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Summary
An account is given of five former professional boxers,

four of whom developed a chronic cerebral disorder in
later life.
Two (Cases I and 5) were both locally considered to

be punch-drunk. However, the former had an absent
septum pellucidum and the other was an alc-oholic.
Necropsy in the latter showed foci of softening in the
cerebral and cerebellar cortex.
Two (Cases 2 and 3) suffered from cerebral atrophy.

Both had cavum septi pellucidi, and in one (Case 2) the
leaves of the septum seemed to be perforated.
One (Case 4) was not physically disabled, but his

behaviour was violent, his cerebrospinal fluid protein
was raised (60 mg./100 ml.), and air encephalography
suggested that there was a perforation in his septum
pellucidum.
The possible relationship between, these lesions and

boxing is discussed. There is a paucity of pathological
observations of the so-called punch-drunk syndrome,
but before the existence of the sy-ndrome is denied, as
in some quarters it has been, follow-up studies of
former professional boxers will be necessary.

I thank Dr. A. S. Bligh. Department of Radiology, Cardiff
Royal Infirmary. for his co-operation and advice. Dr.
James Bull. the National Hospital, Queen Square, kindly
offered suggestions and helpful criticisms. Dr. William
Phillips invited me to investigate Case 3, and Dr. E. Payne,
Department of Pathology, Welsh National School of
Medicine, examined the brain of Case 5. The necropsy on
the latter was performed by Dr. G. S. Andrews, St. Woolos
Hospital, Newport, Mon, who sent me the brain.
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[WITH SPECIAL PLATE]

The retinal circulation is unique in being the only part
of the vascular system available for direct inspection.
Observation of the retina in systemic diseases like
hypertension and diabetes, i.n which the small blood
vessels are liable to damage, has become a widely
accepted routine. Much can be learned from clinical
ophthalmoscopy, which reveal.s features characteristic of
various diseases affecting the retina and its circulation.
Finer details have been revealed by pathological studies,
particularly post-mortem injection of the retinal vessels
(Ashton, 1951) and digestion studies (Kuwabara and
Cogan, 1960). These techniques have demonstrated
abnormalities in vessels too small to be observed during
life, and have provided new information concerning the
pathogenesis of exudative lesions of the retina.
A new technique has been described by Novotny and

Alvis (1961) which promises to reveal during life some
of the fine details previously seen only in necropsy
studies. A retinal camera was modified to photograph
the passage of intravenously injected fluorescein through
the retinal vessels. This method shows details of the
blood flow through the retinal vessels, including variable
rates of flow in different vessels, and also shows spread-
ing patches of fluorescein which seem to indicate
increased vascular permeability in certain areas.

In this paper we report experience based on 60 studies
of abnormalities of the retinal circulation using the
fluorescein method modified in some minor respects.

Method
The apparatus used was basically the same as that

described by Novotny and Alvis. A Zeiss retinal
camera was modified for fluorescence photography by
the insertion of a blue glass filter (Kodak Wratten No.
47B) in the common pathway of the incandescent and
electronic flashlight beams, and a green filter (Kodak
Wratten No. 58) immediately in front of the camera
body. For normal photography the blue filter could be
withdrawn by a control on the side of the camera, and
this was also used for a quick check on the position of
the eye between fluorescence photographs. This was
not always necessary, as with good dark adaptation of
the observer and the use of the brightest incandescent-
light setting, the fundus could be visualized satisfactorily
by blue light alone.

Fluorescence photographs were taken on Ilford HPS
film (ASA rating 800) which was force-developed in
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Kodak D76 developer for 25 minutes at 750 F.
(23.90 C.). Half-plate prints were made from these
negatives for preliminary study. For comparative
purposes colour photographs of the retina using
Kodachrome film (ASA rating 10) were taken on each
patient prior to the injection of fluorescein. Colour
and fluorescence photographs were magnified to the
same degree and carefully superimposed in order that
composite drawings could be prepared. By this means
accurate location of lesions in both types of photograph
was possible. Maximum dilatation of the pupil was
needed for both colour and black-and-white photo-
graphy, and this was achieved by using 0.5% cyclopen-
tolate and 10% phenylephrine eye-drops instilled 20 to
30 minutes before the examination.
The injections were given through a small

"polythene " catheter, which was usually inserted in the
ward before the patient came to the retinal-camera
room. The skin was anaesthetized and a suitable thin-
walled needle was inserted into a median antecubital
vein. Approximately 50 cm. of thin polythene (P.E.60)
was passed through the needle in a central direction
so that the tip lay in the region of the superior vena cava.
The intravenous needle was then removed, the end of
the polythene tubing was attached to a syringe
containing heparinized saline, and both tube and syringe
were taped to the forearm. This method took only
slightly longer than an ordinary venepuncture and had
several advantages. The arm could be moved freely
with the venous catheter in place, as there was no risk
of its being dislodged or kinked by movement, and
repeated injections could be given without discomfort to
the patient. Additionally, the more central site of
injection allowed a more compact bolus of dye to reach
the retinal vessels and increased the intensity of the
fluorescence.
As might be expected, a fast circulation time favoured

a more compact " dye curve" and better-quality
photographs; a slow circulation time (as in heart failure)
or other circulatory abnormalities (as in valvular
incompetence or intracardiac shunts) produced a
dispersed dye curve and weak fluorescence over a longer
period. Results were particularly favourable in patients
with severe anaemia because of the short circulation
time and less absorption of the fluorescence by the
blood. The catheter-to-tongue circulation-time was
measured with saccharin solution before injection of
fluorescein. This measurement was not essential, but it
did give an indication of the appearance time of the dye
and of the quality of the photographs that might be
expected.

Usually three injections were made at one
examination, each consisting of 5 ml. of a 5% solution
of fluorescein obtained commercially (" fluorescite ") or
more recently prepared and sterilized in the hospital
pharmacy. Photographs were taken at an appropriate
interval after the first appearance of the dye in the
retinal vessels and thereafter at intervals of 14 to 16
seconds, which was the time required for the recharge
of the electronic flash. Since most of the dye had passed
through the retina before a second photograph could be
taken, the timing of the first was deliberately varied in
order to study different phases of the retinal circulation.
The whole examination was carried out as rapidly as
possible, since increasing fluorescence of the optic media
interfered with definition of photographs taken after 10
minutes or so from the first injection.

Fate of Injected Fluorescein
The injection of three 250-mg. doses of fluorescein

causes a yellowish discoloration of the skin, and patients
were warned to expect this. The dye is rapidly excreted
in the urine, which becomes a bright yellow colour
during the first few hours after injection. The
discoloration of the skin fades in 6 to 12 hours, but the
urine remains slightly fluorescent for 24 to 36 hours.
The rate of disappearance of plasma and urine
fluorescence in one patient following a dose of 1,000 mg.
is shown in Fig. A.
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FIG. A.-Semilogarithmic plot of fall in plasma concentration
and urinary excretion of fluorescein after a dose of 1,000 mg.

intravenously. Patient aged 50 with normal renal function.

The rate of loss of fluorescein from the plasma is
rapid even in the first few minutes after injection while
photographs are being taken. This may be important
in the understanding of the mechanisms whereby some
retinal lesions become brightly fluorescent. The rate of
loss from the plasma was observed in one patient by
injecting intravenously 375 mg. of fluorescein mixed
with 10 ftc. of 1311-labelled albumin. Blood samples
were taken at frequent intervals for 20 minutes, and the
concentration ratio of fluorescein and labelled protein
was compared at each time taking the ratio in the
injection as unity (Fig. B). After only 10 minutes the
volume of distribution of the fl-uorescein was four times
at great as that of the 1'1I.

It proved difficult to measure the concentration in the
red cells because of the loss of sensitivity of the
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FIG. B.-Ratio of plasma fluorescein concentration to plasma131j albumin concentration for 20 minutes after an intravenous
injection of a mixture of ihe dye and labelled protein.
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fluorimeter in the presence of only 1% of laked red cells.
Absorption of the emitted green fluorescent light by the
red haemoglobin probably reduces greatly the amount
of light transmitted to the camera from the eye and
partly explains the excellent results achieved in patients
with anaemia.

Normal Retinal Circulation
The passage of dyed blood through the retinal vessels

produces a continuously changing sequence of events
conveniently described in distinct phases. These phases
may, however, overlap in different pa-rts of the retina
owing to local variations in the speed of passage through
the retinal circulation and individual variations in the
time-concentration cturve of the dye.

Earl) Arteriolar Phase.-Within a second or so of
its first appearance at the disk the fluorescein spreads
rapidly outwards in the retinal arterioles. During this
phase the background of the retina and the veins remain
dark (Special Plate. Fig. 1).
Late Arteriolar Phase.-The peak concentration of the

dye usually reaches the arterioles two to three seconds
later and the whole arteriolar tree is then brightly
fluorescent. From this stage capillary and early venous

filling can be seen, and many photographs show
fluorescence of all major vessels (Special Plate, Fig. 2).
Once capillary filling begins an irregular narrow dark
zone outlines on either side of the arteriolar blood
column. The dark area lies between the vessel lumen
and the edge of the capillary net and appears to be
mainly the thickness of the arteriolar wall. As the
arterioles empty the undyed blood is seen first flowing
down the central part of the large vessels near the disk,
demanstrating that flow is laminar.

Capillary Phase.-Filling of the capillaries is shown
,by background fluorescence already well developed in
the late arteriolar phase. This 'ends to be patchy at
first but very soon becomes generalized. Often capillary
filling appears as a distinctly reticular pattern con-

forming to the expected appearance of the capillary net.
Individual capillaries can be identified on some of the
best photographs.

Early Venous Phase.-During the stage of early
arteriolar filling some fluorescent blood passes rapidly
across the capillaries into the small veins. At the stage
of late arteriolar filling fluorescein is already entering the
main retinal veins from tributaries near the disk. This
blood layers in as a bright line along the walls of the
veins where streaming remains in many cases right up to
the disk, providing confirmation of the laminar flow
reported by Novotny and Alvis. Nipping of the veins
at arteriolovenous crossings destroys this streaming
beyond the point of nipping, presumably by setting up
turbulence. The earliest venous filling takes place from
the macular region (Special Plate, Fig. 1) at least in part
due to the shorter circulation pathway. In consequence
the peripheral layers of fluorescent blood in the main
superior and inferior temporal veins are usually unequal
in width, the wider column be-ing on the side of the
vein nearest the macula. Where two veins showing
stratified flow unite a third central column of dyed blood
is formed by the coalescing of streams from adjacent
walls of tributary veins (Fig. C; Special Plate, Fig. 2).
Occasionally a dark band may be seen beside the lumen
of the vein narrower than that seen beside the arterioles.

Late Venous Phase.--By 15 to 20 seconds from the
first appearance of the dye the arterioles lose their

AL CIRCULATION BRITISH
MEDICAL JOURNAL

fluorescence and laminated flow in the veins reverses its
earlier pattern-that is, the main superior and inferior
temporal veins now receive more fluorescent blood from
peripheral parts of the retina and show a wider band of
fluorescence on the side away from the macula. Central
streaming of dyed blood can also be seen in some veins.
The brightness of venous fluorescence then fades but
does not disappear completely, as recirculation of dyed
blood allows all
major vessels to
be seen faintly
for some time.
In the normal
retina most back-
ground fluores-
cence clears by
the late venous

phase except at
the disk, where it
persists for several

hours. It is not
clear whether the FIG. C.-Schematic drawing of the de-
disk fluoresces be- velopment of laminar flow in retinal

veins and its destruction at a site of
cause of a higher arteriovenous " ni ping" (see text).
local concer ra- Drawn as from a film negative-that is,
tion of the dye black outlines indicate bright fluorescence.
due to greater
capillary permeability or even avidity for fluorescein,
or whether dye at uniform concentration in the tissues.
occupies a thinner layer in the retina than at the disk.
The latter explanation seems more probable.

Abnormalities of Blood Vessels
Irregularities of calibre, segmental narrowing, and

occlusion of vessels are shown clearly by the fluorescein
technique which usually only confirms appearances seen
on direct ophthalmoscopy. Abnormal twisted and
tortuous vessels are seen in some diabetic fundi and
occasionally in the fundi of hypertensive patients
(Special Plate, Fig. 3). The extreme vascularity of
retinitis proliferans shows as an immediate fluorescent
blush and other areas of neovascularization as meshes of
tiny vessels, many of them too small to be seen with the
ophthalmoscope (Special Plate, Fig. 4). There are

greatly increased numbers of small vessels on the edge
of the disk if there is papilloedema (Special Plate, Fig. 9)
in agreement with the findings of Ashton (1951) in
necropsy material. Spreading pools of fluorescence
appear round many areas of new vessels, suggesting that
they are excessively permeable to fluorescein. In
papilloedema the disk becomes brightly fluorescent, a

finding confirmed in three patients with malignant hyper-
tension and one with a cerebral tumour. The disk of
the patient with a cerebral tumour remained fluorescent
for 16 hours.

Microaneurysms appear in fluorescein photographs as

sharply defined dots of varying size usually lying near

small branch vessels and sometimes linked to them by
minute channels. In two diabetic patients the aneurysms
bulged from the walls of branch veins (Special Plate,
Fig. 4). Microaneurysms fill with fluorescein with the
rest of the capillary bed during the late arterial phase
but they em.pty more slowly than the rest of the vascullar
bed. Superimposition of the fluorescein and colour

photographs shows that the lesions visible by ophthal-
moscopy are much fewer in number than those seen in
the fluorescein pictures. Furthermore, many lesions con-

1212 Nov. 10, 1962
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sidered clinically as " microaneurysms " do not fluoresce
and appear only as black dots. Many of these look like
small blot haemorrhages, but some may be thrombosed
aneurysms. In some cases small haemorrhages lie close
to true microaneurysms as though blood may leak from
them.
As expected, microaneurysms are seen most frequently

in the retinae of diabetic patients, but they also occur in
a small proportion of hypertensive patients. Micro-

LEGENDS TO SPECIAL PLATE:
C. T. DOLLERY ET AL.

FIG. 1.-Man aged 40 with moderately severe hyper-
tension. Fluorescence photograph taken 9 seconds from
time of injection showing complete filling of arterioles
with very early capillary and venous fluorescence, especi-

ally near the disk, where transit is more rapid.
FIG. 2.-Same patient as Fig. 1. Fluorescence photo-
graph taken 12 seconds from injection. All major
vessels are well outlined, laminar flow in veins can be
seen, and the background is brighter because of capillary

filling.
FIG. 3.-Woman aged 49 with hypertension and renal
failure. Fluorescence photograph showing tortuous
smakl vessels in the disk region arising from both
arterioles and venules. Many of these were invisible by

ordinary ophthalmoscopy.
FIG. 4.-Man aged 49 with a five-months history of
diabetes and a positive family history. Fluorescence
photographs show meshes of grossly abnormal small
vessels. Moderate numbers of microaneurysms are
seen, some as discrete fluorescent dots and others
clustered along the course of small venules. Increased
background fluorescence is already occurring in some

areas of abnormal vessels.
FIG. 5.-Woman aged 57 with moderate "benign"
hypertension. Reproduction of colour photograph show-
ing a localized area of hard exudates and haemorrhages
in a fundus which had only hypertensive vascular

changes elsewhere.
FIG. 6.-Same patient as Fig. 5. Fluorescence photo-
graph of same region showing saccular aneurysms,
dilated venous loops, microaneurysms, and tortuous
small vessels surrounding a dark area of apparent
avascularity. The largest aneurysm was invisible

clinically.
FIG. 7.-Woman aged 32 with malignant hypertension.
Reproduction of colour photograph showing numerous
exudates and haemorrhages in the vicinity of an

oedematous optic disk.
FIG. 8.-Same patient as Fig. 7. Reproduction of
colour photograph of the same region taken after two
weeks' antihypertensive treatment. Note disappearance
of soft exudates in several sites, particularly above and

below the disk, and reduction in size of others.
FIG. 9.-Same patient as Fig. 7. Fluorescence photo-
graph taken on same date as Fig. 8. Numerous micro-
aneurysms can be seen close to the disk and in areas of
soft exudate. Above the disk a circularly arranged
group of microaneurysms occupies the site of a soft
exudate which has cleared between the taking of Fig. 7
and Fig. 8. Encreased numbers of small vessels are seen
around the edge of the disk, which is already showing
abnormal bright fluorescence (see also text, Fig. C).

FIG. 10.-Same patient as Fig. 7. Fluorescence photo-
graph taken 10 minutes after Fig. 9 showing bright
fluorescence of disk and soft exudates, including those
above and below the disk which were no longer visible

clinically.
FIG. 11.-Man aged 32 with malignant hypertension.
Reproduction of colour photograph showing an area of

soft exudate and haemorrhages.
FIG. 12.-Same patient as Fig. 11. Fluorescence photo-
graph taken during first transit of dye showing bright
spots from which fluorescence spread outwards subse-
queRtly. Some of these lie within or close to visible
exudates. Note also the absence of background capillary
filling in the region of two soft exudates which failed
to show the expected bright fluorescence at a later stage
(see text). Haemorrhages can be seen as black areas in

this figure.

D

aneurysms in hypertensive patients are seen in one or
more of three circumstances: (1) as isolated scattered
lesions; (2) near the disc edge, associated with increased
numbers of small vessels in papilloedema (Special Plate,
Fig. 9); and (3) in the vicinity of cotton-wool patches,
where they sometimes lie circumferentially outside the
visible exudate and give the whole lesion an annular
appearance on the fluorescein photograph.
A similar pattern of aneurysms in relation to " soft"

exudates has been described in the eyes of patients with
malignant hyper-
tension removed
after death
(Ashton, 1959).
Lesions of this
type are shown
in Special Plate,
Fig. 9, and Fig.
D. However,
many soft exu-
dates do not have
any visible local
vascular abnor-
mality.

* SOFT EXUDATES

* MdICROANEURYSMS

Several large
aneurysms in an
area of abnormal \ /~ a V N
small vessels and
typical micro-
aneurysms were FIG. D.-Outline drawing prepared by
unexpected find- superimposing the photographs shown in
ings in a patient Special Plate, Figs. 7 and 9. Micro-

benign aneurysms in the fluorescence photo-with benign graph are drawn as black dots, and soft
h y p e r t e n exudates which were visible in the
sion (S p e c i a 1 earlier colour photograph (Fig. 7) as
Plate, Figs. 5 and
6). Background fluorescence was absent in an area
enclosed by these lesions, as if the capillary bed was
closed in that area. The vascular pattern resembles
that described by Ashton as characteristic of soft
exudates, but the retinal appearance and the relatively
mild hypertension make this unlikely. The lesion may
have been near an exudate which had cleared with
antihypertensive treatment or it may be the result of
occlusion of a branch retinal vein. Another patient
who had a branch venous occlusion with anastomotic
vessels had a number of microaneurysms in the territory
of the obstructed vein.

Retinal Exudates
Most " soft " exudates fluoresce brightly in the first

few minutes after the dye injection and some
fluorescence remains in them after the first transit.
Often the fluorescence spreads over a wider area than
the visible exudate. Exudates were studied in seven
patients with hypertension, one with pernicious anaemia,
and one with subacute bacterial endocarditis. Two of
the hypertensive patients were studied on five separate
occasions and comparison of the photographs shows that
a fluorescent area can precede a visible soft exudate and
remain after the exudate clears (Special Plate, Figs. 7
to 10).
The background blush due to capillary filling is

normal in many soft exudates but some remain dark
(Special Plate, Figs. 11 and 12). Curiously localized
bright fluorescent spots are seen in some patients with

Nov. 10, 1962 STUDIES OF RETINAL CIRCULATION
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malignant hypertension before treatment is begun.
These light up during the first transit of the dye and
form the centre of a spreading pool of fluorescence.
Comparison with colour photographs shows that these
lesions sometimes lie close to a visible exudate but may

occur in areas of retina which appear normal. The
nature of the " bright spots " is unknown but presumably
they are areas of local acute vascular damage.

" Hard " exudates in the eyes of diabetic and hyper-
tensive patients do not fluoresce. Retinal haemorrhages
obscure the passage of the dye in the underlying retina
and appear as dark patches on the photographs.

Discussion
It is clear from the work of Novotny and Alvis and

from our own observations that the technique of
fluorescence photography can be usefully applied to the
study of both normal and abnormal retinae. Patterns
of retinal blood flow, abnormalities of blood-vessels,
microaneurysms, and soft exudates can all be examined
by this method. The technique is relatively simple, and
in our experience so far has proved entirely safe.
Confirmation has already been possible of some

findings previously reported only in necropsy material.
Thus the frequency of retinal microaneurysms and their
association with soft exudates, papilloedema, and venous
occlusion, and the increase in small vessels on the edge
of the disk in papilloedema, are findings which have now
been demonstrated both in pathological specimens
(Ashton, 1951, 1959) and on fluorescence photography.
Our studies of microaneurysms by this technique show
how few of these lesions can be seen by ophthalmoscopy.
Most true microaneurysms are invisible except when
outlined by the fluorescein method, and many of the red
dots diagnosed clinically as microaneurysms do not fill
with fluorescein. Reports of the disappearance of these
lesions must therefore be accepted with caution if they
are based solely on ophthalmoscopic study: many of
the lesions described are probably punctate haemor-
rhages and not microaneurysms. Routine mapping of
such lesions in diabetic patients is made much more

accurate by fluorescence photography, a study on which
we are now engaged in co-operation with Dr. D. J. Scott.
The demonstration of microaneurysms in relation to

some soft exudates fits in closely with the observation of
Ashton (1959) on necropsy preparations. Many soft
exudates do not show microaneurysms, and Ashton in
a personal communication has confirmed that this is also
true of his material.

Most of the soft exudates studied have shown
abnormal fluorescence which persists for several hours
after the injection of the dye. This appears either as a
diffuse "blush" or as brilliant point sources of
fluorescence which lie within or near the edge of
exudates. In both types fluorescence spreads outwards,
often extending beyond the limits of the visible exudate
(Special Plate, Fig. 10). These findings may be partly
explained by an increase in the capillary permeability
to fluorescein in the region of the exudate, but as
fluorescein normally leaves the circulation rapidly (Fig.
B) this hardly explains the contrast between the area
of the exudate and the surrounding retina. Other
possibilities, such as an increase in the thickness of the
layer of tissue fluid or even local affinity for the dye,
require further study.
Some soft exudates did not fluoresce, and Novotny

and Alvis also observed this. Two exudates which did

not fluoresce on the first examination did so subse-
quently. It is not clear why these differences should
exist between lesions which appear identical on
ophthalmoscopy. The age of the exudate does not
appear to be an important factor, as some exudates
fluoresce at all stages of their development. It has been
stated that soft exudates are basically ischaemic in origin
and that branch arteriolar occlusions may sometimes be
found in relation to them (Friedenwald, 1952; Leishman,
1957). Circulatory changes may explain why some
exudates fluoresce and others do not, because partial
arteriolar occlusion might cause ischaemic damage to
the capillary bed with increased permeability to
fluorescein, while more complete obstruction could
prevent access of fluorescein to the damaged area.
However, we have not found convincing evidence of
vascular changes in the vicinity of many exudates, and
other explanations are possible. Simple pressure-
obliteration of the capillaries by a large exudate has
been postulated (Ashton, 1959) and deflection of large
vessels by growing exudates has been observed in the
hypertensive retina (Dollery and Hill, 1961). Trans-
mission of fluorescent light from the region of the
capillary bed might be prevented by the high optical
density of an unusually thick or opaque exudate. We
are still studying this problem. Whatever the mechanism
responsible, it is of interest that fluorescence can precede
a visible lesion and persist for a time after it has cleared.
Apart from the theoretical interest of such

observations the more exact documentation of retinal
lesions by this technique may well be of practical
importance in the future as a prognostic or even as a

therapeutic guide. More work is required, and especially
serial studies in suitable individual patients, in order to
establish the natural history of these lesions.

Summary

A retinal camera has been modified so that it can be
used to photograph the passage through the eye of
intravenously injected fluorescein. The dye passes
rapidly out along the arteries, through the capillaries
and layers into the veins from small tributaries as

individual bright streams along the outer walls. Mixing
of the various streams of blood is slow except where
arteriolovenous nipping sets up turbulence in the vein.
Laminar flow has been demonstrated in both arteries
and veins. In the best photographs individual capillaries
can be seen, and a thin dark line, mainly the thickness
of the vessel wall, separates the edge of the capillary
net from the lumen of the vessel. Vascular abnormali-
ties which were invisible with the ophthalmoscope were

demonstrated in some patients with hypertension and
others with diabetes. Often such abnormal vessels
appear particularly permeable to fluorescein.

Greatly increased numbers of small vessels, together
with microaneurysms, have been demonstrated on the
disk edge in papilloedema. The oedematous disk
becomes brightly fluorescent.
Microaneurysms have also been demonstrated in areas

of venous obstruction and in the vicinity of some soft
exudates, as well as more diffusely scattered through the
retina in diabetic patients. Most true microaneurysms
are invisible clinically and can be demonstrated only by
the fluorescein technique. Many lesions diagnosed
clinically as microaneurysms are probably small

punctate haemorrhages.
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Most soft exudates become fluorescent, and in some
the fluorescence precedes the visible exudate and persists
after it has disappeared.
We would like to express our thanks to Professor J.

McMichael, F.R.S., for his interest and encouragement, and
to Professor N. Ashton, of the Institute of Ophthalmology,
for valuable suggestions and criticism.
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SOME BIOCHEMICAL CHANGES IN
THE TRANSPLANTED KIIDNEY

A PRELIMINARY REPORT
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Homotransplanted kidneys of the dog are known to
survive for several days before their function is abruptly
terminated by the onset of an irreversible anuria.
Possible causes of this anuria were discussed but no
satisfactory explanation was put forward (Dempster,
1955), although at this time a reaction of the kidney
involving a tubular metabolic upset was thought
possible. Homotransplanted kidneys in general show
little histological alteration from the normal apart from
some interstitial oedema and a plasma-cell infiltration.
Recent investigations into the source of the cellular
infiltration (Fowler and West, 1960, 1961; Porter and
Calne, 1960; Dempster and Williams) indicate that
a variable number of these cells originate in the host
and may be implicated in the rejection process.
The available data on the physiological performance

of homotransplanted kidneys (Dempster, 1953a; Fedor
et al., 1959; Tyler et al., 1962) give little indication of
any pathological processes which could explain the
sudden anuria.

In an attempt to elucidate further the sudden terminal
events, a series of biochemical studies have been under-
taken on transplanted kidneys. The respiratory enzymes
succinic dehydrogenase and malic dehydrogenase and
the glycosidic enzymes 8-glucuronidase, 8-galactosidase,
and /8-glucosaminidase have been measured quantita-
tively in normal, autotransplanted, and homotransplanted
kidneys. Preliminary studies suggested that transplants
possessed much lower enzyme levels than normal
kidneys. Factors such as the interstitial oedema and

Honorary Research Assistant, Wellcome Trust Travelling
Fellow.

cellular infiltration, which may give rise to apparent
changes in kidney enzyme levels, have beenw assessed
by extending the preliminary studies to include enzyme
histochemistry and microchemical analyses. Enzymes
studied histochemically include succinic, and malic
dehydrogenases, D.P.N.H. (reduced diphosphopyridine
nucleotide) diaphorase, cytochrome oxidase, acid
phosphatase, and ,B-glucosaminidase.

Chemical analyses included D.N.A. (desoxyribose
nucleic acid), R.N.A. (ribonucleic acid), protein, and
methionine. Hydroxyproline and hexosamine (repre-
senting collagen and mucopolysaccharide respectively),
and the wet weight to dry weight ratio of the tissue
were also estimated.

Materials and Methods
Animals.-All dogs used in these experiments were

greyhound bitches with an average weight of about
22 kg.

Surgical Techniques.-Kidneys were transpIanted by
techniques previously described (Dempster, 1953a, 1954).
Removal of Kidneys.-Functioning autotransplants

were removed between the second and seventh days
after transplantation. Homotransplants have been
divided into itwo main groups-those which were
removed between the second and fourth days while still
functioning, and those which proceeded to oliguria.
Oliguric kidneys have been further divided into two
subgroups according to the day that they became
oliguric. The first subgroup includes those kidneys
becoming oliguric on the third, fourth, fifth, or sixth
day; the second subgroup includes kidneys becoming
oliguric later than the sixth day. The longest survival
was 17 days.
Assessment of Oliguria.-Kidneys were adjudged to

be truly oliguric when a sudden decrease in daily urine
output occurred together with a poor response to
successive infusions of 500 ml. of 0.9% saline and 300
ml. of 2% saline. This condition was often accompanied
by a high blood-urea level and a toxic syndrome
(Dempster, 1953b).

Enzymology.-/3-glucuronidase, ,-galactosidase, and
,8-glucosaminidase were estimated by hydrolysis of
phenolphthalein glucuronide, o-nitrophenyl-,8-D-galacto-
side and p-nitrophenyl-8-D-glucosaminide respectively
(Findlay et al., 1958; Levvy and Marsh, 1959; Conchie
et al., 1959). Malic and succinic dehydrogenases were
estimated manometrically (Umbreit et al., 1957). All
enzymes were estimated on complete homogenates of
kidney cortex, the media for homogenization being water
for the hydrolases and 0.25M sucrose for the
dehydrogenases.
Histochemistry.-Small blocks of kidney were frozen

in liquid oxygen and sections cut at 6 microns in a
Bright cryostat at -150 C. Succinic dehydrogenase,
malic dehydrogenase, and D.P.N.H. diaphorase were
demonstrated by the M.T.T. method of Pearse (1960),
cytochrome oxidase by the method of Burstone (1960),
and acid phosphatase by the method of Burstone (1958).
fl-Glucosaminidase was demonstrated using naphthol
AS-LC-N-acetyl-,8-glucosaminide as substrate (kindly
supplied by Dr. D. Janigan).

Histology.-Material for paraffin sections was taken
immediately on removal of the kidney and fixed in 10%
formol-saline. Sections were stained with haematoxylin
and eosin or methyl-green-pyronine.
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