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The applications of ionic liquids in drug delivery
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Abstract: Tonic liquids (ILs) are liquid mixtures formed by anions and cations in a certain stoichiometric ratio
under certain conditions. They are widely used in various fields because of their simple preparation process, low
volatility, high stability, high conductivity and non-flammability. Here, we firstly introduce their formation
principles, classification, and physical and chemical properties in detail. Then, we summarize their functions in
pharmaceutical preparations, such as improving the solubility of insoluble drugs, enhancing the stability of drugs,
and promoting the permeability of drugs, as well as their role as active pharmaceutical ingredients (API) to fabricate
new drug delivery systems of API-ILs. Finally, we reviewed the applications of ILs in different administration
routes, including oral, transdermal, mucosal, and injection routes, and meanwhile offer perspectives for the further
use of ILs.
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R B T v A ILs A 55 22 10 75 i AVA A 52 22 19 24597,
T2 N AL B R AT 48 T

BMEHN TR ZR, Iis H SR T 5 S RN 25 W)V fift 2
(1) 5 M L, AN 25 /N o AN [ B BH 25 5 4 G ILs X 24
P B SR AR, R 7N Bt 5 ) 9 88 1 P 42
ISRV AR, BHES 00 Bl [ A O 3 A B ot
ko Huang S5l H 1 & A AN R B B8 1 (1 K e 2K TLs
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FEFR 1B 7 1 ILs f — P IE 13X — ik, KI5
S S5 IR 5 2 R AH e, RIVER RGN T I R M I A
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N ILs MKCZ B 7 2 [ i S B 55 . BAR B A 1Y)
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o R P T R R 2K 24 ) T AR M S TLs VR B R FH
B . Sindhu S5V & T 4 R0 ILs IR AW, 8@
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Table 1 Changes of solubility of some drugs in ILs. [BDmim]: 1-Butyl-2,3-dimethyl imidazolium; [Cl]: Chloride; [Hmim]: 1-Hexyl-3-

methylimidazolium; [PF]: Hexafluorophosphate; [Ch]: Choline; [Ger]: Geranic acid; [Br]: Bromid; [C,mim]: 1-Ethyl-3-methylimidazolium;

[OAc]: Acetate; [BF,]: Tetrafluoroborate; O: Oil; [hhepy]: 1-Hexyl-3-hexyloxy-carbonylpyridinium; [N(CN),]: Dicyanamide. * If not specified,

solubility change is the multiple of dissolution of ILs with respect to water at 25 °C

Drug ILs Solubility change® Reference
Macromolecular drug Soy protein isolate [BDmim][Cl] 1.78 [44]
Paracetamol [Hmim][PF,] 1.2x10° [43]
Ketoconazole [Ch][Ger] 1x10° [46]
Paclitaxel [Hmim][Br] 6 [47]
Small molecular drugs Sorafenib [Ch][Ger] 1x10* [48]
Amphotericin B [C,mim][OAc] 4.25x10° [49]
Methotrexate [C,mim][BFJ/O 57.5 [50]
Acyclovir 9.96
Danazol [hhepy][N(CN),] 9.5x10* [51]
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Figure 2 Permeation promotion mechanisms of ILs
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Table 2 Combinations of ionic liquids in different administration routes. API: Active pharmaceutical ingredient; [C mim]: 1,3-Dimethyl-
imidazolium; [(MeO),PO,]: Dimethyl phosphate; [HOEIM]: 1-Hydroxyethyl-3-methylimidazolium

Adminstration - ILs - Mole ratio API Reference
Cation Anion
Oral Choline Geranic acid 1:2 Sorafenib [48,97]
Insulin [98]
Choline Glycolic acid 2:1 Monoclonal antibodies [99]
Transdermal L-(-)-Carnitine Citric acid 1:1 Insulin [22]
[C,mim] [(MeO),PO,] 1:1 Acyclovir [106]
[HOEIM] Cl 1:1 Notoginseng [107]
Choline Geranic acid 1:2 Acarbose [108]
Ruxolitinib
Ovalbumin
Bovine serum albumin [109]
Insulin
siRNA [110,111]
Choline Octenoic acid 1:2 Framework nucleic acids [112]
Mucos Choline chloride Malic acid 2:1 Insulin [18]
Choline Geranic acid 1:2 [115]
Injection Choline Amino acid 101 Paclitaxel [116]
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