
 
 

Chlorhexidine for sustained release in dental applications 

A polymorph of Chlorhexidine (CHX) in particle form that provides a reservoir of CHX with a 
controlled/tailored release rate. 

A demonstrated longer and higher release rate of CHX compared to Corsodyl gel. 

Proven to have a lower cytotoxicity than commercially available CHX solutions. 

Manufacture is cheap, rapid and requires very little specialized equipment to scale up – see 
WO2017158379A1 

Problem 

Owing to its effective antimicrobial properties, Chlorhexidine (CHX) in the form of chlorhexidine 
diacetate is used in oral healthcare consumer products, such as mouthwashes, to improve dental 
hygiene. However, as a mouthwash CHX’s effectiveness is limited because it is easily washed away 
before it reaches the site of bacterial infection. CHX has been incorporated into gels, e.g. Corsodyl, so 
that it can be applied where needed and be effective for longer. In these gels, though, liquid 
chlorhexidine digluconate is used as the active agent, leading to relatively low concentrations of CHX 
released over limited time periods as the liquid CHX leaks out of the gel. This has limited Corsodyl to 
the treatment of early stage gum disease. Gels that release higher concentrations of CHX over a longer 
sustained time period could treat more significant bacterial infections such as Periodontitis and Peri-
implantitis (implant related disease). 

Solution 

The technology is a new chlorhexidine polymorph 
(CHXCaCl2) with controlled size (range= 5-20 μm), 
unique spherical biomimetic morphology (Figs. 1a, 
c) which produces a controlled drug release, 
compared to the widely used chlorhexidine 
diacetate. It is based on defined chemistry and the 
crystals form a porous network creating a reservoir 
of high Chlorhexidine content and a controllable 
slow-release effect. The particles can also be 
encapsulated in a biodegradable polyelectrolyte 
layer-by-layer polymer coating (Figs. 1b, d) which 
enables higher drug loading in the reservoir whilst 
controlling the release even in aqueous solution.   

Figure 1a, c: Images illustrating the Novel CHXCaCl2 
particle; b, d: Novel CHX CaCl2 particle encapsulated. 

IP Status 

A UK priority patent application was filed in March 2016, with a subsequent international application 
(PCT), WO2017158379A1. 

Seeking 

The technology is available for licensing, or joint development. Currently, we are working on a product 
formulation of micro particles in-gel that would be suitable for a minimally invasive localised delivery 
of CHX in periodontal pockets or infected implant sites.  

Contact Adam Daykin to discuss: email - a.daykin@qmul.ac.uk or tel – 02078825117. 

mailto:a.daykin@qmul.ac.uk


 
 

Data and Future Details 

A comprehensive data-pack is available on request. The highlights follow: 

Performance 

Currently, the formulation is being developed for use as an injectable gel (Fig. 2). It demonstrates a 
sustained and higher release than a commercial comparison gel, Corsodyl (>2x at 1 wt%). 1 wt% was 
chosen to compare with Corsodyl, but up to 5 wt%, with a polymer coating, has been demonstrated 
effective, providing a significantly increased reservoir of CHX and a higher CHX release rate.  

 

 
 
Figure 2: Graph showing sustained and increased release for novel CHXCaCl2 particles in a gel,  

compared with a commercial and CHX digluconate gel in PBS. All at 1 wt% CHX. 

 
Cytotoxicity 

Cytotoxicity tests have been completed and show less cytotoxicity compared to commercially 

available CHX solutions (Fig. 3). Also compared to commercial Chlorhexidine diacetate solutions, when 

encapsulated it has a longer sustainable effect without adverse toxicity. It has also been demonstrated 

that the CHXCaCl2 particles have effective bactericidal/ bacteriostatic properties in tests against a 

panel of periodontal pathogens (e.g. Porphyromonas gingivalis, Fusobacterium nucleatum 

polymorphum, and Aggregatibacter actinomycetemcomitas). 
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Figure 3: Graph showing cell viability of fibroblasts for coated and uncoated novel CHXCaCl2 spheres compared 
with commercial CHX diacetate after the ISO 10993-5 MTT cytotoxicity test. 

Shelf Life 

Novel CHXCaCl2 particles after 1 Year storage at room temperature are stable in terms of CHX active 
content. Antibacterial Assays indicate the stable efficacy of CHXCaCl2 particles against Porphyromonas 
gingivalis in antimicrobial assays below. Shelf life tests are ongoing at differing temperatures. 

Date of Antibacterial Assay Minimum inhibitory concentration ( wt%) 

27/04/2017 0.00025 

19/10/2017 0.00025 

Further Details 

Additionally, this technology will meet many of the antibacterial challenges in Dentistry/Medicine and 

can be incorporated into oral care consumer or professional products: e.g. dental resins, bonding 

agents, gels, sprays, biodegradable membranes, mouth rinses, toothpastes, or medical devices, using 

off-the shelf formulation materials. 

The encapsulated CHXCaCl2 particles can be: a) functionalised so that the rate of release can be further 

increased by ultrasonic vibration or dental lasers, providing a means of targeting bacterial infection as 

it arises; b) functionalized with cations making the particles responsive to magnetic fields, so the CHX 

can be directed to give a tailored release at the site of infection; d) and be incorporated at high drug 

content into biodegradable PLA electro spun fibres (potential for antibacterial fabrics/bandages) and 

is effective against E. coli and not cytotoxic to fibroblasts. 

Further applications/advantages are demonstrated in the following publications: 

Dong Luo, Cattell, M.J., Shahid, S., Sukhorukov, G. Novel Formulation of Chlorhexidine Spheres and Sustained Release with 
Multilayered Encapsulation. ACS Applied Materials & Interfaces, 2016, 8, 12652–12660.  

Dong Luo, Shahid, S., Sukhorukov, Cattell, M.J. Synthesis of novel chlorhexidine spheres with controlled release from a 
UDMA-HEMA resin using ultrasound. Dent Mater, 2017, 33, 713-722.  

Dong Luo, Xi Zhanga, Shahid, S., Cattell, M.J., Gould D.J., Sukhorukov, G. Electrospun poly (lactic acid) fibers containing 
novel chlorhexidine particles with sustained antibacterial activity. Biomaterials Science, 2017, 5, 9-21.  

Dong Luo, Hasan S., Shahid, S., Khlebtsov B.N., Cattell, M.J., and Sukhorukov, G. Gold Nanorod Mediated Chlorhexidine 
Microparticle Formation and Near-Infrared Light Induced Release. Langmuir, 2017, 33, 7982–7993.  


