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Unique characteristics of “the second brain” — The enteric nervous system
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Abstract: Enteric nervous system (ENS) is composed of intestinal submucosal and myenteric plexuses. ENS may independently
regulate intestinal digestive and absorptive function, and it is also known as “the second brain” or gut brain. ENS has significant
specificity relative to central nervous system (CNS) in properties and functional activities of neurons and neural circuits. ENS is
connected with CNS through the feedback pathway (brain-gut-axis) of sympathetic and parasympathetic nerves and peripheral primary
sensory afferent nerves to form the bidirectional brain-gut-axis, which may affect emotion, appetite and behavioral states of individuals.
Gastrointestinal functional disorder (GIFD) induced by ENS dysfunction may not only cause abnormal gastrointestinal function but
also has been implicated in cognitive and mood disorders, such as irritable bowel syndrome (IBS). GIFD would influence deeply the
quality of life in patients. Nevertheless, in the worldwide, ENS has so far received much less attention as compared with CNS. The
depth of research and scale of investment in ENS studies have been much lower than those in CNS studies. The situation in China is
even more evident. From ENS research history, an outstanding problem is to ignore largely the unique properties of ENS and apply
mechanically the hypotheses formed in CNS studies to ENS researches. In this review, the structure and function of ENS are briefly
introduced, and the importance of extraordinary characteristics of ENS is illustrated by the problems encountered in our studies.
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AR 4 245 (enteric nervous system,
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E—EoMBINCTNFELNL, BT #2 A LG
T+ =de ik, 220 E AN .
1.1 FEBRiEiR

ENS 122 70 A1 i ot 40 B i R g iR Uk B T
I (neural crest) () =ANAN[FF5) « REFHLEIE (vagal
neural crest) & K B MM T % H 1718 ENS (1) 5 %
KUE 5 BEARZEIE (sacral neural crest) 3R H A F
i S A B s T2 (truncal neural crest) &
BV REE B BRI B4 oo R B 40 g > 1
1.2 R4S AERI S 53 2

Dogiel J& —17 3% 44 I B #3512 5 F1 ENS JE&
TR SRR, AR AETE 1899 R4 ENS #h142 Jr ik
1T TR, KR oK ik —HEg s 45 1,
IR, AHIE R %% X Brehmer K 150 425K ENS #i14
TCHIEAS T 5T R S 45 E AT ) (Structure of Enteric
Neurons) %2 P,

1.2.1 18#% T (Dogiel type I neurons)

I R 22 0 2 — i DL 22 B S0 B — Jh SN REAIE
A It, HERFTEMENPKEDL S cm.
X 4 g0 R IA IH B, £ T %% # 1§ (choline acetyl-
transferase, ChAT). Jixi MF B (enkephalin, ENK) £ P
W5 (substance P, SP) 25, R 76 KL /& M
Mgz, WA ST EMEss, iM%
PRI A A 22 7T
1.2.2 II#E#Z IT(Dogiel type 11 neurons)

IT 2944 28 50 72 DL IG5 Bl /D & 5 T A A4 Sl 1
A Z W HIRONFRAE, HRGERE 2 A B F 9L E
K e % 2. % ENS RS ¥R, 1A b
24 TG 72 FF 45 2 3 KM 9% i (calcitonin gene-related
peptide, CGRP) %) [ S AR #1478, [Kt CGRP
el o %E 1T R & oA AR 184, B CGRP
A, 1B Z G R IA ChAT. SP A I 35 14 i fik
(vasoactive intestinal peptide, VIP) 5. #R #if HIE
FRHIE, TR SO N R — RN FE W F L A
M2 JT (intrinsic primary afferent neurons, IPANs), B[l
ENS B AR 22 T o

1A IL YA 22 70 f2 4L ENS (AR B,
BHHRIEE o L A& o Rk St — P
A7, FE RAFERE X 7320y T B TV YV A,
0 73 A 22 T ) il SR A AE B R R e, DR X SR
ZIRRNE VI M A Tt. &7 —H o ME o)
MR, RRAE+ e A i im, Mo 2K
NES VIT Bl B,
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TG HIRIFNZ JC RS B 4028 020 R T2 8 1) S5 S A i
XA TEBEAT IE N DhRE 5 ANz . 7E AR N s
b, AUHESR BRI e BRI R G W
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Fig. 1. The structure of enteric nervous system (ENS) in intestinal wall and enteric neuronal electrophysiological and morphological

properties. ENS is composed of two neural plexuses, submucosal plexus and myenteric plexus, in the intestinal wall. Myentric plexus

locates between circular muscle and longitudinal muscle, and submucosal plexus distributes between mucosa and circular muscle.

There are a lot of ganglia and enteric neuronal body, connected by interganglional tract and nerve fibers in the plexuses. The neurons

were classed to Dogiel type I cells with multiple dendrites and one axon, and Dogiel type II cells with smoother cell body and multiple

processes (axons), according to morphological features. Likewise, they were identified as S type neurons and AH type neurons according

to electrophysiological characteristics. The scale bar is 20 um for the neurons labeled by neurobiotin.
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ZILHITEA S EMFE. BT XM A T A 4
XPAEL /NI 18 P S AR O ARG, HL 2 e AR (speed),
s S Bshaon, fEYRE B XZEUE Tiashph
26, WA APEMETT.
2.1.2 AHBIHEZ T

AH T2 e A B 2 fEPSP, i S B Ao 4 %)
EB K (B KT =70 mV), HEBERE, Kb
Werr AR, AH 12 T AP IR RO, IFREK,
B L DRG #) g f£ N C B4 4 6 (1) AP H#1E,
E TR (hump) (& M ALA 220, AH #0140
FH AP 5 —RH KK FER AHP, Ti#dar54 N
AH U270, AH f2 o8B A T A 22 Je i) 45
FURHAE - BRARAEXCHE, DAEWMIR, HH 2K,
EDhRe b, XA u R E R IPANs FI1EH .
2.2 1A SRMFENI(slow excitatory postsyn-
aptic potentials, SEPSPs)FlHCEI 2 RY3L

ENS #1228 Te 52 T fib N e r=4E —Fh SEPSPs.
BT 2 RAE SN R, 52 2k B E B
V1R JFC B T 3 8 ) A A 1 A 5 DA A - WA AN 55 3
W7 B . AHX TS AR A, X R T
FEA, wIffi ENS #Z o) et n, shE—mk
I FE () SEPSP [ B, I3 B i f5 #0228 o RF L 1Y)
MA§ (sustained slow postsynaptic excitation, SSPE), iX
Fit SSPE FJ LARFEEHL S Bl BN B 4224,
2.3 AH (IE)#142 T BB RU % (silent characteristic)

R 20 R4, K2 H AR S0 IR 1 Sk 25
TR, AE I H K0/ iz A0 25 i () L TR] 4 22 )
th, G 80% LA_E A AH 4R TTxT LRI (4 ms,
20 Hz, 5~10 mA) 2T AMEPE ) 5- F2 % (5-
hydroxytryptamine, 5-HT), CGRP Fil SP 544 &A=
JEEEANE S B o FRATTAR IR Tt F A 252 I PEOAS S N
2 TGN AR TC (silent neurons)™ > 201, R T % E
X PR A2 T TE A RHIE,  H A neurobiotin [
T LA AE A 1 3% ) A4 L i B K BT (30 min ~ 2 h)
I I8 S B AR N 2 A K FL L 3 neurobiotin
VKA A TG, RIS R4 o]
WS, 724 sEPSP Al AP, EIXFR LEEUIRA T,
5-HT. CGRP %54kt g 5] & & o M e kR
Mo — HIXME R 4 o EOE, Biae R IR 4
TC—FECRIR 0T FEAAR 27 ™ A R B2 I B (&
). FEMATTRIEEFEREY, EN#Z AH
M e dE S BA & 0. HE— 20 i i A BE SIS 45
RN, WUE R ZE MR R0 22 T AE XS RS ) ik
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80%, M £ MRS L A1 fizg 3 R AE B4 AL 20%~
30%. {EIEHHOLN, il bR g8 7 1 3l
MERE B, Rt RS MRS,
THACSTRCE FRP . ENS TREFAR 2 1IR3 #H 42 7T
FERFBUIR S A2 G RF 115 T A 28 B35 20 ) 21 227 0
TIREHFAE. — EIX SR AH A 28 0 i 6 58,
ENS [ 5l 1 235 B85, K B 7 i Ania
A AR o 2 B R 2T K ENS i
EXws, HESHEBIAEELL (LA LA K ENS #
BT FEAE R R )

3 ENSHETHMIFE SRR, F4I)
HEFN 254 AL

Ja B4 5 CNS [FFE 1 20 . R g i
RT3 R E 3 5 9 2 s 40 B R TP 22 B 2B )
WY (B BB ). BRI IA N ENS
AU 15 CNS &t 260l fELhfE Lt
FE L DA R A P T TR S . R, A
IR 5y Fs CNS 70 b R B AN S5 b e A A
F| ENS Wt 5i e, SO ENS T e e v 1 ™ 5
B X PR TR IE 2316 AR R ENS #1258
JRANSZ AR ThRE, A — 1 ol 0 Ak T K U 11 4 13ORN
AHE 2 A, FE A A R I PR 245 W i &R IE
MRIEIT 5% s RN, 18 B ENS BF 504K A A0 75
JiF CNS BFFUIRAS, M B oy i —Bt .
3.1 ENSHASRERRER

BEBAE CNS R EHEFIMAEMAIER, ©
FERFETE RN 23] ACAZ AN Al rp R R 22 1)
S i3 R AR A BB A . R SR
WEPE B A1 ENS & L R B AR, Ba iRtz
BB RIS SR 52 A I 20 f G 2 S IS P 4 . X
HIEFE H, AMEME NS R E R B T RS R R
Z Ak (NMDA Z /& F1 AMPA %1k ) /i 5 AH # £
JLH EPSP B B2 B30, AR, FRATTH H A S
CERLEOR, THUEERIRFEI L- 432 NMDA Fl AMPA
AR Ak & ENS Z 5T 461 22 M JILTE] 4 22 A ) Ao
20 H B B SN, P A0 2R AR FBE (A [ A 7Y
BRIRRESZ RSP (BRI B M A 2R 2
TRIGFETUH ), A & TR B ) 3 Ao 2 1) 5% fih S
NI ATATRLM o 24 L- 25 Z BRIR B AT 50 mmol/L i,
TEH 70 #0480 ] DL AR ) 25 AR AL B8R AR AL 1) S
TX UG 7 I8 H AN Bl TR B S R e 2 AR I HS Bt
FUBHWT . BATIN, i m R D& g it 41
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LR Z IR AT KT, XL 55 BN A BE 2 2
HEE WA ER P RO B siRiE, NMDA %
REIFE 175 APS (2-amino-5-phosphonopentanoic acid)
I AN BE A ] S TR e 8 TR R IS | AR ) ENS fi
TG N 5 BE B BE AR AL, $278 NMDA Z /R H A2
5 ENS 1) i fE . EAATTI 9258 b, 2 i n
R B (1 ZN IR P NMDA (100 mmol/L) 1 L- 25 %R
(50 mmol/L) ¥,

FERE 2 00 20 4E (0], OG- XA PE A FE R (excit-
atory amino acids, EAA) £ CNS 1 iff 5T i i 2 )L
I ECE K, 1 7E ENS 1 7T o S22 8 L.
Rlitt, 240 ENS # 2o MketE, K CNS B 5tk
CA KR e A S5 18 HLCE 3 & F 2 ENS
Forp, SRR ME IEA NN ENS BB BETG 3. X SHIE
P U] CNS S & IR /2 K M a PE T, H
7E ENS 2 B L F I A HZAE M, X IE& ENS
5 CNS BEAF M Rz —

3.2 5S-HTRESF

5-HT f£ ENS & — X A PE i fh 223 it (2
EpE T, JpWE4& (enterochromaffin, EC) 4 fits th
PRI 5-HT. EC ZMOBE T 5-HT & 5 LR B 2 1)
95% LA EBY. gt & u R S-HT 4 58 filt A% 326 A
2 EC 4055 73 A1) S-HT 20 5 2 ENS #2555
BF,  IX PR A AR — AN 9 R RR R
5-HT1p ZHAr G P SR, €441k 5-HT1p Z 4k
WA T, HABYLS MRS . V2 248
WFFL £ B 5-HT3 Al 5-HT4 246/ 5 ENS #2 Ti
W fEH, X AR IS AT U CAE R IR
12 BT RS FERR TG IT o AT i ah R o,
5-HT 7£ AH #1278 5 51 2 — AN 50/ 1) I i vl
RrEmAt, BEJE BRI FE B, — L8R
A AR S IG Y ey e R MR S s R 5-HT3 Al 5-HT4
FEPURIBEUE L AE CNS B 2Rk £ 0, (H3RAT
TEIK B/ 5 45 DL SN IR/ Jigg Hh B L8 45 40 711
FEAREA R FH W R4 5-HT 5|2 1#) ENS #1480
(1R % e 5 SR g RO UL 408 B o 3 B IE 35 42 7~ ENS
P22 T AT Be A7 AE A TIE A R B 75 28 7€ 1) 5-HT
WA FATRFI AL RE IR, 5-HT  ZAELER
JE A A AR K A | R 0E, S-HT At id X A 2 14
Yok /D R K40 it P 2 R e R i BT DL i T R
fe7n, ENS M FRIAN) 5-HT 524k R A R
TR TOA S (W PR 5 CNS & JTfEE 2 7
TEDNRE SZARI) o1 G A2 BRAL | _E#A RHRA
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GABA & A% 7 B 111 CNIS [0 PP 28 i Y,
GABA, S22 —FhEL R 14 1) CI i@ IE, 7E CNS
e, GABA, EEANFHNIF CL R, 51l
it i A Ak ) P 1 S i . GABA #F ENS #2256 Al
Wi 2y s B D A R A EAE ] . ENS
276 L1 GABA, SR T (152 —Fh i & (1) i ik
JSJSE AN L P S R FE R I, I i SR B A 42 O R TR
B PRI . AE P TE w2 UL PR Sk B 4 Sk T
GABA;, SZ R BIG A IS, A8 30 B2 Sk 5 RS B 2
. X RS B, ENS #1490 GABA, 24K/
S NP PR G NS SR VA= NSNS A S VA K 53
GABA, ZAKRIF5E 517 (40 picrotoxin BY bicuculline)
FiHi P> SR, picrotoxin H bicuculline % GABA
I3 1) ENS #0128 70 25 i A4 16 AR FH AT S8 A7 45 4
W B HIE SR i g AR R 1) EXP-1 2
F & —F GABA [ T4 1 BH 2 iliE (K 2), 22
ENS #1228 70 22 15 8 R BU EXP-1 2 H ik 6k = S
WAEdE. teAh, AR s GABA fE CNS fi 4
JG 51 Z Mtk )M 5 Na-K-2Cl 5 il 5 & #12
Ao B GABA X ENS #1480 76 19 2 45 P 308 7T
T AR R IEE AT, HANE R — AN R
fif (12K . ENS ) GABA fil GABA 2 {4 {5 Bk 1,
TR ENS #1228 705 CNS #1458 7078 JI5 5% 44 4 ek A
ThEelEH AW R ZES B,
3.4 % ERZ(dopamine, DA)FIH LR R R Z 4

DA f& CNS [ E B L i, EW1LiE, DA
Al DL I 2 ENS 235 3 1 1 B I is s F 2 ik
T HLUL 2Ry FLED S I Fi 4 2R, ENS
P2 T AFAE 5 Fh 2 B 12 %2 44 (dopamine subtype
receptor, DAR) I£.7 : DARI. 2. 3. 4. 5, {HE#
DiretERIA N2 DAR] A1 DAR2 iP5z, A il
R, TEREER DAR2 /N I, B Wi ia it e iy 2
ik, DHULHENRT B I IE ) DAR2 A5 iz s
i) B, SR, DAR2 7E ENS £ 0 il 5 fig o i
TER—BAAES . Harls RN B M sh 112
Tk ( 2 3% SLER, domperidone) [ 24 B 2% i B 42 -
VBN —FhAS BE3% 1 1 Ao 57 [ ¥ 41 8l DAR2 #5417,
N T IRFELIET 7 DAR2 A~ S HHHIAEH, M 5258
fazh fagag U, RIG R 7% DAR2 FE U526 B
W sh 250097 SABAFAEVE 2 4l FRATTMIAF T 45
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Fig. 2. The possible mechanism of excitatory synaptic transmission for GABA in enteric nervous system (ENS). Enteric GABAergic

neurons produce GABA by glutamic acid decarboxylase with glutamate and express GABA, and GABAj receptors. Presynaptic

GABAy, receptor mediates a presynaptic inhibition of neural transmitter such as ACh. Nevertheless, activation of GABA, receptor

of the enteric neurons evokes membrane potential depolarization, a postsynaptic excitation, not to provoke hyperpolarization of CI

inward current, an inhibitory synaptic transmission in CNS neurons. EXP-1 protein was found to be able to resemble GABA-gated

cation channel to mediate Na” inward current in enteric cells. The GABA-gated cation channel may be an important mechanism of

GABA ,-like neural excitation in ENS.

EoR, ENS #2501 DARL 34k 51 2 #E R Ak SN,
1 DAR2 G A Ak SN o 78 i F A B S50
i, K ET# (dorsal motor vagal nucleus, DMV) #if
20l DARL WG 51 k4L, 1 DAR2 3532
R AL P CNS A1 ENS #1276 1) DAR1 1 DAR2
FIBMINREAE A M, XS5 AR 7R T ENS
f4 70 DAR 1E IRk PE. R R7R, 7EMRE
DAR2 2K R En Y i 2l J1 R TR, T B S
RAEMEAE M, 1A R W 0 i 42 B 18] 407 5
fAT B S5 N L TH BR T H i DAR2 [ “ i FEF .
AT AR KRB AU 25 R R, ST Ik
DAR2 5 1EB5h 5wt %' (quinpirole) 5] #2 () ENS
P TE AR A R BB TR AS B/E L, A FRATHT
Wi Fe 4 R, ST MR AR TE AL ENS 4 G R
Pl o, SZAAR, NI 1) SR it T Ao 22 7 1 00 i) 328
s VB AR AR BN e TR 5 e A
ERRREEZAAEN, REA R AR,
Rtk — B 7 B, DA 512 138 39 R0 B 11 43
thA] G i A DAR WAL A5 B3 i, g
WK ) P 70 24 B 2 ML A R AR

ENS (] DA W Fe 45 R B H], ENS HEH22A
2 P BRI 00T I PR 24 W 1 B AN B VR T A
G R RS N O (TR I[BB8 3 i Ol e b v =
PR TAEMI 75 2. ENS [ 30 R R 2 338 5 R AH ¢ 1)
AR, B EREEIFIEA AL, WK (tachy-
kinins), MEMEEIEVEYIIT. ARE LR B BB BRI
f (corticotropin-releasing factor, CRF) & P,
ATTH AR B A2 B AL S B W Th Re A G 25
54T R R A AR AT FE A B

4 IMNERRE

ENS e M4 RGN E BB, ekt
ANH ZALHIRE TR . ENS 5 CNS [ “ M B XHE 7,
ABFEME AL TE R DhRE, XM 25 AT 9k
HEZVEAMEIER M. NMBEKER 5~7 m,
MR FIE 300 315K, 1 ENS W28 flfi 225K
WA AE W R TR B 2 A f v Y, 2
kBB, e 'Y, Y. R, WE
ANZD A5 BRI, Xk T e 5 il s B 1k B
NI AR AL TE IR 430 I8 S A i D e . 1E 2
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FH T ENS & id o7 i 4 P % 40 2 10 1 10 3 g

IERME RS, ERIMEIEMIGERTES CNS H
B R DX 5o S ST 1] 7 IR 7 45 SRR on 3RATT
X} ENS [ D) et 5 0 20 i B AW ENS #1220 3 &
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Bt ENS #1Z JCHIE SFIALE] . IR R, A K piE
PR 1) T TR AR ) IR 2 U BOR R #GE,  iE
B AR N N RS T LA B 4 %2 B B T RE R — SR
3R AE Y, T AR B R ENS R IR Y 1
S RS A S O B R B0 45 . ENS fEIE A - 1% -
455 5 il P R A R OGBS T T 6T ENS R
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