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E = The original hypothesis that brain moenoamine systerns
have z primary direct role in depression has been threugh several
modifications during the past 39 years. in order to test this ypo-
thesis and more fully characterize the rele of serotonin and cate.
cholamines in the pathophysiology of depression and the mech-
anisim of action of antidepressant treatments, our research group
has conducted a series of studies evaluating monoamine deple-
tion induced brief clinical elapse following different types ofanti-
depressant treatment of depressed patients. We have akso sta-
died the efferts of monoamine depletion {SD} on depressive
symptoms in depressed and recovered patients off medication
and in healthy controks. Relapse to serotons depletion or to
catecholamine deplation {(D}was oundtobe spedifictothetype
of antidepressant treatment, i, €.. patienis responding to selec-
tive serotonin reuptake inhibifitors relapsed more frequentfy fol-
iowing S0 than (D and patients responding to selective catecho-
lamine reuptake inhibitors relapsed mere frequently fnlicwing
CDthan 5D, Neither CD or SD increased depressive symptoms in
clinically i} patients off freatment, or produced dlinics} de-
pression i normaf conirols, However. recaverad patients with a
prior history of depression had 2 relapse with SD. Patients with
obsessive compulsiva disorder wha Improved on 558! ireatment,
did not have an increase in OCD symptems but these with prior
depressive symptoms did have an increase in depressive symg-
foms with 5D,
The findings that relapse during treatiment is specific to the type
of treatment and type of depletion, that neither D or CD pro-
dueed an increase in clinical depression in healthy controls or de-
pressed patients off medication, and that recovered patients off
medication have a return of symptoms following SD_ farcas a
major revision of the current monoamine theories of depression,
The new hypothesis most <onsistentwith this newdsia isthatthe
monoamine systems are only modulating “other” brain nessobi-
olegic systems which have 2 more prisrary role in depression. The
madulatory or “antidepressant” function of the manoamine sys-
tems appears to be only necessary during drug induced recovery
and the maintenance of Fecovery afteraprior episode. These clini-
3l studies paint ta the need for more fundamental reseasch on
the interaction of mongamine systems with other brain neurabs
olegic mechanisms relevant to depression.
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During this 30th annversary year of the Anna-Monika Foun-
dation, it is indeed fortunate that important new data is avail-
able which a2llows 2 revision and extensicn of the original
mongamine hygothesis of depression. One of the frst awards
given by the Anpa-Monika Foundation was fora pa per entitle,

"Norepinephrine Metabolism and Psychoactive Diugs in En-

dogenous Depression® which delineated some aspects of the
moncamine hypothesis of gepression (Schildirope et al,
15838). That paper concluded: “the Basic and clinical findings,
moreover, are compatible with {but do not definitely establish)
the catecholamine hvpothesis of affective disorders, which
propeses that some, if not ali, deprassions may be associated
with a functional deficiency of norepinephrine at noradrener.
gic receptors in brain, while elations may be associated with
excess of this amine™. The functionaldeficiency of noradrener-
8it iransmission in depression was inferred from the effecrs
of imipamine-iike drugs and monoamine axidase inkibitors
{BEADH) on catecholamine {CA} metabolism, since both of these
types of drugs incresse Ca afadrenergic recoptor sites, BPuring
these early years, evidence was alse accumulating on the jm.
poriant role of serotonin {5HT} ip affective disorders and a
general hypothesis was put forwarg that depression was as-
sodiated with a deficency in the transmission within the
monoamine systems (Bunney ind Davis, 1965; Schildkraut,
1885, Cappen, 1267} Research in the late 1960's and. carly
1970’5, provided partial support fer the moncamine hypo-
thesis of depression and this led to a more differentiated and
complex hypothesis that there were twa types of depression
with differences in bicchemical and pHEFmacologic properties
{Adans, 1975) The lack of definitive evidence in cerebral spinal
Huld of & ine me ifes in depressed patients,
the variable findings of monocamine meatabolic excretion rates
i body fluids, including plasma and urine, and the emerging
basic pharmacsfogic studies in aboratory animals of antide-
pressant drug effects on recepior sensitivity, provided the cvi-
dence that supported a new hypethesis, that changes in mono-
AMINE TeCentor sensitivity were an important central aspecr
of the mechanism of action of antidepressant freatment {Stedser
€1 al, 1978; Charney et. al., 1581} In the following years there &
were 2 nomber of studies demensirating that antidepressant
featment [ADT), indeed, was affecting moncamine recepior
sensitivity in depressed patients; however, these studios dic
not provide evidence of 3 single or simple commaon mode of
action across the vanous ST e
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hibit SHT release 3 progressive decrease in sensitivity of these
receptors following selective serstonin reuptake inhibitor i

o
(SSRi} or MAOQ! treatment redusces their inhibitory effects and = 8 124
resuits it increased SHT refease al terminals. Tricyclic drugs ?__% 1]
such as desimipramine (DM, produce an increase in SHTre- = -
ceptor sensitivity at POStSYRAapLic sites. Thus,. .z Brpes.of &
g wirk (D aamant S HSHT tmnsmissian (Blier and de La
Montigny, 19943 These studies Tum been extended with - 4
vestigation of adrenergic alpha-2 heteroreceprors on 5HT 2
nerve ferminals where drugs such as mirtazzpine, which g
blocks the inbibitary alpha-2 receplors on 5HT ferminals, are Basafing 7 hours atier Baseine af
thought to work by mcreasing SHT refease {de Mentigny et al., AA diipx AA drink

1995). The original moncamine hypethesis of affective disgy-
ers and its modification with the receptor sensifivity hypo-
Heiics . - s ; iton Deprossion Ratin HDRS) Score
thests of depression both presuppose 2 direct and predomi- P8 1 Mean Hamilton Depression Rating Scale (HORS) Scoras s
nant role for increased monoamines ic function in produc item scale) of 21 patients whe had recovered while taking various anti-
. s ik gic ic mp s ifcm,g dapressant medications. HOBS baseline ratings obtained at 9 am.
the antidepressant response. However, other neurobislagic 24 brs. helore and 7 hrs. aftes the amino acid drink (AA diink) was ad-
factors must be invelved in addition to monvamine transmit- ministerad.
ter levels, :';“""’_?_’" sh8kniussrvoron freatment very rapidly "P<.B01 Paired { test, bascline vs. 7 hrs. after AA drink (Adapted from
L HESHE] 180 more.efficact 2 Delgada et al., 1990).

Tryptophan Repletion : Ihain Deglat

$Ciassman and Platmag

In order o cvalugare the importance of monoamine metahoiism ing AMPY siven up o 3.5 grams per day {Shapusiu ctal, 1975,
in depression and the mechanism of action of ADTs in de-  1976). These earlier studies by other investigarors suggested
pressed humans, we have utilized the method of depleting  thar the use of the A drink o produce SO tght be g useful
brain moncamine fevels by reducing monoamine syathesis  method to investigate the roie of SHT § n depression and the
through manipulations of monoaming precursor pathways.  mechanism of action of ADTs,

Specificail Ezy;;_mpha:—fze.a.ami-‘:aAeéd-éﬁng.gﬁﬁpéiiak" ' :
 hrenshowato dramaticatt educe plasma tryptophai oy W ffects of Serslonin Deptetion in Heceniiy Racoasred

-~
-
¥ =g
which in laboratory animals studies has been demonstrated Depressed Patients g é'% ™ }.4 “!_7_,“:—-’

o markedly reduce brain SHT and cersbral spinat Auig 3-hy-
droxvindolacetic acid {Moja et a
“For } IR i

—

Jryptophan dier augmented the plasma trypronhan lowering
ciecis of the AA dnnk Usihg this procedure an inigal study
was conducted in 21 recently remirted, depressed patients re-
cewving difierent {ypes ol antidepressants, Total and free tryp-

opian levels decreased 87 and 91 percent respectively fol-
The AA drink was previously used 1o lower plasma iryotophard lowing the A4 drink 1t was foung that 14 of the 21 patients
in the study of moecd efferts in heaithy male subjects. Ia these bad a relapse following the AA drink bur nar follonving 4 sham
healthy male subjects a marked reduction in plasma frypro-  dyisk, which had yplonhen included in i Folapse way
phan only resuited veny anild incregses sphotic meed  defined as an %35 so that the 25
without producing clinical o I et al, 1985, item Medified Hamilton Depression Rating Scale {HDRS) in-
Smith et al, 1987). Howeves 3 aar creased_by ar least S0% and was greater thaa or equal 1o 17
thesis inkibite paraehforoni: ws 2ven iy The magnitude of these changes is illustrated in Figure 1.
degressed notiente ?ﬁﬂ';e“&"-‘—‘}"jf-&-ﬂk_s_w.i}‘ﬁlﬁﬁ'a‘i?ﬁa%?kﬂ-i&.%&&:—&ﬁi-f{ﬁi{'— When evaluating the relationship between type of drug rreat-
ent, it can be seen in Tabie 1 that in alf of the four patients  ment and magnitude of relapse, it appeared that patients
freated with the MAOL tranylcypromine, and the two patients  treated with the catecholamine reuplake inhibitor {CRI) des-
Geated with imipramine, there was 4 relapas with-inereased imipramine {DMI} wore least sensitive 1o relapse, while pa-
degressive sprptoms. fatlowdng the-BEFA. Three additional pa-  tients wreatod with S3RI's (fluoxetine oy fluvoxamine), had a
tients treated with imipramine did net have a relapse follow-  moderate amount of relapse, and patients treated with MADI

b1 W

Ongoing Mumber Percent Daysuntd  Days unti Adaprod
treatimen retapsed) refapsed felapse recovery lrom
numiser after pepa reference
lusted stopped
Tranyleypromine 4f4 100 t~a 27 Shupsin ot ol 1976
Tranyleypromine 2i2 180 % 1-13 2-3 Shopsin et af, 1975

g5
L, 1979; Young et al, 1976).  in initial pilot studies we found that a 24 hour period of 3 low T =

.
oo
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Fig. 2 The amine acid drink without tryptophan was used to sroduce
serotonin depletion. Alpha methyl baratyrozine was usad o produce
catecholamnine depletion. A grostor than » : i

aridd o score of 1o g

* =P <03 Fishers Exact Test, Fluoxatine vs, Desipramine.

#=P<G002 Fishers Exact Test Fiuoxetine and Sertraline ws. Desi
prarmine and Mazindol

{Serotonin depletion adapted from Delgods et sk, 1951 and Personal
Communication, Pelgado et al, 1995, Catechoiamine depletion
adapted from Miller et 2l in prass, a ).

were much more vulnerable to relapse. However, as listed in
Table 2, it can be seen tha the panienis treaved wirk SSI alco
had a moderate degree of past history of treatment refiactori-
ness, and the patients ireated with MAOE had a much more
severe past history of treatment refractoriness. Thus, it was
not clear whether the past history of treatment refractoriness
or type of drug treatmiznt maiy contributed to the differons
relapse rates seen in Table 2.

Table2 Type of antidapressent reatment and relapse during trypic-

phan depletion,

Type of anti- Number Percent Degree of prior

depressant relapsef relapse treatment
number refacioniness
tested

Desiprainine 2 18% MNone -

S5Ri 196 63 % Bild Moderate

MAOH 6/& f1ii5-4 Sevore

S5RE: Muoxetine and Muvexansiae, MAOE Tramyioppraming and Phenckine.
{Adapted frem Deigado et al,, 1996 and Delgado et al, 31991a).

Codneidder o more tharou
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Type of Antidepressant Drug Treazment and Vulnerabilicy £
to Relapse Following Serotonin Deplation

i ibwiesiiaate the possibility that pa-
tients treated with SSRI's are more vuinerable than patients
lreated with (RI's as suggested in Table 2, 2 controlied study
was conducted. PatiesisriTe rantenurotys either SSRi of CRY
treatment and hes w mproved thoy ingested e AA
drink Table 2 summarizes 1he data from 43 drug free de.
pressed patients who where randomly assigned to receive
either fluoxetine {FLU)} or DAL Al patients were either treat-
ment nzive {n=32} or had received previously successful anri-
depressant treatment (=11} The thecapeutic response of the
DWE groups was essentially the same (DM 15/20: FLU 15/18).
Thirteen DMi responders and 13 FLU responders went on to
AA drink testing. it can be seen in Table 3 that the baseline of
the HDRS prior to depletion. was shightly higher for the DI
patients, but that they had a smaller mean increase in ratings
than the FLU treated patients. The FLU treated patients had a
mean ionrrease nf 45 as compated 1o the ingrease of 7 for the
D3t treaied patients. This daia indicate that the differential
respense between SSRI's aud DM following SD {as seen in
Table 1) is indeed reiared o the type of drug treatment.

©

Type of Antidepressant Drug Treatment and Yulnerabiliny
to Relapse Following Catecholamina Depletion

In order to evaluate the corresponding question of whether
maintenance of the antidepressant response is dependenr on
adequate CA function, patienis sespending to either SSRI or

CRI treatment were studiad following AMPT, In Table 4, it can
be seen that there Was hittle dierence in 3ge or prioy treat-
ment refractoriness in the 9 patienrs who had tecoverad on
CRUs vs. the 10 patients who had recovered on S5RI's. However, -
there was a much larger increase in the retarn of depressive
sympioms following AMPT in the nationts freated with CBl{an
increase of 12.8) compared to the patients treated with S5RI%s
{(anincreaseof 11) Thus. in tontrast to 5D which appears rela-
tively more specific in producing relapse in patients freated
with SSRi's than a CBY, the oppesite relationship was found
with CD where patients responding to CRI's are more vulner-

able than patients respondine to SSRYs.
. T

Relationship of Relapse Rate to Type of Treabtment and Type
of Depletion

In Figure 2 the selapse rate is Hlusutcated for the paticnts
witgse dawa is presented in tables 3 and 4. It can be seep that
with serotonin depletion {50} nearly half of the FLU treated
patients relapsed but less than 10% of the DA treated patients

; R E Semrememres SRS Acontrolled eviliation
Number Number Prior Number of Mean Hamiitan Ratings of iryptonhan d::! stetion in pa-
patients patients aumber priog Basedine highest rating Henis res‘pcnding} to desipramine
randomized responding patients un-s_uccf:ssful Sor7 bs. compared to patients responding
te 2 reatments fested aniidepressant after to f! .
- e O hieoxeline, -~

trials deplation
Dady 22 15{26 13 None 8.7 G4
Flu o 21 1518 i3 MNong 7.8 124"

P02, Fishir's Suact Tost, for mumbor of palients with 2 grester than 5 point inerozse fLe DeN@of 13, 7125 of 133
Baseline rating obtained just prioy to tepletion. {Adapted from data in Belgode et 5.,

Oeigmdo et al.. 1995},

19%1b and Personal Communication,
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relapsed. With catecholamine depletion (CD} nene of the 0
SSRI treated patients relapsed while fearly G0% of the SCRf
treated patients relapsed. These date indicate that recently ra-
covered patents om SSRIs are selectively valnerable 1o SD
while similar patients recently responding to CR! are selec-
tely vulnerable o 'CD. Thus, during the antidepressant in-
duced recovery orocess there appears o be a specific and se-
tective dependence on adequate funcsion of specific the mono-
amine system invoived in the treatment.

=

Effocts of SB and C'on Depressed Patisnts off Meds’ca@

iy arder to ovallate whether the magnifnd denressive
symptoms is directly related to either SHT o1 CA levels, a large
number of patients have been studied wheo where clinicall

depressed and who have been off ali ADT's for at feast twa
weeks I uits of the siudies are smwmarized.

AP cafal
studisd with 50

Honts received 4 shanpiecor

aepresseed patients ol me
ment, Thers v Tii, : Y Compared o
the active placebo trealment with diphenhvdramine Thus, the
data in Table 5 presents sirong evidence that the magnifude
of the depressive Symptomatelogy during the depressive epi-
sode is not refated to either SHT ar CA levels. There werc many

patients in these studies who had Hamilton Ratings between
26 and 25 indicating that the absence of an effect of the de-
pletions was not due to the possibility that the HDRS could
not increase.

#n in Recovered Patiants off Madicntion
.

. N,
In Figure 2 the results of the AA drink given G who
had z clinical remission following light therapy arg presented.

"o 403

1iaan 20 ftem Modified HameD Scare

§ hours after
AA diirk

Base&m

Baselng 5 hows afior

Ahdiak

Teyplopben Deplfion Stam Beplatlon

Fig. 3 Seven female and five male patients who had recovered from

Seasonal Affective Disarder following light therapy, remission range, 3=
7 weoks. "P<001. Paired t test 5 hrs. after tryptaphan depletion com-
pared to 5 hrs. after sham depletion. Sinof 18 had 3 clinicaliy meaning-
ful relapse as indicated By 8 HORS scove aver T2 with tryptochan deple-
Som. Nonz of the 12 had 3 HORS over 12 with sharm depletion. {Adapted
froim Lom et al., in press),

disorder. They were studied in winter. Following recovery
with a scorer of less than 8 on the 21 item HDRS, they re-
ceived either the fryptophan depleting AA drink or the sham-
control drink while alse continuing rheir morming light freat-
ment. &s ¢an be seen in Figure 3, there was 2 clear, robust
doubling of the HDRS scale followine the AA drink with no
chasge Tollowing the sham- vt difik, This illustrates that
ielapse following serctonia depletion is not only dependent
on prior drug treatments but afse ocrurs foltowing light treat-

Patients all met criteria for Tecurntent major depressive epi-
sodes with a seasonal pattern equivalent 1o seasonal affective

ean Median numbar

ment_ =

Tabled  Catechofamine daple-

Median aumber  Mean Hamilton Ratings . produces a return of depres-
Pis. age tmsuccessiul priac Pre 24 brs. siva symiptoms in patierts recent-

antidepressant depressive AMPT after by improved on catecholamine
Gials episades Baseline AMPT uptake inbibitors but not serbto-

Cateehistorins i uptake inhibitors.

uptake '

inhibitors g ‘48 G H 89 213

Serotonin

uptake

inhibiters 10 4g i o 4.8 59

{Adapted from Miller =% k., inpiess a).

T

" P< 009, Students t Test, comparing the two iypes of beatment oncha age from PreAMPT busaline 1o 34 lus. aftor AMPL

. " 5 N 2 S :-m T __ S "__-“ oo THE}!ES N{‘."!‘thl‘fl’ Uy{)’.’ﬂphﬁﬂ
Depletion f&iu::nber Mean ﬁmmm Deorossion Ratings ) depletion or catecholamine
patients just prios to fiects on depressive depletion produce changes in
depietion symptoms depressive symptoms in drug-
Tryptephan 43 37 Neiie® free depressed patienys.
Catachotamine V7 23 None

" Vhe 16 patients {37 B} whose mood improwest the day folowing the tost had 2 bemer tongteom leaiment respense than
the 10 tryptophan depletion patients {23 2} whose mood worsened the <oy following the tost {Tryptaghan deplation

adapk

sin Dvinade ot al, 1994 gnd Catecholamine fiepiction ackapted Fooe Milerot 3l in pressing
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Fig.4  gifects of yptophan depletionin 12 ndhideots with Ristary af

3 depression: median 1 -2 {range 1-3} prier episodes, median remitted
30 weeks {range 12 - 1048} and 8 0f 12 had prior antidepressant treat-
ment: compared to 12 healthy controls. Mean peak HDRS score at S of
7 bis. after AA drink minus basoline, - p <.003 students 1 test controls
vs. individuals with past history of depression. 1 of 12 controls and
1012 indhiduals with 2 history of depression had an Fcresse of S or
more HDRS points with tryptophan depletion (adapted fram Moreno,

et.al, 1995).

In order to evaluate the effecis of serotonin depletion on pa-
tieats who had recovered from a prior depressive episede but
were off medication. 12wl s ferta e T
dian age of the onset of their depression in their mid- 2
the median of 1-2 prior episodes, SHET

i

S 5 prior to the AR

drink was five. Patients were matched for sex and age o i2
controls whose mean HDRS Drior fo the AA deink wac 13 i
can bee seen in Fisure 4 ihat the individuals with = bistary of
deprassionhad an sverass increage Cporosimarebe Somntons
on the HDRS compared o an mcrease of 2.4 for the healthy
controls following the AA deink. ¥ can e seevt in Figure 4 thag
only one of the healthy controls but 10 of the 12 individuals
with a history of depression had at increase of 5 or greater
on the HORS following the AA drink. The seawefort :
individunls e : R S
CrEmse e S SN e foltowing the AA dripic These data
indicate that individuats with 3 prior history of depression are
vulnierable to relapse Fothrwing Sertanin Gepistn g ety
they have been mreated with antidepressants previcusly or nor
{Moreno et al. 1895].

Effects of SDin Healthy Subjects

Indeble & therecuiie pfsis g Sutuelles usine tha as aries
0 produre-Share-lismdat SEERT AT St e 5  these
TR = S ¥ e A Toh argad

LAY i. =
When more sensitive measures of dysphoric mood are used,
such as an adjective check list, or the Profile of-doad-States.
{POMS). or self ratings of happiness, the AA drink has been
seported io aroducs. mitd increasesin doenhdtiems -oF de-
Creased ratings of happiness. The study of Benleelfrz ot b [Sen-
kelfag ot al, 1995} of 19 men withour 2 family history of de-
pression and 20 men with positive family bistory for de
pression is of interest. in this Stugy, there was 2 mild increase
in the POMS depression score in the family history positive

. B. Heninger et al,

individuals following the AA drink. However, in neither subject
group was there a significant increase in rhe HDRS and the
change in the POMS denression score was not larze or of clipi.
i us, the data inizbie 8 on peaithy subjects,
nigicamws fiat _‘513'53f$?§5y?551g"-'22‘21-.£&ﬂ.:.ifiaé:-_{ie}gs_.r _produce
chniga] d&prf:saian,E:z.'ra::ait‘ay_wzzrmi_ma?ss:a?-féiﬁdiﬁ:s. ftis af
additionat interest thap AMPT .2 22 nof orodude depressinn iy
Realthysulec, fflowever—oh SRER  denmvation
Litiigl ¢ 33 AMET doet ineieass o DS ratinos afdo.
] Yusieess (MeCann et al, 1885]. This suggests
thai when other brain abriormalities are produced in bealthy
subjecisie g, throush sleep deprivation} that monoamine de
pletion may have more direct efizcts on regulating moed.

I

EffectsofSDan Brug Effects in Healthy Subjacks

-There is ample dara fram research on laboratory animals that

the serotonin system interacts strongly with other neurotrans-
mitter systems and can modify drug effects. In Table 8 the 3
studies listed, indluding the effects of morphine, yohimbine,
and cocaine In vohmtesrs, 3l indicate that the AA drink via
SD is interacting significantly with these drug effects. it is of
some interest that the A8 drink 4 8 0. 55

in the cold pressor test bnifehs - Hicantly i -
of morphing. In 3 similar way, there was a differentiation be-
tween the AA drink mzrmséﬁg-ssab&_‘iﬁc&i%’-}l‘*gﬁr srofine
ttess folinwidie the-muiozesicdrug yehimbise bt it had no
effect an yohimbine effects on cortisol or MHPG. The subjec-
tive repost of Figh ollowing interpasal cocaine WaS reduceg-
Y IR RNInT the AR sk but the cardiovascular response
fe cocaine was unaftered. Thus, these studies demonstrate se-
lective effects of 5D interacting with selected dimensions of
drug effects in healthy sybjects, 0 maorineres s the

that following 48 heurs of AMPT treaiment - The AN SHSHE

vehich markedly depletes serotonin did. notoreduce consistent

incresses in the HORS TT-PENS-degression scores in healthy
subjects, Thus, the cazat-depledon-af.both. CA and SHT.does
8oy produce dépressfon-in 'ﬁe&?&é}};-&&stfazs;ﬁﬁsiéaf{rfmmﬁ-
strates the resistance of these individuals to the effects of
fonoamine depletion. This contrasts to the relative sensitivity
to monoamine depletion induced depression in individuals o
meslication weith a.past-history oi-dEsisstage
r:_sedfcaﬁs:-_z';_aa&_:ﬁﬁaﬁsﬁi%ﬁé—&mméﬁm.

Effects of 35 in Other Nen Bepressed Psydatsic
Blagnostic Groups

In the lower part of Table 5, four studies are listed where the

AA drink has been administered o non depressed psychiatric

patients. It is of considerzble interest that patients with ob-
sessive compuisive disorder {DTRIwhe B hadaasciaee

e;}i_:eagm?a'ﬁ-‘}-zﬁ-amm-_%fxfﬁ}ﬂ&%"&éq—ﬁathaﬁ EHCPEST
SO s &3

who have i

SBrThus, zhemm‘g\m‘s
. R Yoy . g st g

3PP #oa iy a neurabiofogic system separate from
those systems that reguiate the depressive symipfoms, This is
even rther validated by the fact in these exactly same pa-
tients, the patients with 3 prios history of depression who had
depressive symploms in conmjunction with their OO digd bowe
an infrease in dearessive mptoms ioliowing the AA drink. It
is alsc of interest that 0D patientswhoarsg
€07 001 fave 2 ot of SRENEY SYThRioTT D e

r =T - = 3 R T
ST A4 G RECHRIRSE, patients with it a nervasa

medication, have an increase in o tings of

T Ad ALY
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Table & Summary of studies of the affacte of tryptophan depletion on denression and bet

subljects, and patients with different psyehiztsic diagroses.

vavior in healthy subjects, ‘drug effects in healthy

Adults with 28 s8¢ ElL

Tested with AA drink and
autistic disorder

sham drink

a. Campared to changes during sham AR dink. b€,
hine of depletion dov as welf as to sham or quaster strengih AA drinke. — = Not evaliates. '

Mo change in depression
tncreased globd worsening
of behavipral symptoms. Mg
change in sedisl relatedness
as repatitive thoughts or
behouisr

ompared to baseline ratings S — 7 fux egriize {est peior fn AA drink, no sham A diink used, ¢ Compmed to base-

Tupe of % Range or Experimental Clinically  Major findings Reference
Subject studied M male mean conditions significant  of tryptophan
age increase  depletion
;EHORS
Hezithy Subjects -
Volurniteers 3 "m0 1§-25 Each of 2 groups of - Increased depression {¥oung ot al,,
subjects recefred ratings on adjective checldise 1 985}
_ different AA mixturers Decreased accuracy ona
dysphesic distracior task
Velunieers 83 100  18-325 B groups of 10 subjecis - increased depression ratings (Smith et al.,
: vath envisanment ang or adiective chedklists, was nor 1887)
instruction maninulation influenced by enviroament
ar nstruciions
Paid volunteess e 23 Pre deplation HDRS oo’ Mo change in POMS {Benkelfoi vt 2l
with megative =1.3 depression score 1984)
family history .
Paid voluntears 28 wo 24 Pre depletion HHDRS ngt increase in POMS {Benkelfat et al.,
with positive 27 depression score 13994}
family history L
Paid voluntears & 57 3z Tested befare and after o Decreased salfratings of {Bomretat,
& weeks flucretine “heppy™. Noeffect of 1395}
reziment fheoxetine on depletion
induced changes in
; behavioral ratings
Contrals 12 33 48 Centrols for patieat no® Mean 2 point incraase on {(Moreno et al,
sample ' HDRS, range {0 - 5) 12585)
Drug Effectsin Healthy Subjects .
AM¥l treatment 8 5§ 35 Foilowing 48 hes of ot don significant 2 point {Sclomen et af.,
in paid wolunteears ARPY pretrestment ncresse in HORS faliowing 1955}
AR drink administered AMPY. No effect of AA ;
crinle opn HORS o
POMS depression score .
Morphine in B 100 18 30 Cold pressor pain thresheld - Mo effect on POMS {Abbotr et al.,
paid volunteers - and talerance evaluvated in 4 depression score 1992}
groups of 15 subjects who No effect on pain tolerance
received depletion or sham Significars reversal o
eirink and morphine of placeha moiphine
Yohimbine in 1 g9g X7 The amdiogenic drug L= Increased nenvousness jollow-  (Goddard et al,
paid volunteers yohimbine was adminstersd ing yohimbine. No effect on 15995}
folowing AA diink and yohimbine induced cortisel
sham AA drink ) or MHPG
Cocaine in 12 83 22-57 Intra nasal cocaine admin- - Reduced cocsine induced seif {Aronson et al.,
cocaine usegs istered following AA drink ratings of “high™ by 20 % 1995)
and sham AA drink -
Men Depressed Psychiateic Pationts ) #
Patients with 15 353 38 & patients on fuvoxamine yes Did 5ot crease {Bometal.,
obsessive com- > patients on domipramine 0D symptoms. Did 1994)
pulsive disarder 2 patients on Husxetine infrease depressive
wha responded : SynpLOms
o 55R! treatment
Patients with 3 50 42 Gff alil medication - No change in anxdety (Caddord et al,,
panic disorder range {8 days — 5 maonths) synptoms. Uil decrease 1994)
: self reports of energy
Patients with 2 g 24 36 wornen with bulimia Increased ratings oF frcitability.  (Weiftsin et al..
bulimina nervosa compared o I 0women = labile, moed, and retardad 1595}
vaithout bafimia affect. increasad caloric intake

{(McDougle et al.,
iy press)
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irritability, labile mood and retarded affects and increased ca-
foric intake following the AA drink. but no change in de-
pression. An interesting study of adults with autistic disordes
found that the AA drink induces increase in global worsening

" of behavioral symptoms but no changs in social relatedness

and no change in repetitive thoughts or behavier.

The findings of the effects of tha AA drink in non depressed
psychiatric patients are varizble, since patients with OCD and
panic disorcler do not have a relapse of syinptoms when off
medication, but patients with bulimia nervosa and adulis wit

autistic disorder who are off medication do seem to have some
increase in symptoms rejated to their syndrome. The lack of
relapse in OCD symptoms in S5RI freated and recovered OCD
patients cantrasts with the return of depressive symptoms in
the same ingividuals. This would indicate that the SHT de-
pendent neurabiologic systems supporting antidepressant af-
fects are separate from the SHT systems involved in the anti
OCD effects. The increase in some symptoms and not others
in patients off medication with butimia nervosa OF attism sug-
gest that the D sensitive neurobiologic systems in these dis-
orders arenmly pastof the symp tenzrromnple of thesainessss

Discussion

Evidence that requires ¢ revision of the menoemine
hypothesis of depression

The dats obrained through the use of the FRORgamine depie-
tion methods presented ahove can only be explained with 3
major revision of the menoamine hypothesis of depression,
The new observations that necessitate this revision inciude;
L Heaithy subjects do not become depressed {at most there
are only mild inrreases in dysphoric mood ) with the same
procedures that do inctease depressive symptoms in pa-
Hents recently recovered from depression either on of off
medications.
2. When depressed, patients do not have an increass in symp-
toms following either S5 or €D
. The monoamine depletion methods appear to be valid, as
evidenced by the selective effects of the AA drink and AMPT
in producing relapse in patients responding to either SSRI's
or CRIs, respectively, and the effects of the AA drink in
increasing yohimbine induced amtety, and redscing mor-
phine effects on pain tolerance and cocaine induced subjec-
tive reports of “high™ - o
4. In addition, ather studies have shows that there saF-23
day delay in the onset of the antidepressant response fol-
towing combined MAO and tryptophan treatment {Glass-
man and Plazman, 1968) which in iaboratory animals pro-
duces very rapid and latrze ingreases in SErotonin in most
brain areas.

W3

These ebservations indicate that monoamine depletion in-
duces clinical depression oify i rdividy
tory of depression and that 1
vels do nob piddnee 1 rapid

An important modulatorny role of monoamines in depression

Although the monoaminss may not be g direct regulator of
maod in depressed pasients and heaithy individuals, there i

<onsiderable evidence that they play a critical role in generat-

irg and maintaining the antidepressant response, as indicatec|

hy:

1. Depletion of monoamines in recently recovered patients on
antidepressant freatment produced a 1a pid relapse which is
spedilic 1o the type of deplefion and type of treatment.

2. Becovered patients who ate off medication either fol lowing
drug breatment, Heht restmeni or speniansous remission”
have 2 rapid relapse when depleted of monoamines.

3. Ali of the effective antidepressants knowa to date, produce
changes in monoamine receptor metabslismm and recepiar
systems in laboratory animals consistent with the view that
the antidepressant effects involve increased transmissian in
the monoamines systems.

Thus, the monsamioe systerns have a “necessary but not suf-
ficieni™ sole in the generstion of the complets and rapid anri-
depressant response This line of reasoning would then indi-
cate that the interaction of the monoamine systems with other
neurobiologic systerns is necessary for the generation of anti-
deprassant effects,

Madulatory role of moncemines on other neurcbiclogic

 systerns that coufd produce the antidepressant effect

There is a laree amount af

achan nfthomb

HET T T AT -
mitter systems as well as interacti Aoamine
systemns. This modulatery role of monocamine function conld
more clearly account for the observations mentioned above,
such that mencarine moduletion out ool suffi.
gient for thiig S Tespamse,

Other systems that have been found 1 be altered in depression
and by antidepressant treatments include:

1. The ghrtarnatergic neurobransmitter systern

Up o 40% of brain synapses involve gletamaterzic neural
transmission involving beth lizand gated fon channels and G
protein coupled receptors. It is of considerable interest that a
wide varfety of antidepressant treatments decrease the
potency of glycine in blocking the binding of Ligands (Paul ot
al, 1594} That the n-methyi-d-aspattate receptor system s NaY
be invoived in the final common pathway of most antidepres-
sants as indicated by the report that the aniidepressant in-
duced decrease potency of giycine foilews a delaved time
course and persisis sfter the discontiauation of treatment. This
index (decreased porency of glycine) was positive across 22 of
23 different drugs tested as compared to onty 15 of 23 and 13
of 23 for beta adrenergic receptar down regulation or positive
resulis on the Iorced swins vest respeciively { Paut et al,, 1994}
Thos, ghitamatergic aeusolransmission {specificaily the inter-
arnon of glyeine with the T-mietiwl-d-asparate receptor con-
plex} may be one of the importan: “other” systems being ef-
fected by changes in monoamine transmission. There are many
know relationships between the monocamine systems and
ghutamatergic neural transmission, but rhe specific pathways
that may relate to the antidepressant induced decreased
potency of glveine have not been darified as yet
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2. Normalization of the by pothelemic-pituitery adrenal axis
{hpa} i depression

The increased plasma cortiso} levels and the relative insensi-
tivity of cortisol suppression to dexamethasone are two of the
major bislegic markers in depression. The costicosteried re-
£eploTs are important components in the aegative feedback
fouk by which high cortisal fevels apdjor endogennis stergids
produce suppression of HPA xde function. It is of interest that
the HPA axis abnormalities improved as patients improved
from depression and alteration of this system by antidepres-
sant treatment may be an important mechanism in successiui
treatment {Young et al, 1991; Barden er al. 1995}, It has re-
centiy been shown thar antidepressants increase both min-
eratocorticoid and glucocorticoicd receptor mRMA. When traps-
genic mouse models with reduced numbers of these receptors
are studied, it takes an increased dose of dexamethasene ta
suppress HPA function {Pepin et al, 1982) Thus, the effect of
antidepressant treatments in increasing mineralocorticold and
glucocorticoid mRNA levels could be one mechanisim by which
antidepressant treatmenqts nermalize the PP axis ana pro-
duce clinical remission. The SHT system in the hippecampus
{facebson and Sapolsky, 19913 plays an imporiant role in oS-
fating HPA functon, however, the specific relationship of al-
teredd SHT or CA funcsion an the increased number of min-
eralocorticoid or glucocorticoid TREEPIOTS I5 not presentiy
known, :

3. Neurotrophins are decreased by siress ond increased
by antidepressant treatment

The neurotrophing are imporiant large protein malecules
faecessary for neural growth, development and repair (Linduali
et al, 1584). Recently it has heen found that they aze aiso -
pertant in maintaining adult brain acuranal function (Duman
et al, 1995b). It is of considerable interest that brain detived
neurcirophic fractor (BDNF) has been found to be decreased
followings tress in laberatory rais {¥ihuya et 21, 1995: Smith
et al, 1895}, i has =eently been demonstrazed thas both BECT
and antidepressant drugs increase BDNE jn bippocampnus (V-
buya, et. al., 1995). In additipn it has been demonstrated that
increased BDNF levels auemea £ SHT azonal suppaorting follow-

o =33 {Mamounas et al, 159G} Thus, the interaciion

R oioaiine sysiems with DEUrniTopic f3ciors is an i
@nt area of currenr investigation and the BEUTOITORICS are 3
prime candidate for “the other” system maduiated by maeng-
amines in producing the antigepressant response.

4. Immune abnormalities in depression

There is a long history of documented immune abnormalitios
in depression {Muoos, 1995} There are demonsirated nerva ter
minals for both NE and 54T on immune organs. Recently there
Rave been a number of studies demonstrating evidence of 2n
invrease immuons. resgﬂme*éa—ﬁapﬁasmﬁdaeg 1985 Iris of
considerable interest that ia one study there was a relationship
between decreased avatiability of L-tryptophan and increased
immune abrormalities {Maes et al, 1894}, Thus, the mono-
AImine systems may be interacting also with the immune sys-
tem in generating some of the antidepressant effects,

5. Intracelivlor effects of antidepressant treatments

The data presented from the clinica studies reviewed above
can point to but not clarily the nature of the “other” systems
that the monoamines are interaciing with, it is guiie possible
that it is not a diserics neurctransmitter or neuropeptide or
immune type of svsiem, hut msiead, the monoamines are in-
feractding wish widely é%s:sa'.ihw;fed_inamqailata.r_‘g;q;ggge;;__‘d}at
produces the antidepressant effects. Following monoamine re-
ceptor stimulation there are 3 large number of intracellular
processes that form a cascade, which influence protein phos-
phorylation and gene transcription (Duman et al,, 1995). Al-
though this area is we tatge 1o review at this time, there is
ample evidence that the modulatory role of the monoamines
may maialy manifest itself at this more mtracefiular level. The
monoamine induced antidepressant effect could be modula-
tiorr By micacamines through monoamine receptor transduc-
tion pathways of orher intraceliular abnormalities locatad
within many areas of the nervous systemy (Nester er al, 1989
Peret et al, 1889; Gzewa and Rasenick, 1991; Fitzgeradd et al_
15863

Surumary

1. Patienrs who have had 3 prior episode of depression and are
recovered off medication have a brief symptomatic relapse
following SD.

2, Healthy costrols and depressed patients do not have a

Sympiomatic relapse fnilowis E gither SD or OB,

3. Eecently secovered patients on SSRI freatrnent or CRI trear-

ment have 3 brief relapse following SO and Ch respectively.
indicating that the maintenance of the antidepressant re-
Sponse is specific to the type of treatment and the type of
depletion,

4. 5D reverses drug effects such as marphine and cocaine and
ncreases some diagnosiic, specific symptoms in drug-free
patients with bulimia nervosa and aulisim.

Condision

Adequate monovamine function ap pears necessary in maintain-
ing the antidepressant response of patients whether they are
@i or off medication, Moweamines are nor necessary to matn-
Bin meoed in healthy individuais, These ebservations lead 1o
the revised monoamine hypothesis: meneamines do not have
& direct effect of regulating mood, hut they do have a major
sodulatory rofe oa other nenrobiologic systems invelved in
the racovery from depression.

aAcknowledsemenis: Drs H. Miller, R Salomon, and L. Frice were
maior contributors to the studies quoted,
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