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The development of local percutaneous drug delivery systems can reduce the side effects of sinomenine (SIN) and

enhance patient compliance. Many percutaneous drug delivery systems have thus been developed, including

liposomes, hydrogels, and microneedles. In addition, some equipment-assisted percutaneous drug delivery

methods were also used, such as electroporation and dual-frequency ultrasound.
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1. Liposomes

Liposomes have shown excellent biocompatibility and are often used for transdermal drug delivery. The local

delivery of liposome-encapsulated SIN may enrich SIN in the target site and thus reduce the side effects caused by

systemic absorption. Conventional liposomes prepared with soybean phospholipid, cholesterol, and vitamin E can

be used to encapsulate SIN, while they still suffer limited permeability . Ethosomes are a new type of liposomes

containing a high concentration of alcohol inside , which would effectively deliver SIN through the stratum

corneum to the deeper layers of skin, and even into the blood circulation . The optimized SIN-loaded ethosomes

(SE) with negative charges and diameter of 157.08 nm were prepared. The skin penetration and deposition of SIN

in ethosomes were 663.8 and 18.5 μg/cm  within 24 h, while those of SIN in ethanol-water solution were only 329.2

and 5.2 μg/cm , respectively. These results indicated that SE could significantly improve the transdermal property

of SIN. Skin irritation tests showed that ethosomes caused no skin rash and edema in rabbits within 72 h,

suggesting excellent biocompatibility. In a xylene-induced mouse ear swelling model, SIN encapsulated ethosome

had an inhibition rate of 30.01% in ear swelling, significantly higher than that treated by SIN-HCl ethanol-water

solution (20.83%). Transfersomes (TFSs) are a class of elastic liposomes composed of phospholipids and edge

activators; the addition of edge activators could interfere and deform the phospholipid bilayers of vesicles and lead

to their deformability . The resulting flexible membranes enable TFSs to be transported through the skin and

bypass the cuticle barrier, thereby increasing drug deposition in the skin and prolonging the duration of effective

drug concentration .

SIN-HCl TFSs were prepared using sodium deoxycholate as the edge activator, and SIN-HCl liposomes were used

as a control . The in vitro permeation experiment showed that the cumulative transdermal permeated amount of

SIN-HCl from SIN-HCl TFSs was 1.7 times higher than that from SIN-HCl liposomes at 36 h. SIN-HCl TFSs

showed about 8.8 and 8.0 times of in vivo steady-state blood concentration (C ) and the area under the drug

concentration–time curve from time zero to t (AUC ) compared to those of SIN-HCl liposomes in a skin
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pharmacokinetic investigation. In blood pharmacokinetic tests, SIN-HCl TFSs exhibited 3.7 and 2.9 times of C

and AUC  compared to that of the control group. These data suggest that TFSs could effectively improve the

transdermal absorption of SIN-HCl. A mixture of monoterpene edge-activated PEGylated transfersomes (MMPTs)

was also used to improve the in vivo transdermal delivery efficiency of SIN  (Figure 1A). In the in vitro skin

penetration test, the cumulative skin penetration of SIN in the optimized formulation TFSs3 was 1.5 and 3 times of

those of sodium deoxycholate edge activated transfersomes (DTFS) and ordinary liposomes, respectively.

Pharmacokinetic evaluation in rats revealed that the equilibrium concentration and area under the curve of SIN

encapsulated in TFSs3 were 8.7 and 8.2 times of those in ordinary liposome, respectively, indicating more effective

skin penetration of SIN. Confocal laser scanning microscopy and double-sited microdialysis coupled with LC-

MS/MS were used to reveal the biodistribution of MMPTs in different cortex and the pharmacokinetic properties of

SIN in blood and joint cavity, as well as intrinsic mechanisms of the local transdermal delivery . The control

liposomes only reached to the cuticle, while MMPTs reached to the deep cortex. The equilibrium concentration and

area under the curve of SIN delivered by MMPTs in articular cavity were 2.1 and 2.5 times higher than that of

control liposomes, respectively, while only about one third compared to that of control liposomes in blood. Taken

together, MMPTs could efficiently deliver SIN into the deep cortex and subsequently be enriched in the joint cavity.

Further delivery of SIN using the combination of the TFSs and ethanosomes resulted in a transsethosome (TE) for

transdermal administration of SIN, featuring even more effectively delivery of SIN through the skin . The surface

of TE was also modified with the antioxidant ascorbic acid (AS-TE) to rebalance reactive oxygen species in the

inflammatory microenvironment and achieve targeted drug delivery . The TE and AS-TE had similar transdermal

effects, which were about 7.6 times as large as that of SIN-HCl aqueous solution. Subsequent micro-dialysis on

synovial fluid showed that the AS-TE group exhibited higher drug concentration in the synovial fluid of rabbits with

RA than the TE group, indicating its excellent targeting ability to inflammatory microenvironment. In a rat RA model,

AS-TE encapsulated SIN showed better therapeutic effect, which significantly reduced the symptoms of joint

swelling after three weeks of treatment.

ss

0–t

[9]

[10]

[11]

[12]



Percutaneous Delivery Systems for Anti-Rheumatic Sinomenine | Encyclopedia.pub

https://encyclopedia.pub/entry/39434 3/6

Figure 1. Development of percutaneous delivery systems of SIN. (A) The transmission electron microscope of

monoterpene edge activated PEGylated transfersomes (×20,000) and the release of SIN after its application to the

abdominal skin of rats (n = 5) . (B) laser scanning confocal microscopy images of skin samples for sodium

fluorescein-loaded cubic LC gel (Q ), rhodamine B-loaded cubic LC gel (Q ), sodium fluorescein-loaded carbomer

gel (Cb ), and rhodamine B-loaded carbomer gel (Cb ) in Franz cells during different periods (×100) . (C) The

close-up views of microneedles and the methylene blue-stained frozen section of rat’s abdominal skins treated by

microneedles . The arrow means the pierced position. (D) Cumulative release of SIN under ultrasound with

single- or dual-frequency treatment . (Reprinted with permission from Refs. ).

2. Gels

Gels belong to semi-solid materials with three-dimensional network structures and good biocompatibility, and are

widely used in drugs, e.g., piroxicam gel, terbinafine hydrochloride gel, and ofloxacin gel, and various cosmetics

. An optimized pluronic lecithin organogel (PLO)-based SIN formulation was prepared, which showed a SIN

infiltration rate of 146.55 ± 2.93 μg/cm /h into the skin, higher than that of SIN-loaded carbomer gel (120.39

μg/cm /h). In addition, more SIN was deposited into skin from PLO (10.08 ± 0.86 μg/cm ) than that from carbomer

gel (6.01 ± 0.04 μg/cm ). Subsequent in vivo skin microdialysis studies revealed that PLO showed much higher

SIN maximum concentration in permeation and drug-deposition studies (150.27 ± 20.85 and 67.95 ± 5.21 μg/mL)

than that of carbomer gel (29.66 ± 1.50 and 6.73 ± 0.88 μg/mL). Cubic liquid crystal gels are useful for the

controlled release of small molecules, proteins, peptides, and even nucleic acids, due to their stable

thermodynamic properties and highly ordered internal structures . These gels were used for the transdermal

delivery of SIN, and showed increased cumulative release of SIN with the increase of SIN loading when evaluated

in Franz diffusion cells using the rat ventral skin dermis oriented to the receiving chamber . A double-loaded

cubic liquid crystal gels containing cinnamaldehyde and SIN-HCl with pseudoplastic fluid behavior was further

developed, in which cinnamaldehyde further enhances the transdermal delivery of SIN  (Figure 1B).

3. Microneedles

Microneedles combine the features of conventional injections and patches, and can be divided into solid, drug-

coated, and drug-loaded dissolving microneedles for transdermal drug delivery . The solid microneedle

only punctures the skin to form a drug delivery channel, followed by the application of drugs for transdermal

delivery. Drugs can be either coated on the surface of microneedles or embedded into soluble microneedles; the

former are difficult in continuous drug administration, while the later ones and the embedded drugs are completely

dissolved or degraded in the skin . A SIN-loaded dissolving microneedles (SH-DM) composed of maltose and

poly (lactic acid-glycolic acid) copolymer was prepared using casting method and shown good mechanical strength

. The SH-DM showed a higher cumulative permeability and faster penetration rate compared to the SIN gel (SH-

G) group. Pharmacokinetic study revealed that SH-DM had a later peak time and larger maximum concentration

(C ) of SIN than that of SH-G, which holds 1.99 times the area under the curve of SIN-HCl of that from SH-G.

Similar SH-DM prepared with maltose and polyvinyl alcohol also exhibited ideal mechanical strength and better
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transdermal drug delivery behavior and bioavailability than the control hydrogel in both in vitro infiltration and

pharmacokinetic experiments  (Figure 1C). New composite microneedles were casted with chondroitin sulfate

and PVP, which integrated with phytriol/water system containing SIN-HCl . The composite microneedles can

achieve continuous SIN release in transdermal drug delivery, since it had longer peak time and a lower peak SIN

concentration .

4. Physically Assisted Delivery Systems

Electroporation has been used for the transdermal delivery of small-molecule drugs by forming water channels in

the stratum corneum through short high-voltage pulses and thus resulting in instantaneous penetration . The

electroporated transdermal delivery of SIN-HCl showed the highest C /C  (SIN concentration in synovial fluid

vs. that in plasma) among oral, intravenous, and electroporation transdermal delivery systems in a rabbit animal

model . In addition, the electroporation administration parameters, including frequency, waveform of exponential

curve, and intensity of pulses could be optimized to improve delivery efficiency by 1.9- to 10.1-fold or 1.6- to 47.1-

fold than that of the passive diffusion in mouse skin and miniature pig skin, respectively . The concentration of

SIN in synovial fluid reached to 20.84 ng/mL with the highest C /C  after electroporation in observatory

clinical trials, suggesting SIN-HCl could be effectively delivered to the site of lesions in patients with RA. Dual-

frequency ultrasound (20 kHz + 800 kHz) was used for transdermal delivery of SIN-HCl, showing a significant

higher cumulative penetration than that of each single frequency ultrasound (20 kHz or 800 kHz) and the sum of

them  (Figure 1D).
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