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THE guinea-pig and the rabbit are extensively used in experiments
in which in the first place it is necessary to pay attention to the
anatomical conditions peculiar in these two animals. Even in
ophthalmology guinea-pigs and rabbits are used to a great extent
when experimentally studying various problems, and thus it is not
without importance for us to familiarize ourselves wvith their
anatonmical structure, the more so, as the hitherto published data
are inaccurate, and, being of a general nature, apply to whole
animal groups, and do not regard the requirements of practice.
The anatomy of thie lacrymal passages in the rabbit anid th-ie guiniea-
pig constitutes one of little known departments.

In comparative anatomy we find only general data relative to
this subject, the rabbit being a rare exception at best, for, with
regard to it, scant and scattered information nmay be found in
current literature. WTallsberg01s has pointed out that in the rabbit,
the pig, and the sheep, the lacrymal passages commence with one
lacrymal punctum, hut in other domestic mammals with two puncta,
exactly as in man. Ellenberger 21, in his "Comparative Anatomy of
Domestic Animals," says that lacrymal passages commence with
lacrymal canaliculi beginning in the punctum lacrimale; the
canaliculi lie at the bottom of the lacus lacrimalis in the inner
canthus, and not, as in man, at the top of the papillae, but at a
definite distance fro'm the margin of the upper and the lower lid
in the conjunctiva respectively. In the sheep the superior lacrymal
canaliculus may be altogether absent; both canaliculi converge in
a slight-curve downward and enter into the lacrvmal sac situateed
under the'caruncle. The sac in the domestic animals is either very
(indistinctly defiped, or is altogether absent. A. Chauveau(3' and
S. Arloing state that, according to Charles Vogt an'd Emil Jung,
the rabbit possesses only one lacryinal punctum a few millimetres
distant from the edge of the lower lid (loc. cit. Vol. 1I. p. 665).
Schirmer, treats only of the anatomical structure in mnan, and
makes no mention of the guinea-pig or of the rabbit. The most
detailed; treatnme-nt of lacrymal passages in the rabbit is that by
Dr. W. Krause in his book "Anatomie des Kaninchens."
But the above 'descriptions do not exhaust the subject, and are

ltp insufficient for an experimenter interested in the pathological
physiology of thoe conjunctival sac, and of the lacrymal passages.
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Regarding the guinea-pig no particular data whatsoever are
available. Hence, when I intended to inquire into the question of
permeability to tubercle bacilli of the conjunctiva, I was compelled
to acquaint myself minutely by autopsy with the anatomy and
physiology of the lacrymal passages in guinea-pigs and rabbits.
Here I submit a brief account of my results in order to draw
attention to possible errors, and to facilitate future investigations
in this direction.

The guinea-pig has two lacrymal puncta which, however, are
not situated on the papillae of the lid margin, but on the
conjunctival side of the skin of the inner ca-nthus where the skin

FIG. 1.

Lacrymal region of the guinea-pig.

passes into a rudimentary cartlncle, 1 mm. away from the free
margin. Here we can find lacrymal puncta as apertures not larger
than dust flakes, and situated close above and under the horizontal
meridian of the orbit, about 0.75 mm. apart. Lacrymal puncta
can be best located in pigmented guinea-pigs in which they are
situated in the indicated place exactly on the boundary where on
the conjunctival side of the skin of the inner canthus the boundary
of the skin pigment ceases; in such cases it is sometimes possible
to probe the lacrymal puncta with a delicate wire. -Otherwise it
is possible to probe only from the lacrymal sac. If we make a
deep vertical incision reaching the bone, at a distance of 1 mm.
from the inner canthus, the lacrymal canaliculi will appear on
the section as two apertures that are bordered with pigment in
pigmented animals. From here we can probe with a delicate wire
to the lacrymal puncta, and to the sac. In this way it is 'possible
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to find that the lacrymal canaliculi, which are 2.5 mm. long, trace
a slight curve, and in pigmented guinea-pigs are pigmented along
their entire course. The arches of the canaliculi converge and
finally meet in the lacrymal sac, marked with a fairly thick wall,
and a lumen about 0.75 mm. wide.
The lacrymal region exhibits an organization quite different

from that in man, due to the different shape of the orbit. The
orbit of the guinea-pig is open downward, its roof is fornmed by
the frontal bone, and the internal sagittal wall is derived from the

1
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FIG. 2.

Passage and mouth of nasolacrymal duct iti the guinea-pig.

maxilla; the posterior wall is represented by the ala magna ossis
pterygoidei and by the squama temporalis, the anterior wall con-
sisting of the lamina papyracea ossis ethmoidalis, and of the
os lacrimale. The lacrymal bone is comparatively very large and
strong, resembling in shape a pyramid with the point turned
toward the jugal bone, and base toward the os frontale and lamina
papyracea; its inferior face is free exactly like the posterior face
which is turned into the orbit, and at the centre shows an aperture
0.5-1 mm. wide. Under the skin the lacrymal bone can be felt
with the finger fairly distinctly, for its orbital edge is sufficiently
sharp above, being at its inferior end terminated with a similar
process.
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LACRYMAL PASSAGES IN THE GuINEA-PIG AND RABBIT 161

The ductus naso-lacrimalis passes through an opening in the
lacrymal bone, and enters into the nasal cavity where it extends
along the lateral wall of the maxilla which, in its posterior half, is
slightly caved in, with the result that the canal in its course
imitates somewhat the shape of the letter S. The'duct passes at
an angle of about 300 through a delicate bony canal, first under
the concha media, then, after it has-passed on to the os inter-
maxillare, below the concha inferior. In the same way as in rabbits,
the duct terminates anterior to the concha inferior, and under the
point of its greatest convexity, 4 mm. from the posterior wall of
the spina nasalis, and about 6 mm. from the nostrils, under the

FIG. 3.

Lacrymal region of a rabbit.

lower boundary of which the duct lies 0.5-2 mm. The entire
length of the ducts amounts to 14-15 mm. from entrance into the
nose down to its termination, and its average lumen amounts to
0.25 mm.
The permeability of the I-acrynmal passages in the guinea-pig

can be tested with some stain in solution, the most suitable for the
purpose. being fluorescein or dissolved methylene blue, e.g. 10
drops of Loffler's solution in f5 cm. water. I administered
methylene blue to a whole series of guinea-pigs so that the conjunc-
tival sac was always full of the stained solution in order to
determine if the mucous membrane of the nose and the nostril
on the same side would colour. In some animals the nostrils
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stained fifteen minutes after the first drops had been introduced,
in others only half an hour after repeated dropping, while in some
cases it was necessary to introduce drops three or four times and
the animals required to be held head downwards, and then only
after 45-60- mlnutes did the nostrils show a blue colour. In a
series of normal guinea-pigs it was impossible to obtain a blue
colouring of the nostrils even after 1J3 hours had elapsed, despite
the stain being administered every five minutes into the conjunc-
tival sac, and the test facilitated by holding the animals head
down, by swinging them to and fro on occasion, and by introducing
cotton-wool or sterilized water into their noses. In such animals
the nostrils did not stain even after another observation lasting
24 hours, although the lacrymal passages were permeable, as I
have ascertained by dissection in seven cases. It is not possible
to infer anv reduction -of methylene blue to indigo white, for the
results agreed even-after application of fuchsin. Hence, it can
be concluded that only a positive result can inform us whether the
lacrymal passages of the guinea-pig are permeable. It is sufficient
to drop the stain one to four times into the conjunctival sac, and
to watch the nostrils for one hour. If they do not colour within
that time, it can hardly be expected that they will do so later on.
A negative result of the above test does not always signify that
the lacrymal -passages are impermeable, as even in normal animals
of various ages and weights the result of the test may be negative
while the passages remain permeable. Possibly, the individual
condition of the capillary lacrymal duct of the guinea-pig deter-
mines this. In cases where the above test results negatively, there
is only one more test available in order to ascertain the permeability
of the lacrymal passages, i.e. probing of the lacrymal passages
after the animal has been killed.

In experimental research it becomes frequently imperative to
render the lacrymal passages impermeable, and to stop the efflux
from the conjunctival sac, as when inoculating the cornea, the
conjunctival sac, etc. R6merM5) (loc. cit.) endeavoured to obtain.this
result in guinea-pigs by sealing with a galvanocautery the lacrymal
pun,cta, and after the wound had healed he made sure that the
efflux on the operated side was shut off: "When I had introduced
one or more drops of diluted methylene blue, according to the
size of each animal, into the conjunctival sac, no blue colouring
of the nasal mucous membrane set in on the operated side, while
on the other side, not operated upon, it was possible, within a
few seconds, to perceive a bluish coloration of the mucous mem-
brane." This method, however, has proved a failure in my
experiments, as the lacrymal puncta of guinea-pigs are hardlv
perceivable, and thus it is no wonder that our cautery should not
reach them. If the mucous membrane of the nose does not colour
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on the operated side after instillation of stain into the conjunctival
sac, it is not justifiable to infer that the passages are impermeable,
for in a normal guinea-pig with permeable passages the nostril
very frequently fails to colour, as described above. Hence, this
method might lead to erroneous assumptions. The puncta
lacrimalia can sometimes be obliterated also by galvanocautery;
we first evert the skin of the inner canthus and locate the boundary
of the skin pigment on the conjunctival side, and there brand a
rather wide furrow vertically intersecting the horizontal meridian
of the palpebral fissure and extending 1 mm. in length on either
side. In order to obtain a good result from this operation we
must first break the continuity of the canaliculi. The animal is
anaesthetized by ether, and a deep vertical incision is then made
with a sharp knife close to the internal canthus. After drying
the wound the two canaliculi are easily found when pigmented
guinea-pigs are used. The canaliculi lie in the anterior portion
of the section like two black threads extending from the conjunctiva
to the lacrymal bone. Their obliteration is best effected by
ligature and galvanocautery. The impermeability of the canaliculi
is best tested by using a probe.

Rabbits have onlv one punctum lacrimale situated 2-3 inm. below
the edge of the lid at the inferior margin of the membrana nictitans.
The punctum is quite wide, 0.5-0.75 mm., and is bordered with a
ridge of mucous membrane, opening dorso-laterally into a delicate
furrow. The canaliculus is about 0.3 mm wide and extends
inward at an angle of about 450, and somewhat downward at an
angle of 300. It then arrives at the lacrymal ossicle situated at
the fronto-maxillary suture close behind the sharp process of the
medial margin of the orbit. The length from the punctum to the
bony canal approximates 12 mm.
The lacrymal sac is represented only by a moderate dilatation

of the duct; its diameter is 2-3 mm., and it lies within the fossa
lacrimalis which latter is anteriorly bounded by the crista
lacrimalis anterior maxiilae, and posteriorly by the crista lacrimalis
posterior ossis lacrimalis. The upper wall is formed by She sutura
fronto-maxillaris and by a sharp process of the frontal bone which
process suddenly springs like a roof from the ventral border of
the orbit, so that it can be very distinctly felt with the finger under
the skin. The lower wall of the fossa lacrimalis is represented by
the lacrymal bone. It is necessary to add that the os lacrimale in
rabbits is nearly as thin as paper, and is wedged in between the
lamina papyracea ossis ethmoidalis and the processus frontalis
maxilla as in man, its margin being free and turning into a fissure
frontalis, which here sends off its sharp process mentioned above.
At the bottom, however, the os lacrimale does not lodge upon the
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maxilla as in man, its margin being free, and turning into-a fissure
that separates the entire upper edge of the maxilla from the lamina
papyracea and from the ala parva ossis sphenoidalis. The position
of these structures is contingent on the special shape of the
maxilla, the body of which is thrown forward and presents its
temporal face backward, so as to help to form the ventral wall of
the orbit. For this reason the orbit is open downwards. Thtus,
the ventral wall of the orbit is divided into an upper and a
lower part by a fissure, bounded at the bottom by the rugged edge
of the maxilla, and at the top by the os lacrimale, by the lamina
papyracea, and by the ala parva ossis sphenoidalis. The fissure
opens into the fossa spheno-maxillaris which from the medial side
is bounded by the os palatinum. (cf. description by WV. Krause(6!,
loc. -it. p. 61.)
The ductus naso-lacrimalis passes through a bony canal, the

stronger lateral wall of which is represented by a semi-canal in the
wall of the os lacrimale and of the maxilla. The medial wall is
formed by a bone as fine as paper. rhe canal extends in a slight
curve about the foramen infraorbitale- and maintains an angle of
about 30. In its lower part it passes to the os intermaxillare and
extends along its wall above the base of the lower meatus close
under the lower concha. The terminal mnembranous part of the
duct turns slightly upwards along the greatest convexity of the
lower. concha, and opens 8 mm. behind the nostrils of the lower
meatus. Thus the mouth of the duct is placed lower than the
opening of the nostrils. The lumen of the duct averages 1 mm.,
the length of the canal amounts to 34 mm., measured from its
entrance into the nose to its termination in front below the concha.
The permeability of the lacrymal passages in rabbits can be

tested with dissolved stain introduced by drops into the conjunc-
tival sac. If the lacrymal passages are permneable, the homolateral
nostril will colour within five minutes: Impermeability can best
be obtained bv introducing the needle of a delicate cautery into
the lacrymal punctum, and then pushing it pntil it gets right under
the lacrymal bone, whereupon the loop is heated red (R6mer).
It is convenient to add afterwards a cross-stitch, and to draw
together the edges of the singed conjunctiva with thread. Some
eight to ten days after the defect has healed, a control test can
be made to ascertain the impermeability of the lacrymal passages.
For that purpose it is sufficient to introduce dissolved stain into the
conjunctival sac and watch if the nostril on the same side shows
colour. A single drop, however, as generally directed, is not
enough. Dropping must be repeated every five minutes, and the
time of watching extended to one hour, as in some operated animals
the stain will only show on the nostril 30 minutes after repeated
dropping from which we can judge that complete obliteration has
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not been obtained, but d mere stenosis of the lacrymal passages.
It is only in this way that erroneous conclusions can be avoided.
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Fuciis, in his text-book on ophthalmology, states that tuberculosis
of the lacrymal sac nmay occur by extension, either from the
conjunctival or nasal' mucosa. The following case in wlhich
definite evidence of tuberculosis was found in the tissue removed
from the nasal muicosa and from the region of the lacrymal sac
seems worthy of record.
A female, aged 26 years, attended the eye out-patients under one

of us (R.R.J.) at St. George's Hospital in the summer of 1923 for
a lacrymal abscess which had burst on the left side; there was a
history of epiphora of some weeks duration on each side, but the
abscess had only formed on the left side one week before she
presented herself for treatment. At this time there was found to
be regurgitation from the riglht sac on pressure over it with the
finger; the left side showed a discharging fistula surrounded by a
large mass of granulation tissue.; apart from this there was a
peculiar appearance over the soft parts of the nose on each side.
This was shiny, slightly reddened but not ulcerated, and the
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