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Abstract

SHORT ABSTRACT—Local drug delivery to the submandibular glands is of interest in 

understanding salivary gland biology and for the development of novel therapeutics. We present an 

updated and detailed retroductal injection protocol, designed to improve delivery accuracy and 

experimental reproducibility. The application presented herein is the delivery of polymeric 

nanoparticles.

LONG ABSTRACT—Two common goals of salivary gland therapeutics are prevention and cure 

of tissue dysfunction following either autoimmune or radiation injury. By locally delivering 

bioactive compounds to the salivary glands, greater tissue concentrations can be safely achieved 

versus systemic administration. Furthermore, off target tissue effects from extra-glandular 

accumulation of material can be dramatically reduced. In this regard, retroductal injection is a 

widely used method for investigating both salivary gland biology and pathophysiology. 

Retroductal administration of growth factors, primary cells, adenoviral vectors, and small 

molecule drugs has been shown to support gland function in the setting of injury. We have 

previously shown the efficacy of a retroductally injected nanoparticle-siRNA strategy to maintain 

gland function following irradiation. Here, a highly effective and reproducible method to 

administer nanomaterials to the murine submandibular gland through Wharton’s duct is detailed 

(Figure 1). We describe accessing the oral cavity and outline the steps necessary to cannulate 

Wharton’s duct, with further observations serving as quality checks throughout the procedure.
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INTRODUCTION

Salivary gland dysfunction has many etiologies, including Sjögren’s syndrome, an 

autoimmune mediated loss of functional secretory tissue, and radiation induced 

hyposalivation (RIH), a common sequella of head and neck cancer radiotherapy1. Loss of 

salivary function due to either condition predisposes individuals to oral and systemic 

infection, tooth decay, digestive and swallowing dysfunction, speech impairment, and major 

depression1–3. As a result, quality of life significantly suffers, with interventions limited to 

palliation of symptoms rather than cure4. To investigate novel therapies in vivo, it is of 

interest to administer bioactive compounds directly to the salivary gland.

Retroductal injection is a valuable method to deliver bioactive compounds directly to the 

salivary glands and test the efficacy in disease, injury, or under normal tissue homeostasis. 

The three major salivary glands are the parotid (PG), the submandibular (SMG), and the 

sublingual (SLG), all of which empty into the oral cavity through excretory ducts. The 

anatomy of the murine SMG permits direct access through cannulation of Wharton’s duct, 

located in the floor of the mouth beneath the tongue5. Following the cannulation, solvated 

drugs can be administered directly to the SMG. Following retroductal delivery, extra-

glandular diffusion is restricted by the surrounding tissue capsule which regulates the 

exchange of material with surrounding structures6. The SMG and its duct are similarly 

structured in humans, and are routinely accessed during SMG surgery and sialoendoscopy7. 

In humans and mice, the PG is likewise accessible via Stensen’s duct in the buccal mucosa8.

In murine models of RIH, SMG retroductal injection has been used to deliver therapeutics 

including growth factors, primary cells, adenoviral vectors, cytokines, and antioxidant 

compounds to modulate the cellular response to injury, and reduce the resulting tissue 

damage5,9–16. The most notable clinical success of retroductal injection is the administration 

of adenoviral vector to direct expression of a water channel (Aquaporin 1; AQP1) in patients 

following the radiation for head and neck cancer17.

Previously, we have developed and shown the efficacy of a retroductally injected polymeric 

nanoparticle-siRNA system to protect salivary gland function from RIH11,18–20. As an 

extension of our past work, here, we demonstrate our protocol for retroductal SMG injection 

using a fluorescently labeled nanoparticle (NP) capable of loading and delivering otherwise 

poorly soluble drugs21–23.

We have synthesized the NP from a diblock copolymer comprised of poly(styrene-alt-maleic 

anhydride)-b-poly(styrene) (PSMA) through reversible addition chain fragmentation 

(RAFT) polymerization, as described previously21. Through solvent exchange, these 

polymers spontaneously self-assemble into micelle NP structures with a hydrophobic 

interior and hydrophilic exterior21. The NPs are labeled with Texas-Red fluorophore to 

permit the verification of NP delivery into the glands without sacrificing the animal. Live 

animal imaging and SMG immunohistochemistry is shown at 1 h and 1 day following the 

injection.
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This updated and reproducible cannulation protocol should enable others to achieve 

retroductal injection. We expect that this refined technique will become critical for in vivo 

studies and therapeutic development24,25.

PROTOCOL

All in vivo procedures outlined below were approved by the University Committee on 

Animal Resources at the University of Rochester, Rochester. NY.

1. Preparation

1.1 . Using 32G intracranial catheter tubing with wire inset, cut 3 cm of the tubing 

to form a beveled end, approximately 45° to the long axis. Confirm that the wire 

is at least 1 cm longer than the tubing.

1.2 Load 50 μL of PSMA nanoparticle solution (Figure 1), or other injection 

material, into a Hamilton syringe. To reduce the probability of barotrauma 

during injection, attach the catheter tubing, with the stylet removed, to the 

syringe and expel dead volume.

1.3 Inspect the injection solution to ensure the nanoparticle is fully solvated to 

prevent ductal obstruction following the administration.

1.4 Prepare atropine solution at 0.1 mg/mL.

Note: Because atropine is light sensitive and degrades over time, this solution 

should be made the day of injection, and protected from light until administered.

2. Accessing and Visualizing Ductal Entry Point

2.1 Weigh C57/Bl6 mice using an analytical balance.

2.2 Using a 0.5 mL syringe with 29G × ½″ needle, anesthetize mice with an 

intraperitoneally injected sterile saline solution of 100 mg/kg ketamine and 10 

mg/kg xylazine. Proceed to the following step when the mouse no longer 

responds to stimuli, which generally occurs within 5 to 10 min following the 

injection.

Note: This procedure may also be performed under isoflurane, but will require a 

custom nose cone that permits access to the oral cavity.

2.3 To prevent dryness during the procedure, apply lubricant to eyes and place the 

mouse in a prone position on a custom stage.

Note: To maintain appropriate conditions for intra-oral procedure, tools should 

be disinfected or sterilized prior to each use.

2.4 Open the oral cavity by securing the maxillary incisors over a metal beam, and 

use an elastic band to apply downward tension behind the mandibular incisors 

(Figure 2A).

2.5 Align the mouse beneath the dissecting microscope such that the base of the jaw 

is visualized.

Varghese et al. Page 3

J Vis Exp. Author manuscript; available in PMC 2018 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.6 To widen the mouth, use a custom, curved steel retractor to apply tension 

bilaterally to the buccal mucosa.

2.7 To visualize the submandibular papillae, grasp and gently lift the tongue from 

the floor of the mouth using blunt forceps.

Note: The papillae will appear as two pale protrusions beneath the tongue 

(Figure 2B).

2.8 To ease the visualization and further manipulation within the oral cavity, place 

cotton between the tongue and the buccal mucosa.

3. Ductal Cannulation and Line Placement

3.1 Using fine, curved forceps, grasp catheter tubing with the wire inset. For 

optimum manual control during cannulation, align the tubing with the curvature 

of the forceps (Figure 3A).

3.2 Using the dissecting microscope, move the forceps and wire into the field of 

view.

Note: The wire should be protruding from the tubing.

3.3 Gently apply pressure into the base of one submandibular papilla using the wire 

inset to produce a small, superficial, mucosal puncture (0.076 mm diameter) that 

will facilitate later entry of the catheter tubing (0.25 mm diameter). If resistance 

is encountered, cut fresh beveled tips on both the tubing and wire inset with 

sharp dissecting scissors.

3.4 Following the entry, withdraw the stylet and, using the dissecting microscope, 

confirm the presence of saliva at the puncture site. Avoid forceful or sudden 

movement (either withdrawal or insertion) of the stylet that may cause bleeding 

or compromise ductal integrity.

3.5 Retract the stylet within the tubing (Figure 3B).

3.6 To ensure that injection tubing will fit into Wharton’s duct opening, insert tubing 

containing the stylet as a rigid guide into the previously made puncture (Figure 

2C).

Note: If not performed quickly, local swelling may prevent re-insertion.

3.7 To prevent back pressure from prolonged ductal obstruction, withdraw the 

tubing. Inspect to verify that an opening, visible under microscopy, can be seen 

in the submandibular papilla. If visible bleeding occurs, remove the stylet and 

reattempt from step 3.2 on the opposing submandibular papillae.

3.8 Without moving the mouse, administer intraperitoneal injection of 1 mg/kg 

atropine solution, to reduce salivation during the procedure. Wait 5–10 min.

3.9 Grasp the end of the syringe tubing, and insert into the orifice using the 

dissecting microscope (Figure 3C). If resistance is encountered, cut a fresh 

beveled end to the tubing and reattempt.
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3.10 Once the tubing is in place within the submandibular papilla, slowly advance 3–

5 mm into the duct. Release the tubing from the forceps.

3.11 To improve the seal between the tubing and the submandibular papilla, dry the 

interface by gently blotting with gauze for 1 min.

3.12 Inspect to confirm that the position of the tubing has not shifted during drying.

4. Injection

4.1 Inject material at a rate of 10 μL/min. Inspect to confirm that the mouse remains 

sedated and is not showing signs of distress (Figure 2D).

Note: Injections of 15 – 50 μL are well tolerated. Injection of larger volumes can 

result in barotrauma.

4.2 Following the injection, maintain syringe pressure for 5 min to improve the 

retention of material within Wharton’s duct and SMG (Figure 4). Inspect the 

submandibular papilla periodically to ensure that tubing does not exit the ductal 

orifice.

4.3 Using fine forceps, grasp and gently withdraw the tubing from the 

submandibular papillae.

Note: It is normal to observe some fluid egress from the papillae.

4.4 Remove the retractor and cotton from the oral cavity before moving the mouse 

from the stage.

Note: The animal should not be left unattended until it has regained sufficient 

consciousness to maintain sternal recumbency. Furthermore, ensure that the 

mouse is not housed with other mice until fully recovered.

5. Verification and Analysis

Note: An in vivo Imaging System (IVIS) can be used to assess retention of 

fluorescently labeled nanoparticles following injection (as shown 1 h and 24 h after 

injection in Figure 5).

5.1 To better visualize fluorescent signal within the SMG through the 

skin, remove the ventral fur overlying the SMGs either by shaving 

or using a chemical depilatory.

Note: Following euthanasia, SMG tissue can also be harvested, 

fixed (overnight in 4% paraformaldehyde), and stained using 

immunohistochemistry to confirm persistence of fluorescently 

labeled NP one day following injection (Figure 6).

REPRESENTATIVE RESULTS

Retroductal injection can be used to administer NPs to the murine SMG (Figure 1). Here, we 

deliver 50 μg PSMA NPs labeled with Texas Red fluorophore.
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Proper placement of the mouse allows facile access and visualization of the floor of the 

mouth (Figure 2A–B). The submandibular papillae are identified as two fleshy protrusions 

beneath the tongue. Following the cannulation (Figure 2C) and atropine injection, syringe 

tubing can be placed into the submandibular papillae (Figure 2D).

To facilitate the cannulation, a small puncture in the submandibular papilla is first made 

using the wire stylet inside of the catheter tubing (Figure 3A). Once this is done, the stylet 

should be retracted within the tubing to serve as a rigid guide while a larger opening is made 

(Figure 3B). The stylet has a diameter of 0.076 mm, while the catheter tubing has an outer 

diameter of 0.25 mm. Following the creation of this larger opening, the pre-loaded catheter 

tubing, attached to the injection syringe, can then be guided into the ductal orifice (Figure 

3C).

Following the injection, it is recommended that the syringe be immobilized and injection 

pressure maintained. If the pressure is not applied, delivery will be successful, albeit with 

less efficiency and reproducibility. This is demonstrated by injecting 50 μL of 1% toluidine 

blue dye bilaterally and observing fainter staining in the gland without maintained pressure 

following the injection (Figure 4).

To verify NP delivery, the IVIS can be used to detect fluorescent signal within the mouse, 

which is lateralized to the injected region 1 h post administration (Figure 5). This approach 

enables the confirmation without euthanizing the mouse and can be continued longitudinally 

until signal is no longer detectable26,27.

To confirm NP persistence in the SMG 24 h following injection, glands can be sectioned, 

and viewed by fluorescent imaging. Aqp5 and Krt5 IHC mark secretory and ductal cells of 

the SMG, respectively, and show NPs in both compartments (Figure 6).

DISCUSSION

Retroductal injection is critical for localized drug delivery to the salivary gland. This 

technique has applications in screening therapeutic agents for conditions including Sjogren’s 

syndrome and RIH9,10,28. Direct drug delivery into the SMG via retroductal injection 

provides a key advantage over systemic administration in its potential to reduce off-target 

effects, including immune activation11. The ability to maximize local drug delivery, without 

accumulation in surrounding tissues can also enable therapeutic testing in a wider dose range 

than could be achieved systemically.

We present this protocol, with troubleshooting and quality check steps, as a detailed and 

updated method to deliver polymeric nanomaterials through Wharton’s duct to the murine 

SMG20. For example, proper use of a wire guide facilitates cannula placement. Furthermore, 

by using dry blotting instead of cyanoacrylate glues to hold the cannula in place during the 

injection, the risk of mucosal trauma is minimized. This method can be used to treat mice 

with a range of compounds, and can be performed over multiple days with the same mouse 

to evaluate a timecourse of repeat administration11.
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Normal gland secretion will provide a simple and straightforward clearance mechanism for 

excess payload, though this strategy should be optimized for different applications by careful 

selection of injected substance and titration of atropine dosage. In this case, NPs persist in 

the SMG for at least 24 h. By using NPs capable of drug loading, or similar nanomaterials, 

future applications of this work include overcoming the solubility limit that would otherwise 

prevent testing hydrophobic agents with retroductal injection20,21.
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Figure 1. Retrograde injection schematic
Following ductal cannulation and syringe placement, 50 μL of 1 mg/mL polymeric NP 

solution is injected into the SMG. Representative transmission electron micrograph (TEM) 

shows monodisperse (polydispersity index = 0.2) NP population.
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Figure 2. Retrograde injection steps
A. Access the oral cavity by separating the maxillary and mandibular incisors. B. Visualize 

the papillae (boxed) below the tongue at the floor of the mouth, which mark the location of 

Wharton’s duct. C. Using a catheter with wire inset, gently cannulate the base of the 

submandibular papilla. D. Following cannulation, the catheter tubing can be exchanged with 

syringe tubing
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Figure 3. Effective positioning of catheter and stylet for Wharton’s duct cannulation
A. Align the tubing with the curvature of the forceps, and cut a beveled end on the tubing 

and wire to initially puncture the sublingual papilla. B. Retract the stylet within the tubing to 

make a rigid guide to insert the tubing within the sublingual papilla. C. Insert catheter tubing 

(stylet removed), joined to injection syringe, within the previously made orifice.
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Figure 4. Maintaining syringe pressure following injection improves material retention
Following retroductal injections of 50 μL of 1% toluidine blue, syringe pressure was either 

maintained for 5 min (Right SMG – first injection) or the syringe was withdrawn 

immediately after the injection (Left SMG – second injection).
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Figure 5. Confirmation of retroductal NP delivery post injection
A. In vivo Imaging System (IVIS) shows the lateralization of red fluorescent signal to the 

treated (left) side of the mouse 1 h post injection. B. NP IVIS signal at 24 h has decreased 

significantly.
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Figure 6. Confirmation of retroductal NP persistence 24 h post injection
A, C. Uninjected control SMG stained for Aqp5 and Krt5, marking secretory acinar and 

ductal cells, respectively. B, D. In retroductal NP injected SMG, Aqp5 and Krt5 stains show 

normal gland morphology and NPs taken up in both acini and ducts (scale bars: 75 μm).
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