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Transfer of Experimental Panophthalmitis in Rats by Parabiosis.*t (24664) 

E. F. YFEIFFER, K. SCHOFFLING, G. TRESER, 1. BACHKACH, Mi. MENK, E. KURUS, 
J. OTTO AND W. SANDRITTER (Introduced by J. Freund) 

I k p t s .  of Medicine, Ophthalinology and Pathology, Johann-Wolfgang-Goethe-University of 
Frankfurt, G e m a n y  

Transfer of experimental encephalomyelitis 
and glomerulonephritis by parabiosis was 
accomplished in rats( 1,2). Transfer of glo- 
merulonephritis has been demonstrated in 
both random bred and inbred strains of rats 
(3-5). The question arose, however, whether 
these transfer phenomena also held true for 
sensitization processes in other organs. In our 
experiments, allergic panophthalmitis has been 
produced by injecting rabbit-anti-rat-eye-se- 
rum into rats. The ophthalmitic animals were 
then joined with normal rats in parabiosis. 
Here,, too? transfer of inflammation of the eye 
on the originally healthy partners has been 
achieved. 

Methods. a j Ra b bit-anti-rat-eye-serum. 
Frozen eyeballs of white rats of different 
breeds were triturated by the ballmill, diluted 
with saline to 20% suspension and injected 3 
times a week for 2 months, and subsequently 
twice a week during 1 month, intraperitoneally 

* Aided in part by grants from Dept. of Pharmaco- 
logical Research, Farbwerke Hoechst, Frankfurt a.M. 
-Hoechst, and Deutsche Forschungsgemeinschaft. We 
are indebted to Dr. R. Thiel, Director of Dept. of 
Ophthalmology, for helpful advice and criticism. 

t Presented in part a t  Centennial Meeting, Deutsche 
Gesellsch. Ophthal., Heidelberg, Sept., 1957. 

into rabbits weighing 3-4 kg. Then the rab- 
bits were bled from carotid arteries, blood col- 
lected under aseptic conditions, and antisera 
pooled and stored in 10 ml amounts in deep- 
freezer. b) . Cytotoxir panophthalmitis. 
White rats of one strain (Stamm Zeilsheim) 
weighing 80-100 g, were injected with cyto- 
toxic rabbit-anti-rat-eye-serum. Most animals 
were injected intravenously with single dose of 
1-1, 8 ml of antiserum. Some rats also re- 
ceived that amount in 2 to 5 more daily injec- 
tions. Starting 24 hours after first injection, 
the fundi of eyes were examined ophthalmo- 
scopically every second day during experi- 
ment. The rats were sacrificed between 5th 
and 86th day after application of the anti- 
serum. Whole eyes were fixed in 4% for- 
malin, and sections of whole eye as well as 
of different tissues of eye were stained with 
H. + E. and PAS for microscopic examina- 
tion. Sections of brain, heart, liver, spleen, 
and kidneys also were fixed in 4% formalin 
and stained with H. + E. Rats of the same 
strain, serving as controls, were untreated or 
injected with normal rabbit serum. Others 
were injected with 1 ml rabbit-anti-rat-kidney- 
serum intravenously. c )  Parabiosis. As in 
former experiments ( 2 )  the parabiotic opera- 
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TABLE I. Opht~halnioscopic and Histologic Signs of  L':~iio~ihthaliriitin in 40 Rats Injected with Rabbit- 
Anti-R,zt-R!.t.-S,eru~i. 

Occurrciicr of' 
1st oplitlinln~. S;ic*rific.th 1)egrw of' I)egrce of 

So. of Anit of findings (d:i ,vh ( 11:iys :Iftthr o~~lithalnioscopic~ l~istological 
C; l w i i l ~  r;i ts :iiitiscmiiii nftcr ins.)  i 1 i . j . )  Aiidings findings 

I )  

~ 

Degree 
3x0 
3 x 1 s t  
2 X 2nd 
2 X 3rd 
1x0  
2 x 1st 
4 X 2nd 
5 x 3rd 
2 x 1 s t  
5 X 2nd 
:I x Sra 

1x0 
2 x 1st 

1 X 3rd 
2 x 2nd 

tion was performed by the method of Bunster 
and Jleyer( 6 ) .  By this technic. exchange of 
body fluids between parabiotic partners is 
based on capillary blood shunt established 3-4 
days after operation. As in previous studies 
female rats have been used exclusively. In- 
bred Albino-Wistar rats (Stamm Koeln) and 
random bred white rats of one strain (Stamm 
Zeilsheim) , in which ophthalmitic lesions have 
been recorded by ophthalmoscopic esaniina- 
tion. were joined in parabiosis with health!. 
partners 8-43 days after the single or last in- 
jections of the cytotoxic rabbit-anti-serum. 
The animals were kept in parabiosis for 5-49 
days and the same clinical and histologic ex- 
aminations as described above for single ani- 
mals were carried out in the parabionts. Para- 
biotic pairs without any injections were used 
as controls. 

Results. Table I demonstrates the degree 
of clinical and pathological findings observed 
in 36 of 40 single rats. injected with rabbit 
antiserum. Clinical and histologic findings 
were divided in 4 degrees. The following sym- 
bols are used to indicate: 

1. Ophthalmoscopic findings: - no patho- 
logic findings; + hyperemia of fundus ves- 
sels, appearance of praecapillaries ; ,++ hy- 
peremia of fundus vessels, appearance of 
praecapillaries, aneurysms, small bleedings 

from capillaries; +++ hyperemia of fun- 
dus vessels, appearance of praecapillaries, 
many aneurysms, perivascular sheath, large 
hemorrhages of retina, development of retro- 
retinal exudate, sometimes followed by de- 
tachment of retina. 

11. Histologic changes: 0 degree no patho- 
logic changes. 1st degree hyperemia of iris, 
wea: ciliary body, and retina. Vasculariza- 
tion of retina; 2nd degree hyperemia of iris, 
uvea, ciliary body, and retina. Vasculariza- 
tion of cornea, small infiltration of round and 
plasma cells in iris, cornea, and mostly in 
uvea; 3rd degree hyperemia of iris, uvea, cili- 
ary body, and retina. Vascularization of 
cornea, compact infiltration of uvea, retina, 
and iris with round and plasma cells, occa- 
sionally eosinophiles. Edema of tissues of 
the eye, mostly of cornea. Retinal detach- 
ment, due to retroretinal exudation. 

The first lesions were recorded by ophthal- 
moscopic examination within 24 hours after 
injection in 8 rats, within first 3 days in 15  
others. They consisted of hyperemia of the 
retina and the chorioid tissue. Aneurysms 
and bleedings from capillaries of retina fol- 
lowed. Detachment of retina, due to retro- 
retinal exudation, was observed in 11 animals. 
In  one rat the lens became opaque, in 35 in- 
flammatory changes were revealed by histo- 
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FIG. 1. Retroretinal exudation and secondary detachineiit. Intense cxudation from densely 
infiltrated chorioiden resulted in retinal detachment. Rat (.ye stain : Hematox. + eo~jn.  A = 
Srlcrn; B =Z Uves; C = Retina; X = Exudate. 

PIG.  2. Infiltratioii of round cells in e1iorioide;t. At (X) clcntie coiiceiitration of small round 
cells. Chorioidea has taken 011 s cushion-like thickcning dlur to  edeiiin. Rat cye stain : I-reniatos. + eosin. A = Sclera; B = Uvea. 

FIG. 3. Perivascular infiltration of the chorioidca. (X) Infiltration of small round cells 
groupcd around vessels in cliorioidea. Rat eyc stain: Hcmatox. + eosin. A zz Sclera; B = 
Uve:\. 

FIG. 4. Perivascular infiltration of the retina. (X) 1)cnse pwivascular infiltration of round 
cclls around a retinal vessel. 1nsignific:uit edema of retina. Rat eye stain: Hematox. + eosiii. 

FIG. 5.  Infiltration of plasma cclls. Massive imniigratioii of plasinzlcellular elements from 
e1iorioide:L into retrorctinal space. At (X) densely concciitratcd plasma cells and retrorctinal 
exudation. Secondary detachment in initial stage. Rat eye stain: Hematox. + cosin. A = 
ScJcra; R = Uvea; C = Retina; X = Plnsnia cell infiltration. 

logical examination. thalmitic animals”) were joined in parabiosis 
shows morphological lesions in one of these with normal animals (“originally healthy 
animals. partners”) 8-43 days after injection. Three 

Twenty-eight rats, in which pathological rats of the parabionts died within first 5 days 
findings were recorded by clinical examination after operation. In 2 1  of the remaining 25 
after injection of antiserum (“primarily op- pairs the ophthalmitis has been transferred on 

Fig. 1, section of eye, 
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the originally healthy partners. 
Table T I  exemplifies in one pair time rela- 

tions between injection of rabbit antiseruni 
into the first animal. development of ophthal- 
mi tic lesions. recorded I)!- opht ha1moscol)ic. 
examination. parabiotic union and. eventually. 
occurrence of ophthalmitis i n  the originall!. 
healthy animal together with final hi5tologii. 
tindings. 

Table I11 summarizes the same relations in 
all parabiotic pairs joined in parabiosis at 
various intervals after injecting rabbit anti- 
serum into the primarily ophthalmitic animal. 
Without relation to these different interval5 . 
panophthalmitis occurred in ciriginally health!. 
parabionts between 4th wid 12th day after 
parabiotic union, and the 11th and 50th (la!. 
after injection of antiserum into primad_\. 
ophthalmi tic partners respec tivelx . Hist o- 
logic findings in the originally healthy para- 
bion ts were similar to those recorded in single 
animals injected with rabbit antiserum, and 
injected animals of the parabiotic group: In- 
filtration of round cells in uvea with edema 
in tissues (Fig. 2 ) .  Perivascular infiltration 
of round cells in chorioidea (Fig. 3),  and i n  

retina (Fig. 4 )  infiltration of plasmacells 
from uvea into the retroretinal space and be- 
ginning of retinal detachment (Fig. 5 ) .  No 
pathological findings were observed in sec- 
tions of brain, heart, spleen: liver, and kidneys 
i n  either of these groups. Only occasionally 
small areas with infiltration of round cells 
were present in the injected animals in inter- 
stitial tissues of the liver. On the other hand, 
lesions of the eye were completely lacking in 
all untreated single animals: in 10 rats in- 
jected with normal rabbit serum and in 10 
parabiotic controls. No signs of ophthalmitis 
were found in 10 rats injected with anti-rat- 
kidney-serum of rabbits. In  several animals 
of this group: however, the well known signs 
of hypertensive diseases have been recorded in 
eyegrounds after development of albuminuria 
and hypertension. 

Discussion. The experiments show that al- 
lergic panophthalmitis can be easily produced 
by injecting rabbit-anti-rat-eye-antibodies 
into rats. These observations are completely 
in accord with the findings of Golowin(7), 
who produced iridocyclitis by injection of an- 
tibodies against ciliary body (“cyclotoxins”) . 
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TABLE I1 1. Iiicirleiice of P:mophthalniitis in Pnrabiouis. 

Occurrence 
of first oph- 

thalmoscopic 
Lnterval changes in Day of saori- 

between inj. orig. healthy Degree of fice 
;nid institu- rats (days ophtlialrri. Degree of After 
tioii of p:ir:t- after p:m- findings hist. findings After para- 

t 4 i a o i i p  R:it Xo. hiosjs (days) hiosisj P 0 P 0 inj. biosis 

Ct 

I 1  

8 
8 
8 
8 
8 
8 
8 
9 
9 
9 

10 
10 
10 

1'4 
t i  
17 
1'7 
1 7  
26 
26 
26 
37 
3 7 
3 7 
4 3 
43 
43 
43 

++ +++ + + + -+++ +++ + +++ +++ +++ ++ +++ 
+++ +++ +++ +++ +++ 
+++ +++ +++ 
+++ ++ +++ +++ ++ ++ ++ 

+++ 
-I++ 

0 
0 ++ 

-t ++ 
-t++ 

-I- + 
-t++ 
t- + 
-t ++ 
-t++ 

0 ++ ++ 
-t ++ 
-t++ 

0 
0 
0 

++ 
.-t ++ ++ ++ ++ + 
t++ 

0 

1 
3 
1 
1 
1 
3 
2 
1 
3 
2 
I 
2 
3 
1 
I 
2 
I 
3 
2 

3 
2 
2 
2 

2 
2 
2 

9 
& 

> - 

3 26 
3 13 
0 14 
0 14 
2 20 
2 5 !i 
1 8.3 
0 9 
3 59 
3 21 
2 32 
3 40 
3 35 
0 31 
0 31 
2 25 
3 35 
3 37 
0 29 
2 30 
0 31 
1 70 
3 18 
2 48 
- 68 
2 48 
1 55 
3 49 

> 

19 
6 
7 - 
I 

13 
49 
16 

1 
51 
13 
23 
31 
26 
18 
18 
9 

19 
21 
4 
5 
G 

34 
12 
35 
26 

ci 
13 

7 

Rspl;ination : P -= Prim:irjly op11th;i Iiiiiticl :mima1 ; 0 =Z Originally healthy partner. 

Lesions initiated by our antiseruni occurred in 
all parts of the eye because whole eyes were 
used for immunization. Their strict limita- 
tion to tissues of the eye, however, implies an 
extraordinary specificity of rabbit tissue anti- 
bodies. which is rare in cytotoxins. Rapid 
development of panophthalmitis after injec- 
tion suggests the same immediate type of pas- 
sive and reverse anaphylaxis as has been 
found in experimental glomerulonephritis of 
the rat after injection of rabbit nephrotoxins 
(8,s). Our experiments show furthermore 
that experimental panophthalmitis was trans- 
ferred in 2 1 of 25  pairs from primarily oph- 
thalmitic rats to originally healthy partners by 
parabiosis. Lesions of the eye occurred in 
the originally healthy animals between 4th 
and 12th day after parabiosis, irrespective of 
whether an interval of 8-10 or 37-43 days had 

elapsed between injection of cytotoxic anti- 
serum into primarily healthy animal and in- 
stitution of parabiosis. Thus, in the latter 
group, the first signs of panophthalmitis were 
recorded in primarily healthy animals between 
41st and 50th day after injecting rabbit anti- 
serum into the partner (group H. Table 111). 
Similar observations have been made in our 
previous experiments in which after intervals 
of 30-45 days (and recently after 71 days) be- 
tween injection of rabbit nephrotoxins and 
parabio tic union, glomerulonephritis has been 
transferred to originally healthy rats( 4,s) .  
The question, therefore, arises whether or not 
panoph thalmitis in originally healthy para- 
bionts was produced by the heterologous rab- 
bit-anti-eye antibodies injected into the pri- 
inarily lqhthalrnitic animal. Experiments are 
in progress to elucidate the immunological 
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mechanism of this transfer phenomenon, i.c., 
whether sensitization of the eye of the origi- 
nally healthy partner is due to surviving in- 
jected heterologous antibody or to some other 
not j-et clearly determined secondary tissue 
damaging factor. 

\\:bile the transferred ophthalmitis gener- 
ally was less pronounced than in the injected 
an i ma 1 s the characteristics of in fl a m m a t o r y 
lesions of the eye were the same. In  both. 
all of parts of eye tissues were affected. and 
the delayed tuberculin-type of hypersensitiv- 
ity reaction was indicated I)y lymphoid and 
plasma cells in the inflamed areas( 10) .  
However. its this type of anaphylaxis has 
been produced in injected animals bj- serum 
antibodies. it cannot be decided whether 
transfer of ophthalmitis was produced bj- se- 
rum antibodies or antibody containing white 
cells of the primarily ophthalmitic animal. 

Iliscussions of clinical implications of our 
findings are beyond the scope of this paper. 
However, certain similarities are ohvious be- 
tween panophthalmitis produced by injection 
of anti-eye-antibodies and transferred hy 
means of parabiosis. and the human disease 
called sympathetic opht halmia. IYi t h respect 
to whether nervous factors are involved in 
this disorder, it seems justified to stress that 
nervous elements cannot be implicated in our 
experiments. C-ertainly. this esperimental 
panophthalmitis has been produced only by 
humoral factors. This recalls the old con- 
cept of autoallergic processes in sympathetic 
ophthalmia ( 1 1 ) , production of inflammation 
of the lens by sensitization with homologous 
lens material ( 1 2 )  and the newer therapeutic 
approaches with steroid hormones in this dis- 
ease( 13). 

Summary. 1. Experimental panophthal- 
mitis has been produced in 36 of 40 rats in- 
jected with antiserum of rabbits against rat 
eye tissue within 24 hours after injection. 
Clinical and histological features of eye le- 
sions are described. 2.  Twenty-eight rats in 
which pathological findings were recorded by 
ophthalmoscopic examination after applica- 
tion of the antiserum (“primarily ophthalmitic 

animals”) were joined in parabiosis with nor- 
mal animals ( c‘originally healthy partners”) 
8-43 days after injection. Three rats of the 
parabionts died after operation. In 2 1  of the 
remaining 2 5 pairs, transfer of panophthalmi- 
tis on originally healthy partners occurred be- 
tween 4th and 12th day after parabiosis and 
the 11 th and 50th day after injection of anti- 
serum into primarily ophthalmitic animals re- 
spectively. Ophthalmoscopic and histological 
findings of transferred ophthalmitis were simi- 
lar to those induced by injection. 3. The in- 
tervals between injection of antiserum into 
primarily ophthalmitic rat, parabiosis and oc- 
currence of ophthalmitis in the originally 
healthy partners lead one to ask whether the 
panophthalmitis in the originally healthy 
parabionts is due to surviving injected heter- 
ologous antibodies or to some other not yet 
determined secondary tissue damaging factor. 
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