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The neural basis underlying primary dysmenorrhea: evidence from neuroimaging

and animal model studies

YU Wen-Jun"", YUAN Jin-Hua’, LIU Pei-Wen’
'College of Education; *Affiliated Hospital, Jinggangshan University, Ji’an 343009, China

Abstract: Primary dysmenorrhea (PDM), cyclic menstrual pain in the absence of pelvic anomalies, is characterized by acute and
chronic gynecological pain disorders in childbearing age women. PDM strongly affects the quality of life of patients and leads to
economic losses. PDM generally do not receive radical treatment and often develop into other chronic pain disorders later in life. The
clinical treatment status of PDM, the epidemiology of PDM and chronic pain comorbidities, and the abnormal physiological and psy-
chological characteristics of patients with PDM suggest that PDM not only is related to the inflammation around the uterus, but also
may be related to the abnormal pain processing and regulation function of patients’ central system. Therefore, exploring the brain neural
mechanism of PDM is indispensable and important to understand the pathological mechanism of PDM, and is also a hotspot of brain
science research in recent years, which will bring new inspiration to explore the target of PDM intervention. Based on the progress of

the neural mechanism of PDM, this paper systematically summarizes the evidence from neuroimaging and animal model studies.
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SR IRAT PRFIR YT F7ER I 20% 1Y) PDM &35 o34,
PDM ik ¥ 4 73 B4 JiRia ), itifi PDM iR 2 i@
LG PR N H 2 JE TG LE R ARG 43 1T AN 7
REEH, WHEBERKYERY. 55 HE%, PDM
B HE RS e B ROR MO, W 5 s
BHE BRI AIE . R BS99 LA K £F 4k L
JRiZE B, KEHIFYRE B or PDM B FI R4 L I 1E
AFEALOIARE F A B EER Y. R ER
PDM 5 2 K H A2 9% 41 i IR 1 R0 470 48 S A 2 1)
AL A KR T B SRR R B IRl P A Ak,
W 45 02 8 I N A 5% B 3 TR w3 % 590 48 S B A
K FEE RN AL~ © BIEfEAEARIRA T, PDM
B TR AE (0 SRE N B R [F], PDM s 4 76 35 44
MARKPFEET &, HRAERBER, FRiE
W T T, PDM R X R 1) A B AR
R A T s B BRI PDM R SO
IR IR HR . TR Bt P g A e o K
P R B 1R 0, SR e A EL, PDM &
0 S PE PA ve FERBURK, TR 48 TSR S ST P A 11
FLPA H B 7 Jf ok A, PDM BB 3 o AR [ e
RITZ BFEEAN, THEEZEIAZER. PDM
AR R KA PR S i AR AR i 5 U, A T
7t 7R PDM B35 7 32 52 4 S HE R AT 45 I FL% T
TIRE R Mt L T L M. X TRk PDM
H J& K & R et A i — S XU R & 12

PDM KGR IGITBUIR . AT % - PDM 5
18P PR [ 5 4 3505 LL A2 PDM i35 R B0 1 ) 53
A PR BEAFAE #82% W PDM Y 5 7 A Bl A 4
KEAT 5%, AT AR AR TP X R GUA N AT T g
SRS M, FRIT PDM (R fe 2 ML — BL DAk i
—AMEZIIEM R, RS < PDM IR E
FEALFE N\ L A5 2 FG 145 25 B S 6 0T 7T P
i . PDM 7 # 27 i AL ] f N\ 28 52 36 7F 9 36 2 2 LA
PDM 3 A5t S FF & PDM (R A8 58, 15
i TR = AR [0 B3 IR AR (magnetic
resonance imaging, MRI) 57 AR A i i B 45 1 19 AN 87
HERREOET, ITEE K PDM (14 £ 8105 2 0F 70 B R 3
R BRI S, FZALE DL PDM B it ST &
Ko 45+ AN 3y e 55 J7 T I BiF 95 . PDM. 1) 3 47 45 Y
WF 90 32 LR FH 25 s A58 77 5T ik ik 2 s 4 gk A7
AR SCAUM N AN G FAAL DL K SR B 55 A
K, FBGHLIEIE 5K PDM KR ZHLE], IRt
FAR SR T AT R
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2 J33E

I B R S8 [ = 2 S # s 2 (PubMed)
A HEA (Google Scholar). EBSCO #i#s e fil SCIE
(45 £ (Science Citation Index-Expanded) %5 Hi, -+ %
Y PE, xR ERAE 2000 SELLS ) PDM MRI TS 3
YRR T8 JRAT IR 20 50 DA B PR SR BBt 78 kAT
AR 456 “WA” 8¢ “dysmenorrhea”
—in], AT O - BN (pelvic pain), £
19X (menstrual pain). 5 25 Th #8 #43L 3R BB
(resting-state functional MRI, rs-fMRI). 145 &) fiE
fh 3t PR B 1% (task-based fMRI). fiti 45 #J (structural
brain). ZKJii (gray matter). [ /i (white matter). [
IhEe (functional brain). & TR KL AZF 5T (voxel-
I B¢ iE 4% (functional
connectivity). {544 (brain rhythms), KR (rat
model). /NEAEA (mouse model). MY (animal
model). J&#B3% HL A7 43 #T (local field potential analy-
sis). 0 % [ 77k 43§t (Western blotting analysis). 4=
41 B i e 5% (whole-cell patch-clamp recording) H
) — B2 AME N R SRR R I T R RAEFAT
PEUUAT BRI . SRz T #8EI IrA SCE bR
FEURTI 478 2 EH 79 44 [ A R AR 3R A vEE X A DG S &
HEAT A SCH B IR IEAT IAFRETEAL . K R AE 2000
AE DL ) PDM I 5T A0 R 24 Wi 56 B 9t 7 s )
et 2B DL K PRIT 2805k SR 7T SR AERR
EZFE RS

based morphometry, VBM),

3 PDMEHEHEIRGEEMR
3.1 GRS

t1 AL MRI St 1 A S R 7 B ns e,
DRI e B A J5 R P 5 o DRI 45 g 1) 5 A i i
MEKBAR . AR, EEREE. s
FOLFHERA LRI T (PERE 1)
3.1.1 RJR

VBM J& — 32 B T A S AR R I 52 R
VBM HAIT 55 &5 SR s R 4 8 1 Ja 3004 5 2 9%
Rt o REOL LRI AE BRI A A o i
Dhae AR X skt = Ac A IRER R BT e BT iE 30 fE
Jii s AT G AR AR R B 5T (S1) A BRI ATA T
FE. ¥ (hippocampus, HIPP). i 5 /K & &
K5t (periaqueductal gray, PAG) A7 4177 [7] (anterior
cingulate cortex, ACC) & fixi [X ] A Jiii 74 #1 i 35 1
i UL AR A AR S N DX, G R R A
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Table 1. Characteristics of structural brain alterations in primary dysmenorrhea (PDM) studies

Alterations  References No. of PDM patients Regions

Results

Left medial orbitofrontal cortex, left premotor
cortex, right primary somatosensory cortex,
right precuneus, and right hypothalamus

Left secondary somatosensory cortex, left
anterior/dorsoposterior cingulate cortex

Right posterior hippocampus, anterior/dorsal
posterior cingulate cortex, midbrain, and
hypothalamus, left ventral portion of precuneus,
left superior/middle temporal gyrus

Right central portion of precuneus, medial
prefrontal cortex, right ventral portion of
precuneus, bilateral secondary somatosensory
cortex, posterior insula, mid insula
Hypothalamus, hippocampus, periaqueductal
gray, and anterior cingulate cortex

Orbitofrontal cortex, insula, primary/secondary
sensory area, superior temporal cortex, precuneus
and posterior cingulate cortex, parahippocampus

The caudate, thalamus and amygdala

The corpus callosum, superior longitudinal
fasciculus, corona radiata, internal capsule

The splenium part of the corpus callosum,
the posterior limb of the internal capsule,
the anterior, superior and posterior corona

radiata, and the posterior thalamic radiation

Gray matter " 32
[15] 32
tel 32
[16] 32
(4 46
1l 34 Amygdala
i 44
[17] 44
White matter ** 35
and external capsule
el 24
el 41

The dorsal-posterior cingulum bundle and

parahippocampal section

Greater hypertrophic changes

Atrophic changes

Increased volumes

Decreased volumes

Hypertrophic changes

Increased volumes

Increased global mean cortical
thickness and regional cortical
thickness

Significantly decreased
subcortical volumes

Integrity of white matter
microstructure, increased
fractional anisotropy along with
decreased mean diffusivity
and radial diffusivity

Lower fractional anisotropy
coupled with higher mean
diffusivity and radial diffusivity

Altered white matter properties,

decreased fractional anisotropy

R 2 (S2) " RUAERT / 5SS 0 B2 )2 (left anterior/
dorsoposterior cingulate cortex, IACC/dPCC) & Jfi {1
B U, PDM B E AT S IX . AT/
BIEX . R, BT, A g
1B/ S B AR AR G, TR A S
43~ PNRTARIM: B2 2 (medial prefrontal cortex, mPFC).
R Lp e = 15 D) N s T e e R P/
JAA AR 2 b U, R AR i R R R K R A
R sl b U7, e A S R 5 S PR AR U,
PDM FE & WM & 30 R = BLHG AL S 0 (Rl
(posterior cingulate cortex, PCC) Fl# 5 5% [a] £ iy [X.

PR AT 347 7 2 P FEE R 5 3 e 2 SR R 4 m 1), Bln
BT T8 A I PDM. B8 5 1) 3 A A% AR 03 A R AR I 25 3
i U I X REISOR B P RS R (S R, AE
PR IS D5 R 1 B R A rp it G B AE
B, HIPP. ACC. mPFC % it [X #5 /& 5 % 6 ()
WHTIN T B P T W 155 2 3 DA D RO X, B AT TR
JRARAURN S J2 BB R AR BB R R, RE S EL
PDMs 555 56 A ¢ ¥ T 5 4% 5 1 %2 BY. BTl
I FLA R, A 2K 5 A AR AT FH - %001
PDM 3 A BExt B MA, 4550 IE# R N 83.33%,
XA BE N VTl PDM [ Tk SR 4 (8 75 (1 R 15 2
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frid P,
3.1.2 Ak

PRI & % (diffusion tensor imaging, DTI) J&
— MG B A N BT R 2 43R 5 A R AE Y
A, PDM 3 [¥) DTI W 58 o 76 T M B
FPFIRAAR 38 NS MIE . e et By S8,
i ) e i 5 i X ) 5 e B R AR T e, IR X
WL R AR AR G R g, WX [ RS EGE 18
Bl FHE DA RIURT A b R T e A O A i X AH % HL
5 H G WA g A s I A O 15 24 2 S — T 7
WRIBEARIR, EHHR, UM 7E (corona radiata), P
% (internal capsule). #M%E (external capsule) i [X 1Y)
H St Rk A TR, i8I 21 4R 7R B R 7R X e
AR 5 HAR Y sz sl R IR SR Ab
L Ih e A DX AR Y. AT B S 0 A R
PE R AR AR, R JO SR A R 0 A [ | o 4 5 S 0
2 B YIMOC, BN B E B e
PEJT A RAAE IR B B8, XM SR RFEE R A 2 )5,
i) 2 T 1) AR T BUER O P 2% N R BRI R 2% &5
FAR P TRR FH G R R o X 8% 2 1] ()Y 3@ AN RS, X T]
e 53 PDM 38 H G oo By I 1 K Je o i vk
LS R Y VN R VI RE Y kK A CI NN S Do
SER B AR 53 AT R AT AT B P 3 0 A0 5 ) A A i
5% [a] ) (9 Ji 5 & 1 $8 % (fractional anisotropy) i
vﬂz//]\ [26]o

oA EIRIRT . AR EE R AT A, PDM i
AP X B S A L T T BB . PDM
FE IR AT A BT 45 0 B ) S e, Jt H 2 ACC
HIPP &5k X £5 F 38, 427 PDM R I 11844
PRI HRFAE b 38 i 45 ) ) S 5 503 T R XS A i
X 1) Ty B 1 o 28 ] B8 s )
3.2 RINEERINEE
3.2.1 PDM rs-tMRIZFS

rs-fMRI # )32 #1872 FH -8 72 35 A BA A i\ B
B R K I T RE,  rs-fMRI & 5 EUR & R I &K
“FAK#5 (blood oxygenation level dependent, BOLD) 15
=, AFRANEHE IR H R TR S R IR A
5 FRATTRE R F 9 A fiod P9 72 1) Th B SR BBk P71 ik 2
Fron, W90~ PDM 35 A A2 1% 5 I /M w40
R J2 2 [ Sh REE R B 1 ™, i AL AT 5
mPFC 2 [8] ) Dh g i 2 . 2 9k 55 B 5 2 7 M is
Ji S AGUROC M. PDM B AE L WA H PAG 5
SR IE B R N T R 5, 1 7E HEUP ) PAG
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558 A A B it PR BRI 2 (5 SR P
Wi 2, PCC. Ja T 45 ) SR DhRe i e
BEA% . PDM B H 4 A BRI R 4% 5 B )
ZERFAEPE ) D RE B PG, BRIA 28 5 AT # 11 Y)
2R AR I e D R T B AR Sk A7 R Ak 3
B EN AT s A RRAE P PDM (1 B 25 ik
T LIRS0 7 BRI I AT PCC O & 2 4 2 Tl 3= 0
IR KF 1) B £ 4R b, PDM B35 R 5%
TR R TR PPty A S P A iy DX 338 1) 55 29 1P I =5 %
i ¥, PDM g5 25 Eb i B ) FE 2H 5L T 045 (0] B 3
(caudal anterior cingulate cortex, cACC) 5 #] 2 iz )
SR (1) AT [A] (perigenual ACC, pACC)
5 EIR# (caudate). FI 17 [B]JIE5E (subgenual ACC,
sACC) 5 mPFC [H] () D e EHE S i pACC 5L
] ) DR ERE DS, A0 pACC 545 AR A% (7]
MDA EE: S AMHRIEIEM S, M pACC 57&
)RR AZ R B D Re JE 2 5 m & ™ E R 2 UM
> P, PDM H 3% (1935 00 BT 0 45 [9] (dorsal anterior
cingulate cortex, dACC) 5 i§ PN ] 7y & M- |2 /2 (ven-
tromedial prefrontal cortex, vmPFC) ThRg &R s Y,
pACC 5 PAG, vmPFC 58y [a] 1) T e 1% 52
k5 P BB 7T 4E BB OR PDM Lot/ i
pACC L Re 4 R %, ACC- /N 22 38 2% 1) g
WP i iR A5 55 PDM K N 3 BE R BT ST RS,
PDM &3 1) ACC. PAG L\ mPFC %5 57 i
1% 45 175 RS A IS T A 3 5 A o0 R i [X T ek AR
TRERAE. HE ACC %W X 5 H 2 ) H 1
mPFC. S1 PAJz PAG i IX 2 [Al ) DhaeiE e KA T
S, BT AL AE R R, PDM L MERIE
FEARIRIRAS T R AH G M PR 8 (2 EAdE
PFC. g 1h 5% X A By X8 ) 244 2 245 1 Tl 5e ) 4%
K 3N A& 851 (dynamic topological properties, DTP)
A5 5 DTP B H I 1 574 82, DTP A8 € 1% 2
FRA%, DTP 285k B34 8m B, Bk &%} PDM
BT SR 7 B [F] 2 R 7 PDM o 3L AR
BRI ReAE A, JF H K 3L PDM B35 7 0 Ab 3
(R AZ 0 06 X (LA U 55 Bl A4 B X ) A7 AE 7
H I theta FIl gamma $R 3% FLAL . St e th sk —
1 #7%k PDM et ACC-HIPP 2 [A] ) D B % 4 B 3%
fhaE Y, X e gk B IR T PDM A K 4 ]
2% UL ATRERHE, RS A 230 2% D e
W7 ZEAL.



TOCHES: JRMERA R 2L 469

FD2. JB K M TR 204 I Th B AR &,

Table 2. Characteristics of functional brain alterations in primary dysmenorrhea (PDM) studies

Studies References No. of PDM patients Regions Results
Resting-state [ 34 Amygdala-seeded functional connectivity Increased connectivity
fMRI studies in ventral lateral prefrontal cortex
0l 36 Between left anterior insula and medial Hypoconnectivity
prefrontal cortex
t 46 Periaqueductal gray with the dorsolateral prefrontal ~ Hypoconnectivity
cortex and default mode network involving
the ventromedial prefrontal cortex, posterior
cingulate cortex, or posterior parietal cortex
t 46 Periaqueductal gray with the sensorimotor cortex Hyperconnectivity
el 46 The ventromedial prefrontal cortex, part of the A trait-related regional
default mode network homogeneity reduction
Bl 46 Default mode network-executive control network  Hyperconnectivity
B8l 46 dACC and vmPFC Hypoconnectivity
el 46 The default mode network-salience network Trait-related hypoconnectivity
291 48 The pACC and precuneus Decreased connectivity
B 48 The caudal anterior cingulate cortex and primary  Increased connectivity
somatosensory cortex, between the pACC and
caudate, and between the subgenual ACC and
medial prefrontal cortex
B0l 35 The left pACC and lobule vermis_VI, between Higher connectivity
the left pACC and left lobule IX, and between
right pACC and right cerebellar lobule VIIb
Gy 35 In the prefrontal cortex, anterior cingulate Lower stability in global
cortex, parahippocampal regions and insula dynamic topological
properties, but also lower
stability and higher variability
in nodal dynamic topological
properties (nodal efficiency,
E-nod)
B2l 46 The right parahippocampal gyrus, right posterior ~ Increased theta activity
insula, and left anterior/middle cingulate gyrus
during the menstrual phase; the left anterior
insula and the left middle/inferior temporal
gyrus during the periovulatory phase
3 35 The anterior cingulate cortex and hippocampus Increase in the functional
connectivity
Task-based B4 57 The anterior insula Failed to be activated in PDM
fMRI studies women viewing painsss pictures
3 35 The anterior cingulate cortex and hippocampus A smaller reduction in
connectivity during social
exclusion
B3 35 Between dACC and right triangular inferior Increase in the functional
frontal gyrus, hippocampus. R, thalamus. R, connectivity
caudate. R, insula. L, right superior frontal gyrus
(301 41 The rostral anterior cingulate cortex and right Activated during real

supplemental motor area

acupuncture

ACC: anterior cingulate cortex; dACC: dorsal ACC; pACC: perigenual ACC; vmPFC: ventromedial prefrontal cortex; R: right; L: left.
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3.2.2 PDMESHBSMRIFHR

£ 554 TMRI 52—l H 43 1 AOPAk K 16 2
Ae X REIL IR AR, TERE 7 H iR $R 5 T HUT
ST R B — DhRE A E AT S5 . AR EME
SR I TN PR 2 52 AR 2 B 9 1) B B2 RS O
A LAy PDM 9 i #i 22 B s 52 44 B S B0 ) 2 o 06
PRANN 2% S U . A BN, AT A
F, PDM 2 P72 W& %0 B R iF, - A 7 i A
SV R E O, PDM B E g Lt e B
e R A, XM R AR L S L
s VNG, R B MR 7 X
MAERGMTNEE, THHXPHIZE 2R G0 I A i 5 v
B LR AR, AT 5 BOCHONH N AT 2 R R
AR BN, RS HER AT, SR AL,
PDM 25 /N BERT DL & A 0] 4 v X3 35
i, PDM & dACC 54 M = #A0 T |l 7
HIPP. AU el AW ERAZ . 2o i A
- [m] [R] R Th RE O 4 B B 0 B, AR T R T R e g
ZAE T, BRI 25 (rostral anterior cingulate
cortex, rACC). £ | F= s A4 iz 24 Bl X (supple-
mental motor area, SMA) #% & Z#G, PDM 4% 4H
5B R AMELE ACC. BRI Al SMA/ %
B o TR S 1 7 S 5 WA= N U T g P 3 P S
FE B,

25 EFrik, PDM 2 I A% 0o PR I X 7E 2544 |
FHEA . EEAEZEERIERA R T 7 E
A5, A AR T —LeAZ DR X (s T
PAG) [N ReERNLE], PDM B M X T fg 1 28
AT BE ST T H R T T R G A% O R X I (-
ACC, mPFC L)} HIPP %5 ) [ JK i /& FRU B 2% &
FE VLS AR G5 MR U B, R R G 45
FIRN I RE LR EHE 2 B, PDM L PEfE & B 5
A RR S, FTREAE H T X2 R G RS2 4
BN FTE . TRAFR T PDM 995 2 2 o B il
AAHEEMIGREERE X, HEH TR eEER
FHJRMR, LA X R S5 0T 5T A B 2 %
PDM i B i # e UL AT A TR R 2 Y, AT
#0457~ PDM Bl BRI REIE, #8912 5 PDM
PIR I P 2 F0 B8 S oy P AL, AR ST Tt PDM K
HE S SR B A &, PDM 40455 RS2 56 #F 5 D ok
FREL &2 W N A3 0y, H Al & EARILAE B s
RYP 6 09T 95 A S da F Sh R R T Fe 24 B 27 Al ph 2
AW LS TTTH
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4 PDMEHEZHLHINIME R AT

4.1 PDMa4IERIME

PDM s AR R i O &A1 30 4R/ 7 5,
R R B KRB RN T A aE
PDM AR il 26, KB (A3 2R BRI ) w0 30
BRTER L, S (R FREMR) FEH T
P B AR B U AN LR AR S AR A, R (f
HZ ) FEMT WA AR B R T H
Wiy BRI R MR AR 5 HE K 24 o A I
EIETE, N A T A RO RN i
TE US4 R I Y, PDM AR R A A B g A R
AT ER, Bk E R AR, b B iks)
PIRE T X o N S R AR RS VR AR . & Fl
PDM ) P55 A i) 2% #B /2 R H 25 W @ i 7 10, A
R NP, ER B, IR IR 205
ORI RRME — i, MuRTE R, $RE T E X
RIHURNE ; B R BUR, MRS R (IR
G RUE R ) BT IR RS, 40 e R AT DL E AR
T ENgE s E e, & nT LR R E
PN R B RE TSR A1 R 2% 5, (prostaglandin F2o, PGF,,)
Sl Y, AR AR AN 48 bR 22 SR L
SN (BRI, TSR, ES
— U A P ) R BSORNHIL R H B3R S okt i 2%,
PDM B A Z)) W5 BU AL 8 LSRR Oy 32, il &5
W@ N 4 KR, R BRI/ BRI 7T A o 22 1
BEsh) . ML S, 181k PDM W Ui S sh A
(A R A HROE . FRATR KRB NS A, &
28, 2w/ A, IR 2 mL/kg B8 i v 50K R
ME R, AR 4 ORISR S L, LR/, "I
20 TU/kg R N VESH4E 'S 2, [ — F A 48 F R E —
BEVESS 56 24 h ] FVEN 48 B 2, oL 7181 PDM
FhPREAL B, 2B R A R GiHE 718 M PDM [
T BREEAIL A AR OS2 P I A Bt 1 B LA
4.2 PDMEIIMERMEEYFERR

17 PDM [N 8 = E N H T PDM (1) 245 21
FRPEH T, w2y, BRI TT 77 R BT S
78, HKH#HCRF &tk PDM W 5 83 B AL, 8 Bl
PDM Jii B AL AE PDM RS Lk AN 7 6 BFF 58 77 T HY
BT EWAI R B, HEMEZ T iz PDM
BNYIREALTT e PDM I fisi 0 2 AL 1) () BIF 90 20 6 5 4
o WIHTFTIAR, FRATHF L1 P PDM K BB
BT T MadEm¥ s, 4558 275 PDM KR
gamma I Bt ACC-HIPP [F] 24k B Z 4, 5 ACC
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ki [X theta j% %7 HIPP gamma 3 () 15 F& A% 2 ACC-
HIP 22 {4 8 (3 X &5 /K T 9%, ACC 5 HIPP
HI/IN Y 7 1 3 i J LA (miniature excitatory post-
synaptic current, mEPSC) HJRTE & Z W, ACC 5
HIPP ANl [X A % AT ARG S2 A 8 ) (AMPAR TE 3k
GluR1. NMDAR W & fl NR1) 7K & 35 #8 i, 45
RPN M 2 A4 8 B R IE KPR T ] R 2 1 ik
PDM “c 1 ACC 1 HIPP iof Ji v% BR 1) Stk B0 72 R
K2Rz M DL Rk U 2K B 4 1 e R AR A B4
BT 55 Hh 9 32 B0 P 2 3 BT ACC # 48 J0 ) TR0
N, HIPP 25 7 %P %4 n 1. %,

25 L ik, PDM [ s I8 i BIE F D S AR
BRI ] 207 N2 R, (H AR IR B = RENS 58 42T
i PDM i PR ARFAIE H A 35 388 W\ 7T 1) 8l P T S s 2,
X AT fiE A2 il 2 PDM fibg #ih 28 BL 1) #ah 28 25 1) 2 0T T 1)
HEKRNEZ —. 25 PDM HI3) R 7 FE R
T2 KT RHT T, X PDM. B fil # 22 34
s Lo T HLHIT AR AR L =

5 REHRFE

5.1 PDMREZIFEETHREEIENFIT R

PRI A B B S BB e A B A Y — Fh A
SR R AR 2 A T — AR R R Y,
PDM # K\ RN el Fi e 5201 8 A 1)
— AN B RRAE 2 X 0 2 P A N PR I SN RO B,
ACC 2 Kb F5 R0 45 % i 155 1 49 1) | B g [X B
HWPITE R, iR, SBeE RN FE X
BT Z 4%, 4 mPFC fl ACC 2 B+ #0%
ACC 75 AbHH 8 M 15 45 A 5 R ki vh ] BE LA B 51
. PDM ##HRIH ACC K HIX 5 KW EZ
[ f 3% S PS5, 21 pACC 5 mPFC #3545 ),
$27~ PDM 1) ACC P& oid PE ] g K AE XU .
K T B ASNAY R B AN i X 357 58 R, 17T P BB 2 H
A [) A DX A4 S P o 428 [ i o TS B, A7 % PDM
A M) ACC 5 F e i X 1 7R FH ALK SR 75 TR
o CEH—IEERE, HIPP 35 1 XA
A AT T R, BT R HIPP HUE #08 M Z
2R R AR R A S 5, IR R K X %
IR 15 I TR R AIE T B 2 I 95 J R A B 1) 9 o 1 UK
B AL 3% BT RIS, B EE X PDM R 1
FUAR SR T )& P3[R 2K Y8 7 PDM J55 B A= B2 v )
ATREAEAT, I HR I A 2 0 A B (A% o i X (£
& By ¥ 5 5% B A0 A B X ) A7 7E 59 ) theta
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H1 gamma & 3% HLAZ B ESR ACC A1 HIPP 7£ A4S [ BF
FHHERSE FAESE S 5 T 2tk Bk fe 5,
{HIX AN X 2 (8] /) BOLD 15 S (R, JoHE
£ PDM %11 7 ACC 5 HIPP X |f] ) Iy R 3 ML
i) A [ B, PDM & 15 DA S WiAe] 50 28 #4830 2 )
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