs tbat putatively 

increase 5-HT mirotrammhimn (Blier et al., 1987). tbat is, the sektive semtonin reuptake 

inbiaiors (SSRI's). such as fluoxetine, fîuvoxamine. paroxetbe, anci are e f h t k  &par& 

agents (Evans a al., 1 986; Gomiaa et al., 1 987; Den Boer and Westenberg, 1 988; Schneier et ai., 

1990). The sucoess of these and 0th SSWs provides the buik of evidence for the involvement of 

the 5HT system in panic. 

Reclinical studies provide the iink between the hypothesis of deficient 5-HT neurotransmission and 

associatecl respiratory hyperactivity m panic disorder (Olson et al., 1979; L d b e r g  et al., 1980; 

Mitcheii a ai., 1983). Several studYs showeâ tbat ventilation decreasm der both pcripheral and 

c e n t r a l m  . . n of 5-Hi' agonisis (Annip and Fierez, 1974; M u e h  a al., 1980). Lundberg a 



hydonrylaae mhiiior parachlorophenylpiperazhe (PCPA) causes hyperventilation in goats (Macbeil 

et al., 1983) anâ rats (Olson et al., 1979) witb repletion of 5-HTP normalizing ventilation and C Q  

levels. Fmm these anmisl shidies, it is generaüy agnsd that an interaction between 5-HT fimction 

and respiration exists. 

The picture is somewbat more complicated whm one considers research on the involvement of the 

niidluu raphe nuclei in respiration and control of keathing. The raphe nuclei, the mapr sites of 5-HT 

newons in the CNS, have km shown to have chreceptive pmperties @reshaj et ai., 1998; Wang 

et al., 1998; Bernard et al., 19%), and have been show to bave stimulatory effècts on ventüatory 

output by iacreasing respiratory fhquency and triggering tonic spinsl activity (Hüarie et d, 1997). 

Also, witMrawaî of anm>aal dorsal mphe activity resded Pi d e c d  peak phmic and hypogiossai 

a d d i e s  at any given end-tidal C a  kvel (Dreshaj et al., 1998). From tbis evidence, one woubl 

conchide that enbeaced 5-HT neurotransmission sbould mediate increases in ventdatory output, be it 

via mbnisr chemoreceptive fùnction, or via hcreased phreMcmypoglossal drive. However, a closer 

bok at tbe rapbe reveals the pnsence of sensitive Ca-stimuiated muons a d  C & W i i  murons 

(Richetson, 1995). It seems t b t  speciac m@ns of the raphe decrease respiratory discharges 

(nucleus raphe obscurus, Rob; nucleus raphe xnagnus, RMg,) whik other regions increase phrenic 

diScbarge (nucleus raphe paiiidus, RPa; Laky, 1986). Indeed, Lalley et aL (1 997) have show that 

Rob stimulation de- excitability and rhythmic bebavior of sevaal types of meduUary respiratory 

neurons. This stuây implicated the 5-HT -1 A nceptor subtype in modulating respiratory depth and 

pattern of breathing. Hüerie et aL (1 997) have impücated certain 5-HT sub(ypes m stimulatory efï'ècts 

on veLttilatory output and ot&ers m hhiÎiitoy contri'butjons. Part of the pmblem witb these shdies is 

tbat tbey are either brah slice or m vitro studk with m intact in vivo rrs+arch on awake rmmnds, 

much lcss so on humans. Tbip cippoacb, wbüe specific overboks the concerteci work of al tk 5-HT 

receptor subtypes, a d  ail of the raphe nucki m their work at an integrateà animal bel .  The 5-Hi' is 

a diffus pmjectbn sys!em extcadirig tbmugbout the CNS with modulatory fùnctions througbouî. It 

is not unlilrely tben tbaî the raphe's innuaw on control ofbrratbing acts m a smiilar nisbion. Thc aei 

eB& of the raphe on breathiiig could k the muît of a belence ôetween stimulatory and inhiiitory 



---- - mBanocs(RM%andRObw. RW-) Paihobgyiuthis~basbmrsiigknhdasapasJW 

cause of Congenital Central Hypoventilrition Syndrome, Sudden Infant Death Syndrom and sleep 

apnea (Füiam a ai., 1990; Kmney et al., 1995) (iack of stimilatory modulation,) and could be the 

problan in panic if then is a net excess of modulatory stimulation (by d e c r d  inhi'bitory raphe 

activity, possibly due to deficient 5-HT wmttmsmission in the Rob.) 

Investigation of 5-Hi' fuaction m h m  is made difiicuit by the lack of selative tools a d  the 

complexity of the 5-HT system. A widely used method of investigating global 5-HT fiinction is the 

technique of acute tryptophan depletion (TRPdepktion). Tryptophm king the pre-cursor amino 

acid ta 5-HT synthesis, the derlying belief hm is that tryptophan depietion wili cause a short-term 

gbbal reduction in bram 5-HT ttnction m hunnin subjects as a consequeme of ingmthg atqptophan 

&ee amino acid drink (Re* et al., 1997). in humans, there is evidence of duceci 5-HT synthesis 

(Nishiz%wa et ai., 1 997) anâ r d  uced cerebrospinai fluid tryptophan and 5-hydmxyindokacet Ec acid 

(5-HT mtaboiite) after TRPaepktion (Carpenter et al., 1998), with technique specincity recentiy 

verifid by Klasssen et al (1999). 

Recent human research hto the etiology of panic bas empbyd TRP-depktion with a CC& challenge 

approach, further suggesthg interactions between the 5-HT and respirstory system (Kent et al., 19%; 

Milkr et ai., 1996; Klaassen et al., 1998; Müler et ai., 2000). The general consensus of these studies 

is that 'i'RP..depletion enbances the e&t of a C a  penic challenge with little e&t on general or 

anticipatory anxiety levels m PD patients. However the resuits on M y  controis remah unclear. 

Studies by Kent et al. (1 9%) and Miller at ai. (1 996) show thst TRP-depletion iacreases respiration 

by ckvating tidal vohtme, fkquency aad niimite vcntüatioit H o m  to our knowkdge no study 

bas h k e d  at how the reporteci changes m respiration are brought about and what is the site of 

interaction barnni the 5-HT and respiratory system. Kiem's "fàk d i t i o n  alami" theory 

suggests a tlawed C a  s a s o r  emneously signahg suffoc8tion. We looked at the respiratory sexwrs 

wbichdaectsutEbcationhbothPDpatYntsaadbealthycom~lsdtOundmdiaerrncesuiantral 

or peripberal cbmorefkx responses to Ca (KatPiian et aL 2000, m prejmation). Yet tben is abound 

rescarch showhg respiratory ammaües in PD (Goman et al., 1984; Woods et aL, 1986; Onia et al., 

1987; Cam et al., 1987; Saunderson et ai., 1989) supporthg the hypathesis ofmabnormairespiratory 

tesponse, withretmrch showing tbat reduced serotonergic ~woIrruismissionaftfxts this response 



(€%met&, 1979;Mitchcttetat, 1983;Armijoet&, W4;1Miieketat., ImKemaat, 1996; 

Müler et al., 1996, Kleassen et ai., 1998; Miller et aL, 2000). However none of these studies bas 

boked  hr a possiibk anatomical site of mteraction between the two systems, in parthular wah 

consideration of the C a  hyperseasitivity theory of panic. Kent et ai. conch.de that theic " . . . fidngs 

raise the p o s s i i  tbat the respiratory componait of pank rnay be an appropriate target Fw selfftive 

serotonin reuptake inhiors, whiie the d e t y  component -y, in tuni, be dmiinished as respiration 

is better reguiateû." This suggestion slso fits with the Win theory m the context ofdefèctive 5-HT 

neutotransmission sensiiiziiig the respiratory contml centres (durhg low CNS 5-HT periods, or 

during "bad speUs" of panic) whnh misfire m response to siight elevations in Ca. 

LII Rebreathing Technique 

The purpose of rebreathing is to induce hypercapnia in the subject over a period of severai minutes. 

A progressive increase m the end-tidal partiai pressure of carbon dioxide (hypercapnia) is pmduced 

when a subject b r e a k  in d out of a bag or spirometet so that n o d  gas exchange with m m  air 

is prevented. The end-tidal partial pressure of &a diode rises solely due to the nstiqg metaôolic 

production of carbon dioxkie of the subpCt. Hypoxia is avoideâ by 6üliag the rebreathhg bag with a 

high percentage of oxygen (hyperoxic), suiEcknt for the subject's metabolic needs during the 

rehthing. 

In 1967 Read dewbped a rebeatbiag technique that accurately messuied the ventilatory response to 

carbon diorticle. The subject wodd rebreathe h m  a bag containhg an initial hyperoxic and 

hypercapnic gas mixture. Exposure to these condaions allowed for a rapid equüition between the 

partial pressures of carbon dioxide in the aheolar ga9 and the arteriel blood, quickîy raishg their 

levefs to tbat ofmixeci venous blood and the tissue (due to hypercapnïa) as weîi as for the withdrawd 

of the peripheral chemoreceptors response (due to hyperoxia). 

Reid's modincrtioils of a smsllei b g  and an initiai carbon diode kvel fbr the bag closer to that of 

mixed venous blood thereby d l e d  the estabiishmt of a constant relationsbip between the end- 

tidd pertisl pressure of carbon dionde and tbat of the brain tissue and central chernoteceptors. 



snittheparMprerr<nmsofcarborrdiortidethro~thebody, t h e t m i g s d t h c r e ~ b s g  

riPes linearly with time due to metsboüsm, idependent of ventilation nie increase m the end-tidal 

pertial pressure of cerbon diode is taken to k mdicative of the increase at the ceneal 

chemoreceptors and is the underîying priacipie of the aaoty ofthe rebteathing technique to measure 

the central chemoreceptor venthtory respoase to carbon dioxide (central chemorefkx). 

Whiie Read's tehthing method is the best technique for nmsurement of the centrai-chernoreflex 

sensitivity, since the subjoct begins tebteathing at their resting mixed vernus level of the carbon 

dioxide, there is no oppomuuty to measure the threshold of the ceatral-chemrefiex. Therehre, in 

order to meapure the threshold of the central-chemodex response, Read's technique was mdified 

by out laboratory to inchde a prior vohuitary hyperventilation (iMh and McAvoy, 1988) to lower 

carbon dioxide kvels below thrrsbold. By starting rebreatbg a b  a perhd of hyperventilation to 

lower M y  stores of carbon dioxide, the nitid equiliition of carbon dioxide occurs at kvels bebw 

the central-chemorefkx threshUkl. As a resuh, the central-chemoreflex threshoki can be m e a s d .  

In a fiuuur modification these rebrrathing tests can be c d  out under iso-oxk conditions by 

p t o d h g  a d &w of oxygen under computer control. In this way not only can hypetoxic 

rebreathmg tests be done, that measurr the central chernoreflex nsponse, but also hypoxic 

reb- tests, that masure b th  the central and peripbcral chernoreflex responses. 

In sunniiiuy, R d ' s  rebreatbiag tecbnique as modified in this laboratory allows the determination of 

the tbrrshold and semitMy of the chem>tefkx ventilatory respollse to carbon dioxide d e r  both 

hyperoxic and bypoxic conditions, embiing estimations of both the centrai and peripheralcbem,reflex 

charactcristics. 

II. Objectives 

We are proposiqg a shdy to investigate the possible site of interaction between the 5-HT systemand 

the neurai respiratory control centres. Accordmg to Kleii (1 993) the origin of PAS and iadeed ofPD 

is in "a physiobgic mishterptetation by a sufiOeation moniîor, whrh midires as an evoiveâ 

s d b d o n  a h "  We ban looked at the ody respiratory dbcation detectors, tyltlre!iy th central 

and peripkd chemorefkxes in PD patients and &alihy cootrols and fouad no "misnnig" in taar, of 



thrrshokl-orwofnspoirieto COi-dmingarebreathmg-(Katmiaaetat., 2000, in 

prrpiaation). To date, no shidies bave boked at the effect of bw brain tryptophan (Le. 5-Hl") ont& 

thrrsholds and sensitivities of the c d  and periphetal cbemoreflexes, anci thus no amtomral 

localization of respiratory-5-HT system mteraction bas been proposeû. h f o r e ,  we propose to 

employ the TRP-âepletion technique dong with the amdifkû Read rebreatbing procedure to look at 

the effect of low brain 5-HT on the thtesh>lds and semitivities of the central a d  peripherai 

chernoreflex resporesp to r i s 4  C a  in &ahhy subjects. 

Observation of tk subject's response to increased C a ,  and mis of the data using appropriate 

software, wiîi ykld results. If a Merence is shown in the central chemoreflex, this would knd 

d e n c e  to the "6ilpe suffocation h" in the form ofdefkctive 5-HT neurotrruismission sedbiug 

the C a  seasor (Le. the chemoreceptor) whicb, according to the theory, wouid erroneousiy signal a 

PA with rishg Ca. An anatomicai iocale for the wsuff~t ion aiarmn would also then be f o d .  

Aâernatively, evidence to the contrery wodd seriously challenge this theory. 

III. Criaria for Eligîbility and Exclusion 

Eiigik subjects will be d e s  ôetween th age 1845 years, n o ~ ~ ~ m ~ k e r s ,  with the abüày to 

derstand the nature of the study and cornpiete a sekathg scale, and amver the evaluator. 

Healthy Volunteers wiiî be ineügibk ifone or more of the fohwing exist(s): 

Signs of signifiant b s s  upon history, physieal eusminrition and laboratory fiadings 

History of compmmised respiratory hiaction (ex. COPD, asthme, ~8tdiov~scular, disease, 

etc.) 

Weight outside mnnal limits 

Meeting Criteria for any DSM-IV Djagnosis 

Not providhg informeci consent m a nnumcr consistent with nationally approved stadads 

before entering the stuây. 

The nsponsibk Învestigator will obtain informed consent, der ha* first o&eâ the patient an 

ihfbrmation sheet with a fi>ll expianation of the sndy on it. The respoflsible mvestigator wül p v i d e  a 



Panic Disorder patients will k ktigi'ble if one or more of the fobwing exist(s): 

Signs of significaot illaess upon history, physical examination and laboratory Whgs 

History of comproniised respiratory h t i o n  (ex. COPD, astbma, carâiovtwculat, disease, 

etc.) 

Weight outside nonaal bits 

Meeting Criteria for any DSM-IV Diagnosis other tbm Panic Disorder with or without 

Agoraphobia. 

Currentiy use of any medication 

Not proviâhq i n f o d  consent in a manner consistent with nationaily approved staadards 

before entering the study. 

The responsibk investigator will obtain i d o d  consent, d e r  having first o f f e d  the patient an 

information sbeet with a AiII expianation of the study on it. The responsible investigator wiii provide a 

copy of the consent fom to the participant. 

NOTE: Smbjceb on PIyehotropic or dbiilbweà meâiation will not ôe conaidemi eligibk 
uaim Living uadeqone a washout cormpoading to S LaIEiiva of the drug and ib active 
metabolite befom tbe enty  into the test dry. 

IV. Methd 

Re breathing 

The apparatus used fot thc rebeatbmg tests bas been pmiousîy used in this laboratory @ufnn and 

McAvoy, 1988; Mohan a ai., 1997; Kncmian et aL, 2000, m preparation) with the addition of a 

compter controiieâ Wback system to niantem a hypemxic or hypoxic condition thughout the 

expehent. The enîire apparatus (Figure 1) will be ca l i ted  before each abject's experimental 

session 



Figure 1 : Sehip of the rebrrathiag apparatus. 

An o h t e r  probe (Bruel and Kjaer, mode1 8852) is piaced on the subject's index !&er in order to 

monitor hesrt rate and oxygen saturation. The subject wii i  wear a nose ciip thughout the 

expdmmt and breathe via a mouthpiecc coniiected to a Y vaive ( C o h  P-3 19; 80 ml dead space). 

This valve allows subjects to switch thexnselves h m  m m  air to the tebrrathing beg. A tube 

attached to the vaive win sampk the air breatheâ at the muth for monitoring values of cerbon 

diowte and oxygen (Bniel and K@r, amesthetic monitor type 8852). Tbe rehthing be& 
appm~iy5Liters, isenclosed0ari~coatriiierdisoo~edtoadrym~dspiomta 

(Morgan Sphtbw, d e l  130) by a short kngth of d e  bore (37 mm) tub'mg so tbat vedlathncan 

be monitored on a kcath-by-kath bssis. The bag is filled with a gas mixture m which the partiel 

pressure of carbon diode is at 42 nuMg and the iso-oxic oxygen kvel is at 150 n W g  for the 

hyperoxic condition d 50 mmHg for the hypoxk coditbn. 

T ~ t o p h a n  Depletion 

Subjects wiiî undergo two days of  testing: a TRP-depietion day ad a nondepletion @iacebo) day. 

TRP-depietion wiü be achieved fobwing a etsndard p t o c o l  (Young et al., 1985). Subjects wiü eat 



of testhg and te- firom cdtkine or alCoho1 consumption for 48 hous prior to either test day. Tbry 

WU receive one of two amino-ad drinks m a double-bhâ, domizeâ order at 8:00 on the moming 

of test day, with test days separated by no )ess than three and no more thau seven days. One hundrrd 

gram amino acki dridrs wiil be consumed whkh will differ onty in whether they iack or contain 23g 

of tryptophan (TRP-fke di9ik ad control cùink, respectively, see Table 1). The powdered amino 

acids (proviâed by Signui Aldrich) wiîl be mixeâ with 2 5 M  of water anâ 60ml "-km chocohte 

symp (ôy Nestle) immdiaîely before Iidministiation. Subpcts wiîl be mstnrted to dtinlr the mixture 

as puickly as possible. Subjects wül reniain in the laboratory d e r  observation by the Qlpamaiier m 

the thne between ingestion and the rebreathing ta&, 4.5 hours Iater. 

Tabie 1 : Cornposition of the placebo amho acid mixture 
Amino Acid Composition (g) 
L - M  5.5 
L-Argiiime 4.9 
L-Qsîeine 2.7 
Giycine 3.2 
L-Histidine 3.2 
L-Isoleuche 8.0 
L-Leucine 13.5 
L-Lysine 1 1  
L-Methionnie 3 
L-PhenyleQmae 5.7 
L-Praline 12.2 
L-Serine 6.9 
L-Thteonine 6.9 
L-Tyrosine 6.9 
L-Valine 8.9 
L-Tryptopfian 2.3 
In tbe tryptophao depkted mixture, L-Tryptopban wiU be lefi out. 

Bkod wdî be dtawn on each test day to obtain plesma tryptophan m u r e s  easuring su£ûcient 

depletion just pPior to testhg. Subjects wül bave b h d  drawn twice: once during an initial 

aPsnismeat visa to determine tmseline eniino aciâ dridc ievela A sample wül k h u m  durhg test 

day, 2.5 hours der ingestion of the bernage, prior to the rebteathbg procedure. A qiialined nurse 

wili draw d b M  sampks (10 mL) each tb. 
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ïbe blood samples wül be spun at 3000 rpm for 10 minutes at a temperature of 4 ' C in a cold 

a d g e  to s e p t e  serum h m  the pellet. Subsequently, the serum WU be stored at -80 O C and 

analysed for levels of tryptophan ushg high pressure Muid chmatography (HPLC). 

The subpct wül Grst dergo  a 5-minute hyperventilation puiod, which wül lower the end-tidal 

jmrtiai pressure of Ca between 20-24 mmHg. The abject wiil then be switched to the rebreathbg 

bag and will be asked to take 3 deep breaths to earwe that the ead-tidal partial pressure of carbon 

dioxide and oxygen in the beg, lungs and arterial blood quickiy equiliite with the mixeà venous 

partial pressure, which serves as an estinnite of the partiel pressure in large tissue. Adequate 

quilibration wiii be evidence by a proper plateau m the end-tidal partial pressure of carbon diode. 

The end-tidal partial pressure of carbon dioxide wiii rise lineariy with time anâ the test wiiî be 

terminateci at 60 m e .  At this t h e  the subject wili k switched back to momair and wili remah 

sesteci and recover h r  severai minutes. 

Hcalthy Volunteers will k screened a d  assessed îor eligibiiity by medical and psychiatric history, 

SCID-NP (structured psychiatric interview for mn-patients) and the Symptom Checküst 90 (SCL- 

90). Laboratory tests wilî mCMe blood bernatoiogy and cbemistry, urinalysis, urine drug sn#n, and 
-- 

EKG. Bbod will also be tested for base& tryptopban levels. Eiigible abjects wül also be infomied 

of tbe symptoms that they dght cxpcrinw as a result of the breathing procedure or the TRP- 

depleted/placebo drailr. E ü g i  subjects wül be mstructed to avoid caffeine and alcoho148 hours 

beibre each vis3 and maiiitsia a bw tryptophan diet for 24 hours pRor to the day of testing. Upon 

conpletion of the nrsi vis&, subpcts wül k proviciecl with the date of their second and tbÎrd vmts ad 

a copy of the consent fonn 

Pa& Disorder abjects WU k s c d  and assessed for e i i g i i  by mc4icalaiid ~~ bistory, 

SCID (stmctud psychiatric interview for DSM-IV psychiaîric patients) the Symptom Checklist 90 



(SeL-W). &&ty Scasitivity Invcntw(ASfX ShabinrDisaMty Sc*, end a P& and M e t y  

record. Laboratory tests wiii iaciude biooâ hemttobgy end chemist~~, urinatysi urine dnig screen, 

and EKG. E ü g i  subjects will aiso be Olformeâ of tbe symptonis that they might experience as a 

resuit of the breathing procedure or the TRP-âepieted/placebo drll*. EligiMe subjects will be 

mstnicted to avoid dikine anà sloohol48 hours befbre each viPa and maintah a bw tryptophm dia 

for 24 hours prior to the day of testing. Upon completion of the fïrst visit, Panic Disorder subjects 

will be proviûed with a copy of the consent fom and a Panic De, to mord their anxiety aid panic 

symptoms h the week fobwiag the ûrst visit incm tbe date of their second and third visit. 

Second Visit 

Upon arrival subjects w i l  c o d h  that they have avoiéed caffeine and aîcohol48 hours before each 

visit d have foiiowed the kw protein dKt (20g) regimen in the lest 24 bours. Then, at 8:ûû the 

subjects wül be asked to Qiak the TRP-free or placebo mixture as quickly as possibk. For the next 

2.5 huis the subjects wilî be kept d e r  observation with rebreaîhg tests done 4.5-6 hom after 

drink collsumption, The 4.56 bur t h e  delay was sekted to albw iowest possibk typtopban 

bels, as tryptophm hweis kgin to rise again aAer 7 hours (Delgado et 1,1990; Miller et al., 1992; 

Young et al., 1985). 

To introduce the subject to the rebreaihing epparatus, and the prior hypewentilattioa technique, tbey 

wiii undergo a series of three rrbreathing tests. Just prior to the nrst test, the sub&ts wili bave bbod 

drawn the second time fot later anaiys'i of piasma amino acid kveis m the TRP-depkted (TRP-ke 

drink session) or non-depIeted (placebo session) state. The !kst test w i l  begin 4.5 burs a b  

ingestion of the drink mixture at 13:ûû. anâ MdertaLen to teach the subject how to b l b w  the 

rebmtbg protocol Duniig this period the abject is show the apparatus. taugbt how the study 

wiü nm anâ sbown bw to Mücate the onset and o5et of symptom (ushg an upward baad swing 

for onset and a downwafd hanà swing for the o&t of symptoms). Fobwing this practice 

rebnathmg test thac wiU k a whour break. 

The orda (hyperoxic W. hypoxic) of the fobwhg tests wiü be assigaed randomiy for each abject. 

A second test, the "Hyperoxic RebrPatbmg test" wül be undertaken to obtain the centrai chref lex 



i~lesponse. Tbe end-tidal partidpressure o f ~ b o n d i o ~ e  wüt& b i y  with tmieudérhvpaoxic 

maditions end the test w i l  be teminatecl at 60 aaiiHg Pcm. At this t i m  the subject will be switched 

k k  to room air and will r e d  seated ami remver for severaf minutes. 

The tbird test, the "Hypoxk Rebreathing test," wiü be conducteci dertaken to obtain combined 

central and peripheral chernoreflex activity. The same concütions wiO be employeù as in the previous 

nm this time under hypoxic coDditbas with test terminetion at 60 mtnHg P C a .  

FoUowing compktion of each pbase, the atteadmg psycbiatrist, prespt thtoughout the &ration ofthe 

e>rpeimient, will ask the abjects to retrospectively assess the severity of their symptoms using the 

DSM-N derived PSS (Pd Symptom Scale). 

This visa WU take plaa at îeast 3 days, but no more thsn 7 &et the second viPa and wiii be identical 

to it m every respect other than the contents of the drink mixture, which wiil be administered in a 

randoniized, double-blind fashion of TRP-&ee drhk or placebo (TRP-hchdsd). The Pa& Diary anô 

Anxiety record will aiso be retumed at this time. 

V. Data Collection 

Respiratory data coliected wili iaclude ail of t& following vasus t h e  (s): 

(0 Heart rate (beatdmin) 

(ii) Oxygen saturation (%) 

(iii) End-tidal partial pressure of Ca ( d g )  enl O, (mmHg) 

(iv) Ventilation (Umh) - Tidal Volume (ml) end Frequency (breawmin.) 

(v) InspirBtory and Expiratory times 

The Symptom checktist 90 (SCL-90). Anxiety SensitMty lmnntory (ASI), Sheehan Dkhiüty Scale, 

and a Panic and Anxiety record will be asses& post hoc to examine for potential correlation withthe 

respiratory data. 

A DSM-IV based penic mventory (Panic Symptom Scak, PSS) wiü be used for recorcüng of 



symptoms. TkPSSwiübe dertaken ~Ig&erthespbjecthaswmp~ eachtcstpbase. 

Synptoms spantaaeousiy reported by the sub@t and mt appearing on the iuventory wiü be recorde& 

tbey will be recordeû as panic symptom if the subject bas the particular symptorn foüowhg each 

phase. Tbe symptoxns will k rated on a five-point sale, h m  O (not present) to 5 (errhemely severe). 

VI. Data Analysis 

Breath-by-brrath values of ventiiation ard the end-tidal partial pressures of oxygen and carbon 

dioxidc accumulated h m  the rebreathing tests are enelysed ushg a specially designed spreadsheet 

(Micmsoft, Excei). First, breaths h m  the initial 3-breath equiliition as weii as sigbs, swailows and 

breaths incomctly detected by the software are excludeci h m  b h e r  analysis. Next, the breath-by- 

breath eid-tidal partiai pressures of carbon d iode  are pbtted against tirne and Mted with a least- 

squares regression k. The equation for this lm provides a pdicted value ofedtidal partial 

pressure of carbon diode vs. tirne, thereby minimisihg inter-breath variab' i  due to measurement. 

Submquently, tidal volume (ml BTPS), respiratory rate (brraths/min) end ventilation (Wh BTPS) 

are pbtted against the predkted end-Mal partial pressure of carbon diode (mmHg). 

Each of these plots is fitted with a d e l  made up of the surn of two or three segments separated by 

one or two breakpoints respectively @utnn et aL, 2000). Mode1 MtPig is based on minimishg the 

sum of least squares for non-htm regressions using commercial sofhme (Sigma Plot 5.0, SPSS). 

The f h t  seepnent is an exponential deciine to a h a î  vaiue, the latter taken as a measure of the basal 

ventiiatioa, basal tidal volume and basai breathbg âcqwacy cbarsctetistics. The exponential &dine 

is chosen to M any waaiag of short-term potentiation of ventilation pduceâ  by hypamthhn tbat 

rnight bave occurred, usualiy observed in only a Êw tests. In those tests without such a tmd the 

decay constant of the exponential d e c k  rewrted to a value less tban 1, so that the tmsai values are 

equniakat to the mean values below the first brrakpoint. 

The second and pomible thsd segments are stmight lines h m  the 6gst to the second beakpoint, and 

above the seconâ ûceakpoiiit te~pectively. The nrst breakpoint is taken as a masurr of the 

cbemoreflex tbreshothreshold Rw the ventiiation, tidal volume and breathkg kquency responses to carbon 

dioxidc. The second brrakpoint is taken as the point at which the ventilatory respoiisc pattern 



For each subbt we wi l  calculate the parameters: basal ventilstion, chernoreflex threshold and 

sensitivity. The! above will be calculated for. (a) hyperoxic condition with TRP-ke drink, (b) 

hypoxic condition with TRP-fhe ârink; (c) hvperoxic condition with placebo; (d) hypoxic condition 

with placebo. Assessmnts of the centrai chemoreceptor sensitivity d be undertaken using the 

hyperoxic condition. Assesment of the peripberal chemonceptor wül be dertaken by subtracting 

the results of central chermreflex output to ventilation obtained d e r  the hyperoxic condition, h m  

the combmed centrd and peripheral chernoreflex output to ventilation h m  the hypoxic condition 

Piasma samples wiiî be analyzed for kvels of tryptopban. A dif?èrence of 70% in tryptophan kvels 

b e n  the two bbod samples (baseline W. ûyptophan depleted state) wiii be taken as sufncient 

üyptopban depietioa Subjects whose samples do not meet this difiereme wül be exchded h m  

fiut&r data mis and an additional subject's sample meeting this criterion wili be obramed. B M  

WU be collected in a smgk 1 OmL tube that contains EDTA The samples will k cenmged at 3000 

rpm for 10 minutes d e r  cool (4°C) conditions. One-millüiter aîiquots of piasma will be stored at 

roinus 8û"C m 1.5 miçornige tubes. The samples will be betched end shipped in dry ice to a 

biochemistry labotatory at the University of Edmonton. Quantitative analyses of fke tryptophan 

kvels wül be detenninsd ushg the HPLC methoci. 

The team dertaking the mis of the data will be blinded to the diagnosis 

Based on pmious shdies that bave been pubüsbed (Goetz et al., 1993; Papp et ai., 1993~ Verburg 

et ai., 1995), anâ out own recent shdy (KatPaan et ai., 2000, in preparation), a group of 1 1 patients 

and 1 1 hcalthy volunteers will be reCNifed with uae of advertisement . 



- Wt Safety Issues 

Study ptocedutes wiU be directly supervised by one of thc responsible investigators who wül i m h r  

s u b w  mtil the rrsoîution of all poss i i  symptoms induced by the rebreathing test. 

Young, mrmal heaithy aduhs, diîlkring only in temrp of the presence or absence of Pank Disorder 

can complete the proposeci protocol. To ensure the dety of subject : 

the end-tidal lewlp of oxygen and carbon diode wül be monitored at ail times. 

=bon diozde d iiot be aibwed to ripe above 60 d g  (no@ level is 40 nmiHg) d 

oxygen level wili not be allowed to fall k b w  50 mmHg (nomai level is 100 d g ) .  

the oxygen saturation wiii a h  be continuously monitored with a pulse oximter and wül not 

be aiiowed to fitll below 99% (nomial level is 98%) during hyperoxia and not bebw 6U% 

dunng hypoxia. 

Exceedhg any of these iimits WU teimsiate the test. Rebreathing tests have been performed in our 

laboratory on over 200 subpc1s, nom of whom experienced any adverse effects of the test. 

M. Cornent and Confidentiality 

Coasent wili be obtained h m  the subjects prior to study enûy (see Appeadix). AM data h m  tbis 

study wül be adyzed in an anonymous and confidentid msanei and the subject's name or identifyiqg 

information wül not appear in my publication or preseatatioa AU subkts will be abie to witMraw 

h m  the study at any time for whatever reason with no further obiigaîion. 

NOTE: Apafl froi the typtophan depktion intervention, tbb pmtocol bas been previolialy 
appmved on Juty 19t1999 (protoc01 refereace # 484û.) 
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Statement of Informed Consent 

Dr. Martin Katzmaa and Dr. James Du86n 

CLINICAL STLTDY TITLE: 

EFFECTS OF TRYPTOPHAN DEPLETION ON CENTRAL, AND 
PERIPHERAL CHEMOREFLEXES IN PANIC DISORDER 
PATIENTS AND HEGLTHY VOLUNTEERS 

DESCRIPTION AND PURPOSE: 

You are being askeâ to take part in a research study that wiN mvestigate one of the potential 

theories of Pa& Disorder. The saidy wii i  mvohiz consumption of a specially prepared drink 

modurr and the use of a breathing test in Panic Disorder patients and healthy volunteers. 

On the fbt vis& you wiil be assessed for sui tab ' i  t h u g h  the use ofmedical ad psychiatrie 

histories, a phpical acammation and various papa cud pend tests. Psycbiatric bisto y will be 

coilected via two interviews: the nrst will gather your psychiatrie history ushg a semi- 

stxuctured interview (SCID;) the second wül be a regular collSuItation with a psychiatrist to 

detcmiiae any psychiatrk condition tbat you may bave. Bbod tests, an ekcttocardiogram (a 

pahks procedure to masure the activity of the heart,) will also k donc prior to entry hto 

tk study. If eîigible f9r the study, you wül be asked to maintah a bw protein dict for 24 

hours prior to the next two visits, and to avoiâ cstrPine and &oh0148 hou= before these 

visas. You wül algo be &ed to memtan a Whg diet keeniqp mkhight the ai@ before 

eacà test day. You wiii alPo be asked to k a p  a P d  Attack record for the week prior to the 

second visit, idkathg w h ,  where, during what activity you haâ a panic attack, aad et what 

thne it occumd An amriay record wül also be assigaod to smiihrly record bouts of anxiety 

tbatoccunedmtbeweekpriortothesecodvisit. 



On the second visit, upon mird at the ûbratoxyat 8:ûû am yoa wat be aolad to drialc a 

carefuny prepsrod drink. Mer a period of 2.5 hours a b l d  satllple wül be taken h m  your 

left arm. Two bours der that, the rebreathing procedure will cormmflce. At that tnie, a 

masunDg device wül be placed on your finger in order to ma~urr kart rate and oxygen 

concentration in your biood. A clip will be piaced on your nose @ou wili wear it throughout 

the expetiment) to ensurr you only break through your mouth via a mouthpiece connecteci 

to a valve. This vaîve will d o w  a switch h m  m m  air to the rebreathing beg and back. A 

tube attachai to the vdve wül saaiple the concentration of carbon dioxide and oxygen in the 

air katheci through the mouth. 

ûnce you are prepared, you wiii d e r g o  a series of three h t h i n g  trials. The fmt trial WU 

begin at 1:30 p.m, 4.5 burs after wrisumption ofthe diidr mixture and is desigaed to teach 

you how the stiady is dertaken. Duhg this pctiod you will be shown the apparatus, taught 

how the study will rua and sbown how to Didiaite the onset and o&t of symptoms (using an 

upwcvd band swing tOr onset and a downward finger swing foi the o&t of symptoms). The 

(tirst and) second trial wül take place m a relativeiy high oxygen condition The tbid trial will 

take place in a safk but rehitivcly lower oxygcn condition. Foliowhg each nm there wiii be a 

haEbour break. At the end of the third phase of the study, you wül remain in the iab for up 

to one hou as a precaution to ensure tbat you are well to leave. 

Duhg  each pbase you WU be asked to nrst hyperventiiate (exhaie deeply) through a 

moulhpiece whüe breathhg room air for 5 minutes. Tben the d v e  wül be turned for you to 

albwyoutobrratbtonlytbroughtherebresthingbegdyouwillkaslredtotalre 3 deep 

breaths. This d allow the exphenter  to have a good estimate of the concentration of 

carbon dioxkie and oxygen in your lungs, b M  and tissues. You Win then be asked to 

brrathe as your regulariy do. You win c o n k  breathing fiom the bag untii an adequate 

measure of the actMty of respiratory system bas been assessed. At this the, you wiU k 

SWjtcbed beck to room air, wiiI remain seated and recover for several minutes. At any time in 

tbesnidywhmyoumticet&oirrctofsymptonrr,youwinbeesksdtoaotifjrthc 

experimenter by liftiag pur hanâ to signifythe onset and bwer your b d  to signify o f k t  of 

symptoms Folbwhg completion of ecrh pbase, the aîtendmg paycbtrist, who win k 



Tbe exact ssme p d w e  to the above will f o h w  on the third and lest vis'&, which wiil take 

place between 3 to 7 days d e r  the second visit. 

The drink you wül be asked to consume on the second and third visa is a mixture of protein 

components (amho acids) of slightly different composition (spccificaiiy: Aianine, 5.5 grarns; 

Atginint, 4.9 gram; Cysteine, 2.7 graiils; Glycine, 3.2 grams; Histidine, 3.2 grams; 

Isoleucine, 8.0 grams; Leucine, 13.5 gram, Lysine momhydn,cbride, 8.9 grams; 

Methionine, 3 gram; Phenylslenw, 5.7 gram; Proline 12.2 gram; Serine and Tyrosine, 6.9 

gianis; nireonine, 6.5 grams; Valdae, 8.9 grams, Tryptophan, 2.3 grams.) These componeats 

wiN be mixed with 2SOmL of water and 60mL of "Quickn chocohte symp to give a full glass 

driak sPllllar m comistency anà content to "boost" energy shakes. 

RISKS ASSOCIATED WITH THE STüDY: 

SRdy procedures will be directly supervised by one of tbe nsponsible investigators. To 

ensure your satety, the leveis of oxygen a d  csrôon d i o d e  wiiî be monitod at aü tiines, and 

if these ievels fiill above or bebw the d e  Ms, the study wiii immediateiy be terminated. In 

addition, it is important to note that rebrrathmg tests have ken perfonned m our laboratory 

on over 200 subjeds, none o f  whom experh& any significaat adverse e&ts of any M. 

niishssalsobeensho~flhotherlabsw~tbesamtechaiqw. 

Occasioaally &ver, subjects bave reported a brief duration of shoitness of  h t b ,  

dupnesÿ unsteady fèeüng, palpitations, trernbling, sweating, hishes or CU, aMominal 

dirtress fèe~imrral , tmgl iqg ,chest~~rt ,nmorrniessand Rar. These synptoms if 

prrseiit usually iast kss than 2-5 minutes. As a resuit of consumiag the drinlr mixture som 

abjects occasionally also exprieme àrowskss, nausca and abdominal fuhess. These 

semations are also usually resolved within 2 houn of drink collsumption. 

On the first Msa, you will provide 2OmL (2 tabiespoons) of blood. The second aad thiid visid 



to tbeEaboratorJrwma$o rsquiiettiatyoirprovide 16mt C1 tabiespoou) ofbbod. Yoirnaipt 

also be aware that you may experience discodort when hahg  blood drawn; this may be a 

source of müd pain, and some mikl swehg and Ming. Rare@ nflamniation of the vem 

m y  occur at the site of the bbod coUecti011. Ahbough it is unc0l1ynn1.1, this may also cause 

you to &el fiim, to bleeù süghtty, or to develop an infection at the site of the bbod coUecti01~ 

Someow who is qiialified to draw blood will carry out the collection of your blood. 

The interviews that you wül receive during the course of the study (fjrst k i t )  involve no 

specific tiPks or discornforts beyoad those of a standard cliaical interview situation, such as 

&hg upset at a revkw of yout psychiattic statu, boredom, or fatigue. 

Your medral records that are reiateâ to this study will be maintained in confidentiality. Your 

name or any infomtion that could identify you wiii mt appear in any reports or publications 

of the nsuhs of tbis stuây. However, by law it is requHed to release infiormation that wiii 

resuit m the savkg of lives and in such a case the physician sceing you wül be required to do 

m. 

RIGHT TO ASK QUESTIONS AND/OR WITHDRAW FROM THE STUDY: 

You have the right to ask any questions conceruing the potential hazards of this study at any 

time. During the study you wiU be i d o d  of any new idormation which may affect your 

=fw* 
If you bave any questions about this stuây ptease contact Dr. Martin Katpiian: phone nlimber 

(416) 535-8501 x 4408; m e r  # 339-1764. 

You may also ratch Dr. David Goldbloom at 535-8501 x 6915, Wb0 is an extemal contact 

person. 

Your participation in this stuây is entireiy vohintary. You bave the ri& to wabdraw h m  tbe 

study at any tirne. If you decide to k withdrawn h m  the audy this wili not atnet your 



You wüi receive a si@ copy of this form. 

COMPENSATION: 

You wiii be p i d  for takjng part in the study. Upon your completion of the inte~ews, 

medical exam anâ iaboratory test, you wi l  be compensated for your time at the end of tbe 

f b t  visit, receiving $30.00. Upon mival for the second visa, you wül receive $40.00. Upon 

fiilly completing the study you wili receive $30.00 on tbe third visit, for a total of $100.00. 

If you have any questions or if you think you have experienced a research-relatecl illness or 

injury. contact Dr. Martin Katnianai (416) 535-8501 ~4408. AlteniatiVeiyhemay be paged 

at (416) 339-1764. 



S ~ Y  
Title: 

EFFECTS OF TRYPTOPHAN 

DEPLETION ON CENTRAL AND 

PERIPHERAL CHEMORECEPTORS 

IN PANIC DISORDER PATIENTS 

AND BEALTHY VOLUNTEERS 

1, , have read and understami al1 the precedmg 

information descriôing this study and ail rny questions have been answered to my sabfktion 

1 vohintarÜy consent to participate in this study. 

Signature of Patient 

/ Date: - 1- 

DD/MMM/YY 

Signature of Witness 

/ Date: - 1- 

DD/MMM/YY 

Date: -1 1- 

DD/MMM/YY 



Would you like to 
volunteer in a study of 

3 Panic Attacks. 
Scientists are seeking volunteers to participate in a study, which will examine a 

potential cause o f  panic disorder. Tbe study invoives the use of a breathmg test 

and coasulnption of a drink mixture containmg protein components (amino acids) 

mixed together to give a "boost" type energy shske. The study will take phce at 

the Centre fbr Addiction and Mental Health-Clarke Division and the Medical 

Sciences BuMing at the University of Toronto. AU infoimation coUected win 

remain confidentid. You WU be îkancially compensated for your participation. 

To qualify you must be: 
0 Physicaliy healthy adult male 
a Have no diagnosis of psychiatrie h e s s  
0 Not have been recently diagnosed with other psychological or medical 

conditions (ex. cardiovascular dikease, COPD, asthma, etc.) 
a Not taking any medication 
a A non-smoker 

For more information, please c d :  



Centre 
bc Addiction and 

Mcnal h l t h  --- - cf%%,.. , Centre for Addiction and Menbt Healfb 
de a n #  mentale 

- - - -- - -  

RESEARCH ETHlCS OFFICE 
Confidentid 

CENTRE FOR ADDICTION AND MENTAL HEALTH 
RESEARCH ETHICS BOARD 

PROTOCOL FORM 
(Revised September 28.2000) 

PLEASE NOTE: 
Tbis form should be proviâed in 15 copies with 15 copies of the entire pmtocol ami 15 copies of 
the principai mvestigator's curriculum vitae. If the shdy invoh~~ a nm h g ,  please submit 1 
copy of the Investigator's Brochure. (This form must be completed 5 FüLL - reference to page 
numbers m the pmtocol WU not sufEce.) 
Two-sided wpies are appreciated and ali forms must be TYPED. 

In the case of student rricircb, the protoeol form must be aignd by the student, the 
atudeitla supervisor at CAMH and the CAMB diviiional bead. 

Name: -Dr. Martin Katanan. B.Sc.. MD.. F R W  

Address: 250 CoUelpe Street. Toronto. Ont. MST 1 R8 

Telephone Number: 141 6) 535-8501 x 4408 Fax : (416)-979-6853 

se of A ~ ~ b t b n :  (i.e., dergraduate or postgraduate degree, c l h d  thd bhouse, 
externat granhg agetlcy, Personal Awad, contract, etc.). If the purpose of thip application is to 
met the criteria for an externai agency please provide the fidl nsm of the agency. 

Are you phnniirg to conduct the research with or wiihout e x t e d  fbdng? 
No externaî f h h g .  

Centm for Addiction ud Mental H d î h  - ARF si&, 33 R& Shect; Room lm Tomnb Ontuio M56 2% 78 
Tdcphon 4l6/ 53MEûI exbmdon 6352 Fax 4l6/ 26M137 



Pumose of Study: (e.g., generalizable Lnowkdge, progranmie evaluation). 

We aim to ehcidate the pathophysiobgy mderlying P d  Disorder. 

H~b~thesiiObiectives of the Study: 

We are proposkg a study to investigate the possible site of interaction between the serotonin 
system anà the neural respiratory control centres in panic disorder patients and healthy volunteers. 
To date, m shdRs bave looked at the e&ct of low brah tryptophan (le. serotonin) on the 
thresbolds and seasitivities of the centrai and peripheral chernonfiexes, and thus no anatomical 
localization of respiratory-serotonin system interaction bas been proposed. 

Many studies in panic etklogy have shown that abnormai respiratory responses are observed in 
pank disorder patients in terms of tidal vohune and kquency of rrsponse to carbon dioxide as 
well as o k  penicogens. Theories haw bcm posited inipücating carbon dioxide hypersensitivity 
in panic etiobgy, but the physiological site of the suppsed pathology bas remahxi elusive. 
Concurrentiy, it is aow weU knom that seiective serotonin reuptake mhibiton (SSRI's,) agents 
that putativeiy elevate brain seratonin levels, are successful in relieving panic. nie mechanism of 
thse ârugs and th& site of efncacy in panic bas yet to be ehridated. 
Eabenced serotonin œutotransmission bas shown to rnmalk the Mai vohim and kquency 
response m ppnic patients, whüe teduceci neurotnuismission exacerbates the ventilatory respollse 
to pankogens such as carbon dioxide. Considerhg the involvemnt of the semtonh system in the 
control of h t h i n g ,  it is mt inmasonable to look h r  a site of mtemction between the two 
systems at the level of tbe neural control centres. If pathokgy of serotonin neurotransmission 
exists at the kvel of the chemoreceptors in panic, it shoul<f mamnst itseifas changes m 
chnaorefkx tlaesbold d o r  sensitivity of mponse to cerbon dioxide. 

Centre for Addiction and McnW Hdth - ARF sik, 33 R d  Sûee& Room 1CB2, Tomnîo Ontario M S  2S1 7q 
Tdephom 4l6/ 5354Wl acaEirsion 6352 Fax 416/ a61W137 



Wtwilfrrpct 
(1) The Modifieci Read rebreathhg procedure 

-niisiiaebupedmpmiousprotocolsthatwe~acaptodbythecwrentIRB 
(Protoc01 teferetxe # 4840) 

(2) Tryptopban depletion pmcedure 
-This procedure hmctions to d e l y  anâ temporady bwer braiD serotonin leveis 
(see Kent et al., 1996, MiUer et ai., 1996; Kliiass+n et aL, 1998; Miller et d, 
2000.) 

(3) Th study wili be undertaken in two populations: pank disorder patients ead M y  
vofunteers. 

Subjects wiil we screenad with the foüowing tools: Semi-Stnictureâ C W  Interview, as per 
DSM-IV der ia  (SCID), AnrrYty Sensitivity Lwentoy (MI), Sheehan DisebiaS, lwentory, 
Symptom Chccklist-90 (SCL-90.) In addition, panic and aaxiety symptoms will be assessed using 
an Anxiety Diery and a Panic Attack record. Symptonis experienced as a result of the rebreathing 
procedure WU k assesd uskg a DSM-IV denved Panic Symptom Scale. 

Particibants (Give size of the eügibk population and the numbers of participants you wish to have 
coaqiete the study.) 

Fieen male p d c  disorder patients and heahhy voiunteem between 18-M years of age wiü 
udergo tbe experimental prot0~01~ Subjects wili be exciuded h m  tbe protocol if they are 
smkers, are currently taking dcation, or w m  bom at high altitudes. 

FeriYik abjects are exchikd to avoîô e&cts of the menstruai cyck on the serotonin system, as 
weU as the chernoreflex response to carbon dioxide. 

How will the group be sekcted? (inchisiodexcIusi0n criteria)* 

Pan& dhordcr mticnb: No sigmncsnt ülaca9 upon history, pbysicsl examidon and labotatory 
Whgs; no bistory of compiomised respiratory functioa; no DSM-IV cnteria other then Park 
Disorder with or without Agoraphobia; no cumrit usc of medicatians; consent to study. 
Eaithv vohiteen: Same as penic disorder patients, but the fontrok must not met any DSM- 
rv diagmsis. 

1) Are thar any special issues m thc use of this population? ( i r ,  inoompetent patients, 
subjccts wbo may fée1 prrssinsd 10 consent, Le., those with Iimited skills m Easosh, 
etc.) 

2) How and by whom are pmspedve subjscts to be approacheâ? 

Centre for Addiction and Mentil H d t h  - AR'S&, 33 R d S k e e k  Room 1CW Tomnîo Ontario M56 2S1 a 
Tdcphon 4î6/ 5EH5ûî -n 63S2 I;ur 416/ %Ml37 



S < i b p a s r v i l t b e r r m i i b d b y i a e o f c m ~ .  Mr. L h S t n m k ,  whohasban 
tramed in the use of al1 of the asscssmcnt tmls involved, will do meenhg of the 
population using a SCID interview. Dr. Martm Katmiaa, a speciaüst m aaxKty c(isotders, 
wül CO- and infonn the patients of the diegmsis. 

HBS the person approachbg prospective abjects any prior relationship with them whrh might 
d e  them fkel prrssurad mto pmticipathg? (For example, is this person their physician or 
empbyer or teacher?) Attach a mpy of any advertkments for s u b m  to this subniission 

No. 

3) If a patient ir rejected for the shdy or withdraws h m  it, wbat aitematives are avEtilable to 
hmi(het? 

Subjects not meethg study criteria wil, upon consent, -ive immdiate treatment. They are 
also not exchideci h m  any fiiture studies or 0 t h  concurrent studies. 

Dii you use sample size calculathas to juatify your sample s k ?  If thh has wt been done, p h  
descn'be how you arrived at the sample size. 

Estimated sample size was calcuiated ushg Sigma Stat 2.02 statistics program. Pmious 
exprieme in the research area agrees with the esthate of 15 abjects for shady. 

How was the proposed control group selscted (if applicable)? 

The coatrol p u p  will coaPist of healthy mak subjects, age and sex matched to the pank disorder 
patient S. 

Breath-by-kath vahies of ventilation and end-tidai partial prrssurrs of oxygm and carbon 
diowlr d l  ôe anaiped fbr petients and coatrol abjects duringa bw tqqtophen session and a 
p b b o  (Le. normal üyptophaa b h d  Imlo) session. Fi, a plot of veatilstion v m  end-tidal 
carbon dioxidc wül be oôtained for a hypoxic a d  hyperoxic modiM rebreathîng test. Uder 
these coDditions veniletory brralrpoinss, or chemDreflex threshoIds will be compsrrd for 
diffennces under bw tryptopban and n o d  tryptophan levels. The constant ventilation segment 
above tbreshoîd, fitted to a maa, wiii be indicative of thc sbpe, or chemorefkx sensitivity which 
will be anslyoed in a similsr Won.  

Centre for Addicüon and Mentil Health - ARF sibr, 33 R d  Sûe& Room 1ûQ Toronto Onbrio M S  251 81 
Telephone 416/ S54Sûl exbaisian 6352 Fax 416/ 26(Ui37 



Brie& describe the direct imiications of research. 

Shouki respiratory c&moteûex threshold or am&vity ditfeseaces be founâ between panic 
disorder petients and controls with the no-tqptophan intervention, the miplications wiii k ratber 
profound. 
1. The exact site of interaction between the semtonin system and respiratory control wodd 
be fbmi  (Le. cbemorefîex tbnsholdlscnsitw changes msdisteâ by aiteted serotonergk 
neurotransmission.) This wül be obtallvd by examinhg the control subjects done. 

2. Tbe site of dektive semtonin newottansmission at the respiratory control centres in panic 
wodd also be located, elucidating a mre exact mchanism mediating carboa dioxide 
hypmensitivity m this population, grcatly contriiiiap to the undetSfELIIC)iag of panic etiobgy. 

T& pposed reôreathing procedure has been performed in this laboratory nmny t h e s  and hm 
iacluàed t h  invoivement of all current investigators. There are m Rsks a~sociated with the 
proceduse. 

Tryptophan depktion under rebreathing hm bem previously done with m risk. At mst, sl@t 
nausea is errpaieaced upon consumption of the tryptopbWplacebo drhk, but any symptoms 
pnsent disappear within two boum of drink consumption. 

'Ibe ôenefit to the patient is to the sense of helping ehridate potential mechaaisms 
of action fbr an ühwss W h  they bew end w b h  is poorly uadetstood. The seose 
of baving contri'buted is something descn'bad by more tban 5û?h of subjects in 
previous studies undertaken by tâis resecuch team. 

nie benefits of ttUp stuây are Iong term and nU reaching. The project wiN 
contnate to the undastaading of the etiobgy of @, m the bope of improvhg 
treatmmt m the bqg-nm. Abo, fùture devebpment of a quick breathing test 
could belp with ercpedieat and rrcurate diiigaosis of panic disorder. 

II. 
0 How are the risks and beneiits balanced? 

Caiûe for Addiction and Mentil H d t h  - ARF SMC, 33 Rcusdl Street Room 1mZ Toronto Ontario M56 2S1 $2 
Telcphon 416/ 5358501 e x & m h  iB52 Fur 416/ m l 3 7  



Click on: U of T Community Site, Ethic% Hunien Subjects, Forms and Sampk Letters, Consmt 
Fonn 

Ceneml Consideratioas: 

a consent forum should be written m Lay laaguege at an qproximate grade 6-8 reading level; 
a coosents sbouià be &en m the first person; 
a the fora l o r l d  be pbced on the institutional ktterhead and bmken into point foril; 
a terms Iüce "randomintion", "double-blind" anâ "placebo" shouid k explaineci in lay ianguage 

a initiaiiy a statement should be ùicluded that the indivKiusl is behg asked to participate m 
research and why it is they are king asked; 
a comprebensible statnaent of the raean?h purpose, identity of the marcher, the expected 
duration ad nature of participation and a description of the research procedures; 
(ody procedures whkh are being done specifically for the research need to be descrii); 
early in the foxm a statement shoufâ be included concemhg alternatives to participation - i.e. 
wbat wouki be considered standard tieatmeat for the condition king investigated; 

a a comprehcasbk description of reasonabiy foreseeable hanns and benefits thet niay mise h m  
research participation, as well as the likely coasequences of non-action shouid be given; 

a an asmance that the prospective subjects are k mt to participate ami have the rigbt to 
withâraw at any tim without affccting the quaiity of th& are; 
a statement regardhg the possibii  of commrciaonition of research nndmgs d the presence 
of any apparent or aEhial or potentiai confiict of interest on the part of researchers, theÿ 
institutions or sponsors; 
an mdicstian as to who wüî have access to intorrnation collected on the ideatity of subject's 

. and descriptions of how oonfïâentiality will k protected. 
a statement about any paymnt to suôjects and whether or mt it wül k pmrated. 

a the name and telephone nmôer of the priacipal mwstigator; 
a the xmme a d  teleplmm numôer of an additional contact pnson (who is mt mvohred m the 

shdy) to w b m  participants can k t  questions; 
the appmwnate numkr of participants m the trial aad whether the study is muiticentred. 

In addition, p b  consider the fabwing: If you anticipate tbat you m y  wish to tecontact study 
participants in the funur for k t k  research, plcsse h k d e  tbis infirmafion m your initiai 
consent hrm. S i m k i y ,  ifyou thmL p u  may wish to use data %m the sndy for fùture research 

Caitre foi Addiction and Mentil H d h -  ARF si&, 33 RumeII Sûzet Roam 1062 Toronto Chtario MS6 2SL g3 
Tdephone 4î6/ 53SiHU arLarsbn 6352 Fax ll6/ %Ml37 



p l e a s e ~ ~ W = m i i c h i n f m n a t i o a s s p a s s b l e a b o ~ f i m r r d a E a r a ; i r ,  thetype 
of fesearch and any protections of subject conndentiahy a d  the Wre. Any videotaping must either 
be addresscd m tbe consent form or in a seprate CO- fona For shdies invohring ctiiMien, 
parental consent is required for h s e  d e r  age 16. 
Plaow aüoch a c q y  of Ucpqwwdconsemt fm u i d q  Irform9llOn shed& @or lcrrrrs to 
the s u b j d  to th& f o m  

Placebo: 

Does the proposed study involve a placebo control? 

If yes, how wili subjects be assigneâ? 

Subjects perhnn the rebreathhg p d u r e  eaber under a tryptophan depkted condition or 
placebo condition. The conditions wül be assigneâ in a randomized, double-bliad fashion. 

Is there an aitemative st- treatrœnt available? 

The study is mt a treatment stuây and therefore, tbere is m ahid consideration in ternis of 
domiration to tk placebo group 

a Ifso, is this cleariy conveyed to the subject? 

Yes. 

Piease jurw the use of placebo wbei a knowi effective treatmeat esists. 

Not applicable. 

Does the stuây involve dtxeption? No. 

a If yes, why is this thought to be necessary? 

a Ifyes, wiii subjccts be fully debriefed? How wiil this be done? 

Yes, any questions pertaining to the stuây wiU be answered in detail at the conclusion of the lest 
visit . 

a Win participants be compe~l~ated for th& mvoivement in thc stuây? Yes 
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If yes, on what basis? It is expected tht payment WU ôe pm-ratcd in the case of a subject's 
withdrawal h m  the shidy. 

Subjects wüi be compensated with $30.00 at the enà of the 6rst visa when they will undergo a 
SCID interview, and a physical and laboratory test. Upon amvsl for tk second visit, subbts wiU 
receive $400 for the t h e  spent undertaking the rebreathing test and for time Uwohmi m 
keeping a pank attack aad anxiety diary in tàe week pnor to tbis visit. Thirty d o h  will foiiow 
upon amval for the tbird and nnal visit when the iast set of rekeathing tests will be unâertaken. 

1s compensation used in such a way or is the amount such tbat it could be consinicd as an 
undue inducement to participate? Please justify the use of compensation. 

Compensation wül eover time end travel expenses incurred as a result of hoivement in the study. 

Q@&&&y - How wiU confidentiaiity be maintained? Are existmg records being used (for 
example, patient charts) and ifso, how wül confidentiàüty be protected? Do the researchers have 
permission to use existmg records? 

AU members with access to patient files have signed the CAMH Confïdentiaiity Act. 

Monitoring - Does this Shpdy rsquire any speciel procedures for monitoring by the C o d e e ?  If 
so, whet do you propose as aa appropriate method of monitoring? 

No. 

Should patients be asked for k i r  continuhg consent on a reguiar bis? 

No, tiiis is not a treatm~nt study. The subjects wiN aot be bünded to the procedure of the study 
a d  therefore wiiî not k presented with a schedule for the stuày for which they were mt 
prepared. While they are mt receiving rrratmcnt, they wüi bünàed to the order of the rebreathing 
cbaiienges and the content of tbe amino acid drink. 

Finider's Fees and Ouier Reciuitment lnceativeg - The University of Tomto has a policy against 
my  payment of nnder's ipes or other rerruitment incentives to nsemcbets. 

Wbat drrct or mdned ôenefits are you receiving as a rrsuh of this rrseereh? (For exampie, 
payment per rrscarch subject. ..) 

Do the researchers have any affiliation with, or hancial imnhnment in, any organinrtion or 
en* with a direct or indirect mterest m the subject matter or materials of this rrseat~h? 
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No. 

An application for M i n g  wiU most Wrely be submitted to the Centre for Addiction and Mental 
Hcalth. The estimated size of the gant needed to caver this study w3.i be l e s  tban $5000.00. 
This incldes $3000.00 for subject compensation, $2000.00 for costs involved in a d y z h g  bkod 
samples by High Pressure Gas Chromatography as weii as costs associated with supplies and 
maintenance of the rebrrathmg apparatus. 

Is this a grant? No. 

1s this a coatmt? No. 

Pkue w bmit 2 copies of your coatrict and atudy budget with th* proposal 

W h  direct or mdirrct nnairial benefits will you receive h m  this research? For example 1) 
do you get payment pet resean?h subject? 

Mr. Lukasz Stnizik (M.Sc. cadidate) is supporteci by the ûntario Thorasic Society for graduate 
ievel work related to this stuây. 

Do you get personal kmm h m  this nsearch? No. 

To whom is any payment made? 

The thirty subjects hvolveâ in this study will each receive $100.00 compensation for their t k  
spent during k i r  involvement in the stuây. This will incur a total of S3OOO.00. 

If th& research is a contract or grant has it been signed by an appropriate admiaistret 
0 . ive 

authority? 

Are thcrr aay additional etbical issues p u  would iike the Coxnmittee to consider? 
Noœ, ail peaiamt issues are outlined in d d  m the stuây protocol. 
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Al: Ventilatory responses during a hyperoxic rebreaîhing test for subject 111. 

Figure A 2  Ventilatory responses duriag a bypoxic rebrraihing test fbr subject #1. 



Figure A3: Ventilatory responses during a hyperoxic nbreathiiig test for subject #2. 

Figure A4: Ventilatory responses during a hypoxic rebreathing test for subject #2. 
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Figure AS: Ventdatory responses during a hyperoxic rebeathing test for subject #3. 
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Figure A6: Ventilatory tespdnses durhg a hypoxic rebreathing test for subject #3. 
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Figure A7: Ventilatory responses during a hyperoxic rebreathing test for subject #4. 

Figure A$: Veatilatory responses duchg a hypoxic rebreathing test for subject #4. 
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Figure Ag: Ventiiatory respollses during a hyperoxic rebrrathing test for subject #5. 

Figure A1 0: Ventilatory responses during a hypoxic rebreathing test for subject #S. 92 
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Figure Al 1 : Ventdatory responacs during a hyperoxic reôreathing test for subject #6. 

Figure A12: Ventilatory rrspoases duhg a bypoxic rebcathiag test for subject #6. 93 
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Figure A13: Ventiletory responses during a hyperoxic rebreaihing test for subject #7. 
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Figure A14 Ventilatory responses during a hypoxic rebeethiDg test for subject #7. 
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Figure AIS: Ventilatory responiies during a hyperoxic rebreathing test for subject #8. 

Figure A16: Ventilritory responses durhg a hyjmxic rehathhg test fOr abject M. 95 
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Figure A17: Ventilatory nspoases during a hyperoxic rrbresthing test for subject #9. 
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Figure A18: Ventilatoty responses during a hyportic icbnrthmg test fbr subject #9. % 
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Figure A1 9: Ventdatory tesponses duniig a hyperoxic rebreathing test for subject # 10. 

Figure MO: Ventilatory mpoases duchg a hypoxic rebeiithmg test fDr subjat #IO. 97 
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Figure A2 1 : Ventilatory responses during a hyperr>xic rebreatbg test for subject # 1 1. 

Figure AZZ: VeaWldory responses ûuring a hypoxic teôrcathing test for subject #I l .  98 




