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TABLE 2. PREVALENCE OF TRAUMATIC EVENTS AND RATES OF
I'I'SD IN RESPONSE TO SUCH EVENTS AMONG MEN AND WOMEN.

RaTE OF PTSD
PREVALENCE IN RESPONSE
TrauUMATIC EVENT OF EVENT TO EVENT
MEN  WOMEN MEN  WOMEN
percent
Rape* 07 9.2 650 459
Molestation™ 2.8 12.3 12.2 26.5
Physical assault* 11.1 6.9 1.8 21.3
Accident* 250 138 6.3 B8
Natural disaster* 18.9 15.2 a7 5.4
Combar* 6.4 0.0 388 —
Witnessed death or injurvt 40.1 18.6 9.1 2.8
Learned about a traumatic eventt 63.1 6l.8 1.4 3.2
Sudden death of loved onet 6l.l  59.0 126 162
Any traumatic event™ 60.7 51.2 3.1 20.4
Any traumatic eventt 922 871 6.2 13.0

*Data are from Kessler et al#

tData are from Breslau et al.tel?
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gmmﬁumsmﬁwuﬂawaai:uumﬁm‘h ﬁﬁmmqjﬂm PTSD fanuunwiasli declarative

memory , fragmentation of memories Wae trauma-related amnesia AIaNT9N 2(2)

Table 1
Major neural structures thought to wnderlie memory dysfunction in PTSD

Brain structure Memory function

Memory deficits in PTSD

Hippocampus Declarative memory
Integration 1n space and time

Amyedala Fear conditioning
Emotional memeory

Prefrontal cortex Inhibitien of wrelevant stimuli and responses
Working memory

Inhibitien of activation of the amygdala
Sustasned attention

Declarative memory !
Fragmentation of memories
Trauma-related amnesia

CcndinomugT + sensitization |
Enhanced traumatic memories

Failure to inhibit irrelevant cognitions
Working memm'_\:l

Inhibition of ematiausl__ intrusions |
Deficits in attention/concentration

Memory anTauddlanasuuy lunfusaiu declarative (explicit) L8 non-declarative

(implicit) memory 1a8 declarative memory Huanusunmnaasnludasiln waz nondeclarative

memory WJuarnusnfiiaann affective waz behavioral knowledge L7 learning skills ,priming L&z

conditioning H1ilie PTSD Janudnfitfsuuas aagi(2)

Memory Funetion

VRN

Implicit Memory
{Declarative) (MNon-declarative)

R I

Explicit memary

N

Recall of facts Waorking memory Skills

Intrusions of trauma-related material

PTSD: - Recall of nevrral material |

Fragmentation of trauma-related matevial

- (Partlal) amnesia for trauma-related material

Conditioning

= Priming of trauma-related material T

- Conditioned emotional responses T

Fig. 1. Schematic diagram of the functional organization of memory based on Squire and Zola-Morgan (1991). Memory related

disturbances in PTSD have been indicated in italics.
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The Neurobiology of Memory Functioning in PTSD

1.
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UNUIMNVBI noradrenergic system LRz amygdala(2)
Noradrenergic systems JURATOU rapid response 8 stress i’JﬂJﬁy’\‘l fight or fight
response uaﬂﬁnﬂf:ﬂ'aLﬁ'm‘yummﬁflﬁLﬁ'mﬁadﬁ'um@;m‘miﬁmmummﬁn Inang
ﬂ’]iﬁﬂ]&ﬂ‘ﬁlLLﬁ@GlﬁLﬁWj’]L‘H@lﬂ’ﬁﬂiﬁlﬂiz“m_lﬂ’J’]ﬂJiﬁﬂ&%Lﬁ&lﬁ%ﬂ’)’]&lﬂa’II@Elﬂhuﬂ’ﬁﬂiz(i/u
91N B- adrenergic activity aelu amygdala complex Qﬂwﬁgﬂﬁ’m’mqu:
amygdala complex ﬁ]:ﬁmmunwiaﬂuﬂ’nm‘hﬁLﬁ'mﬁ'um'mﬁ?m Tuwmeanusndila
Lﬁﬂ'sﬁ'ﬁ@nmjﬁnﬁ'ﬂﬂna ¢31644 Noradrenergic system maﬁuwmﬂﬁﬁ’]ﬁmﬂumﬂmﬂ
millizmaﬂmm‘hﬁlﬁmﬁ'uLﬂsﬂzﬁmiwaa;&”ﬂm PTSD %aﬂﬁﬁﬂﬁLﬁaﬂﬁﬁwﬁﬁﬁLﬁﬂﬁﬁU
LmﬁzﬁmmQﬂﬁdﬂﬁumazﬁﬂﬁmﬁ adrenaline ¥inl¥LAa positive feedback loop
AalWiAmenusfideandedn

ﬁv\mUﬂﬂiﬁﬂﬂﬁﬁﬁﬁﬂﬁ%%ﬂﬂmﬂmad noradrenaline 14 intrusive memory Va3
PTSD n132@ lactate3a Yohimbine (a’ﬁﬂix@j"u noradrenergic system) aznalfiia
intrusive memories LLag flashbacksluﬂ%’l‘imuﬁﬂﬁLﬁ:;lu PTSD 33819 emotional
numbing WAz Panic attacks WONANANLANAITHIUAN LLa:ﬁ@aﬁﬁﬂixﬁ'ﬁ Child -
abuse-related PTSD # 24 hr urinary excretion U84 noradrenaline RUNUTAU intrusive
traumatic memories laNNTIAGIE IES (Impact of Event Scale ) LLazWu31 plasma
noradrenaline a:ga%ﬂmmimuﬁﬂﬁﬂu PTSD wasan leBuiesnivihldwiuianis
mMasied m3fnsunaitugasliifinin adrenaline SRS intrusive memories 289
Hile PTSD

Amygdala Junumaanluaniaznaa (fear conditioning) dlafanznsraziia
N137N91WVad amygdala Winldannmsialas Functional magnetic resonance imagery
;Eﬂ’mﬁﬁ’] Unilateral temporal lobectomy FIUNIGA amygdala 2UNWIBIADANUNA
Lfial,ﬁsmﬁ'ﬁmﬁju Control luunuzdi explicit memory 'liuanenarin
The prefrontal cortex(2)
Amygdala fAadany prefrontal cortex (PFC) I@]le,ﬂﬁl medial L8z orbital area 1¥83 PFC
é’agﬂﬁ' 3(2)



Dura mater

Arachnoid -

Fig. . Bmin structures relatzd in the prefrontal cortex. Areas of medal prefronta] cortex includ ng anmenor cingulte [Brodmann’s amems 32,
or the ‘Stroop” area, Hrodoom''s aren 24 [ ‘subgenmal cortex’) and arer 25 (subcallosml myrush as well m orhiioffonal corex, lave
mhihitory pmjects W the amypgdaly, m well as ootpots o activation of the perpheral stress response.

PFC ﬁlzgmi‘l Cognitive L@z emotional response ‘ﬁvl,&imm:a&l%%atﬁEJ\‘iLiJuﬁnﬂ?(\‘iL%"lLﬁa
°1hmﬁ@mﬁwLLNuLLazLﬁﬂwqaﬂssuﬁLﬂuﬂsﬂwﬁ Twunuzdi Noradrenaline azaan
qw%sﬁmﬁummm receptor 1a# alpha 1 receptor 9=¥iN M PFC ¥auunwsad uay
alpha 2 ﬁ]‘;Lﬁ&lm’mmmiﬂma{l PFC Lﬁa\‘lmﬂ noradrenaline & higher affinity 68 alpha
2 31NN alpha 1 6954813 noradrenaline sx@UAN9=Na8S alpha 21umm:ﬁs:é'uga
=z dunavad alpha 138a¥i 1% PFC vinauunnsad wonanit Dopamine s:é’ugeﬁwa
1% PFC vomunwsasldiduidentiu Lesion #i PFC suwusiumsvauiiadnfuas
emotional regulation sz ldsanndenlosluanunmegong ﬁéfaamiﬁmwﬁgﬂﬁm
maamnm@omsmﬁ:ﬁ]’mﬁuq neuroimaging studies waadlAlAnin medial PFC
dysfunction a1addnlumIaumarfiazsziuanunsa Hils PTSD #LAa97n childhood
sexual abuse WRZHHIUNIABE LL&@GﬁGﬂ’]Sﬂi:@T%ﬁﬂﬂﬂd’ﬂﬂd medial PFC Liladas
LN%tyﬁfiwiaLﬂ%'adl,ﬁaumm'ﬁwia trauma (31 3)(2) msns:éql”uﬁaﬂaalu PFC 8131130114

VNI MNFNNUTA AN LIRIUIIDLUEY intrusive memories 20971128 PTSD i1
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Medial PFC
(BA 25)

Fig. 3. Area of decreased blood flow with exposume to traumatic combat-related slides and sounds in patienis with combat-related PTSD
relative to veterans without PTSD. Yellow area shows decreased blood flow in medial prefrontal cortex with traumatic exposure.

3. Serotonergic system (5-HT)(3)

12 m@lwaﬁuamlﬁlﬁwj’] 5-HT § anaiengasiu pathophysiology 189 cognitive
impairments lu PTSD @o

—1. 5 -HT ergic system Hnalu anxiety regulation
-2, ﬁ%é’ng’m%mﬂﬂixmiﬁaﬁumgmnn’mumu 5-HT ergic Hauln

pathophysiology %83 depression L8z PTSD

Serotonin receptor 2 ﬁﬁ@ﬁLtamuwmwﬁﬁ%ﬁﬁtyiumﬂﬁ@ anxiety fa 5 HT;4 U8z 5
HT,c receptor. Serotonergic pathway 183 amygdala L@z hippocampus 371 median raphe
nuclei {14 5 HT,, receptor L% anxiolytic effects Tuwme? 1970 dorsal raphe W 5 HT,
receptor 1w anixogenic  effects. Lfia 5 HT,¢ gﬂﬂizéj’m}nﬁ@ anxiety nl#fians
hyperactive TN panic disorder .

fmmﬂﬂ']iﬁnmﬁﬁgﬁ]ﬁfhmiﬁwmmaa serotonin a3kt PTSD Aaun@ly

msanswuIniialw d-fenfluramine S9180u 5 - HT releaser was uptake inhibitor lajanasn
Yinl# prolactin s:é’uga%ﬂﬁ MIAeUARAIIAHIYN 5 HT, receptor i waaslwiAninging
aANNUad 5 HT.4 receptor function. luamzi@sinu PTSD 925UN% 5 HT,c receptor A
1a8) m-chlorophenylpiperazine (mcpp) 44 selective 5 HT,c receptor agonist ﬂizé;fulﬁLﬁﬂ
Panic attack 31% uaz flashbacks 36% lugtlae PTSD lusmznguaiugulinulnngnisal
AINE é’aﬁ?ugmﬁau’hém%'ugﬂw PTSD u&23s8 5 HT,5 receptor ¥naunasas was 5
HT,c receptor ﬁ’m’mmﬂﬁu AalMiAneans hyperarousal, fearfulness, psychological L8z
physiological overaction §a (trauma — related) stimuli. uan%’mﬁy serotonin system 219l
NANN98aNAaANNTT TageI% anxiety Waz mood LwiaﬁaﬁwaiﬂﬂﬂiaﬁﬁunﬂsL%ﬂuj URZAT
ANuE T wamsanseuil Sensianusudauann waznamsanendliwinan
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4. The cortical system and the hippocampus(2)
waNIBfnIzNUIa eI UIUAIRRSILINIANEENININGENTINAY stress hormone
cortisol 31N adrenal 1432UU HPA axis. Hippocampus tJulasiasvasanasiineidas
AumIdeui wazanuiilasianiz declarative (explicit) memory AW RzGdMAUY

. . o o & A = ! ' A 2
hippocampus U8z reorganized MpnAIRANBFUAY  iNaifylUganasduduTIns
neocortex UNUNBNaL19Tad hippocampus  AOMIHFIUVBIAIUINAIN neocortex

A g ' ' .
area tilu explicit memory sml,ﬂuﬁug']mlaammu@nmaszmw declarative memory
. A a v A . a =
LAZ non-declarative memory Fafia luwlasianedumnan hippocampus Inmsansln
dainasaswapsfiawndn madudada glucocorticoid lasasiinalunigwyids neurons
1% hippocampus. lun13a@ dendritc  branching WaziiamMIUAsuLUaIN synaptic
terminal WaLHULINTEIILIANVEI neuron . USH1@5V89 hippocampus 11 nwIEHUaAN
Aaawnnil PTSD uazglngjfdl PTSD Alinan severe childhood abuse fizwiaidnnia
nguaIuan UN 4)2) Snsdnsluszuendinudndianasves hippocampus Naaad

FUNUTALAMNUNWIBILY short term memory .

NORMAL

Fig. 4. Magnaic rescnance imaging scan of a patient with PTSD and a nommal conirol showing a visible reduction in volume of the
hippocampus {arrow in PTSIL Owverall there was a 1 2% reduction of the left hippocampal volume in abuse-related PTSD relutive 1o
controls,

FUINTANEINLINMIRBURUEIVBY  cortisol level a3  audnd K{ie  Major

Depressive disorder waz §128 PTSD i HPA Axis uaneninuaazu(1)
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Figure 1. Response to Stress in a Mormal Subject iPanel A), a Fatient with Major Depressive Disorder (Panel B), and a Patient with
PTSD (Panel Ci.

In normal subjects (Panel A) and in patients with major depression (Fanel Bl, brief or sustained periods of stress are typically as-
sociated with increased levels of both cortisol and corticotropin-releasing factor. In each panel the thickness of the interconnecting
arrows denotes the magnitude of the biologic response, Corticotropin-releasing factor stimulates the production of corticotropin,
which in turn stimulates the production of cortisol. Cortisol inhibits the release of corticotropin from the pituitary and the release
of corticotropin-releasing factor from the hypothalamus, It is also responsible for the containment of many stress-activated biologic
reactions. In patients with PTSD (Panel Ci, levels of cortizol are low and levels of corticotropin-releasing factor are high. In addition,

the sensitivity of the negative-feedback system of the hypothalamic—pituitary —adrenal axis is increased in patients with PTSD rather
than decreased, as often occurs in patients with major depression.®

5. Vasopressin(3)

Arginine vasopressin (AVP) i} peptide AnaN hypothalamic Mdund endocrine ez

neurotransmitter/ neuromodulator function . JNNSANEINLIN plasma level 184 AVP

o _ _ > ey ' .
W ulu major depressive  UAVBNRVDY PTSD 9 laiusinan Iumm:ﬁgmawm high
arousal level 1 ¥il#aaLan1in PTSD 1zl AVP G lugainaans AVP azuse

declarative memory lastiul#iAin Consolidation was retrieval Lwﬂuméiﬂgg\‘lvlmﬁu
TALA

Psychoneurologial model for memory disturbance in PTSD(2)

1. \laiiia trauma 3z47i@ rapid reaction la8n13Wa4 (nor)adrenaline ¥inl#iia emotional

memory traces WAz LN fear conditioning WENTTDURRINALNVEY  traumatic

memory UNFWWUTALIZALVEY adrenaline FIRUIAANMIRIANTBIANUTINNATIN

= . dl I3 1 dq, . . o J a & wen .
4 retrieved LuUatdwlswit intrusive memory ANTATL Uazinaliu conditioning
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reaction M3vhufiiandvas medial PFC (Imaaﬁ”ﬂaﬁﬂﬂaﬁ]zﬂ'uﬂy'am*mizéjwuaa
amygdala) Sualst amygdala vinowmialndvinliAesiudszneuduarsualiudn
waziANaNuATas intrusive  memories luumiefl amygdala DNNITAUTINAUNL
prefrontal dysfunction ¥il#iAaanulide stress uaziinanawliiaailu PTSD
Cortisol ﬁ%&dluizﬁ’m acute (but reversible) hippocampal dysfunction ua
lﬁverbal, declarative memory UNWIBY Iu“llm‘;‘ﬁ non-hippocampus mediated
memory liifina n1IMas cortisol L%ﬂ%&ﬁﬁdﬂlﬁﬁ@ﬂ’ﬁgtyL?(ﬂﬂ']’]i %38 atrophy V84
hippocampal cell §xavinliiiaunwiadlu declarative memory va9file PTSD

2. The cognitive paradox in PTSD : a biological hypothesis(3)

LOW-FUNCTIONING 5-HT 4 RECEPTOR SYSTEM
® Labile anxiety/aggression regulation

<+——  Psychotraumatic
event(s)

!

Relatively high«+——Relatively low CRH release Sustained NA

Vasopressin ergic activation
release
® [nability to Relatively low cortisol release @ Hyper-arousal
eliminate ® [ncreased fear-
maladaptive conditioning
responses fo ® Hyper-
adverse consolidation
stimulation of adverse
experiences
Under- Under-
stimulation stimulation
MR’s GR’s
& [nability to & [nability to
adjust to eliminate
stressful maladaptive
situations responses to
adverse
stimulation
o Impaired
storage
and
retrieval of
frauma-
related material

MR : Mineralocorticoid receptor

GR :Glucocorticoid receptor
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