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Nanotechnology in pain 
medicine: What is new?

Dear Editor,
In nanomedicine, nanoparticles are used for drug delivery at 
a target cell or organ. Nanocrystals, nanotubes, polymeric 
structures such as dendrimers, liposomes and solid lipid 
nanoparticles are used in practice. Nanotechnology has 
been successfully used in cardiology, degenerative diseases, 
diagnostics and cancer. The nanoparticles used earlier had 
issues like biocompatibility and dosing related problems 
leading to unwanted toxicity. The other issues with 
previous generation nanoparticles were carcinogenesis, 
hypersensitivity, oxidative stress due to liberation of 
reactive oxygen species, genotoxicity and immunogenicity. 
With the use of biomaterials, green materials, earth 
abundant materials and natural polymers not only the 
cost of nanoparticles has reduced significantly, the toxicity 
issues has also been addressed. Nanoparticles can access 
areas of body were earlier medications could not get 
concentrated.

Currently nanotechnology has found many indications for 
managing acute and chronic pain conditions. Nanotechnology 
has facilitated enhanced delivery of medications like analgesics, 
anti‑inflammatory agents and local anaesthetics with optimal 
effect and lesser adverse events. Certain advantages of 
nanotechnology enhanced medications are that it facilitates 
targeted delivery system, better efficacy, lesser adverse effects, 
improvement in patient compliance and cost‑benefit when 
used for long term use.

Liposomal bupivacaine is an extended‑release local anaesthetic 
preparation which is prepared by embedding bupivacaine 
within liposome nanoparticles. Marketed as Exparel 
(Pacira Pharmaceuticals, Inc., Parsippany, NJ), liposomal 
bupivacaine is presented as vesicles of bupivacaine loaded 
in the aqueous chambers using DepoFoam® technology 
(Pacira Pharmaceuticals Inc, San Diego, CA). The safety of 
Exparel has been validated after its successful use in epidurals, 
abdominal wall blocks, peripheral nerve blocks and surgical 
incision sites.[1]

Nanotechnology facilitated the development of first 
medication approved specifically for the treatment 
of breakthrough pain. Oral transmucosal fentanyl 
citrate (OTFC), marketed as Actiq® (Cephalon, UK) 

has fentanyl as an active ingredient. The preparation is 
a unique oral transmucosal delivery system which utilizes 
microfabrication technology in order to release fentanyl for 
managing breakthrough pain in cancer patients.[2] OTFC 
is currently available in 4 strengths: 200, 400, 800 and 
1600 μg.

Low dose diclofenac loaded on submicron particle capsules 
has been successfully used for managing moderate pain 
experienced after elective surgeries.[3] Due to the unique 
structure, low dose of nano‑enhanced diclofenac, the side 
effects were significantly less but will better pain scores in 
the postoperative period. Ibuprofen and naproxen were 
also used embedded in nanofibres and instilled at surgical 
wound site.[4]

Lalani et al. performed research on tramadol hydrochloride 
which were loaded with poly‑lactic‑co‑glycolic acid 
nanoparticles and glycoproteins like transferrin and lactoferrin. 
The medication was tested on adult Wistar rats weighing 
200‑250 g. Authors found improved antinociceptive effects 
with this enhancement. It is not yet approved for use in 
humans.[5]

Several medications for neuropathic pain like zolendronic 
acid, lamotrigine, nefopam have been modified using 
nanotechnology by researchers for optimal therapeutic effect. 
By making conformational changes using nanotechnology like 
liposomal encapsulation, surface engineered nanoparticles 
using ligands and nanospheres efficacy of these medications 
was improved.

To conclude, nanotechnology appears pathbreaking and is 
expected to benefit patients once it is approved for clinical use.
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