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Abstract: Natural deep eutectic solvent (NDES) is a kind of deep eutectic solvents (DESs) which is composed of
natural substances with good biocompatibility. Those substances can function as hydrogen bond donor and acceptor,
such as choline, amino acids, sugars, etc. NDES have been widely used in many fields due to their advantages of
low cost, easy preparation and environmental friendliness. It is especially suitable for the pharmaceutical industry
because of its good biocompatibility and safety for use. In this paper, we firstly review the molecular simulation
methods for current design of DESs from the formation principle. And then, the materials and preparation of NDES
are reviewed and the physicochemical properties are further described. Finally, we review the current application of
NDES in pharmaceutics including increasing drug solubility, promoting drug permeability and enhancing oral drug
absorption, and meanwhile their future applications in pharmaceutics were also prospected.
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Figure 1 The categories and types of the thermodynamic models
of natural deep eutectic solvents (NDESs). COSMO-RS: Conductor-
like screening model for real solvents
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Figure 2 Common hydrogen bond acceptor (HBA) and hydrogen bond donor (HBD) used in the preparation of NDESs
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Table 1  Application of menthol as a component in API-NDESs. API: Active pharmaceutical ingredients; NDESs: Natural deep eutectic

solvents
API-NDESs Mole ratio Increase multiple Application Reference
Solubility Permeability
Menthol-benzoic Acid 31 1.2 Increase dissolution rate andretains the [98,154]
Menthol-acetylsalicylic Acid 31 6.5 antibacterial activity of the API
Menthol-phenylacetic Acid 2:1 2.1
3:1 2.0

Menthol-camphor 1:1 4.1 Prolonged the ibuprofen release [149]
Menthol-ibuprofen 3:1 12 3 Improve the bioavailability of the APIs [153,154]
Menthol-paeonol 6:4 Enhance penetration into the skin [152]
L-Menthol-ibuprofen 1:1 2.3 Enhance transdermal drug delivery [120]
LD-Menthol-ibuprofen 1:1 1.69

RFB . MR AR 2 R KR A1 51 API-NDESs
BA=FHEH, BE 5l R 2 R HFIRE. 1t
b, IS VR B HBD R & ) 10 BE IR Bl AT DL 1y 544
(1) %5 F£ F1 NDESs )% B, A6 R T~ S 3L i e A0 3 1) i ol
RAEY . Mano FUSTIF 7 — i BT PRos 45 Al 6 2% 3
S5 10 3 T B 2 1) API-NDESs.  FH B i i f, 25 & Ak JE
Bl MR R (1:2) f) NDESs 78 % 2 £h 2% ol v v vb 3R
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