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Comparative study of electroretinography and visual evoked potential between

normal macaques and human

Liu Wenyi, Dai Jiaman, Zhao Congjian, Li Shiying, Yin Zhengqin ( Center of Ophthalmology, Chongqing Key
Laboratory of Visual Damage and Regeneration & Restoration, Southwest Hospital, Third Military Medical University,
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[ Abstract ]| Objective  To research the similarities and differences of flash electroretinogram
(FERG), pattern electroretinogram ( PERG), flash visual-evoked potential ( FVEP) and pattern visual
evoked potential (PVEP) between the normal macaques and human. Methods The data of FERG, PERG,
FVEP and PVEP of normal human group (n =8, 16 eyes) and normal macaque group (n =3, 6 eyes) were
measured by fundus photography and optical coherence tomography and recorded. The experiment data was
analyzed with SPSS 13.0. Results The peaking time and amplitude of dark-adapted 0.01 ERG b wave and
3.0 ERG a wave and b wave of normal macaques were shorter and lower than those of normal human (P <
0.05), and the amplitude of OS2 wave of Ops reaction of the normal macaque group was also lower than that
of the normal human group. There were no statistical differences in the peaking time and amplitude of 3.0
ERG a wave and b wave and 30 Hz flicker ERG between the normal macaque group and normal human group.
The peaking time of FVEP P2 wave of the normal macaque group was shorter than that of the normal human
group, while the amplitude of FVEP P2 wave of the normal macaque was apparently higher (P <0.05). The
amplitude of PERG P50 and N95 wave of the normal macaques was obviously lower than that of the normal
human (P <0.05). The amplitude of PVEP P100 wave of the normal macaques was lower than that of the
normal human group (P <0.05), and no significant difference was observed in the peaking time of PVEP
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P100 wave. Conclusion Electroretinography and visual evoked potential can be used to evaluate the visual

function of macaques as retinal disease animal mode.

[ Key words |

macaque ; electroretinography; visual evoked potential ; optical coherence tomography

Supported by the Chongging International Cooperation Project of R&D Base Construction Plan ( CSTC2013GJHZ10004 ). Corresponding author: Yin Zhengqin,

E-mail; yzhengqin@ 163. com

Xt AR E L i RSB UEA T T S o 22 o 22
& BB S A S mb A 45 o IRB S SR
Jeiis BFH SR AL RE , N2 T DL i W R 4
WAL B S ST ACARAT A2 1 R e A A0l (EL S 3 3 ) A
REIE 14 B G A 2 I PPAG DD B . AL oE L A B RAY
B GE R TOBISFIL S, S REAG A 10 B A AT
S RLRITEZ R L AER KA S S A IRERIE & gk
P T A 22 5 R, AN REAR AT L T4 3 AT AR
SR RSB, AR, AL s SNSRI,
ABE R GRS AT BE -5 A AR H AL, V5 HRBE
SCH SRR 2 R o AR R T NS Bk
H A 1 I e, 1] B M 75 2 v A7 14 S5 R, S ot — A0 K
TR D IR S5 S P SR AR S 8

1 HHE5HE®

1.1 B %

B — it 3 H(6 IR),3 ~4 S (MY T
AN 15~20 %) RV T 5 PR R KRS A
PR ) e 57 i S L, 5 R JIE S SCXR (i) 2008-
0001, HR A5 S AR JRC A 2 To B S 58 o BB IRt 5 i 4
A 8 B(16 HR) ,4Fi% 15 ~23 % HRAT17 S MRS o i
SR R EERTIEALT > 1.0, IR 4 H S E AL
W REE ARG HE 2 b e . BT NITE T fZks
A it Y U i 2 A R A5
1.2 BRRBARBR K F AT b7 B 124

BREER AR 6 h, FFIR T° ( FZ A N FH LT
R A RN B i IF5Y %) 0. 2 mL/kg B350 UL
TRV ST R, T A 55 Z2 1l (2 5 B I - e R VA
SR 2kt HAS) 7800 Bl 5 A5 14 = (Eh iR
AR PRI, S K 2 bk Ut HAS) HRER R 1 RR
B PR IR R A B S Sk B A IE R R, DI
AL, iz FIIRJIE BEAH AL ( Kowanonmyd a-D SMEGA, H A<)
ATHR I BEAH . BEAH 58 i 5 32 A OCT #HL#% ( HEID-EL-
BERG EGINEERING, £ ) 47 OCT F#, H# X H
3D-Scan,

1.3 A5 A2

A G F AR A DU 35 H A < TR DGR D 5 e (5]
(FERG) , [NYERUSEI5 & HL AL (FVEP) | AL i e 1]
(PERG) , EIE ML 15 & HL AL (PVEP) o B Rl =403
Z A E By R B2 (ISCEV) SofibrifE e g o kil

1058 ( RETI-scan , ROLAND CONSULT, 7% [ ) , Bk i 7
S AIHT, 70% WS TH B i 24 L

IR E THEMHE L2 ~3 cm, S HHRE
FRIAE b, e A H 2, 3R R 8 55, AL
TG AR IF, Jo 5 22 IR B iC 5% PVEP,

22 B RS T RUHR (9 AN S , 2 3th Hl A 322 T R4
TEFR, /N LIT G 285K T AR HG: | PR 5 R 25 1 JBR
PR T e I (G2 F SR AR e R, SRR 25 A W], %
R 2% T I fioh o B S A SRR, 5 B 5 4 B i
itk PERG,

FVEP HAR A7 B 5 PVEP AR, R 56 [ T il
ANATTT, B E R

1ESR5E FVEP J5 2 Z Wi, R /5T
535 )7 30 min, FUF 0 5 WG 7 0. 01 ERG, I 3 1
3.0 ERG, K53& b Ops, BH3E i 10 min Ji5, 10 5% B 36 W
3.0 ERG, B5& )i 30 Hz f2 35 HL {7 .

NG NN S & N iy ER VR oA LU PO SN ER
B TR SRS RS B EAR R o R A s A
AN Kz ERG (1430 53 HE AR Ry 1 HR A 15 FE A ( Roland
Consult, 8% ) , 225 Ha W S 2 b o B A 1R H AR (5
) SR - AR B SR R E AR () o VEP HLRRCH
FRARE AR (B ) Bl AR-S AL AR B SR R i AR ()
H Ak B B HPTE/NT S kQ,

1.4 %it oM

BT A B S 48 Tgor BRRA T RS Ak
PH,SPSS 13.0 f74e it 24004, S S8 « =5 FR, Bk
e 5 N R RS AR AS ¢ KB, P <0.05 255
Bt L.

2 HR

2.1 BRIRRRJR FRAR B 52 AR i & 42 R A

A FT T B A HIR 5 TG B I S, 3 A e A T
DBREIR I Z5 48 5 N ZARA, I i B 48 |, 148 AR
FR MG TSR 4 32, MAESEATARL, Sk L 29
2:3, W BEIX BN A A AL, AIEATE R AN
PRI AEHEIR, B s e M R WL (] 1) o it St
2FAE W Z 334 (OCT) A Al UL 400 o A2 )22 TR i)
RIS N AR < A] UL BA 2 A BB R e [T 55 44 fif
2 WE)Z SME)Z R AT SR 25 R AR ] 3 BT
AR LB S ) S R AR PO (B 2) 6



http ://aammt. tmmu. edu. cn

B = ZE B R0, 2016,38 (12)

1439

A BB IR RAL ;B : ABR AL
1 BRARFIABRIKERAEMZR

Gl i I a
e e

N

|

A WA OCT 32462 % ;B A OCT 424525 % ;NFL. 40 42 4 % &,

GCL: ¥ fm gL & ; IPL; ) A4k & INL: 1 4% & ; OPL: 5h AR &

ONL: 9% & ; ELM ; S8 5B ; MZ . JUAE 3 5 EZ 4% B 4k 45 0S: %

RBeZ B4 512, A :RPE: & & £ BLE ; Chorioid ; Bk 25 JE
B2 BRIAXEETHEABERILER

2.2 FERG

FE3E 57 0. OLERG ¥ FF4 I 1L T 250 o 75
0 a ST T b b SRR 5 A L
U ek (P <0..05) | b SRR 5 A EC )
(P <0.05) , W& 3. OERG ik Kibt 2 S BT T
1) a B IE T b LR R BRARE 5 A H )
RAL(P <0.05) , a Y IR W BRI 5 A He ) 52 A
(P<0.05) b Uk RRAE 55 A E ) B4 (P <
0.05) b bt BT HRAE 5 A LI BB (P <0..05)
B A Ops TR, OS2 3 AR kA 5
A H BT B A% (P < 0.05) . B 5 A W13 i
3. 0ERG f) a i, b 0 Wi P4 B, W13 37 30 e 7% 5
o A 2 P U G 2 LT3 ~5)
2.3 FVEP

FVEP SR BREAIA | A0 a 3521 9 b
e P2 USRI N H )85 (P <0.05) P2
R 55 K O AR5 (P <0.05, 161 4.5 6A) .
2.4 PERG

PERG %K £ 3 4 BH & i P50 % NO5, Bifk P50
R R 5 AHTLL I B (P < 0..05) , N9S 4
B 55 )T H ] 5B (P <0.05, [ 4 6B 7).,
2.5 PVEP

PVEP 1 AN F B B A9 N75,P100, N135 i),
TR A P1OO S ) 2, P1OO Y0006 I 15 A 2% 5%
4553 P21 PLOO BRI 5 )T AR (P <0.05,
Kl4.6C.7),

2007 — pge 2008
DN e, 100 <
s 100 ...- o, —
: ___//—\ 707
E 0 3 = ~100 4
H% ..' l}:%
100 eesssannt : ~200
-300
-2004 —t————
0 40 80 120 0 40 80 120
W& HSF (ms ) @ RS (ms ) @
200 : —
150+ — i e I T
f; _ [t
3 Z 100 =
E E 50+ Z
g E 50 E
s =
04 =
_50 —
1 b 1 1 b 1 -100 1 v 1 1 A I ks
0 40 80 120 0 40 80 120 0 40 80 120
Wi (ms ) WS (ms ) © VRS (ms) ®

A:BEiE E 0.01ERG A& ;B Bri& & 3. OERG 42l % % ; C. W& 2 Ops 4 M ) ;D Bl & 3. OERG A& 3%

7% E: & & 30 Hz flicker ) 3%

3 Bi#5 A FERG iERLLEL



1440 = HERR,2016,38(12)

http : //aammt. tmmu. edu. cn

1251 3 i
= PN

T (ms)

1 2 3 5 6 7

4
32
1:85i€ 5 0.01ERG b 7% ;2 B5i& 5 3. OERG a #% ;3 Brif
3.0ERG b 3% ;4 9i& &2 3.0ERG a 3% :5: & &2 3.0ERG b 3k ;

6:FVEP P2 % ;7.PVEP P100 7% a.:P<0.05, 5 Ab&
B4 BrAR5 A0 BE AR R R 40 50 155 4 R o % iR T L st X+ b
(¥ MHEn=6,An=16, x +s)

8wk
600 4 | mj\

3]7

1:851E 2 0.01ERG b 3% ;2. 153iE & 3.0ERG a ;3. HiE
3.0ERG b 3% ;4. 851& 5 Ops OS2 3% ;5: 9 1% 5 3.0ERG a % ;
6:80i& 5 3.0ERG b % ;7:99i& & 30 Hz P1 % ;8 :FVEP P2
% a:P<0.05,5 A ki
E5 %ER5 A\ FERG FVEP &g FHRIEXTbE
(BrEn=6,An=16, x +s)

3 it

PLTE AR L B WAL 58 2R G4 R 20 i) AR e
FAAATUE, BIFFEANAnT 56 UE AN 5 X S8 A M L R,

301

€3 5

W
1:PERG P50 #% ;2:PERG N95 3 ;3:PVEP P100 ;% a:P<
0.05, 5 Arbi
7 53R 5 A PERG PVEP &g iRIEXT L
(BiMen=6,An=16, x +s)

RREMERI R A TS5, BB S I, B L e
VA S8 201 DR 19 [ 8140 B o840 i A2 Jok il 2% 1)
DNREARES , BEAS SCWALSE R ST AN S BE T B, AN &
BARES |EOEA RS 17 7T oY P s 5 O ) W g R SR L
TEINREDEAR 5 A5 20 T 2 MR

AWFTE FERG 4555 [F R (8 FH S R JRR e 24
[ty Lei'™ B~ BF 5 BIBNGE SR — B, LA BT
KBRS N AR R A AL, AL L A E AT A
EBE DKL BEER A5 R AR DL, WA 5 LA 40
P 350 205 1224 RO D EE 4y A /N e i
/AINFNe WENL 3. OERG (14 b {5z U i R i L W8 1
30 Hz &z HL AL IR s NS 30 A% 22 5 G i 22 30, il
WA AR O S 4 D BE 5 AR AR B, A& 1 0. OLERG
S W0 R R DI RE , AR A I e, iR i A1 T S5 0
R /IR 5 5 IR TG 3. OERG  OPs fiRiEHAK , 15 A
P AT A0 B P9 )= 440 D i el E 2258 T N5 )
SMEFHER X T A Ops IL%H 5N 7.5 ~ 300 Hz,
S B o M A 32 BT BB X Y Rl 2 9, HL 300 ~
500 Hz Z[a]dA A 8 H B

FVEP &—Rhse B S, RV i 2 KA o

40 - 3 — A
N e 15§ —
~ 20 24§ S
= _ §
E 07 3 gl
- = =
£ 504 = =
—40
T T T T T T 1 T I I I 1 T T T T T T 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300

IR (ms ) @

U (ms)

U4 (ms )

A.FVEP #-0 )% 7% ; B: PERG #:-il )% 7% ; C . PVEP A&l 3% 7%
B 6 %i#x5 A FVEP PERG PVEP i ftb &



http ://aammt. tmmu. edu. cn

o SR KRR, 2016,38(12) 1441

XSGR A, AN REE TSI, AN ER S2 46 w5 1Y
GAE AT E AL, BV Sz A6 PR 1252 Do
REIC 3] VEP, o] JH T A REAR I A 1R I Z 46 2 1o ke
Y RS R W RN I AR VEP 3K, W R T
FEE IR AL, AR ST PR FVEP [y P2 i
B T A28, P2 JRIE K T N2 2R iR A T JRR e
NI PN oy e Y NN Y Rl IS e ST
P RRBERZS T BRAE FVEP H o T A28

DA R R A R — b ) 5 1 S T ]
G o F A PR — P B R MR 45 6 0 RN, 7
ERRE A, TEIEF B RS, B FHEIEHI
TR P AR X G A ok T A 3 B SE )Y FERG
MAE R 5 N 2822 5 g it 22 2 30, A P 3 AL
HETIREAAL, {2 PERG S BREEBEX TIRERY PSO AR
MG, B 22 5 BA G222 3, Ul A HAt
— 0 e DRI A5 TR SRS A i 75 40 D) s e, 6] S A 175
R ELASE 18 U T B e e AV R A A JRR IR ST K
PERG J% PVEP fig B £ v] G I & by : OFRAE AL F ik
PR, AT 5T T FHRR R 245 00 R &7 IR T, L By
SMET , WL T S I At sk 2 RR A B R
WFSE % B L AE % 51 3B WL 5 H A B R IR A R AT
QRFBEIRZS T B RS T 162 , 90 il R 1E o 18 B
R AARRBRALZIAE R EEAAE
WoRgs b, ATRET | A A AR B A A% , DA T A 754
M. EARA W 7T 2 BIFR R AR A I S 1A 46 i D'
AR  HAR%S 5 N MR AR w2,
EBA MR FRIATESR 30 H 85 B & M & A4 %
Wik 86.7% B G e il ik - 3.3DM . AT H
e VRGP B A R (it FHRR IR 245400, A7 78 [ RAS R R
ANTEZEJE R H i PERG K PVEP g% A%

ZE TR 5 NS R RS S A R A% 2 TR 45 4
AL, (EASBF ST & PR FERG B3 o il 40 5
NGBS R R AR 0L, 0% 3 07 i) % 2% 0 490 P i e €]
TRRIGERT Ee N, PRI L Ak, FVEP ¥R iR & T 1E
# No PERG PVEP g & b IR M AIK F A8 ] DL &
F RN 25 54 TRl 57, AN AR AR 0 25K i i H iy 2
A N TR, A 0 T A Y IE R K
PiPE o R AS SEIG T 52 3l W0 85 & /0, (HLBSE T B
A RV IR IR 24 i 1) S B0 45 S, 48 7 DRI A R R
Bz st ERG K VEP 2 0] 4% F i L D RETEM 48
b, o AR AR e ZEAE A I I B, 4 KA A 37 IE
S .

SE 3k

[1] Alberts B. Model organisms and human health[ J]. Science,

2010, 330(6012) : 1724. DOI. 10. 1126/science. 1201826

(2] XM, thiteth, 2Ebl, S8 "] WOGIE ST 7Y E /N
PRSP S B B oE [T ). 35 =B R4, 2013,
35(24) . 2614 —2618. DOI; 10. 16016/j. 1000-5404. 2013.
24.008

[3] Vaegan. Animal models of clinical electrophysiology of vision
[J]. Doc Ophthalmol, 2002, 104(1): 1 -3.

[4] Qin Y, Tan X, Zhang Y, et al. A new nonhuman primate
model of severe dry eye[ J]. Cornea, 2014, 33(5): 510-
517. DOI. 10.1097/1C0O. 0000000000000085

[5] McCulloch D L, Marmor M F, Brigell M G, et al. ISCEV
Standard for full-field clinical electroretinography (2015 up-
date) [ J]. Doc Ophthalmol, 2015, 130(1);: 1 -12. DOI;
10.1007/s10633-014-9473-7

(6] A=tHim, M. 5 IG R AL 5E i A G A5 /Y B 38 1
[J]. 8 =% B R, 2015, 37(12): 1174 - 1177.
DOI; 10.16016/j. 1000-5404.201412110

[7] Lei B. The ERG of guinea pig ( Cavisporcellus) ; comparison
with T -type monkey and E-type rat[ J]. Doc Ophthalmol,
2003, 106(3) ; 243 —249.

[8] Wi, Geaii, EmiME, S5, I TE Rl N G 1o i ey
PR R s L) ] ERRIRB A, 2012, 12(7) @ 1263 -
1265. DOI; 10.3969/]. issn. 1672-5123.2012. 07.12

(9] FLAEME, PAVE, GTIE SC, 55, TEH BRI S5 AP0 I I
AL ] E SR S 2t , 2008, 16(1) : 27 - 30.
DOI; 10.3969/j. issn. 1005-4847.2008. 01. 007

[10] Wikler K C, Williams R W, Rakic P. Photoreceptor mosa-
ic: number and distribution of rods and cones in the rhesus
monkey retinal J|. J Comp Neurol, 1990, 297(4) : 499 -
508. DOI; 10. 1002/ cne. 902970404

[11] Nehamkin S, Windom M, Syed T U. Visual evoked poten-
tials[ J]. Am J ElectroneurodiagnosticTechnol, 2008, 48
(4). 233 -248.

[12] Z=ifgE, 5T Ise sy JF S Se k(M ], Bifg:
FHeEl Kb et , 2002 198.

[13] Flecknell P A. Injectable anaesthetics[ M]. Philadelphia;
WB Saunders, 1994 . 129 - 156.

[14] Lalonde M R, Chauhan B C, Tremblay F. Retinal ganglion
cell activity from the multifocal electroretinogram in pig: op-
tic nerve section, anaesthesia and intravitrealtetrodotoxin
[J]. J Physiol, 2006, 570 (Pt 2): 325 - 338. DOI; 10.
1113/jphysiol. 2005. 098046

[15] B, RIS, 2, &5 AR iR ot o) e K 52
ZHOIFELT]. R P BB, 1997, 7(2): 15 -
17. DOI; 10. 13261/j. cnki. jfutem. 000455

[16] BRME, W2, 1FME, 5. JBIR W A A & iR
MEIBTFELT]. P E P24, 2015, 12(36) : 17 -20.

(Yr78:2016-02-21; f&[E :2016-03-17)

(%4 3k 4)



