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Summary.  Various clinical and histologic approaches 
to the study of the retinal vasculature of the chinese 
hamster are described. The techniques include hindus 
photography, fluorescein angiogTaphy and the labeling of 
possibly damaged capillaries with carbon particles. A 
small group of untreated juvenile diabetic and control 
chinese hamsters were investigated. I-Iistologie study 
showed evidence suggestive of pathology at the capillary 
level in the diabetics. The endothelial cell (E) to intra- 
mural pericyte (IMP) ratio was significantly elevated in 
the diabetic animals. 

Etudes prdliminaires des vaisseaux rdtiniens du hamster 
chinois 

Rgsumd. Diff6rentes approehes cliniques et histolo- 
giques sent d6crites pour l'dtude du syst6me vaseulaire 
r6tinien des hamsters chinois. Ces m6thodes comportent 
l'examen photographique du fond de l'oeil, l'angiographie 

la fluoresc6ine et le marquage des eapillaires susceptibles 
d'Stre endommagds par des particules de carbone. Un 
petit groupe de hamsters chinois normaux ou avec un 
diab6te juv6nile non-trait6 a 6t6 6tudi6. L'examen histo- 
logique suggbre clairement la prdsence d'une pathologic 

capillaire ehez les animaux diab6tiques. Chez ces der- 
niers, le rapport entre eellule endoth61iale (E) et p6rizyte 
intramural (IMP) est significativement 61evd. 

Erste Beobaehtungen i~ber alas retinale Gef(~fisystem des 
chinesisehen Hamsters 

Zusammenfassung. Versehiedene )/Iethoden zur Unter- 
suchung des Netzhautgef~systems chinesischer Hamster 
in vivo oder post mortem werden beschrieben. Es handelt 
sich um die Fundusphotographie, die Fluorescein-Angio- 
graphic und die Markierung besch~digter Capillaren mit 
Kohlepartikeln. Eine kleine Gruppe unbehandelter dia- 
betiseher nnd normaler chinesischer Hamster wurde un- 
tersucht. Histologisch waren die Netzhauteapillaren 
diabetischer Tiere ver~ndert. Im Verh/iltnis zur Zahl tier 
Endothelzellen waren die intramuralen Pericyten bei 
diabetischen Tieren deutlich vermindert. 

Key-words: Diabetes mellitus, diabetic retinopathy, 
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retinal capillaries. 

The purpose of this study was to apply some of the 
modern methods developed for the investigation of the 
human retina to the small eye of the chinese hamster. 
Retinal photographs and fluorescein angiograms were 
successfully completed and correlated with histopath- 
ologic studies. Experiments also included trypsin- 
digested flat mounts [7] of the retinas from animals 
previously injected with carbon particles, in order to 
demonstrate possible leaks in the basement membrane 
of retinal capillaries. Labeling with carbon particles 
was previously described in the study of the mechan- 
ism of vascular leakage in inflammation [8, 9]. Finally, 
the ratio of endothelial cells (E) to intramural pericytes 
(IMP) was easily determined in trypsin-digested flat 
mounts. 

The need for an experimental model of diabetic 
retinopathy cannot be overemphasized. Diabetes melli- 
tus has become the major cause of blindness except for 
glaucoma and cataracts [11]. Retinal changes have 
been reported in spontaneous diabetic dogs and cats 
[4, 10], and in chemically induced canine diabetes [1]. 
No changes were found in the alloxan-diabetic rat [3, 
10]. The chinese hamster was selected since it develops 
diabetes spontaneously while control animals are avail- 
able within the same strain. A large, well-established 
colony of animals is available, and retinal changes 
have been previously described in this species [12]. 

* This study was supported by National Eye Institute 
Retinal Clinical l%esearch Grant EY-00341 

Material  and Methods 

The retinal vasculature of twenty chinese hamsters 
was studied. There were eight males (four diabetics 
and four normals) and twelve females (six diabetics 
and six normal@ The animals ranged in age from 12 to 
32 months, and for each diabetic there was a control 
animal of the same age. The diabetics were all of the 
juvenile type and untreated. The fasting blood sugar in 
any diabetic was always greater than 250 mg % and 
the urinary glucose was always greater than 500 rag/ 
24 h. To study the ocular fundus with indirect ophthal- 
moscopy the animal was first anesthetized with an in- 
traperitoneal injection (0.11 ml/10 g) of nembutal (5 
mg/ml). The pupils were dilated with 10% neosyne- 
phrine and 1% cyclogyl. All the animals were studied 
in this manner. 

Fundus  Photography: After the animal was pre- 
pared as above, the posterior pole of the eye was photo- 
graphed with the Zeiss ocular Iundus camera. Other 
areas of the retina were photographed with the Kowa 
fundus camera. 

Fluorescein Angiography: With the animal pre- 
pared as described, a vertical incision on the thigh, 
medially close to the abdomen was made and the 
femoral vein was exposed. A 27-gauge needle on the end 
of a polyethylene tube attached to a tuberculin syringe 
(5% fluoreseein) was placed in the femoral vein. While 
0.03 ml --  0.05 ml of fluorescein was quickly injected, 



J.L.  Federman and G.C. Gerritsen: Retinal Studies in Chinese Hamsters 187 

rapid sequence photography of the posterior pole was 
performed with the Zeiss fundus camera. 

Injection with carbon particles: The animal was pre- 
pared in the same manner used for fluorescein injection. 
A colloidal suspension of carbon particles (average 
particle size of 200A) was injected [8, 9] into the femo- 
ral vein (0.025 ml/25 g body weight). Two hours later 
the animal was killed and the eyes were taken for 
histologic study. 

Histologic techniques: While the animal was deeply 
anesthetized, both globes were enucleated and placed 
in formalin solution for at  least 24 h. The animal 

with indirect ophthalmoscopy. There was much varia- 
bility in the clinical appearance of the retinal vascula- 
ture of the normal chinese hamster. In  most animals 
the vessels radiate in relatively straight lines from the 
disc (Fig. 1). In  some animals the vessels were more 
tortuous. The number of main vessel trunks varied 
from eight to twelve. The arteries and veins alternated 
and were usually equal distance from one another. 
Occasionally an ar tery and vein could be seen running 
side by  side. 

The disc was seen to be an elevated, pigmented, 
conical-shaped structure. There was always what ap- 

Fig.  1. F u n d u s  pho tograph  show- 
ing the  dark  p igmen ted  disc in 
the  center  wi th  the  large re t ina l  
vessels rad ia t ing  out  d i rec t ly  
f rom the  disc. All the  re t ina l  ves- 
sels are filled wi th  fluorescein and 

appear  whi te  

was then euthanized. The retina from one globe was 
then used to make a trypsin-digested flat mount  [7] 
stained with PAS and hematoxylin. The other eye 
of the pair was embedded in paraffin, and sections 
(cut a t  6 ~) were made in the anterior-posterior plane. 
These were stained with t t  & E or PAS and hema- 
toxylin. 

Determination of E/IMP: The ratio of endothelial 
cells (E) to intramural  perieytes (E/IMP) was derived 
from cell counts at  430 • magnification. Four separate  
counts were made for each retina, two at  the posterior 
pole and two in the mid-periphery. All the endothelial 
cells and all the intramural  periey~es of capillaries were 
counted in each field. The E / IMP for each animal was 
estimated by  averaging the four counts. 

Results 

Of the twenty  animals studied, six had cataracts 
which made photography impossible. In  most of these, 
the retinal vascular patterns could still be visualized 

peared to be an artery running around its distal end. 
The arteries left the disc distally, while the veins seem- 
ed to enter the disc at  its base. 

Histologically, as the vessels leave the disc they are 
elevated and then rapidly slope down into the nerve 
fibre layer of the retina (Fig. 2). The larger main vessel 
trunks range in diameter from 50 ~ to 70 ~, the veins 
being slightly larger than  their companion arteries. 
These main trunks branch into smaller vessels ranging 
in diameter from 15 ~ to 40 ~. Interwoven between 
these vessels is a dense network of capillaries 7 tz to 
10 ~z in diameter, and these vessels appear to comprise 
the bulk of the retinal circulation. The trypsin-digested 
flat mounts show tha t  morphologically, the retinal 
vessels of the chinese hamster  are quite similar in every 
respect to the human preparations (Fig. 3). On cross- 
section the larger vessels are seen in the nerve fibre 
layer and ganglion cell layer, while the capillary net- 
work weaves through the inner plexiform, inner nucle- 
ar, and just into the outer plexiform layer of the retina 
(Figs. 4 and 5). 

14" 
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Fig. 2. Cross section of the re- 
t ina of a normal chinese hamster 
cut through the disc, showing 
the elevated, pigmented struc- 
ture of the disc (D), with the lar- 
ger retinal vessels (V) coming 
out from this and going down 
into the nerve fiber layer of the 

retina 

Fig. 3. Trypsin digested, flat re- 
t inal preparation of the normal 
chinese hamster showing endo- 
thelial cells (E), intramural  pe- 
ricytes (P), mesodermic tracts 
(M), and a retinal vein (V) with 

smaller venules (v) 

The capil lary ne twork  showed the same morpho- 
logical aspect in  all areas of the ret ina.  The meshwork 
was more dense (i.e., more capillaries/area) in  the pos- 
terior pole t h a n  in  the periphery. An area suggestive of 
a macula  could no t  be found in  either the flat prepara-  
t ions or on funduscopie examinat ion .  

In moun t ing  the  t rypsin-digested fiat re t ina l  pre- 
parat ions  the normal  three dimensional  vascular  pat-  
t e rn  is dis tor ted by  placing an  the vessels in  a two 

dimensional  plane. Some of the small capillaries be- 
come folded on themselves causing a constr ict ion a t  
each fold. There are always two constrict ions with a 
normal  diameter  vessel between which can easily be 
mis taken  for a fusi iorm-shaped aneurysm.  

I n  the diabetic animals  s tudied the clinical appear- 
anee was the same. There were no hemorrhages or 
aneurysms,  and  what  appeared as exudates  or re t inal  
edema tu rned  out  to be mater ia l  in  the corpus v i t reum.  
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Fig. 4. Cross section of the 
ret ina of a normal  chinese 
hamster  killed immediate ly  
after carbon injection, show- 
ing the ret inal  capillaries fill- 
ed with carbon and the 
various layers of the ret ina:  
InternM limiting membrane 
(I), nerve fiber layer (N), 
ganglion cell layer (G), inner 
plexiform layer (IP), inner 
nuclear layer (IN), outer 
plexiform layer (OP), outer 
nuclear layer (ON), photo- 
receptor cells (R), Bruch's 
membrane (B), capillaries 
filled with carbon (C), pig- 

ment  epithelium (P) 

Fig. 5. Cross section of the 
ret ina of a normal chinese 
hamster  showing the endo- 
thelial  cells (E) of the ret inal  
capillaries in the inner plexi- 
form and inner nuclear layers 

Upon  his tological  examina t ion ,  the  d iabet ic  an imals  
showed no aneurysms  o ther  t h a n  the  a r te fac ts  pre- 
v ious ly  described.  I n  four  of the  d iabet ics  there  was an  
occasional  l ength  of cap i l la ry  wi th  no endothel ia l  cells 
and  no i n t r a m u r a l  per icy tes  (Fig. 6). These vessels 
were usua l ly  seen near  a collecting venule.  These could 
ve ry  well be ar tefacts .  

I n  four  an imals  s tud ied  b y  in jec t ion  of carbon par-  
tieles, the  two diabet ics  showed carbon in some of the  

small  capil lar ies (Fig. 7). The carbon labeled  vessels 
were mos t ly  found on the  venous side of the  capi l la ry  
bed.  There  were no carbon par t ic les  seen in the  re t ina l  
vascu la ture  of the  no rma l  an imal  two hours  af ter  in- 
ject ion.  

The ra t io  E / I M P  was s ignif icant ly  e leva ted  in the  
d iabe t ic  an imals  as compared  wi th  the  no rma l  control  
group (Table 1). There  was no significant corre la t ion 
of the  E / I M P - r a t i o  to  the  age of the  animM or to  the  
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Fig. 6. Trypsin digested, flat 
retinal preparation of a diabetic 
chinese hamster (No. F 1--5) 
showing a retinal eapiIlary (C) 
with no endothelial cells and no 

intramural perieytes 

Fig. 7. Trypsin digested, flat 
retinal preparation of a diabetic 
chinese hamster (No. X A  2-- 15), 
showing retinal capillaries label- 

ed with carbon particles 

dura t ion  of diabetes or ketosis. I t  is in teres t ing t h a t  the  
E / I M P  was grea ter  in the  female diabetics t h a n  in the  
male  diabetics,  whereas no significant difference in this  
respect  was found between the  normal  males to the  
normal  females (Table 1). 

I n  two animals  fluorescein angiography was suc- 
cessfully carried out, and there  was no apparen t  differ- 
ence be tween  the  normal  and  the  diabet ic  animal.  W i t h  
the  fluorescein t echn ique  one could different iate  the  

Table 1. Ratio of endothelial cells to intramural pericytes 
( E / I M P )  of the retinal capillaries of chinese hamsters 

95% con- 
Classification Sex No. Mean • S.D. fidenee 

interval  

Diabetic Female 6 2.66 4- 0.21 2.44 -- 2.88 
Diabetic Male 4, 2.34 • 0.20 2.03 -- 2.75 
Normal M & F 10 2.03 =L 0.09 1.97 -- 2.00 
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arteriole filling phase from the venous collecting phase. 
Smaller vessels which were no t  seen by  indirect  oph- 
thalmoscopy were seen with fluorescein angiography 
(Fig. 1). 

Discussion 

F u n d u s  photography  and  fluorescein angiography 
are techniques which can be used to s tudy  the re t inal  
vasculature  of the chinese hamster.  Wi th  these tech- 
niques a pe rmanen t  record of the clinical picture can be 
made. Fluoreseein angiography demonstra tes  details 
no t  visible by  other clinical means.  There is general  
agreement  t ha t  histologically, in  the h u m a n  diabetic,  
the earlier changes consist in a loss of i n t r amura l  
pericytes and  a dysfunct ion  of the basemant  membrane  
of the re t inal  capillaries [1, 2, 13, 14]. I n  the diabetic 
chinese hamster,  no definite pathologic changes were ob- 
served which could be considered to be similar to those 
in  h u m a n  diabetes either clinically or by  histologic stu- 
dies, The occasional capillaries seen wi thout  cells and  
the fact tha t  some of the capillaries do become label- 
ed with carbon particles is suggestive of pathologic 
changes in  the diabetic animals.  The significant eleva- 
t ion  of the E / IMP-ra t io  in  the diabetic animals  serves 
as more concrete evidence of the presence of pathology. 
I t  is felt t ha t  the results of this work indicate  t ha t  fur- 
ther  studies of the re t inal  vasculature  of the chinese 
hamster  should be under taken .  
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