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Introduction: 

Hearing loss, Tinnitus and Vertigo/Dizziness are main complaints in the practice of medicine and 

are common problems in the elderly. The complaints were found in up to 20 % in patents over 65 years 

old. The symptoms can be accountable to normal physiological change and/or degenerative change of 

whole body in particular the nervous system, the sense organs and the brain function. This can be an age­

related in the elderly or as a result of environmental insult or as complications of chronic illness such 

as Hypertension, Diabetes, arthritis, heart diseases which are common in elderly population. (Prasansuk 

Suchitra et al. 2001; National Research Council). It can also present as first symptoms of disorders or 

diseases that may be hazardous to life. Many physicians see these complaints in the elderly as too 

common the condition and just accepted it as part of degenerative change in the elderly so many times 

the conditions were neglected for too long. Although, these symptoms occur in almost all the elderly but 



many times they are first symptom and are indicator of serious illness. Indeed, another way round, the 

conditions must be looked at more seriously and carefully in the elderly. Thorough investigation would 

take up much of physician time but it is worthwhile than not doing anything since the elderly is more 

vulnerable and should not be victims of drugs trial study. Different medications which many times do not 

help much and are too expensive for patients and the country medical seNices budget and can do more 

harm than help. Therefore understanding of diseases entity and selection of drugs to be used accordingly 

as well as physiological control of hearing and balance are cost effectiveness. 

Hearing and Balance System at Work: 

Hearing and Vestibular system is situated in the inner ear as end organ and have connection to 

the certain area in the brain through neural pathway to the nuclei in the brainstem. Both hearing and 

balance system sense the changing in environmentin respect to everyday life either by sound in case of 

hearing or by changing of head and/or body movement or of environment in case of vestibular system, so 

call, hearing and vestibular end organ. The interpretation either of sound stimuli or of head and body 

movement take place in the cortical area of the brain. Experience of particular sound and movement 

stimuli and able to integrated by the brain are of important to understand the meaning of sound and to 

control the balance. Therefore, both hearing and balance system need to work in conjunction and in 

coordination with CNS and the cortex so call vestibulo-cerebellar ref lex and vestibulo-cerebral reflex, and 

in coordination with other sense organs i.e. vision via vestibulo-occular reflex, proprioceptive and joint 

senses via vestibule-spinal reflex. System malfunction either in the inner ear itself, the connecting 

pathway in the brainstem, or in the cortex of brain will give rise to abnormal response and may impair the 

hearing and/or balance system give rise to hearing loss, vertigo and/or tinnitus. 

Causes of Impaired Hearing and Balance in the Elderly: 

Causes are same as found in adult but many more to add in the elderly. 

1. Degenerative change of hearing and vestibular end-organs of inner ear:Since the hearing and 

vestibular systems demand adequate suppled of blood and oxygen and as they are always lack in 

the elderly therefore deterioration are more rapidly in the elderly. Normal physiologic alteration as 

well as age-related degeneration. 

2. Poor vision: poor vision is common in the elderly and can cause impairment of vestibulo-occular 

reflex; 

3. Poor locomotive of the body joints and proprioceptive senses, generalize weakness of muscle 

caused impairment of vestibulo-spinal reflex 

2 



4. Overall degenerative changes of the nervous system, cerebellum and the brain caused impair-

ment of vestibulo-cerebellar reflex. 

5. Impaired cognitive function, Dementia I Alzheimer can be the causes impaired vestibulo-cerebral reflex. 

6. Chronic illness and drugs in used can depress CNS as a whole. 

7. Hypoxia and ischaemia is another major causes either acute attack or chronic dizziness or dull 

headedness. this can also cause positioning and postural vertigo as insufficient blood supply to 

the brain so as in orthostatic hypotention. 

8. Brainstem Vascular Insufficiency or occlusion: Hypoxia and ischaemia may be necrosis (acute) 

type or apoptosis (slow progressive) type depends on severity of vascular occlusion. It is also 

depend on action of Glutamate which is neurotransmitter of stimulating type and lead to cells 

damage. In hypoxic condition, neuronal cells produce more neurotropic factors so that cells can 

become recovered and survived. 

9. Hormonal imbalance in the elderly women is important too since the study found the prevalence 

of vertigo, dizziness and unsteadiness is double in women (Prasansuk et al. 2001 ). 

All are responsible to deterioration of hearing and balance and caused symptoms of hearing 

difficu lty, noise in the ear and vertigo/dizziness. These disorders are common and should be considered 

together both in the peripheral sense organs and in the brain itself. Therefore, consideration in manage­

ment of hearing loss and balance disorders in the elderly are more complicated than adult patients and 

need careful approach. 

Clinical Consideration: 

In considering patients with hearing loss, vertigo and tinnitus, physicians in charge have to, 

therefore, look for any abnormality within the inner ear, the connecting pathway and the CNS as well as 

the coordinated nervous system like vision, proprioceptive and joint senses and the cortex. Therefore 

etiologies of hearing loss/ vertigo/ tinnitus can be varied and may be multiple. In many cases physicians 

need to look for the underlining systemic diseases or physiologically degenerative change. 

The nutrition of the nervous tissue is also important for good function and for conveying the 

nervous impulse along the neural pathway to the brain for interpretation. In order to maintain the function, 

the inner ear itself requires sufficient oxygen supply through red blood cell and blood circulation. Since 

the inner ear blood vessels are the end-arterial type, there is no collateral circulation. They are, therefore, 

more vulnerable to the lack of blood supply and hypoxia which is common in the elderly. 

Related illnesses which may cause Hearing Loss and Vertigo in the Elderly. Bangkok Otological 

Center carried out the study of impaired hearing and balance system in the elderly population (age >60 
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years) by measuring hearing acuity, study of middle ear function, the brainstem electrical response for 

brainstem pathway, the balance test using 'T etrax Inter Balance System Posturography'and blood supply to 

the brain using 'Doppler Intra-cranial Sonography' together with any chronic illness that the elderly are 

treated. Evaluation of subjective magnitude of dysequilibrium by using visual analog sca le was also 

carried out. The study was also involved the physiologically adaptive of balance function using Cowthorn 

& Cooksey Head Neck Balance Exercise. It is found that causes of imbalance in the elderly are multi­

disorders of at least two of the systems It is found that almost 90% of the elderly has hearing problem 

and 45 % with tinnitus and vertigo/unsteadiness, 25 % experienced fall at least one time. The major 

systemic problems are HT, DM, Arthritis, Heart Disease in 32.4 %, 13.8 %, 8.3 % and 4.4 % respectively 

and 5 % were suffering of Dementia. 

Medication for Hearing loss, Tinnitus and Vertigo in the elderly: 

It is well accepted that 'Prevention is Better than Cure' very true in cases of hearing and balance 

disorders since hearing and balance organs are very delicate and prone to many oxidative stress in. 

everyday life. Hypoxia and ischaemia of the system are common disorders. Looking after the health 

before it deteriorated and early management of of any illness before it become chronic is the key issue. 

Once abnormality is detected proper management will be needed for selection of medication according to 

the suspected etiology and location of pathology. Not only prescribe medication but make sure that the patients 

consume medication properly both in dosage and duration. Watch for the effectiveness of medication 

and alter the medication if necessary. Get patients to carry on medication for certain period of time having 

understand that medication is not only for symptomatic treatment but for remedy of disorders as well as 

to restore the well condition of the organs. 

Hearing and vestibular system are end-organ types of circulation. They are the smallest and most 

complicated sense organs in human. It demands good nutrition and blood supply in order to maintain it's 

delicate function. Therefore good health and well nourished of the system are essential. 'Prevention is 

better than cure ' apply strongly in hearing and balance system. Early detection and early/proper manage­

ment may be the on ly solution. Do not consider the old age as too old to help. Consider them the most 

important group of people for better and greater care. Give them the best you can either medication as 

nutrient or as curative. 
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Benefits of Almitrine - raubasine in Patients with Neurosensory Decline 

Vertigo, hearing loss, and tinnitus are complaints commonly encountered in general practice. 

Approximately 10% of younger adults and up to 20% of elderly patients experience these problems.The 

etiology can vary, and can be multiple. Factors influencing the symptoms can include physical, psychogenic, 

and environmental causes which can affect the inner ear and its circulation, which is of the end-artery 

type. Systemic diseases with restricted blood flow to the brain can also be a cause.Whether the cause is 

known or not. the main concern, both for physicians and patients, is to cure the symptoms if possible.The 

diagnosis may require a battery of tests involving modern diagnostic tools, and whether or not the 

etiology is found, treatment still needs to be provided to the patients.There are various treatment regimes 

according to the type of patient and the diagnosis that the treating physician considers most likely. 

Treatment options in neurosensory decline 

The majority of physicians use "vestibular suppressant" drugs firstline which can of course limit 

the symptoms, but do not necessarily cure the disorder.The longer the use of "vestibular suppressant" 

drugs, the slower the compensation for vestibular disturbances, which may even not happen at all.There 

are drugs recommended for treating patients with these symptoms, but many physicians do not totally 

understand the mode of action of the drugs, and their side effects, and may not even know the 

recommended dosages. Many use them as symptomatic treatment, and often the treating physician 

reports a failure of medical treatment and goes on to radical treatment. eg, destroying labyrinthine 

function by medications or surgery, which may cause even more disability. 

Some physicians state that the disorders are due to unequal fluid in the inner ear, some refer to 

lack of cerebral perfusion. Most recommended drugs on the market. therefore, stress improvement of 

circulation of the inner ear either by reducing blood viscosity for better perfusion, or by reducing the 

resistance of blood flow, since the inner ear circulation is an end-arteria l type with no collateral circulation. 

Tolerance of these treatments may be a problem: many drugs have unpleasant side effects of 

drowsiness, flushing, or itching, and patients therefore stop using them when the symptoms subside. 

Almitrine - raubasine combination has been shown in trials to improve both arterial oxygen partial 

pressure and 0 hemoglobin saturation, reflecting an actual increase in oxygen concentration of arterial 
2 

blood.1 Since its action also occurs at the carotid artery/internal jugular vein level, it will also increase the 
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difference in cerebral oxygen and glucose concentrations between arteries and veins, suggesting an 

actual increase in both oxygen and glucose availability and uptake in cerebral tissues. The pharmacological 

effects of almitrine-raubasine in experimental conditions correlate with its clinical therapeutic efficacy in 

the treatment of the cognitive disorders associated with ageing and other cerebral and neurosensory 

impairments.The drug acts at the cerebral mitochondria level by decreasing the loss of biological free 

energy for phosphorylation caused by an age-related drop in cerebral enzyme activities and by cerebral 

pathologies. Since the hearing and balance systems work in coordination with the brain, circulation to the 

brain is as important as circulation to the inner ear, in particular in the elderly, in both normoxic and 

hypoxic conditions. 

Patient types recommended for treatment with Almitrine - raubasine are patients with disorders 

related to aging and chronic cerebrovascular insufficiency as often occurs in the elderly.3
.4 In adults with 

hearing loss of the inner ear type, one notes particularly onesided-low-frequency loss of sudden onset or 

high-frequency loss of the progressive type in both ears. A neuro-otologist such as myself is involved in 

management of hearing deficits, either acute (sudden or chronic cases with or without tinnitus), and also 

in vertiginous patients. both younger adults and the elderly. One must decide what kind of drugs are to 

be used in particular cases with different pathological backgrounds. Treatment would seem to be of 

benefit in adults with suspected impairment of circulation to the inner ear, ie, an inner-ear type of 

pathology confirmed by special audiometric evaluations such as BekesyType II audiometry, and brainstem 

evoked response audiometry showing recruitment. Patients with the combination of symptoms of hearing 

loss, tinnitus, and vertigo such as in Meniere's disease or in cases of expert view sudden hearing loss, 

in particular in ageing patients with pathology affecting both the inner ear and the cerebral circulation, 

require either Doppler ultra-sonography or MRI brain scan to confirm suspected ischemic endocochlear 

hypoacusis or cerebral hypoxia. 

Clinical experience with Almitrine - raubasine 

Case I : A female patient aged 66 presented with symptoms of unsteadiness while walking, with brief 

attacks of spinning vertigo for the past 7 days. Head movement made the symptoms worse. She did not 

notice any difficulty in hearing. Audiometry with pure-tone air and bone conduction showed mild sensorineural 

hearing loss in the left ear with an average threshold of hearing at 51 dB, and 2 KHz at 32 dB with 80% 

speech discrimination score (SOS). The right ear was normal, with 100% SOS. Doppler ultrasonography 

showed diminished blood flow in the internal carotid artery (ICA) and basilar artery (BA) on both the right 
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and left sites. ICA flow right = 15 emfs, left = 13 emfs and BA right =4 emfs and left = 13 emfs. 

Posturography showed a mixture of vestibular end-organ and CNS type of disorders. Almitrine - raubasine 

was prescribed twice a day for 3 months.The followup study showed improvement in the Doppler study 

in terms of ICA and BA blood flow. ICA right =20 emfs and left =30 emfs and BA right =23 emfs and 

left =8 emfs. Her hearing acuity improved in the left ear from 80%, speech discrimination score to 

100%. Overall symptoms disappeared and she felt very we ll balanced and in perfect condition. 

Almitrine - raubasine was prescribed for another month. 

Case 2: A female patient aged 73 presented with vertigo and dizziness, on and off for the past 10 years. 

She was on various medications including a "vestibular suppressant," neurotropic drugs, and some drugs 

intended to improve inner ear and cerebral circulation for the past 10 years, prescribed by physicians. 

Symptoms were still intermittent. Audiometry revealed hearing loss of an average of 33 dB on the right 

and 32 dB on the left. Posturography showed a mixture of inner-ear types of abnormality, proprioceptive 

and CNS types.The BERA test showed poor morphology, and Doppler showed diminished circulation in 

the ICA and BA, both on the left and right. Medication was changed to Almitrine - raubasine, with a twice­

daily dosage for I month to start with. Her vertiginous symptoms improved to near-normal. Medication 

was continued for another 2 months and she was asked to attend for follow-up studies. The follow-up 

study showed improved BERA response, with better morphology and less abnormality on posturography. 

She was asked to stop her medication but the symptoms returned. Therefore she was advised to continue 

her medication for another 3-month period. She tolerated the medication very well and stated she fel t 

better and had gained more confidence with Almitrine - raubasine. 

Case 3: A male patient aged 57 presented with noise in the left ear for 6 years.The symptom was worse 

when he exercised with his feet touching the ground. His hearing test showed mild sensorineural hearing 

loss at high frequencies in both ears. He was found to have high cholesterol of 267 mgfdl, and triglycerides 

of 403 mgfdl.The BERA test showed poor morphology on the left side, compared with the right, and with 

lower amplitude. Posturography showed a mixture of inner ear, proprioceptive.joint abnormalities, and 

CNS abnormality in combination. He was prescribed lopid (600 mg) for his hypercholesterolemia, together 

with Vitamin Bl-6-12 bid.Tinnitus still persisted after control of cholesterol, and he developed unsteadiness 

during the 3 years of follow-up. Caloric tests showed labyrinthine imbalance. A Doppler showed reduced 

circulation in the right BA and a caloric test showed diminished caloric response on the left side, and 

hearing was reduced in the left ear also. He also complained of recent memory loss. He was sent for a 

CT scan of the brain and was found to have generalized cortical atrophy as seen in Alzheimer cases. 
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Almitrine - raubasine was prescribed twice a day for 3 months. His tinnitus was reduced and he was 

not as forgetful as before. He was advised to continue Almitrine - raubasine twice a day. He has now been 

on Almitrine - raubasine for more than I year. He reports having better quality of life, being more steady, 

with less tinnitus and better memory. His state at 63 years of age is better than when he was 57. 

Conclusion 

Why prescribe Almitrine - raubasine With the case histories mentioned above, one can judge the advantage 

of Almitrine - raubasine over other drugs. Almitrine - raubasine is very well tolerated, even in the elderly 

(only a very few cases of digestive disturbances are reported).There is no drowsiness, and the process of 

vestibular compensation is not inhibited. As we have observed, both hearing and balance function in the 

inner ear works in coordination with other neurosensory systems and with the brain. Correction of 

abnormalities, in particular the oxygen supply, needs to be done for both the inner ear and brain. Elderly 

patients do have multiple neurosensory deficits, and the majority are due to insufficient oxygen supply, 

either due to poor circulation, arteriosclerosis, chronic illness, or aging degeneration. Almitrine - raubasine 

is effective in treating these neurosensory deficits, with a good tolerance in the long term, compared with 

other drugs. 
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Dopamine Agonist 

{Neuro-psychopharmacological Interests of DA's) 

'iflf.V'l'i.~'WIWU1 i1P1~11'1~ Ph.D.(Neurosc ience) 
...:::\. v .iC:!lt. d' 

fl1 Fl'l"lf1bfl~"lf'W1~1 Fl ru~ bb ~'Vl~flf1~ IPl'i 

~~1'1Vl~1~~61J'el'Ubbri'U 

trn Parkinson 's disease (PD) 9C?tdJuA11:w~~un~vn:i:r:;uuu:r:;~1'Vl~iln1n~'fl:W61J'fl'lb6llfl~ 
., ' ' 

u:r:;~1YlblUUL~'flf-:i t~tiil~ni:fru:;bb~ V'l'l'fl'flnVJ1'l1P1~unY!i1f1'1.J~1:wu:r:;n1:r1J1Llri 'fl1n1:i'~'W (tremor) 
I I I.I I.I 

~1l1'Y'Hl~'l ln~'l (rigidity) LLfl:;'fl1 n1 nfi~'fl'W'l Vl1l~'fl'l6if1 (bradykinesia) 'f!1n1:rl1'l ~1:wil'l~r.l1 d'.lurJl'fl-:ivnJ 
I I "' I I 

l'W~U')tJ PD VJn 1 :i'1tJ 1u:r:;tJ:;~:Wbb:i'n'fl1'"lillYitJ'l'fl1n1:i'°JlU~l~'llU~WW'lLn~~'lJ ri'fl'WYJ'"l:; b1':W~'l bnl?l'WU 
I I 2J 

'fl1n1ntlC?t~'W r.i1n n1:r~ni:f1~'W1P1~11u6111-:iV1~1tJ~uuY1 ~1u:w 1v\'11~il·ifolql~~LlUiV1~1 ~tl1ti PD r.i:;il 

n1:i'~'1.JL~m6ll~~u:r:;~1'Vl dopaminergic l'W~:W'fl'l~1'W pars compacta 61J'fl'l substantia nigra zj'l L6llfl~ 
., ' ' 

u:r:;~1vi m~hur.i:;V1~'l~1:r~'l ~1uu:r:;~1'Vl (neurotransmitter) dopamine i1V1fu ~ C?t!?i'fl~'fl~1:rn11~:w'fl-:i 

~1'W striatum l~tJtl'lvl1'l1'W~:W~'Wfinrn'1l~~u:i':;~1vi~nV1~1tJ6llU~ b61l'W glutamatergic r.i1n cortex Lb~:; 

cholinergic zj'l bU'W interneuron 1l1tll'W striatum (:i'U~ 1) 
" 

The Extrapyramidal System 
. . 

I Normal I I Parkinson's Disease I 

Cerebral cort~;~;;:~t\ I 
striatum \pathwor../~ ~-~ 

D; <D2 / ................... I v A/VL I 

+ Stiirulotion 
Cerebral cortex > I 

I
I 

-,ftr~_g_t u?1 

l .. 

_ ... ~-~~-~> ~I yrN I 
(~~~';l~~~s SNpr/MGP 

··... .· 

An Dopom incrgic 
_____. GABAcrgic 
--< Gkil om olc rgic 
~ Cholincrgic 

DJ<D2 VA/VL 

I SNpc I : I LGP l~I STNl 
- • A 

SNpr/MGP 

SNpc=Substont ia nigro pars compocto 
SNpr=Subst antio nigro pars r eticulato 
MGP=Mediol globus pallidus 
V A/VL= Ventroonterior/Ventrolaterol thalamus 
STN=Subthalamic nucleus 

ztl~ 1 J11Ym~vi.:i'l~)'1)~l\lln.J'lJ'il'l1J1'i11mLn'ILn~tl LUAUUllPJ (A) lL~:;hf1u1filiJ~iJ (B) (olYlUU~'l"l1 1l Standaert and 

Young, 1996 'mJ1 508-9) 
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,, ,, I 

1 utrr.iyutm1J'fo111ren n1J' h'°1 PD J11titi1-Wu ii 01X'"111a.i~u1r.i~-:in1J'frn~nntjiJ'fl1 n1J'Yl 

L~ti1-if'fl-:inun1nA~'fl'W'lV11 (motor symptoms) LL~:;ntjiJ'fl1n1J'~1lih~ti'J-if'fl-:inun1nA~'fl'W'lV11 (non-mo­

tor symptoms) r.i1nn1J'~m~11'WLL'W'J'Vl1-:J!?i'-:imh1vh 11Xi1ti11viil 1 V1~1ti[P)1~tl1iJ11.jflu'Vl1'1A~ilnvi1'fl ,, ,, 
n1~-:i'flzjL'Wn1J'~n111'0'-:iJ':;!?i'u~1'°1~iln (preclinic) u~:;,:;!?)u A~ilm:;ti:;l?i1-:i 1 'W'fl nr.nniltT-:ivh 11Xi1A'J1iJl 

I ' I I l.t I I 

Lfl tl'J rlU ~'Vl °fi'Vl 1'1 lll ~6Ji';J'VltJ161J'fl'ltl 1YliJL oD'flzj Ll~'JiJ1 n~'l~'WJl'J tJ n1 J'fo'!11ntjiJ'fl1n1J'Yl Lflti'J-if 'fl'I n 1 J' 

Lfl~'fl'W'lVi'J 'fl1"'1Vh'lJ1Vi~1tlll'W'J'Vl1'1 (ilJ~ 2) 

SUBSTANTIA NIGRA 

Anticholinergic 
dru s 

Benzhexol 

MAO 
8 

inhibitor 

Selegiline 

Dopaminergic d1t1gs 

, Dopamine precursor 
Levodopa 

Release dopamine 
- Amantacline 

Dopamine agonists 
Piril>eclil 
Bromocri >tine 

[?)1ti1 levodopa ~'ILU'W~1J'~1.jflun1J'~~1-:i dopamine tJ'lfl'l~CPlLU'W "gold standard" ~1Vlfu 
n1J'fo111 PD 'fl~h-:ihn~1iJi!ti1~nvi~1tintja.i~'fl'fln~'VlttCP1timn~iJmJ''Yl1-:i1u61JreNJ':;uu dopamine r5u 

I ' f.t I 

'lJlLLri dopamine agonists ~'l'fl'fln~'VlfinJ':;~u dopamine receptor 'lJ1'lCP1tiVJN, tJ1tJUtJ'IL'fl'W'l6lllfYl 

L~ti'J-if'fl-:inun1J''Yl111X dopamine ViiJCPl~'Vlt L-ri'W monoamine oxidase-B (MAO-B) inhibitors LL~:; 
I ,, 

catechol-o-methyl transferase (COMT) inhibitors LL~ :; ti1Y1tTu tT-:in1J'~'I dopamine n~rn-if1~1J~1ti 

1JJ':;~1'Vl ~1V1futi1n~iJ anticholinergics tJ'lfNi11J J':;fo6Jl'WloD~r.i'1nCP1 

1utfr.ir.iuuti1n~a.i dopamine agonists 'lJ1fuA11iJ~'WLr.i'flri1-:ia.i1n Y1111Xi1[?)1ti1~i11-D''flriiJ1niJ1ti . . "' ,, ., I 

Vi~1ti6Jli!CP1 ~-:ill dopamine agonists r.i :;ii-if'flw)un~1 levodopa Vi~1ti'flri1-:i!?i'-:iLL~V1'1l'Wl1JY1 3 'flri1'1hnvi1iJ ., 
n1J'Yir.i14ru1L~'fln1-if dopamine agonists 1un14fn111~tl1ti PD u!?l~:;nti'W''W fl'J4~'fl'1Yir.i14ru1n'1 

I ti ii I 
, • , I 4"4 cJ I CV V q t/ q V 

therapeutic u~:; side effect profiles °1l'il\ltl1lLCfl~ :; ~16ll\liJfl'J1a.JLLVlnln1'1n'W 'Vl'IU61l'ill.J~Lnti'Jnu receptor ., 
binding na.i~-:i~n'l:f'ru:;'Vl1'1LflN~~1'1"1l'fl'l[P)')tJ1~1LU'W ergoline vi1'fl non-ergoline based r.i:;iJA'J1iJ 

~1"1qi'flri1-:i:i.nn 
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Dopamine agonists 
Distinct advantages over levodopa 
1. Do not require carrier-mediated transport for absorption 

or entry into tile brain (not) influenced by food or amino 
acids. 

2. Act directly on DA receptors, not involved with degenerat­
ing neurons. 

3. Long t112: avoid tile "off" phenomenon. 
4. Do not undergo oxidation: avoid tile generation of free 

radicals. 
5. Some are potent & lipid-soluble: administered parenterally. 

tl d ·'" d ' ' ~ ,, v .,. ' l 'V1 3 ~~u'lJ'ilL~Wil~~\J::Ylf'\1Wl1 dopamine agonists t.11r.i:; L\.m~n1nn1:11vim1 levodopa 

I ,, 

Dopamine agonists ViiibfPlN~~1.:JlU'W ergoline based U'WYolU~1iifPl'l1:1-Jiii~ufinun1nn~ 
I ,, 

9J ~ a:I I ' • Q/ • • 

renn1:i"'JJ1.:JlfPl\:J'l'Vll'WllNl6Jl'W pleural effusion, erythromelalg1a nuv1.:i pulmonary ll~~ retroperitoneal fibro-

sis l?i''l'flti1.:J"ll'fN dopamine agonists ~lU'W erogoline based 'l~uri brornocriptine, cabergoline, lisuride m~:; 
pergolide ci'1vifun1nn~n1'l:;~'l.:JVl~'f"JV1«rnlU1Jm'~~U~'W (sudden irresistible attacks of sleep) ~.:JlUU ,, 
~1lVl!?J"ll'fl.:J'.i'1\:J.:J1'Wn1nn~1pJ~hvit?J1'W~U'l\:J PD Vll;'l1\:l'.i'1\:JUU~1ii1nrnu'l~r-i1nn1~Hf dopamine 

agonists b~\:JvY'l'ltJ~.:i llif~1mr-iYo1u'tJi'u!l\:J 1un~ii non-ergoline based f"Hl.J~il~'Vl1.:J mi6Jlr.i~'WA1~ !?l f • • 
1J1.:JUJ'~ n1J'"ll'fl.:J dopamine agonists bb'~~~.:i'ti)lu!?l1~1.:J~ 1 

Ergot T112 (h) Protein Times daily CYP 

derivative binding interaction 

Apomorphine No 0.5-1 96 3-10 No 

Bromocriptine Yes 3-7 90-96 3 No 

Cabergoline Yes 63-110 40 1 No 

Lisuride Yes 1.3-2.5 70 3 No 

Pergolide Yes 27 95-96 3 Yes 

Piribedil No 21* ? 2-9 No 

Pramipexole No 8-12 15 3 No 

Ropinirole No 6 20-40 3 Yes 

Dopamine agonists ~ii1-D''fltj1uYf'fl.:J!?l~1r;1!l19iir-Jl;'l~!l receptor 6JltJr;1~1.:J 11ullUU~ ll!?ln~1.:inu 
,, ,, ' 

~\lU~~uu~1~~.:itJ1utJ~~~1'VI Viiif"1'l1:1-J~1A'cy1un1J'frn~n PD 
1

l~llri dopamine, serotonin (5-HT) ll~:; 

noradrenaline (b~\:Jl'uYol1~ CX.-adrenergic receptors) !?11~1.:J~ 2, 3 lll;'l~ 4 ll~~.:J1f!l~l;'l~lUU~~n!lu1u 
' -=::. ~ • • Q/ a:l.::::.J I 

n1~'r'l"'l1n1J1fOJCU~:l-JU!?l"ll!l'l dopamine ago111sts 1J1.:J!?l'l'Vlil!?l!l dopamine receptors, 5-HT receptors ll~~ 

CX.-adrenergic receptors 
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Pl1'i1-:Jvl 2 -if'ill;ji'l~ttlflru~lJUDhJ'il~ dopamine agonists U1~ITT'l~iJui'tl dopamine (i))'fi1liUM~1n Newman-Tancredi 

et al.,2002; Millan et al.,2002; Deleu et al., 2002; Gerlach et al., 2003 

D1 D2 04 

Apomorphine agonist agonist-mild agonist 

Bromocripti ne antagonist agonist-low agonist 

Cabergoline agonist-low agonist-moderate agonist 

Lisuride partial agonist agonist-maximum agonist 

Pergolide agonist agonist-maximum agonist 
-

Piribedil agonist-low agonist-moderate antagonist 

Pramipexole inactive agonist-moderate agonist 

Ropinirole inactive agonist-maximum agonist 

D1 agonist: D2 agonist: D 4 antagonist: 

Psychiatric problems Improve motor function -limit psychiatric problems 

& neuroprotective -improve cognition 

Ul1'i1~vl 3 -if'il>;Ji'l~ttlfl CU~lJUITT'll'iN dopamine agonists tJ1~ITT'l~iJoi'f.l 5-HT receptors (~ti'll~Ui'l~~1n Newman-Tancredi et al., 

2002; Millan et al.,2002; Deleu et al., 2002; Gerlach et al., 2003 

5-HT1A 5-HT2A 5-HT2c 

Apomorphine partial agonist antagonist antagonist 

Bromocriptine agonist agonist agonist 

Cabergoline agonist agonist agonist 

Lisuride agonist partial agonist agonist 

Pergolide agonist agonist agonist 
-- --

inactive Piribedil agonist inactive - - - - ·-
Pramipexole partial agonist inactive inactive 

Ropinirole partial agonist inactive inactive 

5-HT1A Agonist: 5-HT2A 5-HT 2c antagonist: 

improve dyskinesia, antagonist: improve mood, increase 

mood & cognition improve EPS body weight & proepileptic 
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ln1'i1'3v1 4 -if'ill;j~~~tlrirn~~llii·JJ 11-:i dopamine agonists U'l-:JITT'J~iJvi'il a -adrenergic receptors (olVllltl~-:i r.i1n 
Newman-Tancredi et al.,2002; Millan et a/.,2002; Deleu et al., 2002; Gerlach et al., 2003 

a1 a2 
Apo morphine inactive agonist-low 

Bromocriptine agonist-low agonist-low 

Cabergoline agonist-low agonist-low 

Lisuride partial agonist partial agonist 

Pergolide partial agonist agonist-moderate 

Piribedil weak antagonist antagonist 

Pramipexole inactive agonist-low 

Ropinirole inactive inactive 

Antagonist : sedation & Antagonist: improve motor, 

motor suppression mood & cognition 

I I 

<if'fllJ~Hrl8'JnUfi>Jl.1J~:J.JU&l°l.l'fl'l dopamine agonists 1im1ni}w agonist V!~!1 antagonist V1 

receptors 'l!Ut?lt?i1'l 1 r.i~nu J'~ l8"1l'W1 'Wn1J'Yir.i1J'ru1 L~!1nm1~LV!:J.J1~~ii1u~U'J8 LLt?i~~J18
1

lJl !?i'J!1~1'l L-ri'W 

n1Jfi"'11J'ru1L~!1n81~iitfn,JV!1'Vl 1'lr.\1?1l'J"lli!'fl8 LL~~81~nr.Jm~ii cognition LL~~ mood LU'Wt1f'W !?i'J!1~1'l 
I 

cr:::;:,J I ~ I I 

°l.1!1'lr.J~nJ~'VlU'Vlr.J1'W'Vl1'l receptors °ll'Wt?ll?l1'l ·1 L°ll'W 

Agonist ~ D 
I . .,,,. 

Agornst 'Vl D 
2 

1 

. .d D Antagonist 'Vl 

. d 
Agornst 'Vl 5 HT 

1A 

4 

. d 
Antagonist 'Vl 5 HT 

2A 

Antagonist ~ 5 HT 
2C 

Antagonist ~ a 
28 

Antagonist ~ a 
IA 

LnlPI psychiatric problems 

Improve motor function LL~~iir.J~tJni:l'el'lL61l~'Cf1h~~1'Vl (neuroprotection) 

~IPI psychiatric problems LL~~ improve cognition 

Improve dyskinesia, mood LL~~ cognition 

Improve motor function 
., I 

Improve mood LLt?i~'l r.J~1~'111wwn !?i'JLYi:J.J LL~~lU'W proepileptic 

Improve motor, mood LL~~ cognition 

lflt?l sedation LL~~ motor suppression 

I 

'W!1nLVIU!1'°l1 mm n1Jfn13'1°l.l'fl'l dopamine agonists V1ii t?i'fl n~:J.J'fl1n1JVl Lfl8'J<if'fl'lnun1J 
I I t.J' I 

lfPl~'flulvir;iV1vm1m~ft1r;i8 PD LL~'J 1utf r.ir.iuuif'l'V1U~1~n 1un~iiuu1'l!?i'Jif'liir.-i~ 1un1rn ~n~:J.J!11n1JV1 
"lJ q q q 

1

1J.J L~ 8'J-if 'fl'l nu n1 JlfPl~'fl'Wl V!'J LL~ ~n ~'Vl'if dJ'W neuroprotectants ~n Ji''J8 ~'lij fPl'J1:J.Ji1fOlDJ1umJ-ri'Jl:J 1 ~ 
I 2J I I I I 

li'U'Jl:J ll~ ~fJ rn lL~Vf 1!1 ITTn~~ (?In fP) ruJl 1Y1~11?1Vl~~'W n~il'fl1 n1 JVlhl Lrl8'J-if 'fl'l nu n1JlfP)~'fl'Wl V!'JVl'fl1'°lY1U 'ii rq) r<iJ 'iJ q q 

1u~U'J8 PD nvi~ 11:J'fl~ 1'lJi''Jl:ln'W L-ri'W Jl1'J~ cognitive impairment lL~~ dementia, Jl1'J~~:J.JLf"1¥1 , 

111r;i~11?1nn'l'J~ LL~~ 111r;i ~hflr.\1?1 Lllut1fu 
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n.:iuif111:n 1un~lJ anticholinesterase r.i~LU'W~.J1~1.jjl~e.1~~~1V1fu111'"l~ cogn itive impairment 
q 

I ~ 

LL~~ dementia u~rhJnri'fl1~Ln~ucyvi1~'tln1nri~'tlu'lvi'"l"ll'tl'l~thti ~.:ii!u~.:iri'"l~Yir.i1~ru1n.:iti1fo111 PD 
I I ~ 

Y!~thti'l~fu~'"ltJ LU'tl.:Jr.i1nti1fom PD u1.:i~'"lra1r.ivh1~~U'"ltiilucyvi1~1u cognition inn~u L"li'W ntjii 

anticholinergic (trihexyphenidyl, benztropine, biperidenl L'W"1lru~~ti1fm~n PD U1'l~'"l'tl1'°l'°l~"li'"lm~1'lJ 
cognition'l~ L"li'W levodopa LL~~ piribedil Lllut1fu 

1u~thti PD '°l~YlU111'"l~~lJ Lf1 ~1'l~u'tltJ zj.:in1~fm:n'tl1r.i 1.n'ti1 LUl111'"l~~mf1~1 (antidepressants) 

'l~ LL~'1l'fl'l~~t).:i11ti1LLrlJl1')~~lJLf1~1U1\J611U~'tl1"'lile.J~L~tJl1i'fln1~A'"lU'°.)lJ'fl1n1~ PD L"li'W ntjii SSRls 

Lllut1fu 'l'Vl'iLLrl111'"l~~lJLf1~11u~1htJ PD U'l'el1'°lYlU'l~r.i1nn1~1.n'ti1 levodopa LL~~ dopamine agonist 

U1'l~'"lL"li'W piribedil LL~~ quinpirole 

rnru~~thtJ PD Lfl~Jl1'"l~'fj(;Jnrl'l'"l~~iuLLNr.11LUU'tlth'l~'l~i1f'fl.:iYir.i1~ru1n'el°k!tJ1fo111 PD ~ 
ri'fl 1~Ln~A'"l1lJ'fj(;Jnrl'l'"l~ L"li'W tJ1n~ii anticholinergics, selegiline, amantadine LL~~ levodopa ~1vifu • 
n1~fntt1Jl1') ~fj (;] n rl'l'"l~ ~'"ltJtJ1 n~lJ benzodiazepines rlA'"ln~t).:itJ C)JVl1 L~tJ') rlU n1nA~'tl'W'l VI') LL~~ 

I ti I ' 

cognition YJ'el1r.i Ln 111~unu ~U'"ltJ 1 u~u'"ltiu1.:inti'el1r.irir.i1~n.n1.n'ti1 un~ii Lf1~1 ntjl-lYlilci'Vlfi 
~ 

anticholinergic U'tltJ 1 n1'tl1n1~iuuNr.iun.:iiuLn~111'"l~1rn~1?1i'"llJ~'"ltJ m~fott1'tl1r.ivh
1

l~r1'flu-if1.:i 

~1u1n r.l1Lllu'1l'fl.:iYir.i1rnJ1tJ1fom PD ~~thti'l~fu11ile.1~ L~1'ii1rn91?1V1~'fl'lil LL~~1-Dti11untjlJ atypical 
' I I ti ti 

neuroleptic i'"llJ ~'VlfiL~1'ii~u 1 "1l'tl'l dopamine agonists 'tl1"'l~ttl'l~~'ll?l1n.:iY1 5 l1.:ii1'1ru~lJu1it?l.:in~1'"l 

911'31.:J~ 5 fltlJ~l-ltm~u 1 'il'il~ dopamine agonists (r.i1n Gobert et al., 2003; Mandel et al., 2003) 

Neu roprotection Cognition Depression 

Apomorphine yes 

Bromocriptine yes 

Cabergoline ? 

Lisuride yes 

Pergolide yes 
- ·~ - ~ ~ -

Piribedil yes improve improve - -- -
Pramipexole yes 

Ropinirole yes 

'°l~L~'W'l~i1n.:i LLif ~1 L'Vll?l"ll'el'ln1nn~ PD u.:i'li! LUU~'VlnU LLU-B' ~ LL~f01')1lJ~1uur.ir.iuu~ ' .. . 
I I f.I I 

LrltJ'"l-if 'tl'lrlUtJ1 niJ~'"l°k!vl11~ Ln 111 A'"l1lJrl1'"l'VIU1 Lrltl'"l nun1~fo111 ~thtJ PD LUU'tltl1.:JlJ1n l1.:i 1 WL~YJiJ 
I ~ ~ 

n1~~~u1ti11vil-iLYiii~u LL~~~4' nf1ru~iiu1i1vil-i 1 "1l'tl.:Jti1t?i''"l Lri 1lJ1n~u~n~'"ltJl~tJL'ilYl1~tJ11untjii 

dopamine agonists 
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(Neuroplasticity and Psychotropic Drugs) 

'if'f.~'i.~UUIU1 iuit111'ft1 Ph.D.(Neuroscience) 
Q. VQ. ~ 

111 ~'l"ii1 Lll'l4"ii'lVI m ~ ru~ LL 'W'Vlti f'f1'l4 Ut'i 

3.JV11~V1m-Kt1"ll'flULbriU 

., 
'"1"l1~UV1t-UJU"ll'tl~J~UUUJ~~1Yl (neuroplasticity) lU'Wn~'ln~'Wt11'WU~dJfO'l"l1~ci'1'°'ru'tlu1~~1n 

• d3 ~ 

~'fl n1,v11~1'W"ll'fl~'~uutl ,:;~ 1Y1~vi'11 ~~~'fl~~ 1~ 1rn fu-il'fla.J ~ ll~~tlfu m JVl'f!U ~u'tl~ (;]'fl r;l') n ,:;~u~il 
fO'l"l1~ l~tJ"l l ~'fl~ 'lc1i''flu1~ m~1:;~~ n1n -if 11r.i n~ n~'lnY1~ n"ll'fl~ n1 nn ~ fO'l"l1~u V1Y1UU"ll'fl~,:;uu1.l'~~1Y1 • 
., I 

~"IL'Wd:;c;lut~L~n~ll~ :;,~c;i'uL6J!~~~~luur.i~3.J~m-i1tJV!ci'1fi'ru"ll'fl~n1'f1n111Y11~c111utl':;~1Y1'lY1tJ1M1~i;if q , , QI 

., I ., 

r.i1nf"l"l1~fluur.iiuun~'lnLm'h\1r.i:;LntJ"l-if'fl~~~n1rn"lu~~n1'~~tJ1u-if'fl~~ n1nhtJY1'fl~-if'fl~~r.i1n9u 

(gene transcription) ll~:;n1ntl~tJ'WllU~~ bf01N~~1~"1l'fl~~"l'W~ lUU~mlV1~~ (neuronal spines) ll~:; ll"1J'W~ 
., I 

"ll'fl~ LtJUJ~~1YlU1L-if1 (dendritic tree) n~~~ n1nn VI l 6l!~~t],:;~1Y11 "13.J (neurogenesis) L'W~~'il~"ll'fl~~'lil 

~;si;i~bl?ll~~i)'tJ (adu lt brain) n1JLU~tJUllU~~"ll'fl~fO'l"l1~U~V1U'W"ll'fl~':;uutld:;~ 1Y1t!u~1ilfO'l"l1~ci'1'°'ru . ~ 

., I 

u~:;'tl1r.i lU'W~"l'Wi"l~ 1um,ri'fl1 ~ lflVlfO'l"l1~ ~Vltl n ~Y11~~ i;it] ,:;~1Y1'lc11 UYI fO'l"l1~i:J'lc1lnun~-if 'fl~~ LntJ"l ., 
nu n1 nn VI f01')1~U VIV1zj'W"ll'fl'!J:;uutl J:; ~1Yl~~ bVltJ m JU Vll-lzj'W"ll'fl~J'eltJU ,:;~1 utl d:;~ 1Yl (synaptic plasticity) 

., I I 

ll~ :;n1nnV1l6l!~~tl,:;~1Y11 l-l3.J n~~~ n1JlU~tJ'WllU~~V1~~-Wuft"nufO'l"l1~ ~ ~tl n ~Y11~~ Vl u~:;n1d 1-ifti1 

~'fl 'fl n ~YI t !?l'el~ i;iu d:;~1Yl1J 1~'llil~ n 1JM mn n~ n ~'ln"1J'fl~ n1 nn VI fl')1~ u ~l-lzj'W"1J'fl~ d:;uuud:;~ 1Yl'fl 1r.i 

-rl"ltJvi'11~f\'u-wrn:11~iltl':;~Y1fi111Y1~1un1,fm~n ll~:;1~C.J~i;J'flU~'W'fl~Yl1~m,fm~n~nV1l~"l~nr1l"lt1 

0 0 CV 

'°11~1 '°1 ru : ri':l1~u~l-lUU"ll'fl~,:;uutld:;~1VJ, n1nn~L6J!~~u,:;~1Y11mJ, n1JU~l-lU'W"1J'fl~J'fltJ 
~ . . 

i.J,:;~1uud:;~1Yl, n1,!StJurll~:;f0)')1~~1. 1:11'fl'fln~Yli"1'fl~i;iu,:;~1Yl, tJ1lln~~ lP1~1. u1fm~1 y,f)~i;i 
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0 

1J'Vl'lJ1 

fP1') 1:W rl1'd~U1Vl1\l Jl1utJ:i'~iq1'VlfJVltl1 f'l11iq vifvh 1'1~:WU1:l'~Lnii fP1'd1:W L -if 11r.i L~tl') nu fP1')1:W ~ f?l • 
I I.I I I 

tJ n ~Jl1u~ l'H'd6Jl (psychiatric disorders) :w1n~\l~U r.i1m~:wY1 Lfim~'fl~1 fP1')1:W ~ f?lun~ Jl1u~ !?! L'd6Jl LUU 
' ., 

'fl1 n1 nLiq f?l\l'll'fl\l fP1'd1:W ~ f?lU n ~ Jl1un1:fvi1ww1Y1 (function) 'll'fl\liq:W'fl\l Lvhiru 1 uur.i'"luun~uii-if 'fll,l~ 

~,Yuiquuin n:w1u~ u~f?l\l~1'°l~ii fP1')1:W ~ f?ltJ n~Jhu Lrl:i'\1~¥1\l (structure) i'd:w Jl'du l'i''d'fl£11\l L"llun1n~u • 
~1 lfP1Niq¥1-:i'll'fl\liql.J'fl\l LU~'du~:wu n (limbic) L"llu ~tJttJ LLfi:wuiq (hippocampus) r.i~ii'llU1f?l L~n~\ln~1 

tJn~1untj:w~~iifl1')~~:WLfil1¥1 (depression), f1')1:WLfP1~tlf?l~~\l'°l1nU1f?lL~U (post-traumatic stress disor-
., 

der, PTSD), hfP1~1?1Ul'Yl (schizophrenia) LL~~n1:i'~f?ltl1 (drug addiction) U'flnr.i1nil1u'Yl1\lfP1~un5-:i~u~1 
" I f.I ti 

lftlr.im~~1illJnr.i~iimntl~t1uLLtJ~\l'll'fl\lfiu'fl1:i':wn! (mood), 'fl1:i':Wru (emotion) n:wl1-:iLnf?luru~1Jl1u 
~ ~ 

.c:f l.t . 0 I i.t 

n1nrnui (learning) LL~~fP1')1:W'°l1 (memory) n:Wf?l')tJ 

1u"ll'd-:i~~1t1~ui'J~~1u:w 1 ii-ir'fl ~ ~ :w1n:w1 ti~ LLiq f?l\l L iX L ~u~ 1 iq :W'fl\l'll'fl\l~\l iJ~fj !?!~ L'°l ~ClJ 
L~u LI?! L~:w1ti LL~'d5\l fP1-:iii fP1'd1:w~1iJ1:i'n 1un1 :i'iq¥1\l L61i~~tl:i'~iq1Vl 1 mJ LL~ ~tlfu LU~uu LANiq¥1-:i'll'fl\l 

., 
:rn titl :i'~~ 1U tl :i'~~ 1 Vl (synapse) 'lJJ VJ ~'el f?l"Jl ')\l 'el1 ~ fl ru iql.j u~ ~\In~ 1 ') il n :w b~tl n 'l JJ ~ 1 LUU 

I f.I I I I 

'°111 ~ii l?IVlzj U"ll'fl\l':l~tJtJtl '3'~~1'Vl~~'fl " neuroplasticity" ~\I fl rniq:w~il'll1r.i~dJuY1~-:ii1AC1J1un1:i'Yl 

vi11iX~:w'fl-:iiq1inrntlfut?i''dl'i'fl~\ll'l1\l 1 ~inn:i'~Vlu r.i1nm:i'~fi'd1:W~f?lun~Vl1\l~l'l L'd6JliJ A'd1:w~:w~ufi 
I f.t I I 

nu n1nU~tJULbU~\l'll'fl\liq:W'fl\ll1\l Lf?ltl lrl:i'\1~¥1-:i LL~~n1:fvi1~-W1Y1 ~\I L~'fl'lJ1~1 fl ruiq:w~ neuroplasticity 
1' I 

'll'el\liql-J'fl\l'll1r.i ~ii fP)')1l-J~:W~ufi nu fP)')1:W ~ f?lU n ~Vl1\l9 !?! L ')6jj LUtJVl fl') 1:WU~'I LfP1i'll'flJ')U n:w-if 'fll,j~Yl 
I !.r I I I I 

Lnti'd-if 'fl\l nu fl ruiqiJu~ neuroplasticity '1-1-:i n~'lnY] Ln tJ'd-if 'fl\l n1ntl~uu LLtJ~\lYl~ :w~ufi nu r-1') 1:W ~ VIU n ~ 

Vl1\l9 l?l L'd6Jl LL~~ t:.!~91nn1:i'1-ifti1~'fl'fl n ~Vl 't!'l'tl~ !?!U :i'~iq1Vlrr\ltlL ~'flU:i'~n'flU LU'WLb U')Vl1\l L Un 1:i''flflU1tJ 
' ,, 

~t11fiiq~:i'fj'Ylt11'1l'el\l hAV11\l~ l?l L'd"ll LL~~n1:i'~ 1?J-Ju1 m:i'fo1:!'1 Jl'duu11 iXlJl t:.J~ ~:w1n~-:i~u 

Neuroplasticity 

"11~ 1 neuroplasticity Luu'"11~1 -if iei fiu1u fP1 ruiq :wu~'ll'tl\l:i'~uutl:i'~iq1Vl~ iq1inrntJ fu t?i''d !'liei n1:i' • 
I I I I ti 

LU~tJULLU~\l'll'fl\l~\l LL'df?l~iei:w vi11iXiq:w'tl-:i~1:w1rnY1'"l~L~t1u¥r.iwo11 ~:w tlfrntJ~uu LfP1:i'\liq¥1-:i LL~~YJuvJ 
~ ~ 

r.i1nn1:i'U1VIL~u'lJ111 > n1:i'UfU!'i''d'll'el\liq:wiei-:iiei1r.i~u'lJ11uiqiei-:i~n'l:tru~~i1'°1qJ1JlLLri ( 1) neurogenesis 

Vl~'fln1'3'bnl?lb'lf~~tl'3'~~1'VlLVl3-i bb~~ (2) synaptic plasticity Vl~'tl n1'3'tl1?1V1~U"ll'tl\1'3''tl~tl'3'~'Z't1u 
q 

tl'i~~1'Vl 
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,, ' ' 
n\l LLif111'WU41"lU'WUU\l

1

hJ d'.luViVJnu LLUiV'li!n Lnt.Jr:inun~'ln 1un1nnV'l neuroplasticity LLvln LU'W • 
I ti I I 

VitJ'fla.J fu11 ~ ru~iiu'1l ~\l n~ 1r:i41:~unu n1r1-n''l 1'W (activity-dependent) U'W~'fl'l\l'°l rtl r:~1V11V1Viil n1r 1-n' 
,, ' ,, 

\l1'W'l\l41 ri!unroi :ii flr:i1a..1 L -iia..1 LL-li'l LL~:iltlr:~VJ fin1~ 1 un1rvl1\l1ua..11 ntJ\l~'W uvi Cf 1r:i\lr.i r 1V'lhl '"1'flt/lcJffu 
' ,, 

mr1-n''l1un1r~'l~'lJ'lJ1ll~'fl~1r'll'fl\lL6Jl~~tlr:~1V1n'fl1r.iCJnnV'l~1'fl~V'ln1rvl1\l1'W~'l'l~ ~~nn1rili!u 
I ~ I ~ 

11il'"1r:i1a..1i1A'C1J vl'fl neuroplasticity V1~ul1\l 1u-rir:i'lVi~a.J'fl\l rl1~\l~OO-J'W1 LL~:-rir:i'l L(;) L~a.JitJ LL~:LnV'l'l~l1\l 
' ,, 

1 ur:i\lr.i nh~~ 1VIYJ d'.lu r:uu m:~'WLL~ ~r~uuiruiJ\l 

""' 6'~ I 61 I Neurogenesis (nTHn~b61$~~u"a~t<fTYI ~'ViaJ) 
,, ' ,, 

1u~a.J'fl\l'll'fl\l~~'ll1'l (rat) LL~ :~(;)rlL~t.J\l~ncJlr:it.J'Wa.J"lltJV'l~'W 1 na..1l1\l~'tfl~u41:;~1~1rn~rn61!~~ 

tl r:~1V1 LnV'l1 mJ'l~(;)~'flV'l-B'r:i'fl1~ LV'lt.J~~'fl\l~'l'W~~u11i1 neurogenesis 'lcJ\'~1u-rir:i'l L(;) L~a.Jit.J'l~ LLri°5tlhJ 
I ~ ti I 

LL'"1~U~ LL~:~~'fl\l~'l'Wfun~'W olfactory bulb l1'li1"'11nn1r~nM11'W~~'fl\l'1J'fl\l~~'1J1'lViL(;) L~a..1it.1~u11il 
,, ' 

LEJ!~~tlr:iq1mnV'l 1mJtlr:~1ru 9,ooo L6Jl~~vi'fli'W u~:L6Jl~~L~~1ilr.i:ilr:t.J: Lr:i~1'"11'l~(;)tlr:a..11ru 28 iu 

L~'flnu111 uiq~'fl\l'll'tl\la.J'tfMl1ti1"'1~i1~1ur:iuL6J!~~tlr~iq1VJ Ln V'l 1~l-ivi'fliuw'fltJn111u~~'ll1r:i 'flt.h'l1ln(;)1~ 
m'~U'J'Wn1r neurogenesis nir'l '"1'li1 '"1'J1a.Ji1 A'lJ1'Wn1nJfuitli1\l LL~:~W1~'1J'fl\l~a.J'fl\l 1 u-rir:i'l L(;) L~~itJ 

n1nn V'l L 6l!~~tlr:~1V11~~1 u~a.J'fl\l~L(;) L~a.JitJ L~'fl11r.i: d'.lun1mtl\l rflr:i LL~~~ OO-J'W1a..11r.i1 n stem cells 

'L~t.1'fl1"1t.1~1rvi1\l 1 a..11n~1u 'flt.h'l1hffo11~i'.J1-rl11L61!~~~ LnV'l 1~~VJm6l!~~r.i:iq1~1rn~OO-J'W1 LD'WL6Jl~~ 
' ,, ' 

tlr~~1V1'l~ LV'lt.1l1r:i'ltl LL~r:iroi:il L~tJ\ltlr~~1ru~'fltJ~: 50 'll'fl\l L6l!~~L~~1i1Vir.i:~1~1rn~OO-J'W1 LU'WL6Jl~~ 
,, ' 

tlr~~1V1~1'fl L6Jl~~Ln~tJ (glial 'W'flnr.i1nilir'll'i''fl'l 1-n'Lr:i~11un1rV1L6Jl~~LnV'l1~~r.i~~1~1rn L-ii1'ltlil~r:iuir:ia..1 

L umrfu LL~:~\l-iJ'fllJ~ 1 ur:uutJr:~1V1't~131 fiil1 n n1r~ m~n L~t.l'J nuur.ir.ru~i1 CJ~ vl'fl n1r~ nM1 neurogenesis 

vl11~~u11iJiq1r~~1tJ'flt.h'l~il~r:iu1un1nnV'l neurogenesis ~r:u:vi1\l 1 nu L-ri'W 
' 

Sonic hedgehog: '"1'JU'"1a.JmnYiw-i'1ur:i'WL6l!~~ (proliferation) • 
BMP (bone morphogenetic proteins). Notch LL~:~1r~'W l '"1'JU~a..1n1r~ L6l!~~LnV'l1~iJ41 ~ 

LU~t.l'WLU'WL 6Jl~~tlr:~1V1~1'fl L6l!~~Ln~t.J 
BDNF (brain-derived neurotrophic factor) LL~: IGF (insulin-like growth factor): vl1 l~L6l!~~fl\l'flzj 

0 'l,, 
u~:~1a..11rnV11\l1'W V'l 

n1r~n111 neurogenesis LV'lt.J1on~1r~ LUU mitotic markes 'lil11r.i:LU'W BrdU (bromodeox-
,, 

yuridine) ~1'fl [3Hlthymidine LL~'J(;)r'J'"l~'flu1u-rir:i'lr:t.1:Lr:i~1~'W 1 ~~\ln1r~V'l~1rn1r.ii'.J'lcJlLL~V'l\ltl\ln1r 

Ln "1 L6l!~~tl r:~1V11~~~ LLVf "'11-'l12•
41 LLi;i LU'WL ~tJ\ln1nL~ V'l'l11i1n1n ~a..1~1ur:iuL61!~~~1'fl Ln"1 L611~~1 ~~ 

' ,, 
(cytogenesis) ~\l L 6.l!~~L ~~1U'fl141r.i:~ OO-J'W1LU'W L6.l!~~tl r:~1V1~1'fl L 61! ~~Ln~ tJ'tcJ1~1'fl 'lil '"1'l rl'i''fl'lYir.i1rru1 

n'lr:t.J~L'l~1~(;)r'J"'l~'flU LL~~~n11ru~'1J'eNL61!~~~-rir:itJu\lU'fln11 LU'W neurogenesis (itl~ 1) 
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I 

"" 0 t! 
l'VOJm'U1lW1HHl 

0 "" .! 
( fn 1 'U ~UClHHI) 

iu~ 1 mvmM1'l'l'l"17L'lli'16'lJ'1l'l~uirfL~tJ..:i~nv1'lmm mi;;lV1 mitotic marker "I ~ 
~1mrnnl.JL.if11u DNA 'lJ'1l'lL'lli'l~lmu'ri'l..:i~i'.lmi~i1..:ioNA ('lv1llri7~£.J~ Sl 

~~..:imiiliV1 mitotic marker th~mrn 2 .ft''ll).J'l r.i~~1mrnY1'LIL'll~~'1mJ~i'.lmi~..:i 
marker L-il1'ltl1-n'l~..:i<rl'l..:id"l~Lilu.Jf'tll;j~ ll~Owhi'.lmiLl~l.J91u'ltJ'lJ'D'lL'll~~ (pro­

liferation) ~r'tln1LUV1 L'll~~ (cytogenosisl, mh..:ihnm>J L'lli'l~~LnV1:n-ur.i ~Uf'1l ..:i ii 
.J ' ' 

mn'hm1 (migrate) lLft~ Ltl~mmtl~..:iztlh..:i (diffe rentiate) 'ltld'hJL'lli'l~Yl 

~>-i1Ji~~..:i'1l1r.iLlllJL'll~~tli~~1Y1 L'll~~Ln~tJ (glial ~1'DL'llflrulu 1 lnmnmtlu 

.... ~ '~ "'9 I " ..J.. ...,,, I """ '· I 1 ' L 'Jl i'l i'IYI ~lJ\j jrtJ9 'l"l ~ tl'1l ') 1 L 'll1 \1 i:;tJ ~YI l'l'l '1l fJ lli'l ~ Ln 01L'Jlaau j~~ 1 YI tUJ 
• V I ..J Clo. ..\' V 0 ell 

(neurogenes1s) !il'l'tltl1'l'll'tNn7~'U'lUn17VlLnV1'lltJm"ILl~V1'lV1'l l l'LI'U"l1i'l'D'ln17LnV1 

neurogenesis 1u'5tlh.l ll l'l>-JU~~'l L'lli'l~Li1-1o1ur.i ~'Dtj1wff'u subgranular (SGZ) L~'1l 
Qo I d'" ti" 1' .J 1' !", J I 

LnV1n17lL'LI'l L'lli'li'lllfl'l"l~tl1£.JYI L'il1~'i1u granule cell (GCU LtlammtJ~..:i ztJ 71..:i 

LUUL'lli'l~U7~~1YI lli'l~ii~'lUi'l1-11m~tJYl1'1'll'1l'l mossy fiber (mfp) (viomtla..:ir.i1n 

~..:i 'lv1n~ 1') LL~')~1 neu rogenesis Lthm1nJfu r;i')'lJ'fl'1~il'fl'1 tn'fl n1 nu ~tlt.!LLU~N"ll'fl ..'.1 ~'1 LL') ~~'fl ii~ 
' ' ., 

n ~~YIU tn'fl ~3-J'fl'1 vh 1'!Xviu~1ilu '"l~tll-11 nii1m .. rn1 tJU~~n1 ~Yl ~13-11rnil t:H'l LU~ uw LLU ~Nvl'1 n1nn~L61! ~ ~ 
I f.I I ti l.f I I 

1viilLL~~Ln~L61!~~th~~1Yl1Vlil t~tJ'fl1'"lvl11'1X~~~'1Vl1'flLYiiJ~'W (1?11n..:iY1 1) vi'..:iilt~tJvl':l'ltlLL~':ln1nriii 
., 
~uvi1'fl~~~'1"1l'fl'1 cytogenesis LL~~ neurogenesis JJnr.i~Li'.lu'lu1uv11t.1'fl'1L~tJ':lrl'W t1rnrJt.1n1~1-ift.11 

' ., ' 
fnM1Jl1':l ~ trnr.) l?l Li'.l'fl 1 'IX LLUU L1'flf..:ir.i ~;:J t:J ~ L 'Wl-1 cytogenesis t~t.1hl iJ t:J~ l?i'fl neurogenesis161 
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OJ I d.c=it I 0 ~ o' ~ fJ' 

!WJ'fl~1\l"ll'fl\lll1'J~ bb ~~iq1'3'Vl3J c.i~ n'3~'Vl'IJ ~'fl n1'3n1bn'11b611~~ bb~~n1'3bn '11b611~~ 

tJ43~iq1'Vl°l ini ("1VI LLUti\191n L'fln~1~~1\l:S\1~1"1u~ 2, 6, 7) 

"' .r:::9: "' . tn LLnrn1:;ti1mM1 (antidepressants) 

Lfl ~ L'lf~~L 'VlaJ 
(cytogenesis) 

t 

t 

Lfl~L'1f~~U'i~~1VIL 'VlaJ 
(neurogenesis) 

t 

t 

~\I LL'l Vl~'ela.J~~ (environmental enrichment) t t 

t t 
' 

~1~~1Yi'ln!Ju (opiates) 

mrnJ~t1tJ~1a.i'1t1 (aging) 

t t 

L'll'tl h'L'Vlil'W (serotonin) t t 

L'fl~L'Vln"l'W (estrogen) t t 
' ,, 

tnfo'l:t1111'l :;hf"l9~ L;J'tl 1-if LLUU L1'flf\I t 
(antipsychoticdrugs) 

Synaptic plasticity ( nT:iU~Vi ~Uileh'J'Hl t1tl1~?t1utl1~?t1'YI) 
'I 

rnt11h::;~1utlr::;~Tv1~1'fl synapse 't!u'l~~1 LU'WtJ1L'Jru~~ n~ L6il~Hf tlr::;~1V1 ~ ~ r?i'el~'el~1rnu 
I t; t; I t; 

fl1tJ 1 u~iJ'tl\I ~\ltJ 1 L 'J rur'elt1tl r::;~1utl r::;~1V1ilr.i dl n1rtlfu Lr1N ~ ~1\IYJ\11 u~ n'!Yru::;~~1..:i L Yil-l~'W ~~~\I 
I I I l,t 

t~t1mrr;l~util..:i (pruning) u~::;tlfrntl~t1'W~~'tl~i'J'el1t1 crnVhn~r.i1nr1ru~m~ru::;u~~tluilr.i::;vh1iXiln1r • • • 
LU~tJ'WLLU~\l"ll'fl.:l"ll'W1 ~ itJ i1..:i r.l1u'Jt.J LL~ ::;uurnLt.J'W"ll'fl.:i n1n~mJ LtJ\lr'fltlr::;~1utl r::;~1V1 r.i1 n n1r ,, 
~ n'IY1rntJtlr::;~1utlr::;~1V1n1t11 t.J~lJ'el\l"ll'el\I~ ~rf L~tJ.:l\i n ~'JtJt.JlJ t~ tJ L'ilYn ::;1 uu1L'"l rur'fl tJtlr::;~1u 

,, ' 
tJ r::;~1w11il~ m::;~ur.i::;Yiu~1u1L 'JruiliJ~ m~ru::;LU'W~lJ LL~~ii (spine) L~ n 1 Ut.J'fl'flnr.nn 1t1tlr::;~1m11 

L-if1 (dendrite) "ll'el\I L'll~~tlr::;~1Y1 (ltl~ 2) r.i1n~m~ru::;~..:in~1'Jv111iX~1lJ1rcrw1~iiLm~ii"ll'fl.:!1t1tlr::;~1Y1 
il 1L-if1iJ11-D d'.lur;i''J LL~~.:iml-11 ru"ll'el.:l'J\lr.irtlr::;~1V1 (circuitry) 'l~ 
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A n 

ltlvl 2 ~n1:1rn:;'lJ'1l~~J.J1mm . .J'il'1l~1m_h:;~1'r1lh-ih (dendritic spines) ~Y.1ur.i1n 
L'ilfl~t11:;~1vi'lm1i'3oi'f1 (pyramidal neurons) 1uil11ufoA'1lfLV1n'if (A) nM1~1~ 

L~U1t1t11::;~1vi1lwif1~i1~ml~f1J.Jr.l°1wmJ.J1nmt1 cl'lU (B) UMNJl1Yl"l1n 

n~'il~~ L~ n m'flillJ.J LfiW~ Lfltl IL~~~ LAN~11~cl'lu<il'il~~J.J IL ~flJ.J'll'M 1t1t11:::~1V1 

ih-ih (LA1'tM~J.J1tl 4
) ~~d:Jucl'lU~~~rnt1t11:::~1ut11:::~1Vl LAi'il~~mt.J~'l'1n 

l"lmMNn~u1rnu postsynaptic density llfl::: '1nPl:mM1~ coated pit (olliHLUfl~ 
' 

"l1n L'1ln~11-ll1~iS~~1o1uYi Bl 

~ n1j'ru:-;iu ~h'1"11'fN~a-i u~~a-i"ll'fl'11mJ '.l':-;~1'Yli11L-if1r.i:-;ilrY.i1a-i~l-l~uif n11 m'.l'vi'1ww1~"1l'fl'1rnti 
,, ,, ... 

u'.l':-;~1uu'.l':-;~1'Yl vi'1iln1~a-i LL ~~l-lil"ll'W1 l?l L~ajr.i:-;vi'11iXiJ '.l''fltJU'.l':-;~1uu'.l':-;~1'Yl 1~aj~'WLL~:-;i] n1'.I' 

chtJ'Yl'fl l?l~'!J '1)1 ruu'.l':-;~1'Yl~ L-if a-i LL 6li'1 LL~:::i'.Ju'.l'~~'YlflllT'r~l-l1 n~'W n1'.l'LU~tJ'WLLU~'1"11'W1 t?l LL~~itJh'1"11'fl'1~a-J 
... ' ' 

Lmi'la-i mri1iltl''1 L~'fl11r.i~~a-i~ufinurYna-i ~"1u n~"ll'fl'1'.!'~11uu'.!'~~1VlV1Lnt?l1u hrwh'1 1 ~'JtJ t~mun ~ 
...... 

LL~'J iu 11'1~a-i LL ~~a-i<n'fl'1Ltiu'.I'~~1'Yli11L-if1r.i :-;~ n n '.l':-;'Ylu'l~"1tiur.i{ti~~ 1ti<Jlil"1 vi'1iln1ti 1 u~l-l LL~~ a-ir.i :-;i] 
' ... 

act in LU'W brl'.1''111'1 L61i~~LL~~~1l-l1'.l'tlLr1~'fl'W'lwl'l~l?ltJ~'Wnu act in ~'1! '1J1CU"'l1 nn1tJ'W'fl rn"1i~~L"li'W~1'.I' 

Li'1 n1nr.i1''1) L~U b!?l (growth factors) r.i:::iJ CJ~ i;i'fl n1'.l'Ufu r?lr;i~1'fl r1'J1l-l~l?l~tj'W"11'fl'1~mm~a-i bl?lti e.l1'W'Yl1'1 

Rho GTPase ~'1 LU'WbU'.l'~t.J~L~'fla-JbtJ'1rlU actin mrn'.l':::r1fu~1'.!'L'Wn~a-i Rho r.i:-;vi'111.Xi'.lm'.l'~'W'fl'fln"ll'fl'1 • • 

I I I It 

~'1V1'l~ nri1r;i LL~'J11 n1 n Yia-i"ll'W1 l?l"11'fl'1Ul-l Lm~a-ir.i :-;L Yia-i rntiu'.!':::~1uu'.l':-;~1'Yl 1 irl ~nJ~u r.i1 n . ., 
I ... I 

n1'.l'~n1j-11u~~1tJ 1 n1'.l''Yll?l1N'fl'1~u11 ri1 1a-i ~l?l~tjuV1rntiu'.l':-;~1uu'.l':-;~Tv1r.i~Lnl?l't~vi'1n1nYil-lr.i'1ur;iu 

"11'fl'1CNL~n (vesicles) L'WU1N1tJU'.1':::~1'Yl L~3.J"11'W11?l"ll'fl'1 postsynaptic density (PSD) ~'1il1r.i:-;d'.lt..in1n~l-l • 

!.I I I !.I I 

LL!?l n LL "ll'W'1"'l :-;i'.J a-i1 n~u~r;i tJ LU'Wn 1 nL~ "1'1 L ~ L~t..i111 u~3.J'fl'1"11'fl'1~'1 J'.J~f) !?lVlb!?l L&il-l1'tii!t..iri113-J~ l?l~t.iuV1 • 

~~<?1eibiieh'.J'il1niruru1m (signal cascade) ~rl1L~bn~ neuroplasticity 
QJ QJ 

n 1'.l'Ln t?l neuroplasticity ~'1~l-l~ufinu n1'.l'~tJ'Wlr1'11l-Jr.i'1 m'.l'tl n ~'W 1 ~ Ln l?lvi n1j-:::~1t..imnri~'flt..il ~r;i 
... ' 

(motor skills) ~1'fl{l?l tri'.1''1~~1'1 L ~~"1l'fl'1'J'1 '°l'.l'U'.l':-;~ 1'Yl~~'1r.i1 nil n1'.l'U1 t?l L~u r.i~ Ln l?l~t..i'lc1ll u~ n1j'cu:-;V1 
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-;uv1 3 mnhr1lJ'IJ'iN1t1mh::~1utJn:~1Yl~;unun111-il-11uzj-l~-mMi1:in-w ... 
L~t1>.J tm LL~ ::'w11'1J'fl-l L'll~~tJ1::~1YJ ~-lllr.i::Lnll'I tm1r.huY11.:i~ C\IC\11rnvlt1 L ilt1-l 

(signal cascades) lL~:;mrnt111'11~~9u (gene transcription) (i;i'll'ILLUM"l1n 
' " Cit. 0 .., d 

llln~11ll1'3'il'3~111'1UY1 9) 

I I l,t I I 

n1ntJ~tiuutJ~-:iYi Ln ~~ur.:i~c.hu~C1JC1J1nwl 'fl LU'fl-:i'l~~~1t1 L~'WYl1'1 ~-:i LL~ ~-:i 1 uitJYi 4<9-121 r.:i1 nn1~ ., 
n~~~ueJ1ui;i'r.J fu"ll'tl-:1~1~~-:i eJ1utJ ~~~1Y1~~1u'llil~~'JiJ~-:1~1 ni-:i n1nr.:i 1qJ L~u LV1 r.:i~~-:i C-J~ eJ1u 

~ruru1ru~'flLti'fl-:i~~1uL~uY11-:ir.:iun~~~-:iLn~n1rn~~~un1rn'fl~~ir~~W11u1uilr.JLr1~u~ 
... ... q 

AMPA NMt>A 

fl'.j::;(>lll 
" uuu-1 

Wnt 

Frizzled 

t Synq>tic plasticity 
Neurogenesis 
Cell survival 

iuv1 4 r~~vlt1 Lil'il-1"11 n~qi'1J1 rn~Yi11iX Lnll'I neuroplasticity ~-lllL~UY11-ln1t1Ylt111'1~'1J '1J1CU~~1m~uY11'3~1mrni'l>.J 1u 

m1Yi11lXLnll'I neuroplasticity Ll!f11l~r.i:;u~ll'l-1Cl-lol'lfut1ti1'3Wt1t1 3 'l!Ull'I 1rAllri (1) oi''lfU'llU"1 ionotropic zj-l"l::LUll'l'll'iNY11'l'IJ'iN 

;amiu L'llu ol'lfu glutamate 'l!U"1 NMDA LL~:; AMPA (2) Pl'lTu'l!Ull'I metabotropic zj-lL~'fl>.JLu-lrlUn11~'3Lf'l11::\f inositol 

phosphate u~:;m:;~u PKC L'liu llT'lfu'Ut1'3 glutamate, acetylcholine (ACh) lL~:; serotonin u~:; (3) ol'lfu~1lXLnll'I cAMP L'liu 

Cli'lTu'll'il-1 dopamine, norepinephrine LL~:; serotonin m10ill'lvlt1~'il~1n:;,,_,~1'3 L~UY11'lvi11iXPi''lm::~u~~1tl 1 'llilll'I ~1>.J1rn 
L~~>.J~Ylfzj-lnmL~::nu10111u~::L1lt1ei~1>.J1m'ti1u1uuYJA'l1>.J (o)l))uu~.:i"l1n L'il n~11~1-lil-1~1o)u~ 9-12) 
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r?lr:ifU"1J'el'l~1,~..:icJ1-w1h:;~1Vl glutamate 6JlWVI NMDA (N-methyl-0-aspartate) tl'u11i°J'"1'J1~ 

~1'"1ru1-wn1m,:;1'1-w 1 iX Ln VI n1n~iitld~~Vl fi111~ n1nh'l1'W"1J'el'l J'elt.1Ud~~1'WUd:;~TVl LLUUt.11'J'W1'WVl1'el 
<v • 

~!St.1n11 LTP (long-term potentiation) n1m'~~-wfu NMDA r.i:;vh 11X~'fl'el'WLL'°1~L~t.1iicJ1m•ih~111t.11'W 
L6ll~~Ll~:;1ltlm:;~'W CaMKI I (calcium/calmodulin-dependent protein kinase II) ~..:i'ltlL~iin~iiv.J'el~LYll?l~ 
r?lr:ifu glutamate 6JlUVI AMPA (C:X-amino-3-hydroxy-5-methyl-isoxazole-4-propionic acid) Ll~:;vh 11Xi'Jn1' 

L~ii91'W'J'W"1J'el..:ir?i'r:ifu~L~'elV1~..:irnt.1tl'~~1-wtl'~~1VJ n1ntl~mmtl~..:i91-wr:iml~~n1,v11..:i1'W"1J'el..:ir?i'r:ifu 
AMPA L~'el~1 LU'Wn~ln~1'"1Cl,J1'Wn1,tlfrn~ii (up-regulation) n1Jvl1'l1'W"lJ'el'lJ'elt.1tl'~~1-wtl'~~1VJ~ lnV1h.i 
LTP LV1mruvn:;~~u1-w~iJ'el'l~'J'W~tlttlLl'°1iJU~zj..:iiJ~L~'W'elLL'W:;~1~1,~r:in kinases 111t.11'W,'eltJ tl ,:;~1'W 

" I I 

1h~~1VJ m~1i1r.i~Lll'W tii L~ n~Yi Lll-wn~ln 1-wmnnu '°1r:i1ii91Yi,'flt.1tl'~~1-wtl,:;~1VJ<131 

• I 
f/CVQ/ ~ CV f/V t ~I • , 

n1 'm:;~'Wl?l'JJ1J6Jl'WVI NMDA t.1..:i~1ii1rnrn~~'W~'1JCl.J1illl?l'elL'W'el 'lt:-J1'WV11'l MAPK (m1togen-act1-,, ,, 
vated protein kinase) Vl1'fl'fl1'""lL~'tJnLU'W ERKn 41 (extracellular sesponse kinase) ~'lUL~lJV11'l"1J'el'l MAPK ,, 
-enr.i~n n'~~'WcJ1-w PKC (protein kinase CJ LL~~ PKA (protein kinase A) fil~ r.i1ni1r.i~v1111XiJn1n~iiV1~ 

Yl'fl~lv.Jl?l11Xnu CREB (cAMP response element binding protein) ~..:iLll-wttl,~-w~iJ~';m1-wn1nnV1n1' 
fl'elVld'!X~"lJ'el'lW'Jl'°1~t.1~ CREB 'el19~nn'~~'WcJ1'WV11'l PKA V11'fl CaMKIV (calmodulin kinase IV) n't~ 

i;lr;ifu"lJ'el'l~1d~'le.l1'WU d~~1Vl~nVl~1t.16JlW(;)n~1ii1rnm~~'W~Cl.JCl.J1illcJ1'WL~'WV11'l MAPK l~ L"ll'W i;lr;ifu 

metabotropic glutamate, muscarinic cholinergic, serotonin, dopamine LL~:; P-adrenergic zj'l'°1'J1i!Lzj'elil 

Ltl'ld~V1~1..:ii;lr:ifU6JlWVl~1'l 1· L~'WV11'l MAPK ll~~n1,m:;~-wn1rn'elVld~~~'W'el1'""lLU'Wn~ln~~1~1rn 1-if 

1-wn1,'elfiu1t.1n..:it:-1~"1J'el..:Jt11V1~1t1 1 6JlWV1~iJ~'el'°1'J1m·ih 1r.i (cognition) r?i'r:i'eltl1..:i L"ll'W ~1,~1'11-wi;lr:ifu 
cholinergic Vl1'el glutamate r.i:;v1111X,um-wrir:i1~91 1-w"1Jru~~~1m,:;1'1-w,~uutl,:;~1Vl~'J'Wn~ 1..:i (CNS • 

~ 1' Cl t.14 4"1 . . ~ . . Cli 

stimulants) VIJ'elt.11LLn!l1'J:;6lliiLf'ln'1l'l'el'eln~Vln t:-!1'W serotonin. dopamine VIJ'el norepinephnne r.i:;L~dil 

'°1'J1i!l"ih1r.i ~1dnd~~'Wn1nr.i1Cl,JL~ULl?lL"ll'W BDNF nr.i:;'el'eln~VJtfeJ1-wi;lr;ifu tyrosine kinase (trk) v1111X 
" Li..:in1nn(;) neuroplasticity eJ1-wVJ1..:JV1~1t.1 1 n~lnn~~..:in1,rn:;~-weJ1-w MAPK n1nn(;) neuroplasticity 

5..:ii°J'"1'J1~L~'eliJLtJ'ltlUL~'WV11'l"lJ'el'l GSK-3P (glycogen synthase kinase-3P l 
1 l~~'Jt.1 i..:itl GSK-3Pr.i~iJ 

' tJ I I < 

~Vlfil:Tul:T..:i CREB r.i1nn1'Yi~1~..:ii°J~YlflLU'W mood stabilizers 'l-l~1t.I 1 i;lr;i L"ll'W lithium LL~~ valproate ,, 
~1~1rnl:Tul:T..:i GSK-3P l~~..:i ih·i~i°J t:-J~L~1ii neuroplasticity L"ll'Wn'W 

Neuroplasticity nu n1,.bfl l9l n1"jb~t!U.j'bb~~~'J13J'il1( 1 5
• 
15

> 
QJ 

n 1 dL~tl'WlLlJ'Wn J:;U'J'W 1 'Wn1 d't~~1~'l-if 'elJqJ ~Vf 1'el '°1'J1iJ-i1'W1 '1J (skills) 1 'W"lJ ru:;~ '°1'J 1iiroi1V1~1 t.I n..:i 
I I ti I 

n1n~u-wiY1 '°1..:J'fltj LL~~~1ii1 rn L~u n n~u~1l~ L~ 'el L 1~1 cJ1-wltl C?i..:itl'-w'°1r:i1ii91~..:i Lll-wm~Yi Ln VI l?l1iiii1 
I I ~ I 

r.i1 n n1,iSu-wfo~ ~~ :;Vf 'fl-w 1 iX L ,:'.;-wn..:i n1ntl~umLtl~..:iYi Ln Vl~'W 1-w,~uutl '~~1VJ tV1t1 L iu~1~'el tl1..:i~..:i n1nn VI ., 
I I ll I ti 

neuroplasticity n1ntl~tJ'WLLtl~..:iYi LnV1r.i:;i°J~..:iYi~u'lJll. 'Wd~t.l~~'W (short-term) LVltJi°J t:-1~ ~'el '°1'J1il LLN LL~~ 

tl '~~YI fi111~"1J'el'l n1,~..:i~ ru ru1 rutl'~~1Vl LV1t.1hlroi1 LU'Wvl'el..:ii°J m'~ ¥1..:i ttl '~'W 1 VI~ i;lr:i'eltl1..:i L "ll-wmm,~vi''W 
<v <v • 

CaMKll v1111XL~iln1dvl1'l1'W"lJ'el..:Ji;i''lfU glutamate 6llWVI AMPA LU'Wvl'W ~'J'W1'W,:;t.i~tJ1'l (long-term) r.i :;iJ 
f; I I 

t:-1~ ~'el L'°1N~¥1..:i LL~ :;91'W'J'W"lJ'el'ld'elt.IUd:;~1'Wtld:;~1Y1 nii~..:i91'W'J'W"1J'el'l L6ll~~1h:;~1V1Yi LnVI 1VI~ (itlYi 5) 
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... 
0 ~ 

fl1UJm'l~£J~tl"U 

tn'l'rlvirn-. 'lt'HJU'l~ITllJU-a~mn 

.. ,_ 1 'I , fj1u'l~iil1ul 
Ul~WlHU'IU 'l~Ell'YI 11UJ 

r /il11ri~£m 
ffl'llff'ii!tn'll~'ity1~'1.J l\ll 

itlv15 m.Jur.i1 ~'fN lL~ Vl'I n1 nn Vl l'l'l1 J.J r.i11::u::~UlL~::1'l'l1J.Jr.i11::u::t11'l LO'ltl 

m ~ u fl ru~ >-1u~ ~ m~ tju'll'll..:i 1::urn.h::~1 Yl fl'l1 >-1r.i11::t1 ::~ur.i:: Ln vi 'llili vi ti hJ 
r.i1LUUol'll'li'.im1~~1..:iti.J1DimLlilLU'Wn11L~"i>-1m1J.JL<ifl.J 1LciJ..:i111t11m'llm.l1::~1u 

' ' 
i.J1::~1Yl 1unrn1Vid'.llm'l1>-1r.i11::t1::t11'lr.i::ii m~vh:: ol'uil'l 1fl~t1Mh 11Xii m1 

Cl'llmtrfl~'WL~'ll~11..:i ti.J1DiuL\nl u~::~11L~1>-J n11L"l'1C\j LPiULITT ~..:i r.rn 11XL~>-J 
l'l'l1l.J IL cii..:i lLN lL~::r.l1U'l'W'll'll'11'll tlU1::~1ui.J1::~1Yl~l'i1..:i1u1'11 j')J.J~..:im::~u 
mnnviL'ilmfi.J1::~1YlL"1>-liii''lti (oi'01ni.J~..:ir.i1n L'llnfl11~1..:i;s..:ifi1~u~ 15) 

1uur.iiuuiJ~~f"l'l1).J~'W1r.i~m~nn~'ln~L~ffl-ifreMnun1n1t1ufLL~ ::: f"l'l1w~1nu'ilu1\! n~1\!61J'l 1\! 
ti t.f I I 

vl\!U~)J'il\J~'l'WViilt1).JU1).J1HfLuuLLuueiu1\!1un1'~ m~n'lr;) uri ~tlhJ LLf"l)JU~ LU11\!r.i1nL61l~,;1h:::~1'Vl1u 

~tlttl LLfn-JU~iJn1 J~ c;) L1t1.:i 1 uitl LLUU~~1t1 i1 '1 ru~3-J~~ C?IVl~'W~\! 'W1l nr.i1n~r;1''lt161J'W1C?l LL~:::l?\'1 LLVIU\!tJ.:J 

vh 1 ~~tlttl LLf"l3-JU~i1u'VlU1'Vl~~1A '1}1'Wn1)'vl1\!1'W61111\!~3-J11\!~ne?1'lt1 ~iJttl LLf"liJU~~C?l LU'W "gateway" 
v v 

Vl1't'ltl':::~ L-if 111't'l n 61J'fMfl'l1ii r.i'1LC?1t1i1~'l'Wvl\!1un1n'lunii -if 'fllql~ LrlUfl'l1iir.i'11 u,:::t1:::~u 1 LL~:::L11:ln 

fl'l1iJ9'1:w11-if 

r.i1nn1,~m111u~rwf'VlC?1~11\! Eric Kandel (unf)'Vlt11 "'11~r;if~lr;)fu n\!ir~ tmu~ 1utl fl."'1. 2000) 
V I 

LL~ :::flru::: ~ 'lr;)u~C?l.:11~ L~'W11 n1Jn)':::~'Wr;)'lun)'::: LL~'lvh~11'WLLUU6"Ji'1 1 r.i:::ri111~ LnC?ln1JlU~U'WLL1.J~\! 
I I I I/ ti 

61111\! J'f) tiiJ )'::;~1uiJ )':::~1'Vl ~\! l~'fl11 LU'WU n n!J n 1nlfViYlu'l"1'Vl1\!~1,'f)'VltJ 1 vl\!ULC?l\J~ :W~'Wfi nu n1 J 
I 

Ln C?l LTP LL~:::L~11t)1ihr.i:::iJf"l'l1lJ~1A'1}"111n 1JLnC?ln)':::U'l'Wn1n1uufu~:::fl'l1:Wrol1 mnnC?lf"l'l1il rol1 
I ti I I 

J:::u:::m'lVl~1l\!iln1'~~1\! LU)'~'W 1mJuu nr.i:::eJ1u~ '1}'1}1bU"111LU11\!Jl1tJ1'WL61l~,;'9).:i'lr?1n~1r.ihJ LL~'l (~itJYi 3) 

r.i1nfl'l13-!f~il L~u'lnut-i~"111 L~11.:ir.i1n~ '1}'1}1ru~v\'11~ LnC?1n1 n1t1uf LL~:::f1'l1:wr.i'1 v\'11~ 
V I I 

U"'l"'l U'WU~1ii1rn l~'ellJ L\:J\! f1'l13-J iJ C?IU n ~ r;11'Wfl'l1:W L-if 11r.i Ll~:::fl'l1:W~Vi"r'lu 1 'WiJ'WMtJ nu fl'l13-J iJ C?IU n ~1 'W 
• \J • 

I ti I I 

L~°llV11\!61111.:J t-i~ "111 L U'el\! lVl~1i1'lr;) '91-.'.! LoriuYinun:w'l rJl.ur;i1n.:iYi 2 
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. ... 
(;11';!1\l'VI 2 r1'"J1il e,j ~tJn ~~1'Wr1'"J1il L-if 11~ LL~:;r1'"J1ill~iJ r1'"J1iJV'li1l\l 1 'W 

t:.J~'wl 11 L~11..:ir.i1n~cycy1cuVl11l ih~ti 1'Wmrn11~:i'1X~~'W (~1n 

Coffin-Lowry syndrome 

Rubinstein-Taybi syndrome 

Neurofibromatosis 1 

Tuberous sclerosis 2 

X-linked CX.-thalassemia 

X-linked mental retardation syndromes 

Faciogenital dysplasia 

Rett syndrome 

Huntington disease 

Lead poisoning 

Cretinism 

Neuroplasticity n U ~'J13J ~ (?") iJ n Gl'Yl1\i~ @lb 1~ bb ~ ~ ~1 el el n r)'YI g 
<Pi el ~ @l iJ ";i ~ t<t 1 'YI 

.<:t A A,,,;"-' CV t{<V .<:t 

.n11 ~t~·n.1~ (stress) tt~ ~A113J ~<nu n<?l'Ylt<f 3J'Witifi n1J A113J tA'HJ~ 

n1:i'~ m11ii1 m-11tJ LL~ ~..:i 1 iX L ~'W11 r1r.i1ii Lri1tiV'l~1ii1rnri1l 1 'IX Ln ~ n1ntl~tJmLtl~..:in1t11 'W~ii1l..:i 
., ' I 

~'I 1'W:i':;cK1J Lil L~ ~~ LL~:;'.j':;c;)'1J L61!~~ vh 1 iX L~1l n'W11 n1ntl~tJ'WLLU~'I neuroplasticity ~:;iJr1'"J1iJ~1r1cy 1'W 

n1:i'Vh 1 iX Ln t?l1l1n1:i'U'"Jtl'Vl1'1~ VJ L ')6Jl~~il~'Wfirl1J fl')1iJ Lr11tJt?l 

~113JLA~~~n1Jn1'H~~iti~tt~~A113J"il1 <
1 1 1 

1\1 

LD'W~'Vln1Jn'W~11 r1':l1iJ Lr11t1 ~iJ r.rn n:i':;'Vl1J vl11n1n1ti'WXLL~:;rir.i1iiio111 'W~ m~rn:;~ LU'Wvl':l u 
"' ti ti I 

n~1J1Xr.iVl1'eJ inverted U shape ~'IULt?ltJ~'Wrl1J"llil~ :f:;t1:;Lr.i~1Yi Ln~ LL~ :;r1 r.i1iii'WLLN6lJ1l'lr1':l1l-!Lr11tit?l 
.J .c:l 9J ~ .c:J 9J 0 11 d ""' 1 

L~tJ'Vl r1r.i1ii Lr1rnt?l 1'W6lJ'W1 ~'W'eJtJ LL~:;miJ1:;~l-!~:;LYiiJn1nrn'WlLL~:;r1'l1iJ~1 LLVJ 'W'1l'W1 t?l 'Vll-11 n Ln'W~:;~..:i 

t:.J~~ t?l n1 n1tJ'W~LL~:;r1r.i1iJio11 vJ'l'eJtl 1..:i L-rl'Wn1:i'tl ~ n L~1~'ltJ'eJ1:i'l-l ill~:; L~rl-1 n1n1t1'W ~LL~ :;r1'l1iJr.l1 Lt?ltJ 
~ . ~ 

I ti I I 

n1 nn t?l synaptic plasticity 6lJ'eN L~'W'Vl 1'1Vl~'Wrl1J ~ l-Jtl'l~'l'W amygdala LL~:; L ~'e)i) 1'1.h~:; dJ'W~1 L Vl !?JVl~ n-Yi 
I 1' I I 

v\'11'\X LnV'l r1'l1iJ9°1:f:;t1:;tJ1r.iYi Ln t?l~'WVl~..:ir.n mVll?Jn1:fruYiri111iXLn~n1:i'1J1 ~ L~1Jvl1..:i 1119
' r1'l1l-l Lr11t1 t?lYi 

~ . "' " "' 
i'WLLNl-11 n~'W~:;~1iJ1rn:i'1J n'l'Wn1:i'l1t1'WXLL~ :;r1'l1iJ9°1Yi~'Wn1J '5tl'Ltl LLr1l-l il~'l~'eJtl1..:i-B' t?l L~'W ~..:iil'L~t1 

t-J1'W'Vl1'1 glucocorticoids zj..:i~1iJ1rnri11YiMi;i'eJL61!~~tl :i':;~1'Vl'lm~t1viNtJ1'WvJ'lf1J'1l1l'I glucocorticoids L'eJ'I 

LL~:;~..:i~1iJ1:i'm~riJn1nn~Vi'rtr.i1n glutamate 'l~(l 9) 
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., 
r.i1n n11~ rn:t·1 tvitJ ~f.J'Wll'fl-:J fl'J1:J.J L '°·]~t..1vi !?i'fl L TP Y'IU~1 fl'J1:J.J Lfl1tivin:J.J°r1-:i n11

1

lrM'u glucocorticoids 

~1:J.J1rnn~ neuroplasticity l~ LL~ ~r.i~~:J.J'W'wfinu'V'l~~m1:J.J~ LL~vi-:i'fl'fln1wn11v11-:i1'W~ rJf'fl-:i1-iffl'J1:J.Jrol1 

'°111 :J.J b'°1~~~n'LIn1'cle'.J'el°ll'fl-:J b 611~ ~ tJ 'ci'~i14TV1 i, 'W ~Ub tJ bb'°1 :J.J tf iq117
' 

20
) 

n11~'fl61J'fl-:i L61l~~tJ1~~1vi 1'W~tJhJ LLfl:J.Ju~~vi Lilw!?i''J'fl£11-:i~i~ L"'1w~-:i LL~ ~-:i 1'1XL~wn-:i n1nu~tiw 
LLU~N61J'fl-:J neuroplasticity ~ Ln ~91 nf1'J1:J.J Lf11tJ ~ 1w~:J.J'fl-:J61J'fl-:J~[?11Vlvi~'fl-:J~l~fu fl'J1:J.J Lf11tivi tvitJ n11 

nn-n-:ir.i~'V'lu~1Lnvin11~'fl61J'fl-:JltJU1~~1ml1L-if1'1l'fl-:JL61l~~u1~~1vil'V'l11i'.i~~ (pyramidal neuron) 1w~tJttJ 
' ., 

blfl:J.JU~~'J'W CA tvitJr.i~ilr.i°1'W'J'WLL~~fl'J1:J.JtJ1'J61J'fl-:J apical dendrites ~~~-:! (lUVl 6) ~m:tru~l'V!~1U9~Y'IU 
3 ' 

1w1h-:iL'J~1tJ1~:J.J1ru 3 ~tl ~1-J V1~-:191nn11nn-ll-:1~[?11vivi~'fl-:i LL~~r.i~n~u~111'J~un~l~L~'fl~[?l1 

28 

"' fl11>-Jll'l'l[JV1 
""' v UlUO'lllllfl'fl 

+ m9iu'lou~ 
I 

-fBDNF 

t 

" "' v Ullln'lllllfl 'll 
I NE I . fll'U •, serotomn 

I 
t BDNF .. 

"' fr:mHfl 'mVI 

"' "' I ' T ITIVIU'HIUVl 

I 
T BDNF 

..... 

I \ ' 
m'U NE, serotonm 

\ 
BDNF • 

cg [15] l~I 
1 A~ 1 . 
"' v 

v 
llVlOl'HY'H:I l'lltlftth~nrnf.Jo rmrnl'lIT'lH 

1'1lan1h~nrnhni "'I . 
'tl'l{)Vll[J "' ' l\UJf11UJOY'lOVl 1'lrn&1h~rrrn1m1 

vt.! ~ v 
O'l'UJ'Vf'l.!l,l llll~tl~U1Vl'!HllJ 

c1'll'U 'll1viooncu11lll, 'U1viJ1mil1u1ilovi 
~------ "' .!{ ll ., 

llll~VIVll'llO 1'l'IT ~u\ol) 

.. 
lltl~IPlU lVI 

1 umrPJ'iltJ~t.i'il..:i !ll'il l'l'l1)..J Lfl1u "1 fl'l1)..J LA1u M:::~ f.J~ !ll'il DtfoJ l\Al-JU~'ilth..:i 
mnYi11~ Lnorn1 r~'il'IJ'il..:i L'll~~tlr:::~1'Yl

1

lm1i1vfa 1uu1rnu CA3 lt~:::~01mr 

~~1-.lL'll~~tlr:::~1'YlLVll-l1u dentate gyrus granule cells t01umrYi11~~r:::~U'lJ'il-.l 

glucocorticoid L~)..J~lJl\ !11 BDNF ~01~..:i n11L~U1UM)..Jll"\~1'"1:::~1)..J1HIUrll'iJt-J~ 
'llti-.ll'l'l1)..J lfl1u"1~~'1i'il L'll~~tl1:::~1'Yl1lvmi1'11~11J CA3 u~::: dentate gyrus granule 

cells 1~ L"1m-humrYi1..:i1t.1'llt1..:i~1rcl..:ir-hmh:::~1'Yl serotonin (5-HD Vl1'1l norepi­

nephrine (NE) n~:::mrnr:itJ~)..Jn11cl..:i~'lJ'lJ1nunu1w'll~~n~:::n1rn'il011~~9u 

(mf=mossy fiber, sc=Schaffer colaterals) ('1101utl~..:ir.i1m'iln~1r-h'1..:i:S..:i~i1o1u~ 17) 



n1J'~'fl61J'fl'll6li1N~1h~~1Yl9~lU'W~IN91nn1J'~1~C?lu glucocorticoids ~'l~'W1'W'li'N~iln1'J~l'"11't1(?) 
tJ I.I I I 

lllN~f.JIN6ll'fl'lA'J1iiL'"11tJ(?)U9~uuu-:il~(?)tJn111~~1J'~1'W glutamate Vl!?i''JfU"l!U(?) NMDA ~'ll~'fl
1

l~~1n11 

~'fl61J'fl'll6li~~U1~~1Yll'W CA 9~lflV1~1'Wl?i''JfU NMDA 6ll'fl'l glutamate l'WYl1'l!PlNrl'W4f1iin1'J~lfP11't1wo:i~ 
3 ' ' 

v111 "LX lfl(?)n1J' L!Pllfl'W (hypertrophy) 61J'fl'l l6ll'tl~UJ'~~1Ylb'W amygdala ~'l'fl19LU'W~1 LtiH?JVlvi'11 °LX'V'lu~1 ,, 
'W'fl n91nilu-:iil~'J'W1 un1nn(?)n1 J' 

n J'~~'W'fl1rnnr9'WU1lu~ A'J1 ii CJ VlU n ~Yl1'l'V'ltl 1fi~1J'flYltJ1~ L~ tJ'J4f 'fl'l rlUJl1'J ~lA 1-ti (?) L 'Ji'W A'J1ii'fl !Pl n rl'l'JIN 
,, ,, ' 

(anxiety), '"1'J1m'"11't1 V1"1~-:i91nu1 (?) L~u LLIN~Jl1'J~~ii Lf'1~1 Lllul?i'u '1-1-:iutV1t1n1n Viii LL 61J'W'l61J'fl'l L6JllN~ 

UJ'~~1Yl 1u amygdala 'fl19il ~IN L~1-ii"11'fl d-:in1'J~61J'fl'l'fl11J.Jll9'WJ'Un'J'WnJ'~U'J'Wn1J'U n~1un11!Pl'flU 
' .-

~'W'fl'l !Pl'fl'fl1J'ii ru 

'W'fl n91nn1') ~ lA 1-tJ (?)9 ~vr11~J'U11'l 61J 'fl'! l6li IN~ u J'~~1Yl 1 u'5tltu llA iiu ~CJ (?)Un ~l u LLili ') 
'IJ 

'"1'J1ii LfP11tJ (?)U'lil f.JININ Vlrol1'W'J'W61J'fl'l L 6Jl1N~UJ'~~1Yl Ln (?) 1mJ1 u'5utu LLr1J.JU~61J'fl'l~'llJ~fl !Pl~L!Pl l~J.J1tJ141 n11 ,, 
Lfl(?) L 6111N~UJ'~~1Yl 1 mJ1 'W'li'J'l L!Pl L~J.J1tJ9~nmTuu-:il~(?)tJfPl'J1ii LA1tJ (?)til~1mtl LLUU L'li'W A'J1ii LA1tJ(?)91 n 

'IJ 'IJ 

n1J'LU'WJ''fl'l (subordination stress) n11l~n~'W61J'fl'l~~1 (predator) n1J'~nLLtJn91nii1J'(?)1 LLIN~n1J>~n 
,, ' 

lvJ~1-n'fll?l Lllu!Plu 'W'fln91niln11~m11~'JmLuur.11~'fl'ltil1N1tJ 1 "l!u(?)Virn~~u1°LXLn(?)Jl1'J~~iiLf'1~1LLIN~ 
,, 

il'V'l~ ~rnJ'ii~'W"11-:J nilr.JININ(?)n1nn Vl l6Jl1N~U1~~1Yl 1 mJ1u'li'J'l Ll?l l~ii1tJ L'li'Wrl'W Ll1N~n1J'l~futi1 llrl~J.J Lf'1~1 ,, ,, 
(antidepressants) n~1l-l1JnLLnl61Jn1J'l:JUtJ'ln1Jlfl(?)L6JllN~UJ'~~1YlltililLl~~n1nnV1Yl~~nnl-l~'W"1'1'll~ 

Cl'l LL~~1 r.JIN61J'fl'l'"1'J1l-l LA1tJ(?)~il ~'fl neuroplasticity 'tl199~Ln (?) ~1'W~1J'~'l ~1'WU1~~1YltillN1tJ"J!W(?) 
,, ' 

J'')J.J'\-1-:i rn~~'W~ C1J n.J1 ru~'fl l il'fl'l~ n"1~1tJ 1 l~'WYl 1-:i091 LL~ ri~ 1ii1rn~ ttll~~1A'J1l-JLA1-ti (?)9~~'! f.JIN n J'~YlU 

CREB LLIN~ BDNF 1u'5tltULLAJ.JU~LLIN~~'J'W~'W 1 6ll'fl'l~l-l'fl-:J L(?)tJ9~iJn1rn(?)IN'l6ll'fl-:J CREB (1uiu~ ,, 
~1ii11nv11-:i1ul~l b'W~J.J'fl'lU1-L'Jru~iiun Ll~~n11~~1'l BDNF 1u'5utUllAiiU~tllN(?)IN'l'fltl1'll-l1n C?l-:itru ,, 
~-:itl19~LU'W~1ltil!?Jvl1 L~ neuroplasticity ~ntTuu-:i 

n1-a~el~el~ r~-a~1.1~1~1.13Je:J~~'Ju~a.Jun 1u~iJ'Jt1;jjaJtto1~1 
cu 

I ii I I 

"1l' 'f)j_l INVll~91 n n1 J'~ rn~n fJ~tJ ~'W ~1'W~UU ~'W'W~l-Jl-J ~ ~1'WVl~ 1'fl1n1 J'U ') t1Vi ~ ii~utf n UJl1') ~ ·.u dJJ • dJJ 
' ' <ol ' al ,, <ol • l<ol • I 'i' ,, al 

LAJ'tJVl L"l!'W !l1'J~6JIJ.J Lf'lJ'19~J-J n1nu1NtJ'WlLu'tl-:J b'"1N~11-:J61J'fl'l~ii'fl-:JLLIN ~ neuroplasticity 6li'l91nn11!PlJ"J9 ,, 
~'tlU!l1Ylcl1tJ61J'f)-:)~l-J'fl'l~U')tJ~iiLf'lnnii'l-1-:im1~n11191n~ii'tl'ltil~'l~U')tJL~tJ~l?ln1~r.JIN~UU~~'WL'li'Wn'W 

Jl1Ylcl1tJ~a.J'tl'l~'JtJ magnetic resonance YlU~1~1ht1~lJ'"1'J1l-JCJ(?)Un~~1'W1l1J'a.Jru (mood disorder) 

9 ~iltA N~~1'l61J'tl'l~a.J'fl'lU1'l~'J'W~il61J'W1 (?) l~ n n~1U n ~ L(?)tJ l 'U'V'l1~'tltl1'l~'lma.J1 (P]J'61J'tl'! '5uttl LLfPla.JU~ 
9~1N (?)IN-:J'fl tl1-:i L~'Wl~i (?) l 'W~U'JtJ~a.J L~ ~1 LLIN~~~il f"1')1l-J CJ (;JU n ~91 n f"1')1a.J LfP11tJ (?)til~'l'fl1 n1J'U1 (?) L ~u (PTSD) 

' ,, 
n1J>Vlma.J1!PlJ'6ll'tl'!'5utuLLAa.JU~IN(?)IN'lU'l~a.J~'Wtfnu1~t1~l'JIN16ll'tl'l'tl1n1nht1~n~'JtJ 'W'fln91nu~U'Jt1 

,, ' ,, 
~a.J Lf'1~1J"Ja.J'!-1-:i ~Viii A'J1a.J CJ(?)U n~Yl1'l'tl1J'l-J nr"l!U(?)~'fl'li'J (bipolar disorder) u-:iil n1 J' ~'f)61J'fl'l ~a.J'fl'l~'J'W 

,, ,, ' 
prefrontal cortex UIN~ amygdala i'Ja.J cli'JtJ '1-1-:iil~ ii'fl'l b 'WU 1-L 'J ruf?l-:i n~ 1'J LU'W~'J'WVl9 ~ A'JU "lii '"1'J1 J.J~ ,, 
'"1'J1a.J l'ih l9 ~'W'fl1J'l-JllLLIN~A'J1a.Jfl!Plnrl'l'JIN 
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n1,~'fl lw 'lriN~¥1-:i~:1J'fl'l'1J'fl'l ~Llr;iti~:iJ Lfill¥1'fl1ro:i Lnw•nnn1'~'1! L~m"ll~iftl'~~1'Vl LIJ!~if Ln~ti 

vi1'fl'fl1filnn1'~ ~'1J'W1 ~'ll'fl'l i;i'r;i L "ll~if LL~~ LL'1J'W'l LIJ!~if t],~~1'Vl nlcJl n1J~ m~n L 'W~:IJ'fl'l'll'fl'l ~U')tJ~ L~tJ~~ (?l 
~ I 

LL~~-:i1,XLi1u11,:;l?1u'1J'fl'l CREB Ll~~ BDNF vl'll'W prefrontal cortex LL~~~ULUUfl:IJU~liil~~~M ~'1~1' 
~ ~ I 

Yl-:i~11-:i"llil~u9 ~LUU L:IJ L~ ~~V1nAr;i1:1J~1A' b1JLUn1nnV1 neuroplasticity ~-:i Lllun1rn~ ~-:i111 un1r;i:; 

~mfPl111l1r.i~nn1'~~ti'l'1J'fl'l neuroplasticity 1u~ii11-:iu1-Lr;iru~:1Jun 
v~ v 

~1bbn•n3Jb~':i1bb~~ neuroplasticity 

r.i1n n1J~ n1:1'1 L'W~ t?lrJ'VlV1~'fl'l~U~1 n1,
1

lcJlfutJ1 LLrl~:IJ Lf1¥1r.i~~1:1J1H1 LLnl '1J r.rn L~tJ IPi'fl L61!~~ 
~ I 

tJ'~~1Vl'5'WLnV1r.i1 n A';J1:1J LY>ifoV1lcJlYl-:i 1 u,~1?1u L "li~~LLti~'~iKu 'lii Lti ~ri ~'l ~m 1 iXn n1n'W:iJ neuroplasticity 

LL~~Ln V1 n1,tJfu 'lriN~¥1-:i'1J'fl'l L"ll~if tl,~~1'Vl r.i1n t.i~v1-:i n~1r;iv111,X Lllun1,~1!u~'4'W~:1JiJ ~ ~1u~11 
~ 

neuroplasticity tl1r.i~nu'VlU1'Vl 1 umnn ~~tJ1fi~ll1~'1J'fl'l '4)')1:1.J Ej V1tln ~ cffel1'W'fl1Ji! cl '') :IJvl'l LU'W~ V)~'l 
'l Q/ ~ 11.c:li.1 

VliJ1tJ bUn1"m~1n1r;i ~"li:IJ Lf'ln'fln V1') tJ 

n1,~n1:1'1 L~tJ') nu t.J~'1J'fl'ltl1 LLrl~:IJ Lfill¥1~nl?i'fl n1J~'fl'1J'fl'l L"li~~t],~~1'Vll ~,1;W I?)~ L 'W~tJ'ltJ LLfliJU~ 
I ii !J I 

~r;iu CA L1':1J:1J1n~1 1 o U.211 ro:i1nn1,~nN11urif-:i'l!u 'lcJlnn1"1ti-:i1u11~i;i1°'Vl~~'fl-:iV1'lcJlfut11LLn 
3 

~:1JLM¥1 tianeptine ~1:1J1nmm'1Jt.i~'ll11-:iAr;i1mri1ti~ 1umrvh 11XLnV1n1,~11'1J'fl'lL61!~~1~n:n1?1~ CA 'lcJl 
ti ti I I 

3 ii 

Yl-:iu~9\!_JJ1tJ'l1U11'b.J~u t.J~ 1?1-:i n~1r;i Li'.1111-if ti1 un~:IJ LA~1 fluoxetine'11
• 

2n LuuVitl1~u1r.i11v1-:i 

tianeptine LL~~ fluoxetine LU'WtJ1~1-if Llrl~:IJ LfPl~1 'lcJl'lV1tinn~lnn1,1111n 'J'Vl'if~t?lN nu<if 1:1.J LV1tJ tianeptine 
I 6' !/ I !J 

liil~L~1iJn1,~-:in~U'1J'fl'l serotonin L<if1~tl~1titl'~~1'Vl'1Jru~Vi tluoxetine iiri'Vlfi8u8-:i n1,VltJ1vl'l~'fl'l 

6JluV1ii tJ~ 1un1,t111-:i nut.iri'1J11-:irir;i1iJ Lri1uvil?i11 n1,v1111X LnV1n1,~'fl'1J11-:i 1titl'~~1'Vl t!1 Loif1'1J'fl'l L"ll~if 

'l~n:nvr~ 1u CA 1?11-:i nu 'fl11iil LU'W~'l~·ihmJ-:iu'flnA')1:1J LLt?lnl?i1'l'1J'fl'ltJ~ n1Jfn1:1'1~l~1J l'W'Vl1'lfl~iln n'lcJl 
3 ~ 

'W'fl nr.i1 n n1rn V) n1 J~'fl'1J'fl'l LtJUJ~~1'Vlt!1L.jf1 LL~') tJ1 LLrl~:IJ LAr1Vltl1tJ"liUV1J'):IJvl'l n1JnJ'~cXu • 
~iJ'fl'l cffel')tJ'l ~~18-:i~1:1J1nH~:IJ L 6ll~~tlJ'~~1'Vl 1 via.J1 'W~i!'fl'l~')'W dentate gyrus 'lcffe)~ n cffel')tJ t.J~'ll'fl'ltJ1 LL fl 

ti I I I 

~iJLAr11?i'e1 neuroplasticity UL:TI'fl11r.i~~1'W'Vl1'l CREB v1111Xiin1n'W:1Jn1,~¥1-:i BDNF'22
• 

231 ~-:ir.idlt.i~ 

L~1:1J n1J'lltl1tJ'1J'fl'l LtJUJ'~~1'Vl ~r1'lJ'fltJU '~~1'WUJ~~1'Vl Ln ~ L 6Jl~~t],~~1'Vl 1 via.J bb~~L~1:1J n1Jvl1'l1'W 

'1J'fl'l,~uutJ'~~1'Vl r.i1n<if11~~ 1ui1ro:iiuuv1111XLzj'fllcJl11n1n~:1J neuroplasticity tl1ro:i~Li'.lunri1lnn1,1111n 
er" I I ti 

'J'Vl fiVl~1Ab1J'll'fl'ltJ1 bLrl~:IJ bf'\r11 un1nLnl '1J'fl1 n1Jl?i1'l 1 Vl~Uliil1 n n1 nn V1ll1'J~~:IJ LA r1niJvl'lr1')1:1J Ej V1 

tl n ~ cJl1un1 n1tJu XLL~~ Ar;i1:1Jr.l1 cJlr;iti 

r.nnmJ'~ neuronal plasticity LU'Wn ,~ur;iun1J'~nA')1:1J~1Ab1JIPi11mn1tJ'WXLLti~Ar;i1iir.l1 tJ1LLrl 
I I 

~iJLfPlr1~-:itl1r.i~iitJ~~t?i'fl cognitive symptoms Vi~u1u~1ht1ViiiAr;i1mfl1tiV1V15'11~mf1r1cJlr;im,junu 

r.i1nn1,~nmtJ~'1J'fl'lt11bLMiJLfPl~1~iil?i11~t?lrJ'VlV1~'fl'lLV1tJt?lnro:i1'V1 Pavlovian-instrumental autoshaping learn-
, , 

ing task24 LL~~ spatial memory25 ~U11tJ1blrl~:IJLAr1Cl'lLLifro:i~iin~lnn1rn11n'J'VlfiViLLt?lnl?i1-:inu 
I I ti ti 

~1:1J1JCH~iJ conditioned responses lcJlmh-:irJ'l!t1~1A'b1J Li'.l'fl LVitiunun~:iJA';JUf>J:IJ Yl-:iun1,1,Xti1Llrl~iJ 

LAr1 tianeptine 8-:i~1ii1nmnhi:.i~L~t11?irein1,iStiux~Lnviro:i1nt11rX1u cholinergic (scopolaminel Ll~:;\!J1 
~1U glutamatergic (dizocilpine) lcJl~ ncJlr;itJ 
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Conditioned Responses (%) 

* 
30 

20 

10 * 

1 2 3 4 5 

+ 
+ 

* 

1 Saline 

2 Tianeptine (10mg/kg) 

3 Fluoxetine (10mg/kg) 

4 PCA (1 Ox2 days) 

5 Dizocilpine (0.1 mg/kg) 

6 Scopolamine (0.17mg/kg) 

7 Tianeptine + Fluoxetine 

8 Tianeptine + PCA 

9 Tianeptine + Dizocilpine 

10 Tianeptine + Scopolamine 

6 7 8 9 10 

d .::t ' .di.- 1-'d,, iu'Yl 1. tJ~'ll'1Mmrnmn 1u~01'lvu11M1.:i (t·l\~'lJ'l'l) ll.l'il lmrmn'lll-JLM1 u~:;\'l1r 

oi1.:i1~ifoi'llmn1rmflm.1H' Pavlovian'instrumental autoshaping learning task; • 

= u01nv11.:ir.i1nn~l-J saline •m.h.:ii'.1t!u~1fi'ClJvn.:i~tiPi, p<0.05; + = l\V1nvh.:i"l1n 

ntjiJ~Lti.:i~'lm~umh.:ii'.Jt!u~1AClJY11'1\'lnITT, p<0.05; PCA=p-chloroamphetamine 

1vYviutJ'!'l.:i"l1n L'iln~1r-a1.:iii.:i~1lii'u~ 24) 

iJntJ'l1'W~1~1Jr.l1Y-l'ln cytokines L"li'W interleukin-1 u~:; tissue necrotic factor (TNF) 1uJ':;1Ju ,, 
1h~~1YJ~'l'Wn~1'l tiiJ~r;iuir;i~ 1 un1J'rl'f)1 ~ Ln "1Jl1'l~~~ Lf"1¥1 LL~~JtJ nr;iumn1uuiLL~~A'l1~r.l1 n~r1'l 

I !.f !.f I 

A'l1~ ~ 1?1tl n ~~'W 1 ~ n~ ~1tJ'f)l'.h'l 1'WJ:;1Jrn.h~~1Yl~'l'Wn~1'l r1'lUll?1tJ~1~1rn L~'f)~ Lu'l nun1Jvl1'l1'W 

61J'tl'lJ'~UU~1J~'l~·h'WtlJ'~~1Yln~~ amines 'l~<25• 271 ~1J' cytokine 1'WJ~uutlJ'~~1Yl~'l'Wn~1'l6'liJA'11~ • I ,, 

~1f"1CU1 'Wn1 Jvl11 ~ Lll l?1 n1JL~'f) ~~~ 1 tJ LL~ :;n 1JVI1tJ61J'f)'lL6Jl ~6tJJ~~1Ylr1''l91nJl1'1 :; LA rtJ l?1 LL~~n1J61J1 l?1 ., ,, ' 
'f)'f)nGDL'°l'W (hypoxia) tJ1LLrl~~Lfil1¥1 tianeptine 'W'f)nr.i1nr.i~L~1iin1nnl?1 neuroplasticity r1'lbl?1m~~A'11~ 

~!?1~U'W61J'fl'l1tJtlJ~~1YlU1L-ii'1LL~:;L~~mnil~L61!~6tld~~1Yl1mJ1uiltlhJuA~U~vl11~LLrll61J'f)1n1~~Lfil1¥1 • ' ,, 
~l?1n1J~'tl61J'fl'liltlttluA~li~u~~unl61JA'11~~~tln~ LntJ'lnum1~r.l1u~r;i6'l~1~1n16u6'lmnil~apoptosis 

61J'fl'lL6Jl~6tld~~1Yl1'W~~'fl'l~~1tJ 1 ~'l'W<281 ll?1m'UY'l1~~u1L'lru temporal cortex LL~~ subgranular zone 
I ,, I 

(i tlYI 8) 'W'fln'"11nuf.J~ IPi'fl cytokines 6'lvi'11~U'fl'ln'Wn1 J'!?l1tJ61J'fl'l L61!~6tld:;~1YJY1 Ln~'"11nJ11'1~61J 1 C'l 

'fl'tlnGDLr.iu'l~~n~'ltJ<291 (Jtl~ 9) 
'IJ 
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A 
!!! 175 
0 
~ 150 
5 
Ci 125 
8. 
" 100 0 
.8 75 

~ 50 

~ 25 
~ 

c 

* 

* *** 

Control Control+ Stress Stress+ 
Tianeptine Tianeptine 

Control Control+ Stress Stress+ 
Tianeptine Tianeptine 

B 
35 

30 

35 

20 

15 

10 

5 

0-'-'---'-~.L--'-~.L--'-~..L---'--

Control Control+ Stress Stress+ 
Tianeptine Tianeptine 

D 

50 

40 

30 

20 

* ** 10 

Control Control+ Stress Stress+ 
Tianeptine Tianeptine 

apoptosis 'll'tl-.lL'll~rl°1.h::~1YlLU~iJ·1Ncl'.lu (A) Temporal cortex, (8) Cornu 

Ammonis, (C) Granule cell layer l~~:; (D) Subgranular zone r.i::Lilu~1A"l1l.ll?'ifo'11 

ihrnL~iJn1rLn'11 apoptosis 1u'ilm::~ tianeptine ~1iJ1nmnl'll1l~ (r.i1 m'tln~1r 
~1..i~..i~1v1uVi 28) 

120 

- 100 .e-·:;; *** p < 0.001 
+= 80 f.) 
ns 

::c 
c 60 ...J ->-... = 40 

*** *** 
*** ·-c 

#. 20 

Control Hypoxia MK 801 100 111.1 XXX 11M XXX ~1M XXX11M 

tianeptine 

zu~ 9 r-J~'il'tl-.l tianeptine u~:; MK 801 (~1riif1u glutamate) vi'flm?Lntll injury vi'll 

'il'tl-.lL'll~ rl°tJr::~1Yl~ Ltt1..iLHf1'1"l ::'ll'1'11'tl'tln'ilL"lU (hypoxia) LUUL'.1~1 3 i"l h1..i t'11tJ 

1-il'LmJ1'lllf lactic dehydrogenase (LOH) LUU~-.l l~~'11-.l("l'1m'tln~1r.a1..i~..i~1v1u~ 28) 



~1~nli1 b'a '°1~ Wlbb~ ~ neu roplasticity 

hr-1~1111J1'Vlvf~'fl schizophrenia tl'uLth.Jtrn~"r'ltllc1lt.l:!':;inru~'fltJ~:; 1 "ll'fl\lu:!':;61l1m"ll'fl\lL~n n\l 

u~r.idi ~YltJ1tJ1a.J~m~nn\ln~'lnn1nn"1 L:!'r-1 LL~:;~ur-1i)1vi11:J1fmj-1 'lrn91'1 (antipsychotic drugs) L~'fl 1~ 
!J I ... 

'lc1le.J~~1'Wm:!'fo111a.J1n~'W LLl'ir.iun\lur.ir.iuu n1'.!'fo111 Lrn~l'l bll'Vl ntJ\lr-l\lhJ'lc1le.J~~ LVhYir-11:!' 'W'flnr.i1nu • 
n1:!' 1.ntJ1fo111 hA~l'lntJ'lili1 C1Jin L~u1nuA11a.J L~'fl\l-if11un1,~r.i:;L~'We.J~n1'.!'fm111u'Vl1\lA~iln vi1'fl 

u~n:!':;~\l~tl'dtJ1J1\lJ'1tJ'fl1r.ihliitJ11"1~r.i:;fo111'l"1 r.i1nn1'.!'~tJ1fo111 L:!'A91'ln~a.J um 1 ~Lllun~a.Jvi«n 
r.i :;ii A'd1a.J LLN'Vl1\l A~Un~~uwufinuA'd1a.J~1a.J1nl"ll'fl\ltJ11 un1,tru~\l~'df1J dopamine 6JlU!11 D ~\l n1:!' 

2 
f,I "1 "' I 

U1J U\l~')fuur.i:;Ln"1~'W'l"1'fltl1\l:!"d"' b~')Vl«\lr.i1 n'l"1fuu1 LLl'i e.J~ l'l'fl1J~'W'fl\l'Vl1\l A~Un Ln "1'flU1\I b~'fl\l-if 1 
,, ,, 

C?1\li!'We.J~n1'.!'fm~1~\lhh.hr.i:;Ln"1r.i1nn1'.!'tJ1JU\l~'df1J D L"1tJl?lN ~'d'WtJ1fo111l:J'A~l?ln~a.J1mJ 1 nr.i:;ii 
2 • 

... I I tJ 

n~ 'ln n1 :!''fl'fl n ~'Vl fiYivi~ 1 nvi~1tJ LL~ :;snu6if 'flua.J1 n~\l~'W r.i1 n-if 'fl~~ C?1\l n~11v111 ~ii ~~'W 1r.i11 n1rn'fl n 

q'Vli"ll'fl\ltJ1f m~1 L:!'A9 l?l'fl1r.i cJ1u'V11\l n~'lm1'fl\l:!':;uut.l'.!':;~1'Vl~ii n1 nt.l~umLt.l~\l'fltj l'l~'fl"' L'd~ 1'l"1 uri 

neuroplasticity 

r.i1nn1'.!'~n1111"1tJ1fil'i1\I 1 v111~L~'fl'l"111tJ1fnM1L:!'A~c;i haloperidol 'fl1r.iiie.i~l'i'flr-1') 1a.JU"1 . ' ,, 
VIU'W"lJ'fl'I :!''eltJU'.!':;~1'Wt.l:!':;~ 1'Vl(30) ~'I n1 :J'U fu LA:!'\I~ ~1\l"lJ'fl'I rn tJU :!':;~ 1ut.l'.!':;~1'V1Yi Ln "1~'Wtl1r.i :;'li1u LLnl "lJ • 

' ' ' 
rn:;u 1un1'.!''Vl1\IYltJ1fi1'VltJ 1Yi'Ylu 1 u hA~ c;i urn'l"1 LU'fl\lr.i1 n L:!'A~ c;i bll'Vl9"' bU'Wn~a.J'fl1 m ,V) Ln"1r.i1 n n1' 

"lJ1C?ln1:!'L~'ela.Jbtl'l"lJ'fl\l~a.J'fl'l~'d'W prefrontal LL~:; temporal (prefrontal-temporal disconnection syndrome) 

L"1tJ ii e.J~ l'i'fl~\l'Vl1\l m u1111 A LL~ :;n1'.!'v11vii!1~"ll'fl\l~a.J'fl\I C?1\li!un1 '~tJ1 fo111 hA~ c;iv] 11 ~ Ln "' n1 :!'tl fu 

LAN~~1-:irnut.l ,:;~1ut.l ,:;~1'Vl~\I ~'fl'l 1-if L1~1L~'fl1 ~ Ln"' n1'.!'vl1\11'W~~a.J\j:!'ru'fl1r.:i'flfiu1tJ ri11a.J L ~'fl\l-if 1 

"lJ'fl\l n1'.!'l?l'fl1J~'W'fl\l'Vl1\l ri~Urnd'fl 1-if tJ1 'l"1 

n1nn"' L 61i~~t.l ,:;~1'Vl 1 mJhltl1r.i:;~ n n:!':;'Vl1Ja.J1 ntl'nr.i1nn1'1-if u1fn111 trn9 l?l r.i1nn1 '~n111 
,, ' 

L'W~ULU LLAa.JU~"lJ'fl\lVI~ n\l bL~r.i:;Yl1JrJ1tJ1fo1111Jr-19c;il1-:i clozapine LL~:; haloperidol ~1a.J1Jel LYia.Jn1:!' 

LLU\l ~'d"ll'fl\I L 611~~1 'W dentate gyrus 'l~ u'li1-:i 2 4 i1 LlNVl~\1"'11n;a"' BrdU bbl'i'll.l L ~a.J mnn "1L61i~~t.J,:;~1'Vl 1 vil.l 

bd'fl(;]J'd'"l~'fl1JVl~\l'"l1n;a"1 BrdU 'lt.! Lb~') 28 tl'W(G) (it.I~ 9) 
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tl ,,j I • ,.,J ~ 1 
'i 'V1 10 m'1\'iLL~lil'1"11U'lU'iJ'tl'1L'llflfWlLuU BrdU-positive (mean + SD) U~).J'tl'1 

;'lU dentate gyrus 'iJ'tl'11'llJ~ 1l~fu clozapine (0.5 1'l1'll 20 mg/kg). haloperidol 

(0.05 1'l1'tl 2 mg/kg) 1'l1'tl vehicle (o.o1 % lactic acid) LUUL'lfl1 28 1'u IL~'l9'1~11l 

BrdU r.nmr1w1nr..iM1UL'llfl'CllU~>-J'll'1\.l~.,,~lil BrdU 24 i'lhM (al 1'l1'll 21 1'u 

!bl (~lil1lu'Cl'1r..i1m'tln~1~-a1._,~.,,~1~u~ 6l 

v ' 
n-:i LL~~1 L'WU"'l"'lU'WU'"1')1iJ¥rl')1iJ L-ll11r.i LfltJ') nu m'~U')'Wn1j' neuroplasticity u-:i'lii LL'll-ll(;)tJn n 1'11il . " 

v ' ' 
LLl'ir.i1 n n1 j'~ m~nvn-:i tl11u1h~~1'VJ';)'VltJ1 f311~ vifl1-:i 1 u~ "11°'1'1 (;)tl'fl'l LL ti~ L 'Wil'tilitl°Yh 1 '!Xil-ll'fld;JrlVltl1 L~'f) n'fl~1 

v 

neuroplasticity '0'-:i 1 uiu LLUU'll'fl'l n1 nn (;) L61lrl ~U j'~~1Yl L tUJL 'W'll'l'l LVJ L~iJi)'tJ LL ti ~'"1')1iJ~ f;l'\-t~'W'll'fl'lj''fltJ 

Uj'~~1'WUj'~~1'Vl LU'Wnj'~ur;iun1j'~il'"1r;i1iii1ri'C1J'fl~1-:iii1n 1un1j'vl1'11'W'll'fl-:Jj'~uuuj'~~1'Vl~'l'Wnri1-:i 
I t.I' tJ I 

LL ti ~'"1r;i1ii ~(;JU n~V1 Ln (;)~ununj'~ur;iun1j'~-:inti1r;i'fl1r.ir.i~Lllunri'ln~u;z1u~vl11 ~ Ln (;) f1'd1i1 ~(;)Un~ 

'1'11-:i c1l1u9vi L'd"ll'l-lti1tJ 1 i u LLuu ~-:i~Y1u'Vl1-:i r1~lln ~-:ir.i1nn1j'~ n111n-:ie.iti'll'fl-:itJ1~'fl'fl n~YJif l'i'flr.i "1Uj'~~1'Vl 
v 

L'll'WtJ1LLrlGTiil Lf31~1, mood stabilizers LLti~tJ1fn111 Lj''"1r.i"1 rl'Y'IU~1tJ1L't-tti1ilil e.i ril'i'fl neuroplasticity 'll'fl'l 

j'~UUUj'~~1'Vl 'lJll 'Wrl'd1il LLN~ LLVJ n"11-:i nlJ ~'l-ir'fld,jti~ L~\J'lnu ~ti'll'fl'l\J1 l'i'fl neuroplasticity 'fl1"'l'll'l\J 1 u 

n1 rn flU1tJ Cl'! e.J ti'll'fl'ltJ1Yl 1'1 '"1~Un~ iJ f1') 1il LLl'l n "11-:i nul J1 

34 



References 

1. Buonomano DV, Merzenich MM. Cortical plasticity: From synapses to maps. Annu Rev Neurosci 

1998;21 :149-186. 

2. Eisch AJ, Nestler EJ. To be or not to be: adult neurogenesis in antidepressant action. Clin Neurosci Res 

2002;2:93-108. 

3. Gage FH. Structural plasticity of the adult brain. Dialoques Clin Neurosci 2004;6:1 35-141. 

4. Malberg JE. Implications of adult hippocampal neurogenesis in antidepressant action. Rev Psychiatr 

Neurosci 2004;29: 196-205. 

5. Duman RS, Nakagawa S, Malberg J. Regulation of adult neurogenesis by antidepressant therapy. 

Neuropsychopharmacology 2001 ;25:836-844. 

6. Halim ND, Weickert CS, McClintock BW, Weinberger DR, Lipska BK. Effects of chronic haloperidol 

and clozapine treatment on neurogenesis in the adult rat hippocampus. Neuropsychopharmacology 

2004;29:1063-1069. 

7. Cotman CW, Berchtold NC. Exercise: a behavioral intervention to enhance brain health and 

plasticity. Trends Neurosci 2002;5:295-301. 

8. Blanpied TA. Ehlers MD. Microanatomy of dendritic spines: emerging principles of synaptic 

morphology in psychiatric and neurological disease. Biol Psychiatry 2004;55:1121-1127. 

9. Johnston MV. Clinical disorders of brain plasticity. Brain Dev 2004;26:73-80. 

10. Johnston MV, Alemi L, Harum KH. Learning, memory and transcription factors.Ped Res 2003;53:369-374. 

11 . Duman RS, Malberg J, Thome J. Neural plasticity to stress and antidepressant treatment. Biol 

Psychiatry 1999;46:11 81 -1191. 

12. Nguyen PV, Woo NH. Regulation of hippocampal synaptic plasticity by cyclic AMP-dependent 

protein kinases. Prog Neurobiol 2003;71 :401-437. 

13. Lisman J, Schulman H, Cline H. The molecular basis of CaMK II function in synaptic and behavioural 

memory. Nat Rev Neurosci 2002;3:175-190. 

14. Silva AJ. Molecular and cellular cognitive studies of the role of synaptic plasticity in memory. 

J Neurobiol 2003;54:224-237. 

15. Akhondzadeh S.Hippocampal synaptic plasticity and cognition. J Clin Pharmacol 1999;24:241-248. 

16. Lamprecht R. LeDoux J. Structural plasticity and memory. Nat Rev Neurosci 2004;5:45-54. 

17. Duman RS. Neural plasticity: consequences of stress and actions of antidepressant treatment. 

Dialoques Clin Neurosci 2004;6:157-1 69. 

18. LeDoux J. Emotion circuits in the brain. Annu Rev Neurosci 2000;23:155-184. 

35 



19. Sattayasai J. Acute stress: the roles of hippocampus in the pathogenesis of depression. J Psychiatr 

Assoc Thailand 2002;47:S29-S42. 

20. McEwen BS. Effects of adverse experiences for brain structure and function. Biol Psychiatry 

2000;48:721-731. 

21 . Watanabe Y, Gould E, Daniels DC, Cameron H, McEwen BS. Tianeptine attenuates stress­

induced morphological changes in the hippocampus. Eur J Pharmacol 1992;222:157-162. 

22. Castren E. Neurotrophic effects of antidepressant drugs. Curr Opin Pharmacol 2004;4:58-64. 

23. Schloss P, Henn FA. New insights into the mechanisms of antidepressant therapy. Pharmacol Ther 

2004;102:47-60. 

24. Meneses A. Tianeptine: 5-HT uptake sites and 5-HT1 -7 receptors modulate memory formation in 

an autoshaping Pavlovian/instrumental task. Neurosci Behav Rev 2002;26:309-319. 

25. Morris RGM, Kelly S, Burney D, Anthony T, Boyer PA, Spedding M. Tianeptine and its enanti­

omers: effects on spatial memory in rats with medial septum lesions. Neuropharmacology 

2001 ;41 (2):272-81. 

26. Spedding M, Neau I, Harsing L. Brain plasticity and pathology in psychiatric disease: sites of 

action for potential therapy. Curr Opin Pharmacol 2003;3:33-40. 

27. Szelenyi J, Selmeczy Z. lmmunomodulatory effect of antidepressants. Curr Opin Pharmacol 

2002;2:428-432. 

28. Lucassen PJ, Fuchs E, Czeh B. Antidepressant treatment with tianeptine reduces apoptosis in 

the hippocampal dentate gyrus and temporal cortex. Biol Psychiatry 2004;55:789-796. 

29. Plaisant F, Dommergues MA, Spedding M, Cecchelli R, Brillault J, Kato G, Munoz C, Gressens 

P. Neuroprotective properties of tianeptine: interactions with cytokines. Neuropharmacology 

2003;44:801-809. 

30. Konradi C, Heckers S. Antipsychotic drugs and neuroplasticity: insights into the treatment and 

neurobiology of schizophrenia. Biol Psychiatry 2001 ;50:729-742. 

36 



Note 



Note 



Tianeptine 

Proven 
antidepressant 

efficacy ,_4 

- In young active and elderly patients 

.... Even in 
depression 
associated 
with anxiety 

Improves altered 
neuroplasticity 
in depression 5

-
9 

.- Dendritic branching 

- Neurogenesis 

First-line 
antidepressanf 12 
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Indications: Major depressive episodes (mild, moderate, or severe). Properties: In man, tianeptine is 
characterized by an action on anxious symptomatology associated with depression. Dosage and admi­
nistration: The recommended dosage is 3 tablets daily, 1 In the morning, 1 at midday, and 1 in the evening 
before the main meals of the day. In chronic alcoholics, whether cirrhotic or not no alteration of dosage is 

Facilitates a return 
to active daily life4

·
10

-
12 

.... Early symptoms relief 

.... Remarkable acceptability 

necessary. In subjects over 70 years of age, and in subjects with renal insufficiency, the dosage should be restricted to 2 tablets per day. Contraindications: Children under 
15 years of age; combination with MAOls; pregnancy; lactation. Precautions: Given the inherent suicide risk in depressed patients, patients should be carefully monitored, espe­
cially at the beginning of treatment; precautions in case of anesthesia; the attention of drivers and machine-operators should be drawn to the risk of drowsiness; as with all 
psychotropic agents, if the treatment is to be interrupted, the dosage should be gradually reduced. Drug interactions: With nonselective MAOls. Side effects: Rare and gen­
erally not severe: epigastric pain, abdominal pain, dry mouth, anorexia, nausea, vomiting, constipation, flatulence; 
insom nla, drowsiness, nightmares, asthenia; tachycardia, extrasystoles, precordial pain; vertigo, 
headache, llpothymia, tremor, hot flushes; respiratory discomfort, lump in the throat; myalgia, 
back pain. How supplied: Coated tablets of 12.5 mg tianeptine sodium salt per tablet. 

-3N: ..::;_ As prescribing information may vary from country to country, -=- please refer to the complete data sheet supplied In your country. 
----:::;r SERVIER Les Laboratoires Servier - France. www.servier.com 




