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Electroretinography Changes in Feline Model of lodoacetic Acid-induced
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Purpose: We explored changes in photoreceptor function and histology in an iodoacetic acid (IAA)-induced model of feline reti-
nal degeneration.

Methods: From January to October 2014, we studied 11 adult felines (22 eyes) over 2 years of age divided into two groups (two
in a control and nine in an IAA group). The mean body weights of these two groups were 1.75+ 0.35 and 1.61 + 0.19 kg, and the
male:female sex ratios 1:1 and 2:7, respectively. Electroretinograms (ERGs) were obtained before injection and at 1-4 week
post-injection (20 mg/kg IAA). Standard paraffin retinal sections were stained with hematoxylin/eosin and other sections sub-
jected to immunohistochemistry. We histologically evaluated the outer nuclear layer, and photoreceptor cone and rod cells.
Results: In ERGs of the IAA group, both the rod and cone mean b wave amplitudes decreased significantly from week 1 to week
4 after injection (27.43, 29.41, 64.17, and 56.03; and 61.04, 51.25, 131.36, and 136.68 pV, respectively) compared to baseline
(322.48 and 610.00 pV respectively) (p < 0.01). Optical microscopy revealed a significant decrease in the cell count of the outer
nuclear retinal layer (16.83 £ 0.89 in the control and 11.98 + 3.55 in the IAA groups, p < 0.01). Fluorescence microscopy revealed
a significant reduction in the mean area per unit length of the rod cell layer (35,225.67 + 2,477.02 and 14,903.62 + 2,319.65 in the
control and IAA groups, p < 0.01), but not in the cone cell count (26.16 + 1.34 and 23.98 + 6.16 in the control and IAA groups,
p =0.075).

Conclusions: ERGs revealed that functional b wave amplitudes fell after IAA-induce retinal degeneration in felines; histology
showed that this was accompanied by reductions in the numbers of outer nuclear layers and rod cells. IAA induces photo-
receptor degeneration in felines; further study is necessary.
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Table 1. Gross anatomical lengths

Location Length (mm) Location Length (mm)
A 2.75 + 0.59 I 13.91 + 0.39
B 2.33 +£ 0.31 J 14.08 + 0.18
C 2.79 £ 0.32 K 11.58 + 0.44
D 2.54 + 0.37 L 11.54 + 0.37
E 2.07 £ 0.21 M 11.20 £+ 0.32
F 2.50 + 0.45 N 9.25 + 0.38
G 2.25 +0.38 (0} 8.87 £ 0.46
H 2.58 + 0.60

Values are presented as mean + standard deviation.

A = superiorly, the average distance between the pars plicata and
pars plana; B = laterally, the average distance between the pars pli-
cata and pars plana; C = inferiorly, the average distance between
the pars plicata and pars plana; D = medially, the average distance
between the pars plicata and pars plana; E = superiorly, the aver-
age distance between the pars plana and ora serrata; F = laterally,
the average distance between the pars plana and ora serrata; G =
inferiorly, the average distance between the pars plana and ora ser-
rata; H = medially, the average distance between the pars plana
and ora serrata; I = the average distance from the superior optic
disc margin to the superior ora serrata; J = the average distance
from the lateral optic disc margin to the lateral ora serrata; K = the
average distance from the inferior optic disc margin to the inferior
ora serrata; L = the average distance from the medial optic disc
margin to the medial ora serrata; M = the average distance from
the superior optic disc margin to the superior tapetum lucidum; N
= the average distance from the lateral optic disc margin to the lat-
eral tapetum lucidum; O = the average distance from the inferior
optic disc margin to the inferior tapetum lucidum.

EH(pars plicata), HE X (pars plana), AAF<(ora serrata)
71 Zt7te) e el s ol Sgshalrk
ANAL TFBH0] 6 x 6 mme] 24S SEcHTable 1,
Fig. 1). 222 10% 3Z=ZTUMBBC biochemical, Mt Vernon,
WA, USA) §9io] 48417 <t 14 A7] & PBSR 5271
33] AlAsEaL 70%, 80%, 90%, 95%, 100% olEdT-2
(EMSURE", Merck)& o851 Zkz} 2A17F 59 &4=4]7
ok Aelale] 6023k 38] ol £} AL S, shet
2 247 B9t 38 AEAIZCh Shebm Eujgh 5] Microtome
(Leica Biosystems Nussloch GmbH, NuBloch, Germany)°.
2 4 um S709]) ABS WETL 27 Lelol=8 Aelo

sfepn 27 ARS A4AAOR S8 23 Hejstel B

Pars plicata Pars plana

Section
6%6 mm

N

Tapetum lucidum

Figure 1. A schematic of the left-eye feline fundus showing the
locations and sizes of histological tissue samples. A = superi-
orly, the average distance between the pars plicata and pars pla-
na; B = laterally, the average distance between the pars plicata
and pars plana; C = Inferiorly, the average distance between
the pars plicata and pars plana; D = medially, the average dis-
tance between the pars plicata and pars plana; E = superiorly,
the average distance between the pars plana and ora serrata; F
= laterally, the average distance between the pars plana and
ora serrata; G = inferiorly, the average distance between the
pars plana and ora serrata; H = medially, the average distance
between the pars plana and ora serrata; I = the average dis-
tance from the superior optic disc margin to the superior ora
serrata; ] = the average distance from the lateral optic disc
margin to the lateral ora serrata; K = the average distance from
the inferior optic disc margin to the inferior ora serrata; L =
the average distance from the medial optic disc margin to the
medial ora serrata; M = the average distance from the superior
optic disc margin to the superior tapetum lucidum; N = the
average distance from the lateral optic disc margin to the lateral
tapetum lucidum; O = the average distance from the inferior
optic disc margin to the inferior tapetum lucidum.
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Ho| A Frd] AAZA Y] BiAR = 22 11.20 £ 032,
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A=A A= TAA A & 1525E] 4527 it
S, dHESAAA b wave HZEo] {-olatA AopAlrt.
FAF 5 254 AZo] 7P A9kaL, o]F FEE= S
HTHFig. 2, Table 3). 0.01 cd-s/m* 4] 1.0 cd-s/m*7}X]
ARSI} HHES b waveo] ZIEo] Al Hof H|Eke] {9
S}A| ZHtchTable 3). AL - 3525E b waved] ZH2
3| S Bl o, FAF HEh f-olakA A9kt(Fig. 2).
HE7)= 7] AR H)IL A] 0.05 cds/mol|A] 2, 3, 45
ZH(p<0.01), 0.1 cd's/m’ oA} 2, 3, 452Kp=0.03, p<0.01,
p<0.01), 0.5 cd-s/m’of| ] 252 (p=0.04)0] FE7]2] G-2Jat 7|
A AAE Bolo, kSl UeRLA] ehotTHTable 4).

Table 2. Baseline characteristics of the felines

Baseline characteristic (COI TAA group
n=2) m =09
Weight (kg) 1.75 £ 0.35 1.61 + 0.19
Sex (M/F) 171 2/7
Axial length (mm) 19.13 £ 0.31  19.25 + 0.67

144.5 + 4.95 146.61 + 25.02

Values are presented as mean + standard deviation unless other-
wise indicated.
IAA = iodoacetic acid; M/F = male/female.

Fasting glucose level (mg/dL)
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0.837), A3 5.01 + O.767H§ oot tﬁ_ﬁ— Ho|z| Ik
T(p=0.11), YTAZ0] AL th2Z 16.83 + 0.897,

ARE 1198 + 355702 Sl 2rasteth(p<0.01)
(Fig. 3). Welstatela & Al ¥aaiuld dAM LM
Opsin®] 227} W27 26.16 + 1347 0] 4] AlFZ 23.04 +

A Scotopic ERG wave at 0.1 cd-s/m? B 200 0.01 cd-s/m? 400 - 0.05 cd-s/m’
0.6 A < — )
>3 150 S 300
§ 100 A 3 200 4
2 2
S 50 'S 100 {
e E
< <
0 + 0
Baseline 1st 2nd 3rd 4th Baseline 1st 2nd 3rd 4th
Week Week
600 - 0.1 cd-s/m? 600 1 0.5 cd-s/m?
-04 < 3 400 4 3 400 1
o 0]
el el
2 ] * ® = ]
— Before IAA s 200 x % £ 200
=
--- 1st week < ol : . T gl : ! ! !
Baseline 1st 2nd 3rd 4th Baseline 1st 2nd 3rd 4th
— 2nd week Week Week
3rd week ) 2
1.0 cd-s/m 3.0 cd-s/m
=+ 4th week 600 600
S‘ —
2 400 2 400
3 0]
° * *
2 200 2 200 = %
Qo
g £
<

Baseline 1st 2nd 3rd 4th
Week

Baseline 1st 2nd 3rd 4th
Week

Figure 2. A representative electroretinogram (ERG) scotopic response at 0.1 cd-s/m” of feline #5 (right eye). (A) The scotopic ERG
wave was below 0.1 cd-s/m” from baseline (before iodoacetic acid [[AA] injection) to 4th week after injection. The b wave dis-
appeared at 1st week after injection, and did not reappear during the next 3 weeks. (B) Changes in the average b wave amplitude (cd-
s/m’) after IAA injection. The differences were statistically significant (*p < 0.05, Wilcoxon signed-rank test).

Table 3. Average ERG b wave amplitudes after iodoacetic acid injection

Stimulation intensity Baseline (1V)

1 week (LV)

2 weeks (uV)*

3 weeks (LV)

4 weeks (uV)*

0.01 cd-s/m’ 97.52 + 50.60" 12.13 + 9.62" 9.55 + 11.28" 33.81 + 31.22" 25.49 + 19.87"
(100)* . (12.4) . .7} (34.7) (26.1) .

0.05 cd's/m’ 230.35 + 93.46" 23.53 + 24.44" 23.30 + 17.37" 77.46 + 52.69" 50.58 + 38.89"
(100)* (10.2)* (10.1)* (33.6) (21.9)

0.1 cd-s/m’ 379.36 + 103.947 26.35 + 27.63" 31.22 + 15.89° 83.68 + 66.53 83.54 + 72.86'
(100)* 6.9 8.2} (22.1) (22.0)*

0.5 cd-s/m’ 44521 + 94.65' 29.85 + 42.63 41.5 + 4572 56.94 + 66.17" 59.12 + 77.41"
(100)* 6.7)} . 9.3)* (12.8) (13.3) .

1.0 cd-s/m’ 460.00 + 100.42° 4528 + 39.11" 41.48 + 18.77" 68.94 + 47.82" 61.38 + 74.37"
(100)* 9.8)* 9.0)* (14.9) (13.3)*

Photopic response® 610.5 + 126.66"  61.04 + 56.79" 51.25 + 34.43 131.36 + 125.82"  136.68 + 115.10"
(100)* 9.9 8.4)F (21.5) (22.4)

Values are presented as mean + standard deviation unless otherwise indicated.

ERG = electroretinogram.

"Based on the Wilcoxon signed-rank test; Tstaltistically significant (p < 0.05); Ibaseline/weekly amplitude ratio (percentage); §intensity:photopic

response = 3.0 cd-s/m’.
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616718 Zraslg o) EAR o2 905k SRQItHp=0.075).
Rhodopsin (RHO)®| ©¢] Zoldt HAME WAL tfzxdt
35,225.67 + 2,477.02, AFT 14,903.62 + 2,319.65% 59|
s 7F25FATHp<0.01) (Fig. 3, 4).

i

1k

2 Aol B ey mEe gHE) 913 1AA
& AT 20 mgkedl §FOE Al WS

PuaAgdS dor]7] $3 IAA 524 Gl digt Aol
A Noel et al'’2 H2)2 iAo 2 Y] 7}4] %%(7.5 mg/kg,
10 mg/kg, 12 mg/kg, 30 mgkg)2] IAAS Fsko] okt
afubi A Gubr} wlestcka sk Noel ™2 £k 1)
WEFEA H2of|A] 12 mgkgo] IAAS AW Eojsld,

Table 4. Average ERG b wave latency after iodoacetic acid injection

Stimulation intensity Baseline 1 week' 2 weeks 3 weeks 4 weeks'
0.01 cd-s/m’ 61.1 + 7.73 53.1 + 22.55 57.7 + 15.80 64.9 + 20.98 66.2 + 11.74
0.05 cd-s/m’ 54.1 + 6.52 49.2 + 15.78 71.0 + 14.02° 73.6 + 16.25 74.4 + 14.06'
0.1 cd-s/m’ 48.8 + 8.12 41.3 + 8.58 67.3 + 22.00° 70.3 + 19.48° 69.9 + 16.58"
0.5 cd-s/m’ 43.5 +5.59 40.0 + 6.57 61.2 + 21.19 58.8 + 21.70 56.0 + 19.71
1.0 cd-s/m’ 39.6 + 4.74 35.6 + 5.78 56.9 + 24.33 44.2 + 19.80 51.1 + 19.08
Photopic response® 34.2 + 5.36 29.4 + 7.25 37.3 £+ 6.93 33.7 +5.80 343 +7.24

Values are presented as mean + standard deviation.
ERG = electroretinogram.

"Based on the Wilcoxon signed-ranked test; 'statistically significant (p < 0.05); ‘intensity:photopic response = 3.0 cd-s/m’.

A INL nucleus count

Nucleus count
S
L

Control

C LM Opsin

Count of L/M Opsin +

Control 1AA

B ONL nucleus count

20 -

N
[$)]
1

Nucleus count
-
o
L

D RHO
40.000+ 1 2
30000+
3
o
2
« 200004
o
3]
o
<
10000+

Control 1AA

Figure 3. The mean ONL nuclear cell count and the mean RHO-stained area were significantly reduced after IAA injection; how-
ever, neither the INL nuclear cell count nor the L/M opsin cell count fell (A-D). INL = inner nuclear layer; [AA = iodoacetic acid;
ONL = outer nuclear layer; L/M = anti-red/green; RHO = rhodopsin. *p < 0.05 Wilcoxon signed-rank test.
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Figure 4. Iodoacetic acid (IAA) triggered loss of the outer but not the inner nuclear layer. (A, C-F) Control group histology (no [AA
injection, [A], H&E staining, X400; [C-F], IHC staining, x400). (B, G-J) IAA group histology 4 weeks after IAA injection [B],
H&E staining, [G-J], IHC staining, X400). Scale bar indicated 50 um.
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Appendix 1. Anti-red/green (L/M) opsin data (A, B). The control cone cell outer segment unit length (26.11 + 9.09 units) was sig-
nificantly greater than that of the iodoacetic acid group (13.21 + 4.32 units) (p < 0.01).
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