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IN a previous study (Duguid et al., 1947) it was found that a
solution of pure crystalline penicillin could be injected into the
vitreous of rabbits, without producing any marked injury, the
toxic effect being indeed much smaller than those resulting from the
injection of impure preparations of the drug.- Penicillin did, how-
ever, cause small areas of retinal damage in some cases. It is now
known that such a pure preparation of penicillin is not a single
compound but consists of at least five different compounds all
similar in composition, but differing, in the nature of one chemical
group,. viz.; R. in the formula shown below:

S

NH.CH CH C.Me?
R.C

C N CH.C02.ANG

0

The different penicillins are Penicillin I (or F according to the
American nomenclature), in which R is 2-pentenyl; Penicillin IL
(G), in which R = benzyl; Penicillin III (X), in which R = p-
h5ydroxy-benzyl; Penicillin IV (K), in which R = n-heptyl; and
dihydro-punicillin I, in which R = n-amyl. The properties of
these penicillins show appreciable differences and it seemed
possible that one of them might be more suitable than the others
for intravitreous injection, either because it is less toxic, or diffuses
away more slowly or both. Thanks to the generous supply of these
substances by the Antibiotics Study Section of the U.S. Public
Health Service (through Dr. Seger) we were able to undertake an
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PENICILLIN INJECTED INTO THE VITREOUS

investigation of these questions and the results are given in the
present communication.

Methods

The penicillins were dissolved in sterile saline and injected into
the vitreous by the same method used previously (Duguid et al.,
1947). The dose introduced was 12 mg. or 30 mg. in 01 ml.
saline. In each case the injection of penicillin was made into the
vitreous of the right eye, while 01 ml. of saline was introduced into
the vitreous of the left eye which was then used to control the
clinical and histological findings in the right eye. For comparison
experiments were also performed with a pure mixed penicillin
(Glaxo) and the dose was 2,000 units or 5,000 units which has
practically the same activity as 12 mg. and 3 0 mg. of penicillin II
(G). The eyes, including the fundi, were always examined before
the injection. The eyes were observed for periods varying from
10 to 128 days following the injections, particular attention being
paid to the fundi and media. Finally the eyes were removed for
histological examination. The globes were bisected in front of the
ora serrata and the posterior portion examined with the help of a
loupe or the slit - lamp in order to identify ophthalmoscopic
changes. Portipns of the posterior globe were embedded in paraffin
and stained with haemalum and eosin. In view of previous findings
with retinal tissue exposed to penicillin (Duguid et al., 1947), and
the primary intention of the eiperiment being to compare the
different penicillins, it was not considered necessary to use -further
staining methods.

In the experiments on diffusion the drugs were introduced into
the vitreous in the same way; 12 mg. in 01 ml. saline of penicillins
G, X and K were injected into the vitreous and the animals killed
after intervals of 24 and 48 hours. Samples of aqueous and vitreous
were taken immediately with the eyes still in situ. 'The eyes were
then removed, dissected under aseptic conditions, and samples of
cornea, sclera, iris and ciliary body removed, dried on sterile
blotting paper and each added to a Bijou bottle of known weight
and weighed. Extraction of penicillin from the tissues by grinding
in an agate mortar with sand and saline or by leaving the tissues
in 0 5 ml. of saline at 40 C. overnight were tried. The latter
process gave the more consistent results and was finally adopted
throughout.
The penicillin estimations were made by a serial dilution method

using a glucose-serum water medium with phenol red as indicator.
The volume of eye fluid extract for testing was either 02 ml. or
04 ml. The Oxford staph. aureus H was the test organism and
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P. A. GARDINER, AND OTHERS

the end point was read as the highest dilution of test fluid com-
pletely inhibiting growth of the organism, as indicated by failure
to alter phenol red from red to yellow. A 1/200 dilution of an 18
hour culture of staph. aureus in glucose serum water was inoculated
into each tube.
The eye fluids or saline extracts from animals not receiving

penicillin were not found to have any bacteriostatic activity.

Section 1.-The effects of the drugs on the eye
The results detailed below'are based on histological and ophthal-

moscopic examinations of the eyes. In some cases histological
changes are present, although the clinical findings before enuclea-
tion were normal, a finding already noted by Duguid et al. (1947).
The initial stages of the clinical changes observed ophthalmo-
scopically were very similar whatever the type of penicillin used.
Within 48 hours of injection a certain degree of oedema was seen
in some part of the inferior retina not in relation to the site of the
injection which was in the upper part of the eye. A peak of
oedema was r'apidly reached and within 10 days it began to subside.
When this oedema was very slight the retina then frequently
appeared to be normal and remained so. In some cases the oedema
did not disappear. Persisting fine pigment changes became visible
in most of the eyes as the oedema' subsided or in some cases after a
'latent interval.

Refractile particles similar to a localised synchisis appeared in
the vitreous in a few of the rabbits injected with F, X and G.
These settled on the floor of the retina after some 'weeks and then
took on the appearance of small, hard, white particles. In most
cases they were few enough to be co'unted, varying between 12
and'about 50.

Penicillin K showed a peculiarity in that it produced new vessel
formation when given in sufficient dosage.
Mixed penicillin (p'ure).-Mixed penicillin injections were given

intravitreously to six animals in dosages of 2,000 and 5,000 units.
The periods of observation following injection were 53 to 79 days.
Of those animals which received the smaller dose one showed

retinal changes affecting the rod and cone layer over a limited area
above while two showed some vacuolation of the nerve fibre layer,
due possibly to oedema. Clinically no changes were noted in the
retina in these cases.
Of the animals which received the larger dose, one showed an

area of disturbance of the outer retinal elements. This was in
keeping with the clinical appearances.
The findings in these cases are confirmatory of previous descrip-

tions of the retina following the injection of pure mixed penicillin
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PENICILLIN INJECTED INTO THE VITREOUS

(Sallmann et al., 1944; Duguid et al., 1947). It is of interest that
there would appear to be no delayed effect of penicillin on the
retina as the periods, of observation were 53-79 days in the present
series and 10-27 days in the series reported by Duguid et al.

Penicillin II (G).-Altogether 12 animals were treated with
penicillin G and observed over a period of from 42-117 days. In
the six eyes which received 12 mg. of the penicillin, no histological
changes were noted other than, in one eye, the presence of a
delicate non-cellular exudate lying on the surface of the retina. In
two of the eyes, however, there were slight changes noted
clinically. These consisted of pigmentary and atrophic changes in
the anterior inferior quadrant of the fundus. It would appear that
the sections do not include the affected areas in these tw9 eyes and
the histological changes can be assumed to be similar to those
found in two eyes which received 3 0 mg. of the penicillin as now
described. Six eyes received 3 0 mg. of the penicillin. Two showed
a disturbance or loss of the outer retinal elements over a limited
area. In one of these eyes there was a proliferation of pigment into
the disturbed retina.

Penicillin III (X).-Five animals were treated with penicillin X
in doses of 12 and 3 0 mg. and observed over a period of 50-93
days. In the two eyes which received the smaller dose no
abnormality was detected in the retina. Of the three eyes which
received the larger dose, two showed disturbances and loss of the
outer retinal elements over fairly extensive areas with pigment
migration into the retina in one of the eyes. The remaining eye
of those receiving the larger dose showed non-cellular vitreous
changes overlying areas of choroidal disturbance.

Penicillin I (F).-Seven animals were treated with penicillin F
in doses of 12 and 3-0 mg. The periods of 'observation were 21 to
128 days. In the three eyes which received the smaller dose no
gross retinal changes were observed but one showed changes in the
internal limiting membrane of the retina which had a " blistered
appearance. Of the four eyes which received the larger dose, only
one showed a normal retina. Of the others, two showed extensive
areas of disturbance or loss of all the retinal elements with pigment
migration while in one the changes were limited to a disturbance
of the outer retinal elements.

Dihy,dro penicillin F.-Six eyes were treated with dihydro
penicillin F in dosages of 12 or 3 0 mg. The periods of observation,
were 10 to 106 days. Of the three eyes which received the smaller
dose, two showed areas of disturbances or loss of the outer retinal
elements. Of the three eyes which received the larger dose, two
showed areas with loss of the outer retinal elements, while one
showed extensive destruction of all retinal elements with gross
pigment infiltration of the retina.
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7 P. A. GARDINER, AND OTHERS

Penicillin IV,(K).-Five eyes were treated with penicillin K in
doses of 1P2 and 3 0 mg. and observed over periods varying from
56-92 days. Of the three eyes which received the smaller dose, two
showed disturbance and loss of all the retinal elements over certain
-areas and one of these eyes showed-pigment migration into the
retina. The eye which showed no retinal changes had an opacity
of the lens. The two eyes which received the larger dose of peni-
cillin K showed very extensive areas of gross destruction and
atrophy of the retina with the formation of new vessels in the
vitreous.

Summary of effects of various types of penicillin
on the retina

A study of these forty-one eyes shows:
(a) All the various types of penicillin as well as mixed penicillin

are capable of producing a toxic effect on the retinal cells.
(b) The changes produced are similar in kind with all the types

of penicillin, excepting that only with penicillin K was new vessel
formation produced. The changes consisted of localised patches
of retinal destruction, the initial effect being on the outer retinal
elements especially on the layer of rods and cones. In only one
eye was the choroid found to be affected.

(c) The degree of change varied with the amount of penicillin
introduced into the vitreous.

(d) The degree of change also varied with the type of penicillin
used. In Table I the various types of penicillin are arranged in
order of their increasing toxicity.

It can be seen that the toxic effects of mixed penicillin and of
penicillin II (G) are the same and that both are the least toxic of
the different types.

Section 2.-The diffusion of the drugs within the eye
The diffusion of mixed penicillin when it is introduced into the

vitreous has already been described (Duguid et al., 1947). These
authors determined the concentrations of penicillin found in the
vitreous, aqueous and cornea, one hour, six hours, one day, two
days, and three days after the injection of mixed sodium penicillin
into the vitreous. Chemotherapeutic concentrations (i.e., about
1/20 of a unit per ml.) were maintained in the vitreous for 2-3 days,
and in the aqueous and cornea for 1-2 days. In the present experi-
ments the concentration of penicillins G, X and K were tested in
the vitreous, aqueous, cornea, sclera and ciliary body, 24 and 48
hours after the injectlon of 12 mg. into the vitreous and the results
are shown in Table II and Fig. I. These two testing periods were
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TABLE 1

773

No. of eyes
showing loss No. of eyes

and showing loss
No. of eyes No. of eyes disturbance and
observed showing no of outer disturbance
clinically change retinal of all retinal

and elements elements
histologically only

All expressed as a fraction of the
number of eyes examined

Mixed penicillin (pure) 6 4/6 2/6 0/6

Penicillin II * (G) 12 8/12 4/12 0/12

Penicillin III. (X) 5 2/5 315 0/5

Penicillin I (F) 7 4/7 1/7 2/7

Penicillin Dihydro I (F) 6 1/6 4/6 1/6

Penicillin IV (K) 5 1/5 4/5

_ I

0u:

IL)-
0-
0- -

-
C-

0

4._

0-

0-
.0

-o
0
-4

.,,.........,,...RN. I,,I,,,I,,,,_,,,,tT777 OM, [,T11

Time (hours).
FIG. 1.

Persistence of penicillins G, K and X in the aqueous following the
intra-vitreous injection of 12 mg. of the penicillins.
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PENICILLIN INJECTED INTO THE VITREOUS

considered sufficient for the purpose of determining whether there
was any difference in the diffusion rates of different types of peni-
cillin. It can be seen that there is no material difference in these
rates of diffusion, although penicillin K diffuses rather more
slowly. This is interesting since penicillin K is less stable than
penicillin G and X when given systemically. (Coghill et al., 1946.)

Discussion
There would appear to be little doubt that penicillin K and F

are the most toxic, and that mixed penicillin and penicillin G are
the least toxic on the retina. In view of this it is unexpected that
the toxic effects of mixed penicillin and penicillin G are-the same
in the eyes examined. If the eight eyes examined histologically
following the injection of mixed penicillin, as reported by Dugoid
et al. (1947), are added to the present series, a comparison between
the effects of mixed penicillin and penicillin G is as follows:

Number of eyes Number of eyes showing
-examined histologically retinal degeneration

Mixed penicillin ... 14 5

Penicillin G ... ... 12 4

In view of these results it is probable that the mixed penicillin
used in these experiments contained only small amounts of peni-
cillins X, F and K. Unless it can be certain that a pure mixed
penicillin does essentially consist of penicillin G, it would be
preferable to use a pure preparation of penicillin G for intra-ocular
administration, and this is in fact now available.

Summary
(1) The toxic .effects of pure mixed penicillin and penicillins G,

X, F, K and dihydro F on the retina when introduced into the
vitreous are compared. It is found that penicillin G and mixed
penicillin are the least toxic.

(2) The diffusion rates of penicillin G, X and K when intra-.
duced into the vitreous are compared. The diffusion rates are
similar and found to be comparable to those of mixed penicillin.
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