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OpIopOC

® 0 opoc¢ “nutraceutical” mpoEpxetal amo tov
OUVOUAOHO 2 AECEWV:

“nutrition” +*“pharmaceutical”

® O opocg emvondnke to 1989 amo tov Stephen
De Felice, 1dputng Kat mpoedpoc Tou
“Foundation for Innovation in Medicine”




Nutraceuticals

® «...KAB& oucia N oUCTATIKO AUTNG OTTOU EKTOC TNG
OLlATPOWPIKNG TNC alac MAPEXEL, EMOTNHOVIKA
TEKUNPIWHEVA, OPEAN OTNV UYEiId, TOCO GTNV TPOANWN
Kal Oeparmeia madbnoswyv Katl dlatapaxwy 000 Kal oTnV &V
YEVEL BEATIWON TNG UYEIAC TWV avOpwmwy...»

® «..pAPHAKO 0dg va YiIVEL N TPOWN oA Kal n Tpoyn oag
ag Yivel (pappako odg...»
(INMOKPATHZ)

Hamid N.New Concepts in Nutraceuticals as Alternative for Pharmaceuticals

Int J Prev Med. 2014 Dec; 5(12): 1487-1499.

Kalra EK. Nutraceutical - Definition and introduction. AAPS Pharm Sci. 2003;5:E25
Zeisel SH. Regulation of “nutraceuticals” Science. 1999;285:1853-5




Ymapxel avaykn yld Hid VEd TPOCGEYYIoN;

AmoteAeopyatikotTnta

KaBuotépnon otnv Evapén opaong

1/3 Twv acBevwyv 0gv amaviouy, 2/3 Twv acbevwy Ogv EMTUYXAVOUV
ugpeon

H péon amoteAsopatikotnTa OAwY Twv Bepamelwy Oev mapouctalel
dlaopotoinon

MpowiA avoxnc Kal acAAELAC

Emdeivwon ayxoug- dlatapaxwy UTIVOU Kal YAOTPEVIEPIKEG A.E otnv
EVAPEN TNG PAPHAKEUTIKNG AYWYNG

ZEEOUG?\lKn duo?\sltoupyla KATAOTOAN, ocuvaiebnuatikn auBAuvon,
CUPTITWHATA ATOcUPong

JUULOPQPWON

42% Ol1aKOTTouV Tov 1° pnva Kat 70% oto mpwTto 3unvo
Moncrieff & Kirsch BMJ 2005

45% O0ev AauBavouv t @.d. OTWG €XEL CUCTABEL Olfson et al Lancet 2006, Sawada et al 2009




OEPATEUTLKOL GTOXOL OTNV KOTAOAW

WVIDD Treatment Objectives

Remission

Response

Some symptoms
mavy persist

- Definition varies
between studies but
commonly defined as
MADRS score of =10
or HAMI-D17 score of
=7

Many symptoms
remain
- Reduction of
symptoms by =50%6
using scales such as
MADRS or HAMVMI-D

MADRS = Montgomery-Asberg Depression Rating Scale;
HAM-D = Hamilton Depression Rating Scale;
Medscape

HAM-D17 = Hamilton Depression Rating Scale 17-item wversion
EDWUWUC.ATICOMN



OEPATEUTLKOL GTOXOL OTNV KOTAOAW

MDD Treatment Objectives (cont)

Response Remission Full Functional
Recovery
Many symptoms Some symptoms Symptoms may still be
remain may persist present or are absent
- Reduction of - Definition varies - Mot officially defined;
symptoms by =50% between studies but measures should
using scales such as commonly defined as include clinician
MADRS or HAM-D MADRS score of =10 rating, self-report, and
or HAM-D17 score of performance testing to
=7 assess both symptoms
and functioning

Medscape

EDUCATIOMN
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Clinical overview

Pharnmacological management of unipolar
depression
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Fig. 7.

s1on. Concurrent factors should be taken into consideration
when choosing treatment options. INote. Specific factors that
imcrease the msk of relapse are labelled at the point of where
theyv are hikely t0o impact treatment.

Malhi G5, Hitching R, Berk M. Boyce P, Porter R, Fritz K.
Pharmacological management of unipolar depression.



H arnoyontevon tnc peAetng STAR*D...

Remission Rates at 4 Succesive
Treatment Steps in the STAR*D
37 Study
14% 13%

I !

Step 1 Step 2 Step 3 Step 4




H avakdAuypn kat avantuén £vog
PAPUAKOU...

Drug Discovery and Development: A LONG, RISKY ROAD

DRUG DISCOVERY PRECLINICAL CLINICAL TRIALS FDA REVIEW

i

5,000-10,000

COMPOUNDS ONE FDA-
APPROVED

DRUG

PHASE PHASE PHASE
1 2 3

NUMBER OF VOLUNTEERS

>
oc
LLl
>
o
O
(%)
(an]
I
LLl
(o'
a.

20-80  100-300 1,000-3,000

3-6 YEARS 6-7 YEARS

PHASE 4: POST-MARKETING SURVEILLANCE

P IND SUBMITTED
P NDA SUBMITTED




To HEAAOV TNG YUXIATPLIKNG...

Medicines in Development By Disease and Phase

Some medicines are listed in more than one category.

All Medicines

119
Anxiety Disorders
Attention-Deficit
Hyperactivity/Disorder
Autism Spectrum
Disorders
Bipolar Disorders
Application
Depression Submitted
B Phase Ill
Eating Disorders B Phase
Schizophrenia M Phasel

Substance Use
Disorders

Tic Disorders

Other Disorders

PRESENTED BY AMERICA'S BIOPHARMACEUTICAL RESEARCH COMPANIES




To kovtivo 2020...

Top 10 Therapy Areas in 2020, Market Share & Sales Growth
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Sales lost from Anglotensin |l segment Key growth drivers:

Drcvan (NVSy: $1.68n Opdivo (BMY), Imbruvica (PCYC, JNJ), Xtand) Astallas),
Benicar (Daichl Sankyal: $1.6bn Keytruda [MAK), Ibrance [PFE), Porjata (Racha)

Exforga (NVS): $10bn i

Micardis [Bochringar): $0.5bn Key patent explries:

Anti-hypertencivas

Glaavac (NVS) In 2015, Ritucan (Rochs) 2016+,
Herceptin (Roche) 2014+

M5 theraplas

+HIL i HIT +65 HE% HIZ
% Sales Growthc CAGR 2014-20

Source: EvalustePharma® 22 kay

Oncology

Immunosuppressants

H2E,

715

+4%,
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NMNadowuacioAoyia tng KatadAiyng

Monoamine dysregulation: Circadian rhythm
J'SE, NE, DA expression/activity; impairment

2" messenger malfunction
5-HTP l

Fiz. 1. Pathophysiology of depression and the nutraceuticals modulating these neummchemical pathways.

5-HTP, SAMe, EPA, Zinc l

Sarris et all, An adjunctive antidepressant nutraceutical combination in treating major depression: Study
protocol, and clinical considerations - Advances in Integrative Medicine 2 (2015) 49-55




MNaBowucioAoyia tng KatadbAiyng

Zinc, SAMe, EPA I Omega-3, Zinc l 5-MTHF, 5AMe I

Impaired neurogenesis Inflammation via T Impaired one-carbon-cycle
& J- BDNF cytokines (IL-1,6 & TNF-a) & T Histamine

Neuropathology of Clinical Depression

Monoamine dysregulation: HPA-axis dysregulation Circadian rhythm
J-SE, NE, DA expression/activity; & increased cortisol impairment

2" messenger malfunction
5-HTP l

Fiz. 1. Pathophysiology of depression and the nutraceuticals modulating these neummchemical pathways.

EPA, 5-MTHF, Zinc I

5-HTP, SAMe, EPA, Zinc l

Sarris et all, An adjunctive antidepressant nutraceutical combination in treating major depression: Study
protocol, and clinical considerations - Advances in Integrative Medicine 2 (2015) 49-55




AvtikataOAimtikn dpaon

Antidepressant Effect

‘T Monoamine reuptake inhibition;

Fig. 2. SAMe and other key nutraceuticals with antidepressant activity.

Sarris et all, An adjunctive antidepressant nutraceutical combination in treating major depression: Study
protocol, and clinical considerations - Advances in Integrative Medicine 2 (2015) 49-55




AvtikataOAimtikn dpaon

S-Adenosyl Methionine (SAMe)
T Methylation of catecholamines; ME Reuptake inhibition; ‘T DA activity;
T Conversion PPE to PTC; J-Pralactin secretion ; -J- Microviscosity of platelet membranes

Antidepressant Effect

Tryptophan (5-HTP) Folic Acid (5-MTHF)

‘I* one-carbon methylation cycls

Active precursor of serotonin
for ‘T~ monoamine synthesis

Omega- 3 Fatty Acids (EPA) N-acetyl-cysteine
T Monoamine reuptake inhibition; Anti-inflarmmation via IL-1 & TNF-a inhibition;
Cytokine modulation; -l Inflammation ‘I BONF; Critical neurochemical co-factor

Fig. 2. SAMe and other key nutraceuticals with antidepressant activity.

Sarris et all, An adjunctive antidepressant nutraceutical combination in treating major depression: Study
protocol, and clinical considerations - Advances in Integrative Medicine 2 (2015) 49-55
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S-adevoouA-L-pedeiovivn (SAMe)

® ZUVOETIKN HOP@N ApPlVOEEWC, TApAywyo HEBEglovivng
AlToupyel wg 00TNG peBUAilou,

eUTTAEKETAL O0TN HEBUAIwoN Teploootepwy amo 100
avtidpAcEwyY

® 2UvBeon DNA - RNA, TpwTEVWY, pwo@OALTIOIwWY,
veupoOdlaBiBaotwy, KUGTEIVNG, YAoutadelovng

(Mischoulon et al 2014, Sarris et al 2015)




S-adevoouA-L-pedeiovivn (SAMe)

® YTTEPEXEL EVAVTL EIKOVIKOU (pAPHAKOU

® TouAaxiotov (0la ATMOTEAECHATIKOTNTA HE PTPAivn,
£0ITAAOTIPANN

® 800-1600mg /nuepa pe yeupa o€ OUO OOCELC
® A.E: aumvia, Ke@aAaAyla, VEUpIKOTNTA

(Mischoulon et al 2014, Sarris et al 2015)




S-adevoouA-L-pedelovivn (SAMe)

21 4 e SAMeE
19 4

=i ESC

17 - Placebo

15 1

13 -

HAMD

11 4 *
® P

HAMD-17 score at 12 weeks of treatment (n= 144; SAMe n=32;
T - placebo n = 35; n= 35 SSRIs) SAMe versus placebo *p <0.05
Vs escitalopram #SAMe

5 , , , , : : , . Group X Time
0 1 2 4 G 8 10 12 p=0.039

To measure the effectiveness of SAMe as antidepressant, a sample of adults diagnosed with MDD was randomized
into treatment groups with SAMe, (800 mg BID) placebo or escitalopram (20 mg).

The effect of SAMe has been statistically significant superior to placebo, according to the primary outcome
HAMD-17. Similarly, SAMe was statistically more effective than escitalopram at weeks 2 - 4 - 6.(15, 16)

Sarris J, | Papakostas G, Vitolo O, Fava M, Mischoulon D. S-adenosyl methionine (SAMe) versus escitalopram and placebo in major depression RCT: Efficacy and effects of
histamine and carnitine as moderators of response. J Affect Disord. 2014 Aug;164:76-8.

Mischoulon D, Price LH, Carpenter LL, Tyrka AR, Papakostas GI, Baer L, Dording CM, Clain AJ, Durham K, Walker R, Ludington E, Fava M. A double-blind, randomized,
placebo-controlled clinical trial of S-adenosyl-L-methionine (SAMe) versus escitalopram in major depressive disorder. J Clin Psychiatry. 2014 Apr;75(4):370-6.




S-adevoouA-L-pedelovivn (SAMe)

Change in HAM-D Scores During Treatment Among
Antidepressant Nonresponders Randomly Assigned
to S-Adenosyl Methionine (SAMe) or Placebo

0.0 == sAMe

Placebo

=
ﬂ '5':'
-
L
-10.0
Baseline Week  Week Week Week  Week  Week Endpoint

1 2 3 4 <] 6 (LOWCF)

A recent study has evaluated the efficacy of SAMe as adjunctive therapy in patients with MDD. 73 patients not responding to SNRI /
SSRIs were included in a randomized, double-blind study lasting 6 weeks. Patients continued during the 6 weeks to be treated with
SSRI /SNRI; one of the two groups of randomization was treated with SAMe (400 mg BID), the other with placebo. Both HAMD and
the remission rate was higher, with statistically significant power, in patients treated with SAMe.

Papakostas Gl, Mischoulon D, Shyu I, Alpert JE, Fava M. S-adenosyl methionine (SAMe) augmentation of serotonin reuptake inhibitors for antidepressant nonresponders
with major depressive disorder: a double-blind, randomized clinical trial. Am J Psychiatry. 2010 Aug;167(8):942-8.




Canadian Network for Mood and Anxiety

Treatments (CANMAT) 2016 Clinical The Canadian Joumal of Psychiatry /
Guidelines for the Management of La Revue Canadienne de Psychiatrie
Adults with Major Depressive Disorder: 2016, Vol. 61(%) 576-587

Section 5. Complementary and Alternative
Medicine Treatments

Two systematic reviews found SAM-e effective as a

. . _El]
mnnnthcraEE VEersus Ela::c:l:m in mild to severe NIDD Or
Versus comparator antichrcssants in mild to moderate

MDD (Suppl. Table S8). There is also evidence to sup-
port junctive SANMN-e with antidepressants in mild to
maoderate MDD,V There are concerns, howewver., about
trial methodologies and paucity of data on SA M-e as main-
tenance therapy.®'

Owerall, SAM-e is relatively well tolerated, with the most
common side effects being gastrointestinal upset, insomnia,
sweating, headache, irmitability. restlessness, anxiety., tachy-
cardia, and f'atigul::.] 1L

In summary, SAM-c is recommended as a second-line
adjunctive treatment for use in mild to moderate M DID»
(Level 1 Evidence) ( Table 3).




AvtikataOAimtikn dpaon

S-Adenosyl Methionine (SAMe)
T Methylation of catecholamines; ME Reuptake inhibition; ‘T DA activity;
T Conversion PPE to PTC; J-Pralactin secretion ; -J- Microviscosity of platelet membranes

Antidepressant Effect

Tryptophan (5-HTP) Folic Acid (5-MTHF)

‘I* one-carbon methylation cycls

Active precursor of serotonin
for ‘T~ monoamine synthesis

Omega- 3 Fatty Acids (EPA) N-acetyl-cysteine
T Monoamine reuptake inhibition; Anti-inflarmmation via IL-1 & TNF-a inhibition;
Cytokine modulation; -l Inflammation ‘I BONF; Critical neurochemical co-factor

Fig. 2. SAMe and other key nutraceuticals with antidepressant activity.

Sarris et all, An adjunctive antidepressant nutraceutical combination in treating major depression: Study
protocol, and clinical considerations - Advances in Integrative Medicine 2 (2015) 49-55
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L - peOUA@OAIKO
® DOAKO 0 ‘ L- yEBUAPOAIKO

Tapaywyn GEPOTOVIVNG, VOPETLVEPPILVNG

® MoAupop@plopog C677T (peviouKtaon Tou HEBUAPOAIKOU)
® Epmodiel petatpotn poAlKoU o€ HEOUAPOAIKO

® 70% acBsvwv pe KatabAlpn £xouv ToV TAPATIAV®W TTOAUHOPPICHO




Combining Antidepressant Therapies
From the Initiation of Treatment:

¢OA|KO ogu A Paradigm Shift for Major Depression

Stephen M. Stahl, MD, PhD

Essmae: Corniy

2 thempeulic agenis fmm the very Witation of reatment 0r suaior defres sion

ey led 0 e ouicomes compared o irecirment with a sige artidepressan i

Anlid.q:ln:unlsl.‘:.n he lik sa ]
butonl abouta thind af mtien
atlain full remission of their sympoms
with their fimt trentment and many of
these mtients relapse despile continu-
ing treatment ! Treatmentguidelines for
major depressio n genarall callfors tart -
ing a single “Tirsl-line™ agent and then
Lrying a series of other single agenis if
thefistonzisnot o kerledor isrebtine-
Iy inefMective. Second and subsequent
rentments are pogresivdy kess likely
1o ki 1o full emision of sympoms,
and Br those tneatments that do lend
10 remision, they are prognesirdy kess
likely 1o sus tain thal remision for mone
than a fow manths.' In ander 1o target
greler suslained remision rakes ffom
a majr depresgive opisode, a aadigm
shillt is afootin which thechances ofa
firs | trentment working are maximined
by giving combinations of treatmenis
fram the time the first anlidepressant
therapy & initinted (@Tablke 12

Are2 or Bore T herapeatic
MNechanisms Eelier Than 17

Same antidepressank have a single
majar mechankm of thempeutic ac-
tion, and others have 2 or maore'*
Theselatter drugs aresometimes colled
mulifunctional with recent theories

suggexling that multiple mechanizsms

ofantidepressnt action in a single drug
ame hetler than a single mechansm-"
wltifunctional actions can als be
lad by combining 2 drugs with
- different mechanisms., N umear-
Ligations are now ongoing o
‘hzther, from the iniliation
nt thermpy the cambina-
tion of drugs Wgrks hetier than either

agent alon o

Antidepresman s
Pia 5 Anlidepress nis
The landmark study by ekan et
al® showed that the comhbinNg
the 55R1 [=okxlive sermlonin r
inhibilor)] Muoxzline with the nonepi
nephrine reuplake inhibilor desipm)
mine in non-treatment-resgant inp)
tients with a major deprexive epiko
wis significanth more likely 1o result i
remiszian than was fluoxetine akne o
desipraminealone? Blierataf ' areak
conduc ting aseries af very novel studid
ol antidepremant combinations, showi
ingin |study that remision mbesofpa)
tients laking the $5R pmoxetine + muir
lampine wene dowhle the mics of thos
lnking the singlke drugs? Further stud
iz by thi group sugsesi thal remiskio
rales with several combinations af an
tidepressinis aleo muoghly doohled th
remission rakes with a singhe agent (spa
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cifically, mirtampine + gither fuoxotine,
vanhfaxine, or huprapion vs flunxetine
along) M These very promising findings
are now heing mllowed up by a major
sthdy fundad by the KIMH Combining
Cral Medications o End Depresion
[(COMED) on the Deprexion Triak
Nelwork comparing the polantial ben-
efik ofcombining any 2 of the agenk at
initiation oftreatment: bupropion, asci-
lalopram. mirlampine, or ven hifaxine.
If these nesulis replicite the douhlingof
remision me, thene will most likely ba
i mpil shifl o using 2agenis fram ini-
tiation of treatment for a major depnes-
5 e epizode.

Antidepress nis
Plus NethylohioFohie

Cine of the first agents conceplual-
iz 0 he a comhbination thempy from
the inittion of treatment of mEjor
depression was the natuml product fo-
lic acid and its centrally active natuml
dermale methylolale. Three mndom-
izod contmlled trials™ M have shown
superior afficacy of antideprexant and
ohio'methylolale combinations from
initiation of thermpy compred o anti-
depressinis akne,

In the first such :iI.Ll.li}'." depremsed
patients s pecifica Iy with low red blood

cell (RBC) folak levek were givaen Lral-
mant as usual in the pre-55E1 em and
randomized 1o @ither 15mgid of meemic
mathyliohte or phoebo from the initi-
Lian of thempy. Serum and BHC ohis
levek incrmsed and clinical measures
afl rnnmi improvad significanty more in




L - HEOUAWOAIKO

Principal Components of the Folate Biochemical Cycle.

Folic acid (supplements and fortified foods)

© . S-Adenosyl- Dihydrofolate
Methylatmn/ methionine
reactions &
‘\ DHFR
S-Adenosyl- . S A J
. Choline Methionine
homocysteine Tetrahydrofolate

Betaine Serine
(2 Glycine
Homocysteinef B12
5,10-Methylene-
tetrahydrofolate

(4] Purine
MTHER biosynthesis
1]
Pyrimidine
5- methyltetrahydrofolate biosynthesis

Principal Components of the Folate Biochemical Cycle. Abbreviations: DHFR = dihydrofolate reductase; MTHFR =
methylenetetrahydrofolate reductase. Reactions: 1 - Biosynthesis of nucleotides for incorporation into DNA and RNA; 2 -
Remethylation of homocysteine to form methionine (vitamin B12 serves as a coenzyme in this reaction); 3 - Methylation of
substrates, including DNA, RNA, phospholipids, and proteins; 4 - MTHFR, which catalyzes the formation of 5-methyltetrahydrofolate
needed for methylation reactions; 5 - Dihydrofolate reductase enzyme.
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N - AKETUAOKUGCTELVN

® Mapaywyo tou apivoEEWS KUOTEIVNG
® PuBpuiotng yAoutapikou otn ocuvayn, au€avel yAoutabeiovn

® OEelOWTIKO stress, VEUPOYEVEDH, KUTTAPIKN ATTOTITWON,
uitoxovoplakn OUCAELToUpYia, veupoavacoAoyia, ducpubuion
YAOUTAMIVEPYLIKNG KAl VIOTTAHUIVEPYIKNG AEITOUPYIAC

(Samuni et al 2013, Deepmala et al 2015)
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Revieww

Clinical trials of N-acetylcysteine in psychiatry and neurology:
A systematic review

Deepmala?-P-*, John Slattery -, Nihit Kumar®?, Leanna Delhey®-°, Michael Berkd-<,
Olivia Dean 9-¢, Charles Spielholzf, Richard Frye®:<

Overall ratings of NAC based on clinical studies presented by condition.

Psychiatric and Uncontrolled studies Controlled studies Grade of Recommendation for
neurological condition Positive% Positive% recommendation treatment
(positive/total) (positive/total)
Addiction - cannabis 50%(0.5/1) 50%(0.5/1) B Mixed
Addiction - cocaine 100%(1/1) 50%(1.5/3) B Mixed
Addiction - methamphetamine 25%(05/2) B No
Addiction - nicotine 33%(2/6) B No
Addiction - pathological gambling 100%(1/1) 25%(0.5/2) B No
Alzheimer’s disease 100%(2/2) 50%(0.5/1) C Mixed
Amyotrophic lateral sclerosis 50%(1/2) 0%(0/2) B No
Anxiety 100%(1/1) D-SC None
Attention-deficit hyperactivity disorder 100%(1/1) C None
Autism 100%(2/2) 50%(1.5/3) B Mixed
Bipolar disorder 100%(1/1 50%(1/2 A Mixed
Impulse control-nail biting 100%(2/2) 50%(0.5/1) C Mixed
Impulse control-skin picking 100%(4/4) C Mixed
Impulse control-trichotillomania 100%(4/4) 50%(1/2) B Mixed
Neuropathy 100%(1/1) 100%(1/1) C Mixed
Obsessive compulsive disorder 100%(1/1) 50%(05/1) C Mixed
Schizophrenia 100%(1/1) 75%(1.5/2) B Mixed
Traumatic brain injury 100%(1/1) B None

SC, Single Case Report.
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252 patients with an episode of moderate to severe MDD, diagnosed according to DSM-IV were treated with NAC (500
mg BID) or placebo in addition to standard treatment and followed for 16 weeks. The study is a double-blind,
randomized, placebo-controlled trial. The primary outcome measure, the Montgomery Asberg Depression Rating
Scale (MADRS), was significant at 16th week for the complete pool (Fig. A). However for participants with a MADRS>

25 at baseline, the significance stretched at weeks 6, 8, 12, 16 (p <0.05). Also for the CGI scale (Fig. B) the results
are statistically significant at week 16.

Berk M, Dean OM, Cotton SM, Jeavons S, Tanious M, Kohlmann K, Hewitt K, Moss K, Allwang C, Schapkaitz |, Robbins J, Cobb H, Ng F, Dodd S, Bush Al,

Malhi GS. The efficacy of adjunctive N-acetylcysteine in major depressive disorder: a double-blind, randomized, placebo-controlled trial. J Clin
Psychiatry. 2014 Jun;75(6):628-36.
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Figure 2. Change in PTSD Syvmptoms and Drug Craving Owver Time by Treatment Condition
A Weekly total score on the PTSD Military Checlclist (PCL-MD). INAC (IN-acetyleysteine)

showed a significant treatment effect to reduce PTSD symptoms over the 8-week treatment
period. Follow-up measure was obtained 4 weeks after discontinuing MNMAC or placebo (1.e_,
weelk 12 of the study) B) Weekly subjective craving score measured using a WVisual Analog
Scale (WAS) NAC showed a significant treatment effect to reduce drug craving over the 8-
week treatment period. ¥p< 05 B = Baseline. F = Follow-TJp.

Backetal J Clm Psychiatry. 2016 November ; 77(11): e1439—e1446. do1:10.4088/JCP.15m10239.




MNM-acetylcysteine in depressive symptoms and
Ffunmnctionality: a systematic review anmnd meta-
analysis

B Fermandes., 0O Dean. S Dodd. WM Berk

ez pregr-rrrrerr ¥ oo Pesvoefricarry, Desaloirr ODindversiry armead Boaerworr Fealnfr,
Creclormng, A siroalic

Avdims: To assess the utility of n-acetvilowvsteimne (N AC) for depressive
syvimptoms in psychiatric conditions.

Ml thweds: A computen=zaed hiIterature search was conduacted 1 MMed-
lime, Embase, the Cochramne Library, Scielo, PswINBPCO, Scopus,
amnd Web of Knowledge. ™NO wveanr or country restrictions swere wmwsad .
The Boolean terms used for the electronic database search were:
(NACT OR n-acetvilcwsteine (R acetwvilcwsteine) S NI (depression
R depressive (DR depressed) ANID (trial). The last search was
pertformed  1in MNowe i beer o 2 INouble-blamd ., ramndormizaed
placebo-controlled trials using MNAC ftor depressive syimpltoims
regardless the main psychiatric condition. Using kevwords amd
cross-referenoed bibliographies, 38 studies were demntified amd
examinaed in depith. O those, 33 articles were rojected becausce
inmnclusion crateria were not met. Finally, 5 studies were imchided.
Iata were extracted independently by 2 inwvestigators. T he primmary
outcorme measure was change in depressive symmptoms. Functiomnal-
itw, guality of life., manic and anxicty symptoms were also exarm-
prnescd = fanll e IE WA = radd meta-ana lysis wwere performed .
Standarndized mean differences (SHRAITDs) amnd Odds ratios (CFRS)
with 95 %L confidences intervals (CIs) were calculated.

Resulrs: Five studies fulfilled owur inclusion coriteria for the mmeta-
analvsis, providing data on 574 participants, of whormm 291 swere
ranmndomisaed to receiwve PNAC, and 283 to placebo. The tolloss -
waried from 12 to 24 weeks. Two studies included subjects withh BID»
and current depressinve symmptorms, one subjects with I T i & cuwar—
rent depressive opisode, and two subjects with depressive sSwImp-
torms (8 & the contex it ot other psychiatric Ccormditiorm (ome
trichotillormania and one heawvy smoking). Treatment with WNACT
Improved depressive sSVImpPptomms &as @ assessed by MRMATPRS anmnd
HIDRS when compared to placebo (SIWVITID = .37, 95%a 01 019 to
D55, p = 0. 1). Subjects receiving MNAC presented better scores
regarding the CCGI-5 of depressive syvmmptoms at the follow -y tlhuanm
subjects O pPlacebo (ST =— .22, 5Ty 1 o3 o 0 = B
= L0 1). ITn additdon., global tunctionality was baetter i NSO
thamnm in placebo. There were no changes in guality of life. With

regard to side effects, only minor side effects were associated swith
i - Ll i  — -

Covimvclusioaxs: N AACT ameliorates depressive Sympitoms anmnd Improves

functionality, with a relatively moderate impact and good tolera-

ralaty.

Juie 3—6, 2015, Toronto, Canada
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Cogn itive remission:

reatment of major depression?

Beatrice Bortolato!, Kamilla W. Miskowiak?, Cristiano A. Kohlers,

Michael Berk®™” and André F. Carvalho®

BMC Medicine

a novel objective for

Michael Maes™®>, Brisa S. Fernandes™®

Table 1 Potential therapeutic targets for the treatment of cognitive dysfunction in major depressive disorder (MDD)

Agent

Putative mechanisms of action

Clinical evidence [Ref. No.]

Vortioxetine

Lisdexamfetamine dimesylate

Erythropoietin

Minocycline

Thiazolidinediones

S-adenosyl methionine

5-HT3/5HT; receptor antagonist; partial agonist
at the 5-HT,g receptor; agonlst at 5-HT1A
receptor; inhibitor of the 5-HT transporter

D-amphetamine prodrug; enhances the efflux
of dopamine and norepinephrine in the CNS

Readily crosses the BBB and increases the
production of BDNF

Promotes hippocampal neurogenesis; Anti-
apoptotic effects; Anti-inflammatory activity;
Antioxidant; Modulates glutamatergic
transmission; Stabilizes the microglia

Antagonist of PPAR-gamma; increased the
production of BDNF; has anti-inflammatory

Major methyl-donor; essential for the synthesis
of several neurotransmitters; involved in the
synthesis of glutathione

Two multicenter RCTs having cognitive performance as the
primary outcome measure were conducted in participants

with MDD [91, 92]. Overall, vortioxetine displayed a significant

procognitive effect over several domains, which was largely
independent of the amelioration of affective symptoms.
However, a recent meta-analysis found that the overall effect
size was small (0.34) [20].

A RCT found LDX augmentation to be efficacious in
reducing self-reported executive dysfunction among
participants with MDD (N = 143) with residual depressive
symptoms [94].

EPO improved verbal learning and memory in a preliminary
RCT involving participants with treatment-resistant MDD

(N =40) [97]. This effect was largely mood-independent.
However, cognitive performance was not the primary
outcome measure in this trial.

No clinical trial has investigated the potential procognitive
effects of minocycline in samples with MDD.

No published clinical trial has investigated the effects of
thiazolidinediones upon cognition in samples with MDD.

A post-hoc analysis of a preliminary RCT involving 40 SSRI-
resistant participants with MDD found SAMe to improve in
self-rated recall and word-finding difficulties compared to

@ Crossharlk

Omega-3 PUFAS

Modafinil

Galantamine

Scopolamine

N-acetylcysteine

Anti-inflalmmatory and antioxidant activities;
Increases the production of BDNF; diminishes
microglia-related neuro-inflammation

Pleotropic agent that targets several
neurotransmitter systems (e.g. 5-HT, GABA,
glutamate, orexin, and histamine).

Rapidly reversible acetylcholinesterase inhibitor
and a potent modulator of the nicotinic
receptor; affects monoamines, GABA and
glutamate neurotransmitter systems.

Potent muscarinic antagonist; modulates 5-HT,
neuropeptide Y, dopaminergic, and glutamatergic

Plectropic agent that modulates glutamate
transmission; antioxidant; anti-inflammatory effect;
anti-apoptotic activity; increases glutathione.

No published clinical trials to date have investigated the
effects of omega-3 PUFAs on cognitive performance in
samples with MDD.

A small open-label trial has found that modafinil
augrmentation improved executive function in a sample
with MDD [147].

Two preliminary RCTs have found no evidence for a
procognitive effect of galantamine augmentation in
participants with MDD [150, 151].

A proof-of-concept RCT did not observe significant effects
of scopolamlne ina task measuring sustained attention in

No published trial has investigated the effects of NAC on
cognitive function in samples with MDD.

; antioxidant; anti-inflarmmatory;
inhibits the enzyme IDO; modulates the microglia.

as investigated potential procognitive
effects of statins in samples with MDD,




KatevOuvtnpilec odnyiec kaw nutraceuticals...

Table 3. Summary of Recommendations for Natural Health Products.

Intervention Indication Recommendation Evidence Monotherapy or Adjunctive Therapy
St. John's wort Mild to moderate MDD First line Level | Monotherapy
Moderate to severe MDD Second line Level 2 Adjunctive
Omega-3 Mild to moderate MDD Second line Level | Monotherapy or adjunctive
Moderate to severe MDD Second line Level 2 Adjunctive

Mild to moderate MDD Second line Adjunctive
Moderate to severe MDD Second line Adjunctive

. ild to moderate MDD ird line =Ve onotherapy
Crocus sativus (saffron) Mild to moderate MDD Third line Level 2 Monotherapy or adjunctive

Inositol Mild to moderate MDD Mot recommended Level 2

Tryprophan Mild to moderate MDD Mot recommended Level 2
Rhodiola rosea (roseroot) Mild to moderate MDD Mot recommended Insufficient evidence

DHEA, dehydroepiandrosterone; MDD, major depressive disorder; SAM-e, S-adenosyl-L-methionine.

Canadian Network for Mood and Anxiety
Treatments (CANMAT) 2016 Clinical
Guidelines for the Management of

Adults with Major Depressive Disorder:
Section 5. Complementary and Alternative
Medicine Treatments

The Canadian Journal of Psychiatry /
La Revue Canadienne de Psychiatrie
2016, Vol. 61(%) 576-587



MNaBowucioAoyia tng KatadbAiyng

Zinc, SAMe, EPA I Omega-3, Zinc l 5-MTHF, 5AMe I

Impaired neurogenesis Inflammation via T Impaired one-carbon-cycle
& J- BDNF cytokines (IL-1,6 & TNF-a) & T Histamine

Neuropathology of Clinical Depression

Monoamine dysregulation: HPA-axis dysregulation Circadian rhythm
J-SE, NE, DA expression/activity; & increased cortisol impairment

2" messenger malfunction
5-HTP l

Fiz. 1. Pathophysiology of depression and the nutraceuticals modulating these neummchemical pathways.

EPA, 5-MTHF, Zinc I

5-HTP, SAMe, EPA, Zinc l

Sarris et all, An adjunctive antidepressant nutraceutical combination in treating major depression: Study
protocol, and clinical considerations - Advances in Integrative Medicine 2 (2015) 49-55
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