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INTRODUCTION 

The increasing number of poorly water-soluble 
compounds resulting from current drug 
development programmes necessitates a new 
territory in medicine administration. Among these 
approaches, lipid and surfactant-based drug delivery 
systems, particularly self-emulsifying drug delivery 
systems (SEDDS), are promising1. The self-
emulsifying formulation is an isotropic combination 
of medication, lipids, surfactants, and co-solvent 
that produces a superfine emulsion when agitated in 
the GI tract2. SEDDS are classified into two 
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categories based on the size of the globules 
generated during dispersion: SMEDDS and 
SNEDDS3. 
SMEDDS are formulations that produce a 
transparent oil-in-water or water-in-oil 
microemulsion with a globule diameter of 250nm. 
SNEDDS have transparent droplets with a size 
between 20 and 200nm4. SNEDDS is a competent, 
well-designed, and patient-acceptable approach for 
sparingly soluble pharmaceuticals because it 
improves solubility, dissolution patterns in the GI 
tract, permeability, and absorption5. 
SNEDDS is thermodynamically stable and consists 
of the medication and SNEDDS preconcentrate 
(combination of oil, surfactant, and co-surfactant)6. 
It enhances drug delivery by increasing the 
permeability or transport of less permeable 
medicines, decreasing the activity of intestinal 
efflux transporters, reducing drug degradation in 
physiological milieu, and boosting drug absorption 
via the intestinal lymphatic pathway7. 
The extent of drug solubility in excipients used for 
SNEDDS formulation determines the dosage of 
drug loading. The solubilizing capacity of SNEDDS 
is diminished due to a decrease in lipid content, 
which causes drug precipitation. Drugs that are 
highly soluble in surfactants or co-surfactants than 
lipophilic phase precipitate quickly as the solvent 
capacity of these excipients decreases with dilution. 
Hence, the majority of SNEDDs formulations 
contain drugs lower than equilibrium solubility. The 
presence of high concentrations of hydrophilic 
surfactants also aids in drug precipitation. To 
overcome this drawback, S-SNEDDS comprising 
hydrophilic precipitation inhibitors (PIs) were 
studied8.  
These S-SNEDDS achieve a metastable saturated 
state, which prevents drug precipitation in the GI 
tract. This mechanism involves the incorporation of 
water-soluble polymeric PIs (PPIs), resulting in a 
prolonged precipitation time in compared to the 
mean absorption time9. 

 
 
 

ADVANTAGES OF SUPERSATURATED 
SNEDDS10-12 
S-SNEDDS retards the precipitation of crystalline 
drugs on GIT due to precipitation inhibitors. 
S-SNEDDS has high loading dose (150%-200% of 
equilibrium solubility of drugs) compared to snedds 
(50%-90% of equilibrium solubility of drugs). 
S-SNEDDS has more bioavailability compared to 
SNEDDS 
S-SNEDDS requires low amount of surfactant and 
it is less toxic and has more half-life. 
S-SNEDDS has large surface area for enhanced 
drug solubilization and dissolution.  
S-SNEDDS iscost effective, ease to manufacturing 
and scale up. 
S-SNEDDS formulation with optimal droplet size 
and zeta potential improves oral absorption. 
S-SNEDDS is promising approach for poorly 
soluble and permeable drug candidates belong to 
BCS class of II, III and IV. 
  
PRECIPITATING INHIBITORS 
For supersaturating formulations, nucleation of the 
generated supersaturated solution would be highly 
probable, if the formulation was not stabilised by 
addition of PIs. If the precipitation process is 
arrested for physiologically relevant time periods, 
the supersaturated state can be sustained long 
enough for enhanced absorption13. Surfactant, 
polymers and cyclodextrins have been investigated 
as excipients that can sustain the supersaturated 
state14. Polymeric PIs and non-polymeric PIs are the 
two major types of precipitation inhibitors. Most PIs 
are polymers. As a result, they may be categorised 
as polymeric PIs(PPIs)15. 
PPIs are classified into two types: surface-active 
and non-surfaceactive. Surface-active PPIs include 
cremophor EL, polyethylene glycol 1000 succinate 
(TPGS), D-tocopherol and poloxamers. 
Concentrations exceeding critical micelle 
concentration (CMC) are primarily responsible for 
the precipitation inhibitory effect of surface-active 
PPIs, and they may also enhance the drug’s 
solubility in equilibrium state. Surface-active PPIs 
can improve the bioavailability of poorly water-
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soluble drug’s by maintaining supersaturation and 
providing high equilibrium solubility. If surfactants 
are adsorbed on a surface of a nucleus, however, 
there may be an undesired increase in nucleation 
rate. Surfactant reduces the interfacial tension 
between the surface and the solvents. PPIs (non-
surface active) are further classified into cellulosic 
and non-cellulosic. CMC, HPMC, MC, acetate 
phthalate, alginic acid, cellulose, hydroxyl ethyl 
cellulose, HPC, Na-CMC, HPMC-AS, and arabic 
gum are cellulosic PPIs; 
poly(vinylpolypyrrolidone), polyvinylpyrrolidone 
vinyl acetate, polyvinyl alcohol and Eudragit are 
non-cellulosic PPIs. Utilizing PVP and its 
derivatives to prevent precipitation of 
pharmaceuticals manufactured as supersaturated 
solid particles and SDDSs has been found to be an 
effective technique16. 
 
SURFACTANTS AS PRECIPITATION 
INHIBITORS 
Surfactants are well known for their capability of 
increasing drug solubilization and decreasing the 
degree of supersaturation. Some of the surfactants, 
such as Pluronics, TPGS, SDS, Cremophor® RH40 
and Tween® 20, have also been explored for their 
capability to delay precipitation from supersaturated 
solutions17. Surfactants have the ability to reduce 
supersaturation and so limit precipitation by 
increasing the solubility of the API. For surfactants 
this can occur via micellar solubilisation and 
complexation, respectively. As a result, surfactants 
often been called as thermodynamic precipitation 
inhibitors18. 
 
CYCLODEXTRINS AS PRECIPITATION 
INHIBITORS 
Cyclodextrins are hydrophobic inside and 
hydrophilic outside, they can form complexes with 
hydrophobic substances to increase concentration. 
Cyclodextrins such as 2-hydroxypropyl-β-
cyclodextrin (HPβCD) and sulfobutylether-β-
cyclodextrin (SBEβCD) are well known for their 
solubilizing capability and have been widely used in 
oral bioavailability enhancement formulations. 

Cyclodextrins can form inclusion complexes with a 
variety of hydrophobic drugs, increasing their 
solubility and decreasing supersaturation, resulting 
in decrease in the rate of nucleation and crystal 
growth19. 
Thermodynamically, Cyclodextrins improve the 
apparent saturation solubility while decreasing the 
amount of supersaturation. Kinetically, they may 
also interact with the growing crystal through 
hydrogen bonding to crystal-associated site. The 
accumulation of cyclodextrin in the unstirred water 
layer can enhance viscosity and diffusion resistance. 
Moreover, cyclodextrins can increase the cohesive 
nature of water, which may impact induction time 
and nucleation, resulting in stable supersaturated 
solutions that do not precipitate drugs20. 
 
POLIMER PRECIPITATING INHIBITORS 
Polymeric precipitation inhibitors (PPI) are 
incorporated into the SNEDDS actual formulation 
to inhibit drug precipitation. The PPI blocks the 
nucleation process that is required for crystal 
formation and growth, which retard drug 
precipitation out of the solution and maintains a 
metastable supersaturated state for a certain 
period21. Polymers function by delaying the process 
of nucleation and crystal growth by interacting with 
dissolved API molecules as well as interacting with 
and adsorption onto growing crystals22. 
S-SNEDDS reduce drug precipitation in the GI tract 
by achieving a metastable saturated state. S-
SNEDDS reduce drug precipitation in the GI tract 
by achieving a metastable saturated state. This 
approach incorporates water-soluble polymeric PIs 
(PPIs), resulting in a longer precipitation time 
compared to the mean absorption period. PPIs that 
are often utilised include polyvinyl pyrrolidone, 
hydroxypropyl methylcellulose (HPMC), sodium 
carboxymethyl cellulose, hydroxypropyl 
methylcellulose acetate succinate (HPMCAS) and 
MC polymers. Few drugs precipitate in an 
amorphous state and show markedly quick post-
precipitation disintegration when tested in vitro. 
This indicates that precipitation of such drugs 
improves bioavailability23. 
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Hydroxypropyl methylcellulose (HPMC) 
HPMC is a propylene glycol ether of methyl 
cellulose, hydroxypropyl, and methyl that is ether-
bonded to an anhydrous glucose ring24. In a wide 
range of formulations, including solid 
solution/dispersion and lipid-based formulations, 
HPMC has been demonstrated to be an effective 
drug precipitation inhibitor. HPMC has more 
hydroxyl groups, and the linkage is stronger, which 
effectively inhibits drug precipitation25. HPMC 
decrease drug precipitation and improve oral 
absorption in various solid dispersion 
formulations26. For several drugs, the inhibitory 
effect of HPMC on drug precipitation in the S-
SEDDS formulation with a variety of formulation 
components has also been confirmed.A significant 
increase in oral bioavailability has been reported 
using lipid formulations including HPMC as a 
precipitation inhibitor. The inhibitory effect of 
HPMC on drug precipitation varied depending on 
the type of HPMC used27.  
Hydroxypropyl Methyl Cellulose Acetate 
Succinate (HPMCAS) 
HPMCAS has also been proposed as an effective 
drug precipitation inhibitor for a wide variety of 
drugs. HPMCAS was the most effective at 
maintaining drug supersaturation was shown to be 
the most potent inhibitor in spray-dried dispersions 
among all the investigated excipients28. The greater 
inhibition of HPMCAS is due to two properties: 
first, it is partially ionised above pH 5, allowing for 
the formation of stable nanosized amorphous drug-
polymer aggregates; and second, it contains 
hydrophobic regions, which provide site for drug 
molecule association. The formation and 
maintenance of nanosized drug–polymer aggregates 
has been identified as a key factor, providing a 
reservoir from which the drug can dissolve and 
maintain the supersaturated free-drug 
concentration29. 
Polyvinylpyrrolidone (PVP) 
PVP is a water-soluble polymer generated by the 
polymerization of the monomer N-vinylpyrrolidone. 
PVP is a non-toxic, inert, temperature-resistant, pH-
stable, biocompatible, and biodegradable polymer 

that can help with the encapsulation and distribution 
of both hydrophilic and lipophilic drugs30. PVP and 
drugs can establish hydrogen bonds byusing a 
nitrogen or carbonyl group. It is another polymer 
precipitation inhibitor that is widely employed. PVP 
adsorption of crystals in solution may significantly 
reduce the crystallisation rate with a low 
concentration of 0.01% in the Bicalutamide solution 
without modifying the morphology of 
polymorphs.31 
The effect PVP did not significantly affect the 
solubility of most of the weak base drug, depending 
on the structure of the drug. In acid drugs, PVP has 
an obvious effect in two ways: maintaining 
supersaturation by stabilizing the amorphous form 
or increasing the degree of supersaturation for a 
single component but only in a short time. The 
solubility effect for all drugs depends on the type 
and PVP concentration32. 
 
MECHANISM OF PRECIPITATION 
INHIBITION BY PPI’s 
In order to attain greater bioavailability from 
supersaturating drug delivery formulations, 
supersaturation must be maintained by preventing 
drug precipitation with PIs31. The drug precipitation 
process is divided into two different phases: 
nucleation and crystal formation. The precipitated 
solute molecules concentrate and form tiny nucleus 
bodies inside the solution during the first stage. 
These nuclei bodies combine and become larger 
than their critical size, resulting in crystal growth 
beginning. Crystal growth is the process by which 
molecules assemble themselves on a regular basis to 
form the framework of crystals. The inhibitory 
effect of precipitation inhibitors is influenced by the 
inhibitor, drug, and medium properties. Drug 
precipitation can be suppressed thermodynamically 
or kinetically. Precipitation by thermodynamic 
approach is achieved by increasing drug solubility, 
thus decreasing the degree of supersaturation (DS) 
which leads to the reduction in crystallinity. 
Examples of excipients capable of inducing 
thermodynamic inhibition are cyclodextrins, 
polymers and cosolvents. On the other hand, by 
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inhibiting drug precipitation in a supersaturated 
state where polymers are used as PIs, kinetic 
inhibition is accomplished. The general mechanisms 
of precipitation inhibition through PPI are hydrogen 
bonding, hydrophobic interactions, steric hindrance 
and polymer rigidity. The other factors related to 
polymer supersaturation inductions depend upon the 
molecular weight of PPIs used and solution 
viscosity32. 
Hydrogen bonding between drug and polymer  
Hydrogen bonding interaction between drug and 
polymer could inhibit the growth of crystals as well 
as the nucleation process. It has been seen that if the 
drug has hydrogen bond donor sites (hydroxyl, 
amide group) is always interacted with acceptor site 
such as PVP, which inhibits the precipitation 
through the formation of hydrogen bond interaction 
between polymer-drug33. 
Hydrophobicity and rigidity  
Hydrophobicity and rigidity of polymer are 
affecting the precipitation process. Generally, that 
moderate hydrophobic polymer are more effective 
than highly hydrophobic polymer or highly 
hydrophilic polymer due to weak adsorption of 
polymer to the drug crystal surface34. 
Molecular weight and steric hinderance  
Polymer adsorption capacity depends on the 
molecular weight of polymer. It has been 
investigated that high molecular weight polymer are 
the efficient choice for supersaturated solution35. It 
was shown that PVP 2000 seen less crystal 
inhibiting capacity than PVP due to low molecular 
weight and the PVPK90 has a better inhibiting 
effect than PVP K12, PVPK29 and PVPK3236. 
 
EVALUATION OF SUPERSATURATED 
DRUG DELIVERY SYSTEM 
Better knowledge and regulation of supersaturation 
is desirable for improved in vivo performance and 
bioavailability. In an early stage, researchers 
concentrated on the fundamental phenomena of 
supersaturation, almost solving difficulties in vitro 
such as variable behaviour at different pH levels 
and drug-polymer interactions. Yet, the genuine 
intraluminal situation in which supersaturation 

occurs in vivo differs significantly, even between 
fasting and feeding states37. 
Subsequent studies sought to imitate the true in vivo 
condition and mediate the decision to meet the 
biomimetic environment. This section depicts the 
supersaturation biomimetic mechanisms that are at 
work in distinct study aspects in vitro, in vivo, and 
insilico. 
In vitro Studies 
Biorelevant Media 
Biorelevant media are an essential component of the 
biomimetic environment for studying 
supersaturation. They are made up of 
simulated physiological compositions and, as a 
result, are drug product-independent media. 
Solubility and supersaturation in mediums are 
important in the physiological environment because 
solubility impacts absorption. The selection of 
biorelevant medium may have an impact on the 
behaviour of supersaturating formulations38. 
Biomimetic Apparatus 
Another key aspect of supersaturation environment 
research is biomimetic equipment. The most often 
used techniques for drug dissolving are USP 
dissolution machines, although they are ineffective 
at simulating transportation or absorption. A range 
of in vitro apparatus has been created by researchers 
to imitate physiological settings for supersaturating 
process investigation39. 
In vivo Studies 
Supersaturation is difficult to measure in vivo, 
particularly in humans, unless the supersaturating 
medication is aspirated into the gastrointestinal 
system. The majority of researchers assess 
supersaturation in biological bodies by 
administering the medication orally and monitoring 
the drug blood content. Some supersaturation 
studies conducted on animals applied intestinal 
perfusion40. 
Different types of in vivo studies are conducted they 
are: 
Oral absorption 
Intestinal perfusion 
Intestinal content aspiration 
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Insilico studies 
As computer science advances, a lot of tools for 
doing insilico investigations emerges. GROMACS, 
Gaussian, and Materials Studio are utilised for 
molecular modelling, and Gastro Plus TM, 
Simcyp® and GI-Sim are employed for 
pharmacokinetics simulations, for supersaturation 
and precipitation inhibitory mechanism research. 
With the assistance of such expert software 
packages, researchers may study intermolecular 
interactions and anticipate the influence of polymer 
on the API, allowing them to properly pick the 
optimal excipients for SNEDDS. Moreover, 
mathematical models can aid in the prediction of 
supersaturation and in vivo absorption41. 
Insilico studies can be conducted by: 
Molecular modelling 
Pharmacokinetic simulation 
 
ROLE OF POLYMER PRECIPITATON 
INHIBITORS 
Altering bulk solution properties such as surface 
tension (where decreasing surface tension moves 
crystallization from diffusion control to surface 
nucleation control) and solubility (where increasing 
solubility reduces supersaturation and the likelihood 
of nucleation)42.  
Changing the adsorption layer at the crystal–
solution interface, including the properties of the 
hydrodynamic boundary layer surrounding the 
crystal, potentially decreasing the rate of diffusion 
of drug molecules to the crystal nuclei43.  
Adsorbing to the crystal surface interface, thereby 
blocking crystal growth by blocking access of the 
solute molecules to the crystal terrace44. 
Adsorbing onto the growth terraces and thereby 
disrupting the growth of steps across the surface, 
blocking access of adsorbed molecules to the 
terrace steps and/or kinks45. 
Adsorbing into surface imperfections causing rough 
surfaces to become flat, therefore eliminating 
growth spots. 
 
 

RECENT APPLICATIONS IN 
SUPERSATURATED SNEDDS 
Controlled-release technology in S-SNEDDSs 
The use of S-SNEDDSs is primarily intended to 
increase the absorption of poorly water-soluble 
medicines, it would also be ideal to give sustained-
release action in the case of low-dose 
pharmaceuticals with short biological half-lives that 
require frequent administration46. 
Improvement in solubility and bioavailability  
Nowadays, the majority of APIs produced remain 
difficult problems for formulation development. 
Numerous methods, such as chemical modification, 
innovative drug delivery systems, salt creation, and 
others, are being used or investigated to improve 
solubility. Supersaturated medication delivery 
devices are one intriguing method that is now 
gaining consideration. When medication 
concentrations above equilibrium solubility in 
gastrointestinal fluids, a supersaturation condition is 
sustained long enough to be absorbed, improving 
bioavailability47. 
Improve the Solubility and Bioavailability of 
Anti-Cancer Drugs 
The BCS Class II medications entrectinib and 
pemigatinib, which have low solubility and high 
permeability, make it difficult to obtain the ideal 
dissolution kinetics from the dose form. Especially 
for medications with poor gastrointestinal solubility 
and high permeability, drug release is an important 
and constricting stage in oral drug bioavailability. 
As a result, the model pharmaceuticals' dissolving 
properties may be improved by formulating into S-
SNEDDS by improving its release and solubility by 
S-SNEDDS technology48. 
S-SNEDDS given through ocular route 
Econazole nitrate (ECO) is an antifungal medication 
that is poorly water soluble. Because of its limited 
aqueous solubility, it is ineffective for ocular 
therapy. The ocular supersaturated self-
nanoemulsifying drug delivery systems (S-
SNEDDS) use hydroxypropyl methylcellulose as a 
precipitation inhibitor to increase drug solubility by 
preventing precipitation after injection49. 
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Solidification of S-SNEDDS 
The right solid excipients for the solidification of S-
SNEDDSs should be adapted exactly because of 
their crucial consequences for not only the 
physicochemical features of the S-SNEDDS 
formulation but also in vivo drug absorption from 
the formulation. Water-insoluble mesoporous silica 
and Microcrystalline cellulose (MCC), water-
soluble polysaccharide, or polymer or protein-based 
solid carriers are commonly utilised as solidification 
excipients. After solidification process they can be 
formulated as different solid dosage forms. 

 
 
 
 
 
 
 
 
 
 

 

 
Figure No.1: Classification of precipitation inhibitors 

  
Figure No.2: Illustration of inclusion complexes and non-inclusion of cyclodextrins 
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CONCLUSION 
Supersaturable-SNEDDSs are a potential strategy 
for improving the bioavailability of poorly water-
soluble medicines by inducing and stabilising a 
supersaturated drug state in the GI fluid via PIs. 
This method solves the major drawbacks of 
conventionally solubilized SNEDDSs. To employ 
S-SNEDDS for a target medication, it is necessary 
to first understand the process of precipitation via 
drug supersaturation. Based on this technique, it 
may be able to limit precipitation and extend 
supersaturation by taking into account the numerous 
parameters that govern precipitation. 
Continued exploration and development of 
innovatively improved S-SNEDDS technology, as 
well as advancement of current characterization and 
assessment methodologies, will lead to a more in-
depth understanding of the mechanisms that control 
the supersaturation and absorption of poorly water-
soluble drugs. This will improve the therapeutic 
potential of a large variety of difficult, weakly 
water-soluble medications still to be found. 
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