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New Techniques in Lacrimal Gland Research:
The Magic Juice and How to Drill for It
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The Lacrimal Gland - the Extended Ocular Surface

Although the lacrimal gland resides in a slightly hid-
den anatomical location, more or less deeply inside the
orbita, itisin fact of the utmost importance for the main-
tenance of an intact ocular surface and in particular for
the preservation of corneal clarity and hence visual
function. The majority of the factors that keep the ocu-
lar surface healthy and happy are secreted by the lacri-
mal gland. All together they form the tear fluid which is
transported onto the cornea and conjunctiva by down-
stream flow through the excretory canaliculi [1]. How-
ever, research on the gland was somewhat hampered by
technical problems in monitoring lacrimal gland func-
tion. This appears solved now, at least to a large extent,
as reported in a paper by Ding et al. [2] in this issue of
Ophthalmic Research.

Even though, at first glance, the lacrimal gland ap-
pears to reside in a remote location, it forms, along with
the lacrimal drainage system, the so-called ocular mu-
cosal adnexa which is connected to the ocular surface
proper (cornea and conjunctiva). The ocular mucosal
adnexa upstream and downstream of the conjunctiva
forms, together with it, a continuous mucous membrane
and hence unites the source, the assumed main target
and the eventual drainage of the tear fluid. Therefore,
in a wider functional sense and also from an embryo-
logical view, the lacrimal gland is certainly a part of the

ocular surface as an epithelial sprout from the conjunc-
tiva [3]. Unluckily, this fact is often appreciated only if
the lacrimal gland and the cornea show pathological al-
terations.

Functional Interrelations at the Ocular Surface

Functional interrelations of the lacrimal gland and the
ocular surface proper have increasingly become the focus
of interest in recent years and have helped to deepen our
understanding of how the normal state is maintained and
how different forms of ocular surface disease can arise.
The neural regulation of lacrimal gland secretion that in-
tegrates afferent sensory and efferent secretory-motor
pathways is described by the ‘lacrimofunctional unit’ [4].
This concept explains that only sensory stimulation from
an intact ocular surface can drive the necessary tear flow
required for the wetting and for the trophic survival of
the ocular surface tissues. It allows to explain symptoms
and disease mechanisms found in the dry eye syndrome
and has also pointed to potential therapeutic targets [5].
In terms of immune regulation, it has been shown that
the lacrimal gland together with the conjunctiva and lac-
rimal drainage system forms a continuous ‘eye-associat-
ed lymphoid tissue (EALT)’ [6, 7] that represents the part
of the mucosal surface immune system of the body lo-
cated at the ocular surface and adnexa according to the
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standardized nomenclature; it certainly includes the es-
tablished conjunctival CALT. EALT has all the afferent
and efferent components of an integrated immunological
feedback loop of the immune answer; it can promote the
recirculation of immune cells via specialized vessels and
is a prerequisite for the population of the lacrimal gland
(and downstream mucosa) with plasma cells that pro-
duce antibodies against ocular-surface-relevant antigens
[3]. The concept of EALT also explains that the normal
ocular surface mucosa including the conjunctiva has a
resident population of lymphoid cells that constantly
contribute to the maintenance of immune homeostasis
and tissue integrity and that do not only immigrate under
inflammatory conditions as believed previously. Immu-
nology and lubrication of the ocular surface are inter-
estingly linked and recent years have shown that im-
mune-mediated inflammation is an important primary
or secondary mediator of dry eye disease both at the con-
junctival level and inside the lacrimal gland [6, 8-10].
(Auto-)immunological processes inside the lacrimal
gland itself are an important reason for Sjogren’s syn-
drome, a severe form of dry eye disease, and the analysis
why and how the mechanisms of immunological self-tol-
erance are corrupted inside the gland may provide gen-
eral insight into mechanisms of the development of in-
flammatory disease also in the conjunctiva and cornea
[10-12].

Tear Composition and Function Are Key Elements of
Ocular Surface Integrity

The ‘magic juice’ that keeps all the business going at
the ocular surface is the tear fluid, and its main source is
this bit of ‘dull’ glandular tissue termed the lacrimal
gland. In the ancient literature it was assumed, according
to Duke-Elder, that the tears emanated from the brain.
This is not quite true as we know now but it indicates the
high appreciation that the tears have enjoyed already in
ancient times. Tears are a complex mixture of water, salts,
nutrients, mucins, protective innate antimicrobial factors
and specific IgA antibodies, cytokines, chemokines,
growth factors, hormones and a plethora of other factors
that are not yet identified [13, 14]. These ingredients in-
dicate that the tears are involved in a multitude of essen-
tial processes at the ocular surface ranging from wetting,
preservation of tissue integrity and regulation of cell dif-
ferentiation and immune response to formation of an ide-
al precorneal optical interface. The adequate volume and
composition of the tear fluid are hence key elements of
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ocular surface well-being, and the investigation of lacri-
mal gland function is a key issue in ocular surface re-
search.

However, the analysis of the tear fluid is hampered by
a few complicating features. One is the fact that the ac-
tual preocular tear film on the cornea and conjunctiva is
derived not only from the lacrimal gland, but also from
other secretory elements either located directly inside the
conjunctiva (goblet cells and fluid transport across the
conjunctival epithelial cells) or related to the conjunctiva
(accessory lacrimal glands and the tarsal glands of Mei-
bom). On the other hand, the preocular tear film as such
is inhomogeneous in nature and is split into at least two
fractions, leading to a ‘two-compartment model’ [15] of
the preocular tear film, which consists of the very thin
but highly relevant precorneal layer and of the tear reser-
voir at the meniscus. Both are mixed and recalibrated
with every blink but separated and increasingly different
due to evaporation or other environmental factors during
gaze with opened interpalpebral fissure. To make it even
more complicated, another important feature occurs in
the closed eye. Comparison of the tear fluid composition
with conventional [16] and newly developed ultrasensi-
tive techniques [14] has given evidence that it changes in
a kind of diurnal fashion. During sleep when the eyelids
are closed and the secretion from the lacrimal gland has
almost ceased, the preocular tear film drastically chang-
es its composition towards a proinflammatory microen-
vironment within the moist chamber of the closed retro-
palpebral space. These observations led to the develop-
ment of a ‘closed-eye model’ [16] of the preocular tear
film which has greatly aided our understanding of the
functional plasticity of the tears and of the different ap-
proaches of the ocular surface towards immune defense
(3, 14].

Due to the reasons explained above, tear collection at
the preocular level does not necessarily reflect the pro-
duction parameters of the lacrimal gland. The precise
analysis of the tear fluid and its changes depending on the
defined experimental supply of the lacrimal gland with
mediators that influence secretion is therefore an impor-
tant element of lacrimal gland research but has proven
difficult with currently available methods.

Advances in Monitoring Lacrimal Gland Function
In order to correctly monitor lacrimal gland function,

Ding et al. [2] report an important technical improve-
ment. In the rabbit model, they do not only cannulate the
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excretory lacrimal duct to obtain pure tears from one lac-
rimal gland, which has been used previously [17], but they
combine this handy technique of separate unilateral tear
collection with a sophisticated approach to also stimulate
thelacrimal gland in a defined strictly unilateral manner.
For this purpose, a plastic tube is introduced through a
tiny insertion of the lower fornical conjunctivaand placed
into the connective tissue compartment directly overly-
ing the rabbit inferior lacrimal gland. By this approach, it
is possible to perform pharmacological stimulation of a
single lacrimal gland, for example with different secreta-
gogues, and to compare the differential effect. This offers
great advantages over the standard procedure of system-
ic application of mediators and is able to achieve a higher
sensitivity (lower dosage of mediators), an effectively

stronger response and it avoids systemic side effects that
can be deleterious to the individual and can also interfere
with tear production.

Conclusion

This new method for selective stimulation of a single
gland in situ combined with the known unilateral tear
collection via excretory duct cannulation, which can both
most likely also be applied to other species, opens the
door for a more detailed analysis of lacrimal gland func-
tion. This is a prerequisite for advances in a whole range
of ocular surface alterations, in particular those that
show any changes of the tear fluid.
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