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1 | INTRODUCTION

Anatomically, tunica conjunctiva palpebrarum was relatively richer
in terms of vessels than tunica conjunctiva bulbi (Dursun, 2014;
Konig & Liebich, 2014).

The tunica conjunctiva palpebrarum of Wistar rats have prolif-
erative epithelium. This means that the epithelial stem cells in the
conjunctiva are located essentially in the palpebral epithelium in
Wistar rats. This explanation gave rise to a new perspective on the
ocular epithelial development. It was also important in conjunctival
injury repair (Chen, Ishikawa, Yamaki, & Sakuragi, 2003). The deep
lymphatic system drained the conjunctiva was still undefined. The
lymphatic system is an important component of the circulation,
and it played a critical role in the regulation of the body fluid and
in macromolecular homoeostasis, lipid absorption, immune func-
tion and metastasis (Schmid-Schonbein, 1990; Steenbergen, Lash,
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This study was conducted to get an idea about the distribution of the lymphatic fluid
in conjunctiva throughout the body parts. For this purpose, Qdot655 (QD), fluores-
cence nanoparticles, spread onto the conjunctiva were used on Wistar albino rats.
Drainage of QD particles from conjunctiva was followed up via fluorescence images
at different hours on body parts such as eye, ears, forearms, hind legs and tails. The
first fluorescence signals within the 30th minutes following administration of QD
were observed in the nasal region and the anterior extremities. Whereas within 60th
minutes following QD spread, fluorescent signals were obtained from the ears, fore-

arms, hind legs and tail of the female and male rats.

biosensor, conjunctiva, eyelid lymphatics, in vivo imaging, quantum dot, rat

& Bohlen, 1994). There was no clear view of lymphatic transport in
different organs yet. It had been observed that the lymphatic drain-
age increased after subconjunctival drug administration in both tu-
mour and inflammation cases (Robinson et al., 2006; Sugar, Riazi, &
Schaffner, 1957).

Aqueous humour used conjunctival lymph vessels to drain into
lymph nodes (Camelo, Kezic, Shanley, Rigby, & McMenamin, 2006;
Camelo et al., 2008; Nur, Sacmaci, Erttirk, & Orhan, 2018). The im-
mune system in the lymph node is very important for the defence
of the eye (Raviola, 1983). Lymphatic vessels are drained into the
parotid lymph node. As it has been reported in studies conducted
with fluorescent agents, the lymph liquid, which reaches a parotid
lymph node first, was then drained into the retropharyngeal lymph
nodes (Freeman & Troutt, 1985). In addition, the lymphatic vessels
of the upper and lower eyelids opened to the parotid lymph node
(Shoukath et al., 2017).
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Stereomicroscopic research on the cornea, limbus and the
lymph vessels in the conjunctiva of cattle revealed that there
were no valves or invaginations in the lymphatic vessels, while
there were diverticula's like humps in the vessels (Gruntzig, Nolte,
Schad, & Pfankuchen, 1987). However, according to Guo et al.
(2012), there were cover-like formations in the conjunctiva of
monkeys. As the contraction of the lymphatic vessels was in the
shape of rings, they functioned like pumps and in this way, they
were regarded as the factor carrying forward the lymphatic liquid
(Lohrberg & Wilting, 2016). The lymphatics of the conjunctiva were
also associated with ventral nasal concavities. The inferior nasal
concavity (Concha nasalis ventralis) contained numerous lym-
phatic vessels. The dense lymphatic vascular network found here
was also associated with the tear duct (nasolacrimal duct). Nasal
conchae were also connected with the lymphatic drainage of the
brain (Aspelund et al., 2015; Johnston, Zakharov, Papaiconomou,
Salmasi, & Armstrong, 2004).

Finally, the current study was designed to investigate the disper-
sion time and location of the absorption of Qdot in the conjunctiva
of Wistar albino rats by using QD-based biosensor probe. Currently,
no data was found in the literature survey as to whether the lym-
phatic drainage in the conjunctiva joined to the general circulation
system via the lymphoid system or via the lymphovenous anastomo-
sis. This study reports that biosensor probe drops on the rat eye can

reach far extremities such as the ears, forearms, hind legs and tail.

2 | MATERIALS AND METHODS

2.1 | Collecting animal samples

Five-week-old Wistar albino rats with an average weight of 250-
300 g were used in this study. Five female and five male Wistar
albino rats were obtained from the animal research centre called
DEKAM at Erciyes University (ERU). The rats were kept at room
temperature in cages under continuous 12-hr light/dark cycles and
fed ad libitum with the standard food and water before and during
the experiments.

This experimental study was approved on 15.03.2017 with the
approvement code: 17/026 by the Committee for the Ethics of Animal
Research (ERUHADYEK) at the University of Erciyes-Kayseri-Turkey

and conducted in compliance with the ethics guidelines (Nur et al.,
2018).

2.2 | Anaesthesia procedure

General anaesthesia was applied by the intra-peritoneal route to
correct position and handle animals. For this purpose, 0.3 ml of aes-
thetic combination (0.6 ml xylazine, 0.24 ml ketamine) was used for
the male rats, and 0.2 ml of aesthetic combination (0.6 ml xylazine,

0.14 ml ketamine) was used for the female rats.

2.3 | Subpalpebral space injection of quantum dot
(QD) and in vivo hyperspectral fluorescence imaging

The head and neck region were roughly trimmed by a hair trim-
mer. The non-invasive surgical procedure was applied to the rats.
QD probe is an excellent far-red-fluorescent label with outstanding
brightness and photostability for imaging with an emission maximum
of ~655 nm. A single dose of 1 pl of QD (Qdot® ITKTM Carboxyl
Quantum Dots, Invitrogen) was dropped with the Hamilton syringe
(Hamilton Company) under the upper left eyelid. In order to fallow
the dispersion of QDs, in vivo images of the rats were collected at
the 1st, 20th, 30th and 60th minutes following the single drop per
rat. The in vivo fluorescence images were recorded via the Syngene
GBOX-XRQ instrument.

3 | RESULTS

The fluorescence signals were observed over the eye, nose, fore-
limb, hind limb, ear and the tail region at the 1st, 20th, 30th and
60th minutes after following a single dose of 1 ul QD spreading
on the conjunctiva. Time-wise changing on the strength of the ob-
served fluorescence within body parts were presented in Table 1.
A tracking way of QD particles from frontal body parts to poste-
rior parts was clearly shown in Table 1. There was no fluorescence
signal in some other body parts, except eye within 20 min. The
strength of signal enriches after 30 min and mostly appears on
the nose and thoracic limb regions. Within 30 min, fluorescence

signal strength within the front limb for a male rat is stronger

TABLE 1 The strength of the observed

1st minute 20th minute 30th minute 60th minute

fluorescence on the body parts of male

Body parts E M F M E M F M and female rats was presented at the 1st,
20th, 30th and 60th minutes

Eye +++ +++ +++ +++ +++ +++ +++ +++

Nose = = = = ++ +++ = =

Ear - - - - - + +++ ++

Thoracic limb = = = = ++ +++ +++ ++

Pelvic limb - - - - + - +++ ++

Tail = = = = = = +++ +++

Note: Fluorescence signal: (-): absent; (+): weak; (++): mild; (+++): strong. F: Female (n:5); M: Male

(n:5).
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FIGURE 1 Comparing fluorescence
Qdot655 distribution on left eyes of the
male and female rats at the 1st minute:
no difference on the appearance of

the fluorescence imaging on the left
conjunctiva bulbi of the female and male
rats right after Qdot655 1 pl dropped.
Scale, 10 mm. 100 x 52.20 mm (300 dpi)
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than female rats. Whereas after the 30th minute, preauricular sig-
nals for female rats were stronger than male rats when the time
reached to the 60th minute.

When time advances, fluorescence signals around the eye region
have not lost its strength. However, the signals increase in the other
parts of the body, reaching up to the tail, regardless of gender.

The dispersion of Qdots and in vivo images of the rats were
collected at the 1st, 20th, 30th and 60th minutes were shown in
Figures 1, 2, 3 and 4, respectively.

It was found out that there were no signal differences between
both genders in the images obtained right after 1 ul QD was spread in
the conjunctiva within the 1st minute (Figure 1). No images could be
obtained during the first 20th minute in the other body parts of the
rats, except for the eye (Figures 1 and 2). QD within 20 min was only
widening continuous dispersion around the eye region (Figure 2).

FIGURE 2 Qdot655 within 20 min is
advancing dispersion around the left eye
region for both genders. No signal around
the ear, nose or any other body parts at
this time. (a, b) More dispersion of the
fluorescence signals around the left eye of
the female rat. (c, d) Less dispersion of the
fluorescence signals around the left eye of
male rats. Scale, 10 mm. 100 x 82.97 mm
(300 dpi)

However, the fluorescent images primarily on the nose and anterior
limbs were obtained only after the 30th minute (Figure 3).

When QD was given, it was thought that the chemical material
would quickly pass to the lacrimal duct within 20th minutes at the
medial angle of the eye first and then also passes quickly to the na-
solacrimal duct. It was expected that fluorescent images should be
observed immediately in those regions. But surprisingly, there are
not any images for the nasal area as expected, so fast (Figures 1 and
2). The passage of QDs from eyes-to-nose region has taken about at
least 30 min (Figure 3).

The spread of fluorescence QD particles to conjunctiva had
reached the ears, the hind limbs and the tail area within 60 min
(Figure 4). Somehow, QD within the conjunctiva passes to lymphatic
drainage and then joins to the general circulation system via the lym-

phoid system or via the lymphovenous anastomosis.

Female rat

)
®
|

=

R

>




NUR ET AL.

4]
WI LE Y— Awova HISTOLOGIA EMBRYOLOGIA

OF VETERINARY MEDICIE

FIGURE 3 The appearance of fluorescence signals around the
nose, ear and thoracic limb region of female and male rats at the
30th minutes following after Qdot655 drop. The fluorescence
signals were taken from nasal, the underside of the carpal joint and
at the tip of the carpal joint with the carpal joint level in the female
(a) and, male (b) rats. Scale, 10 mm. 100 x 58.93 mm (300 dpi)

4 | DISCUSSION

The current investigation was prepared to give more anatomical in-
formation about the duration of the joining of the lymphatic liquid in
the conjunctiva of the male and female rats to the general circula-
tory system.

The general approach was to drop the fluorescence agent (QD)
onto conjunctiva and follow up at different hours on the body parts,
and see how fluorescence substance dissolves and distributes
throughout via the lymphatic system from the eye to other parts.

Today, studies on both internal and external drainage of the
eye are very rare. The drainage of the agueous humour drains oc-
curred via two pathways: the conventional outflow through the
trabecular meshwork and Schlemm's canal, unconventional outflow
through the ciliary body. The two pathways of aqueous humour
drainage were well studied as reported by (Gobel, Rufer, & Erb,
2011; Swaminathan, Oh, Kang, & Rhee, 2014; Tamm, Braunger, &
Fuchshofer, 2015). While there was a third pathway for the drainage
of the aqueous humour as reported by (Ytcel et al., 2009). Many
studies have confirmed that aqueous humour was drained into the
submandibular lymph node (Tam, Gupta, Zhang, & Ycel, 2013;
Yiicel et al., 2009). Leptomeningeal lymph vessels also join to this
lymph node. Therefore, it means that the lymph nodes may assume
significant roles in the treatment of many ilinesses such as glaucoma,
MS and Parkinson's disease (Schloetzer Schrehardt, 2007).

No data was found in the literature survey as to whether the
lymphatic drainage in the conjunctiva joined the general circulation
system via the lymphoid system or via the lymphovenous anasto-
mosis. Although, it was initially thought that we could immediately
obtain images (Figure 1) from the nose as the conjunctiva joined
to the nasolacrimal duct via the lacrimal canal at the medial angle
of the study did not yield such images within the 20 min (Figures 1
and 2). Slow distribution can be explained that either fluorescence
particles (QD) were not reached those areas, perhaps due to lim-
ited drain or not measured due to tissue thickness, the deepness
of the drainage, etc. or could be other limiting reasons. However,
30 min after fluorescence QD dispersion onto conjunctiva, QD
particles reached, nasal and carpal regions (Figure 3). When the
time reached 60 min after fluorescence spread, fluorescence QDs
drainage extended to the ears, forearms, hind legs and tail as seen
in Figure 4.

The reason for getting fluorescent images in the preauricular re-
gion, as stated in the literature (Echegoyen, Hirabayashi, Lin, & Tao,
2012), originated from the ventral and rostral extraorbital lacrimal
glands because the channels of these glands and the channels of the
intraorbital lacrimal gland opening to the conjunctiva both combine
at the dorsolateral region of the eye. For this reason, the fluores-
cence image in our study was strong around the eyes within 20 min
(Figure 2). The fluorescent particles reaching the preauricular region
in rats had been observed within the 30th minutes (Figure 3) and
finally 60th minutes (Figure 4). After 60 min following QD disper-
sion on the conjunctiva, fluorescence strength on eye remains un-
changed, contrary florescence diffused locally. This may indicate
that drainage on conjunctiva exists, but somehow weak. However,
it must have an interconnection with a general circulation system to
reach far body parts.

According to Freeman and Troutt (1985), the fluorescent matter
in the conjunctiva of calves joined first to parotid lymph node and
then to the retropharyngeal lymph node. In our rat study, apparently,
no images obtained at retropharyngeal lymph node or in the parotid
lymph node regions, perhaps either image could not be caught on
right time interval or other obstacles (skin thickness, shift on the
emission wavelength, etc.) prevented observation.

In light the of the data above, the study supports the views that
the conjunctiva is rich in lymphatic vessels. Lymphatic system of the
eye takes an active role in the drainage of intraocular pressure. The
parotid and submandibular lymph nodes can possibly contribute

drainage of the lymphatic liquid in the conjunctiva.

FIGURE 4 Expansion of fluorescence
signal to the other body parts at the
60th minute following after the Qdot655
application. Distribution of fluorescent
signal was clearly shown on the ears,
forearms, hind legs and tail of the female
(a) and male (b) rats. Scale, 10 mm.

160 x 5.27 mm (300 dpi)
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Somehow, Qdoté55 within the conjunctiva passes to lymphatic
drainage and then possible joins to the general circulation system via
the lymphoid system or via the lymphovenous anastomosis.

This study indicated that conjunctiva interconnected with almost
all parts of the body (from the eye to tail etc.). So in the future, the
eye (conjunctiva) could be possibly used the administration of cer-
tain drugs and tracers, etc. to the other parts of the body for perhaps

therapy or scanning.

5 | CONCLUSION

The current investigation considered as the first study suggests that
the conjunctival lymphatic drainage was associated with the whole
body's circulatory system approximately within an hour in the rat
model. Here, we also report that drops to the eye can reach far ex-
tremities such as the ears, forearms, hind legs and tail.

ACKNOWLEDGEMENTS

This experimental study was approved on 03.15.2017 with the
approvement code: 17/026 by the Committee for the Ethics of
Animal Research (ERUHADYEK) at the University of Erciyes-
Kayseri-Turkey. The authors were grateful for the financial support
provided by The Unit of Scientific Research Projects of Erciyes
University (Project no.: THD-2017-7769) and partially (Project no.:
TOA-2017-7362).

CONFLICT OF INTEREST

None.

ORCID

ismail Hakki Nur https://orcid.org/0000-0001-7215-8112

Mohamed Abumandour https://orcid.

org/0000-0002-3289-1982

REFERENCES

Aspelund, A., Antila, S., Proulx, S. T., Karlsen, T. V., Karaman, S., Detmar,
M., ... Alitalo, K. (2015). A dural lymphatic vascular system that drains
braininterstitial fluid and macromolecules. The Journal of Experimental
Medicine, 212, 991-999. https://doi.org/10.1084/jem.20142290

Camelo, S., Kezic, J., Shanley, A., Rigby, P., & McMenamin, P. G. (2006).
Antigen from the anterior chamber of the eye travels in a soluble
form to secondary lymphoid organs via lymphatic and vascular
routes. Investigative Ophthalmology & Visual Science, 47, 1039-1046.
https://doi.org/10.1167/iovs.05-1041

Camelo, S., Lajavardi, L., Bochot, A., Goldenberg, B., Naud, M. C., Fattal,
E., ... de Kozak, Y. (2008). Drainage of fluorescent liposomes from
the vitreous to cervical lymph nodes via conjunctival lymphatics.
Ophthalmic Research, 40, 145-150. https://doi.org/10.1159/00011
9866

|
e WILEY

Chen, W., Ishikawa, M., Yamaki, K., & Sakuragi, S. (2003). Wistar rat pal-
pebral conjunctiva contains more slow-cycling stem cells that have
larger proliferative capacity: Implication for conjunctival epithelial
homeostasis. Japanese Journal of Ophthalmology, 47, 119-128.

Dursun, N. (2014). Veteriner anatomi Il (8th ed., pp. 165-167). Ankara,
Turkey: Medisan Yayin evi Ankara.

Echegoyen, J. C., Hirabayashi, K. E., Lin, K. Y., & Tao, J. P. (2012). Imaging
of eyelid lymphatic drainage. Saudi Journal of Ophthalmology, 26,
441-443. https://doi.org/10.1016/].sjopt.2012.08.003

Freeman, L. E., & Troutt, H. F. (1985). Lymph drainage of the conjunctiva:
Topographic anatomic study in calves. American Journal of Veterinary
Research, 46, 1967-1970.

Gobel, K., Rufer, F., & Erb, C. (2011). Physiology of aqueous humor forma-
tion, diurnal fluctuation of intraocular pressure and its significance
for glaucoma. Klinische Monatsblatter fur Augenheilkunde, 228, 104-
108. https://doi.org/10.1055/s-0029-1246040

Gruntzig, J., Nolte, S., Schad, P., & Pfankuchen, R. (1987). Lymph
drainage of the cornea, limbus, and conjunctiva. Klinische
Monatsblatter fur Augenheilkunde, 190, 491-495. https://doi.
org/10.1055/5-2008-1050441

Guo, W,, Zhu, Y., Yu, P. K., Yu, X., Sun, X,, Cringle, S. J., ... Yu, D. Y. (2012).
Quantitative study of the topographic distribution of conjunctival
lymphatic vessels in the monkey. Experimental Eye Research, 94(1),
90-97.

Johnston, M., Zakharov, A., Papaiconomou, C., Salmasi, G., & Armstrong,
D. (2004). Evidence of connections between cerebrospinal fluid and
nasal lymphatic vessels in humans, non-human primates and other
mammalian species. Cerebrospinal Fluid Research, 1, 2. https://doi.
org/10.1186/1743-8454-1-2

Koénig, H. E., & Liebich, H.-G. (2014). Veterinary anatomy of domestic mam-
mals: Textbook and colour atlas (4th ed., p. 595). Stuttgart, Germany:
Schattauer.

Lohrberg, M., & Wilting, J. (2016). The lymphatic vascular system of
the mouse head. Cell and Tissue Research, 366, 667-677. https://doi.
org/10.1007/s00441-016-2493-8

Nur, I. H., Sacmaci, S., Ertiirk, K., & Orhan, i. (2018). Kuantum Nokta Qdot
Temelli Biyoalgilayici Prob Kullanilarak Gézdeki Lenf Drenajinin Varligi
Uzerine Bir Arastirma, Proje No: -TOA-2017-7362. Kayseri/Tiirkiye:
ERU. Bilimsel Arastirma Projeler.

Raviola, G. (1983). Conjunctival and episcleral blood vessels are per-
meable to blood-borne horseradish peroxidase. Investigative
Ophthalmology & Visual Science, 24, 725-736.

Robinson, M. R., Lee, S. S., Kim, H., Kim, S, Lutz, R. J., Galban, C., ... Csaky,
K. G. (2006). A rabbit model for assessing the ocular barriers to the
transscleral delivery of triamcinolone acetonide. Experimental Eye
Research, 82, 479-487. https://doi.org/10.1016/j.exer.2005.08.007

Schloetzer Schrehardt, U. (2007). MMPs in glaucoma. Acta
Ophthalmologica Scandinavica, 85(s240). https://doi.
org/10.1111/j.1600-0420.2007.01063_2981.x

Schmid-Schonbein, G. W. (1990). Microlymphatics and lymph flow.
Physiological Reviews, 70, 987-1028. https://doi.org/10.1152/physr
€v.1990.70.4.987

Shoukath, S., Taylor, G. I., Mendelson, B. C., Corlett, R. J., Shayan, R.,
Tourani, S. S., & Ashton, M. W. (2017). The lymphatic anatomy of the
lower eyelid and conjunctiva and correlation with postoperative che-
mosis and edema. Plastic and Reconstructive Surgery, 139, 628e-637e.
https://doi.org/10.1097/PRS.000000000000309

Steenbergen, J. M., Lash, J. M., & Bohlen, H. G. (1994). Role of a lymphatic
system in glucose absorption and the accompanying microvascular
hyperemia. The American Journal of Physiology, 267, G529-G535.
https://doi.org/10.1152/ajpgi.1994.267.4.G529

Sugar, H. S., Riazi, A., & Schaffner, R. (1957). The bulbar conjunctival
lymphatics and their clinical significance. Transactions - American
Academy of Ophthalmology and Otolaryngology, 61, 212-223.


https://orcid.org/0000-0001-7215-8112
https://orcid.org/0000-0001-7215-8112
https://orcid.org/0000-0002-3289-1982
https://orcid.org/0000-0002-3289-1982
https://orcid.org/0000-0002-3289-1982
https://doi.org/10.1084/jem.20142290
https://doi.org/10.1167/iovs.05-1041
https://doi.org/10.1159/000119866
https://doi.org/10.1159/000119866
https://doi.org/10.1016/j.sjopt.2012.08.003
https://doi.org/10.1055/s-0029-1246040
https://doi.org/10.1055/s-2008-1050441
https://doi.org/10.1055/s-2008-1050441
https://doi.org/10.1186/1743-8454-1-2
https://doi.org/10.1186/1743-8454-1-2
https://doi.org/10.1007/s00441-016-2493-8
https://doi.org/10.1007/s00441-016-2493-8
https://doi.org/10.1016/j.exer.2005.08.007
https://doi.org/10.1111/j.1600-0420.2007.01063_2981.x
https://doi.org/10.1111/j.1600-0420.2007.01063_2981.x
https://doi.org/10.1152/physrev.1990.70.4.987
https://doi.org/10.1152/physrev.1990.70.4.987
https://doi.org/10.1097/PRS.000000000000309
https://doi.org/10.1152/ajpgi.1994.267.4.G529

NUR ET AL.

ﬂ_wl [_E Y — A\ATOMIA HISTOLOGIA EMBRYOLOGIA

Swaminathan, S. S., Oh, D. J., Kang, M. H., & Rhee, D. J. (2014). Aqueous
outflow: Segmental and distal flow. Journal of Cataract and Refractive
Surgery, 40, 1263-1272. https://doi.org/10.1016/j.jcrs.2014.06.020

Tam, A. L. C., Gupta, N., Zhang, Z., & Ytcel, Y. H. (2013). Latanoprost
Stimulates Ocular Lymphatic Drainage: An In Vivo Nanotracer Study.
Translational Vision Science & Technology, 2(5), 3.

Tamm, E. R., Braunger, B. M., & Fuchshofer, R. (2015). Intraocular pres-
sure and the mechanisms involved in resistance of the aqueous
humor flow in the trabecular meshwork outflow pathways. Progress
in Molecular Biology and Translational Science, 134, 301-314. https://
doi.org/10.1016/bs.pmbts.2015.06.007

Yicel, Y. H., Johnston, M. G,, Ly, T., Patel, M., Drake, B., Gumts, E., ...
Gupta, N. (2009). Identification of lymphatics in the ciliary body
of the human eye: A novel "uveolymphatic" outflow pathway.

Experimental Eye Research, 89, 810-819. https://doi.org/10.1016/j.
exer.2009.08.010

How to cite this article: Nur iH, Sacmaci S, Keles H,
Abumandour M, Testereci H. Application of quantum dot-
based biosensor to the conjunctiva in Wistar albino rats. Anat
Histol Embryol. 2019;00:1-6. https://doi.org/10.1111/
ahe.12508



https://doi.org/10.1016/j.jcrs.2014.06.020
https://doi.org/10.1016/bs.pmbts.2015.06.007
https://doi.org/10.1016/bs.pmbts.2015.06.007
https://doi.org/10.1016/j.exer.2009.08.010
https://doi.org/10.1016/j.exer.2009.08.010
https://doi.org/10.1111/ahe.12508
https://doi.org/10.1111/ahe.12508

