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Abstract: Supersaturated drug delivery systems (SDDS) are defined as systems that are able to generate
and maintain a sustained drug supersaturation in the gastrointestinal tract, facilitating the oral absorption of
drugs with poor water solubility. Supersaturated drug solution is generated from a higher energy form of
the drug or rapid dissolution through various formulation options. However, supersaturated solution is a
thermodynamically unstable system that can easily lead to drug precipitation, missing the aim of improving
the absorption. Therefore, maintenance of the supersaturated state is essential for the development of SDDS.
Polymer-based SDDS take polymers as the precipitation inhibitor,which can effectively prevent the precipitation
of drugs, generating an excellent effect on maintenance of the stability of supersaturated solution. However,
different polymers have distinct anti-precipitation ability, and the mechanisms of such activity supported by the
polymer remain unrevealed. In this review, we summarize the research advances in the absorption-enhancing
mechanisms and in vitro evaluations of polymers-based SDDS. This review provides a reference for the design
of rational SDDS.
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Figurel Illustration of the spring and parachute theory
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Figure 2 Supersaturated drug delivery systems (SDDS) in gas-
trointestinal tract and their implication on passive drug uptake
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Figure3 AFM (750 nmx750 nm) height and corresponding phase contrast images of felodipine after exposure to polyacrylic acid (PAA,
a), polyvinylpyrrolidone (PVP, b), hydroxypropylmethyl cellulose acetate succinate (HPMCAS, ¢), polyvinyl acetate (PVAc, d), and pure

felodipine (€) with no exposure to polymers.

Images were captured in liquid at room temperature with an incubation time of 4-5 h
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Figure4 Thediagram of gastrointestinal simulator
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Tablel Selected examples of supersaturated drug delivery systems. S: Supersaturation ratio, defined as the ratio of the highest concen-
tration that can be maintained over the stated period to equilibrium solubility of crystalline within the same medium; Maintained period:
Period in which supersaturation is maintained; AUC ratio: Defined as the ratio of the area-under-the-(plasma concentration-time) curve of
the SDDS formulation to that of the reference formulation; FaSSIF: Fasted state simulated intestinal fluid; SGF: Simulated gastric fluid;
PV P K30: Polyvinylpyrrolidone 3000; MC: Methyl cellulose; HPC: Hydroxypropy! cellulose

In vitro dissolution/supersaturation test

In vivo bioavailability test

) Precipitation
Formulation Model drug inhibitor S Maithai ned Condition AUC ratio Animal Referenlc e Reference
period/h formulation
Amorphous MK-0364 HPMCAS - 1 01mol-L*HCla 1 Rhesus monkey MK-0364 [5]
solid dispersion 37°C solution
Rifapentine  HPMCAS 17, >3 2;7.3 pH 1.2at 37 C; Not studied [45]
pH 6.8at 37 'C
Berberine PEG 6000 6.4 24 Water at 25 °C 5 Wistar rat Berberine [46]
Vemurafenib HPMCAS 30 4 FaSSIF medium 4.7 Human Crystalline [49]
at 37 C vemurafenib
Meloxicam HPMC 113 2 pH 1.2 HCI 9 SD rat Crystalline [47]
solution at 37 'C meloxicam
Acetyl-11- Soluplus/ 2 10 pH 1.2 HCl solution  17.7 SD rat Acetyl-11- [50]
keto-p- Eudragit for 2 h followded by keto-p-
boswellic acid L100-55 pH-shift to pH 6.8 boswellic
for10hat 37 C acid
S-SEDDS Trans- HPMC - 3 pH 2.0 SGFat 37 C; 1.3 Wistar rat SNEDDS [3]
resveratrol pH 6.8a 37 C
Celecoxib Soluplus - - - 3.6;13 SD rat Celecoxib [48]
suspention;
SEDDS
Tacrolimus Soluplus - 24 pH 1.2; pH 6.8; 1 SD rat SEDDS [19]
water at 37 'C
Super solid Fenofibrate Soluplus - 2 Dissolution 14 Beagle dog Soluplus- [21]
SEDDS medium at unincluding
37°C formulation
Nanocrystal Meloxicam PVPK30 13.7 - Water at 37 °C 5 SD rat Meloxicam [6]
Salt form Ibuprofen MC; HPC  11.2;12.7 0.33;>2 pH 1.8 SGF 1,12 Wistar rat Ibuprofen [7]
at37C sodium
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