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ABSTRACT

Polyvinylpyrrolidone (PVP) is a water-soluble polymer obtained by polymerization of monomer N-vinyl-
pyrrolidone. PVP is an inert, non-toxic, temperature-resistant, pH-stable, biocompatible, biodegradable polymer
that helps to encapsulate and cater both hydrophilic and lipophilic drugs. These advantages enable PVP a ver-
satile excipient in the formulation development of broad conventional to novel controlled delivery systems. PVP
has tunable properties and can be used as a brace component for gene delivery, orthopedic implants, and tissue
engineering applications. Based on different molecular weights and modified forms, PVP can lead to exceptional
beneficial features with varying chemical properties. Graft copolymerization and other techniques assist PVP to
conjugate with poorly soluble drugs that can inflate bioavailability and even introduces the desired swelling tract
for their control or sustained release. The present review provides chemistry, mechanical, physicochemical
properties, evaluation parameters, dewy preparation methods of PVP derivatives intended for designing con-
ventional to controlled systems for drug, gene, and cosmetic delivery. The past and growing interest in PVP
establishes it as a promising polymer to enhance the trait and performance of current generation pharmaceutical
dosage forms. Furthermore, the scrutiny explores existing patents, marketed products, new and futuristic ap-
proaches of PVP that have been identified and scope for future development, characterization, and its use. The
exploration spotlights the importance and role of PVP in the design of Povidone-iodine (PVP-I) and clinical trials
to assess therapeutic efficacy against the COVID-19 in the current pandemic scenario.

1. Introduction

biomedical [4,7], cosmetics [5], and food industry [8]. With the unique
properties and chemistry of PVP, there are advancements in the syn-

Polyvinylpyrrolidone (PVP), also called as Povidone, is a synthetic
polymer obtained by radical polymerization of the monomer, N-vinyl-
pyrrolidone [1]. In 1939, German scientist Walter J. Reppe patented this
process out of his acetylene chemistry research [1]. PVP is nontoxic,
non-ionic, inert, temperature-resistant, pH-stable, biocompatible, and
shows a complex affinity for both hydrophilic and hydrophobic drugs
[2-4]. PVP is a water-soluble polymer available in different grades with
varying molecular weight and viscosity [3]. In the 1940s, initially, PVP
was used as a plasma volume expander [3]. In the 1950s, PVP entered
into hair sprays market and replaced the shellac resin as a hair fixative
agent [5]. Later PVP has gained its useful role in pharmaceutical [6,7],

Abbreviations: Polyvinylpyrrolidone, PVP.

thesis of PVP to obtain varied types like homopolymers of different
molecular weights, copolymers, and crosslinked PVP [3].

2. Physicochemical properties

PVP has physicochemical properties making it suitable for usage in
different fields like pharmaceutical, biomedical, cosmetic, and food in-
dustry. The physicochemical properties of PVP are given in Table 1 and
specific properties are shown in Fig. 1.
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Table 1
Physicochemical properties of PVP.

S. Property Description

No.

1 Description™” Fine, white to off white odorless, ve®y hygroscopic,

amorphous powder.

2 Mol®c®lar (C¢HoNO)

formu®a®
3 Molecular 2500-30,00,000 Da
weight”

4 CAS Number” 9003-39-8

5 Non-proprietary Povidone (BP, USP, JP, PhEur)

name”

6 Synonyms" Povidone, PVP, Polyvidone, Plasdone, Kollidon, Poly
[1-(2-oxo-1-pyrrolidinyl)ethylene], 1-vinyl-2-pyrroli-
dinone polymer, 2-pyrrolidinone-1-ethenyl-
homopolymer.

7 IUPAC® 1-ethenylpyrrolidin-2-one

8 Melting point® Softens at 150 °C and decomposes after 180 °C.

9 pH" 3-7 (varies with K-value and concentration of

solution)

10  Solubility™* Soluble in water, ethanol, methanol, chloroform,
acids, and amines. Insoluble in ethers,
hydrocarbons, some esters, some ketones, and
mineral oil.

10-120

PVP polymer is comprised of functional groups
C=O0, C-N, CH; with a strong hydrophilic moiety
— pyrrolidone and a strong hydrophobic moiety —
alkyl group. The highest solubility of PVP in both
water and non-aqueous solvents is attributed to
the existence of highly®polar amide moiety in
pyrrolidone ring and apolar methylene and
methine groups within the ring and along its
backbone. The hydrophobic carbon chains show a
steric hindrance effect.

Compatible in solution with a wide range of
hydrophilic and hydrophobic, natural and
synthetic resins; inorganic salts and other
chemicals. PVP forms adducts in solution with
sodium salicylate, salicylic acid, sulfathiazole,
phenobarbital, tannin, and some other
compounds. Due to the complex nature of
thimerosal with povidone, the preservative action
of the former agent is adversely affected.
Chemically stable in dry form. Can be stored in
ordinary conditions but in a tightly closed
container as it is highly hygroscopic

PVP-K12 (5%): 1.222-1.361

PVP-K17 (5%): 1.430-1.596

PVP-K25 (1%): 1.146-1.201

PVP-K30 (1%): 1.201-1.281

PVP-K90 (1%): 3.310-5.195

Kollidon 25/30: 90% > 50 pm, 50% > 100 pm,
5% > 200 pm;

Kollidon 90: 90% > 200 pm, 95% > 250 pm.

As the relative humidity increases, the water
sorption and weight of PVP increases.

11  K-value range”
12 Chemistry’®

13 Compatibility™"

14  Stability and storage®

15  Relative viscosity in
water (m.Pa.s)'

16  Particle size distribution’

17  Water sorption”

'From [16].
2 From [9].
b From [10].
¢ From [11].
4 From [2].
¢ From [12].
f From [13].
& From [14].
" From [15].
! From [3].
J From [9].

3. Classification and marketed grades

PVP is classified based on its chemistry, molecular weight, or its
specific characteristic as shown in Table 2. Scanning electron
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microscope (SEM) photographs of the different brands of povidone,
copovidone, and crospovidone are shown in Fig. 2.where, PF = Pyrogen
free; LP = Low peroxide; D = Densified; M* = Milled; VA = Vinyl ace-
tate; SR = Sustained release; CL = Crosslinked; XL = Crosslinked; M* =
Micronized powder; F = Fine powder; SF = Superfine; Plasdone C
grades = meant for parenterals use; Agrimer.

Soluble PVP is available in different grades based on its average
molecular weight, which can be determined by 3 different ways
following different methods as shown in Table 3.

The determination of the averages by specific methods is tedious.
Different grades of PVP are represented by their K-values which repre-
sent the viscosity of a polymeric solution which in turn depends on the
degree of polymerization and molecular weight of a polymer. Calcula-
tion of K-value for a PVP polymer is done using the Fikentscher’s
equation, as shown in equations (1) and (2F, following relative viscosity
determination of the polymeric solution. The Fikentscher parameter is
represented as lowercase, k whereas the grade of PVP is represented as
uppercase, K. The reported nominal K-values of PVP are 1000 times the
Fikentscher parameter, k that means reported K-value = 1000 k [9,22,
23].

75k2
IOgZ_L{—lJrl‘SkC} +k @

(2)

K e — 300c logz(c 4 1.5¢ logz)* + 1.5
rame = 0.15¢ + 0.003c2

Where, z = relative viscosity of the solution of concentration, c K-value
= 1000 k.

PVP exists in different grades based on its molecular weight as shown
in Table 4.

4. Preparation methods of PVP and its derivatives

The synthesis of PVP is based on the Reppe Acetylene chemistry
developed at BASF. Reppe process involves the primary synthesis of
monomer, N-vinylpyrrolidone which further undergoes polymerization
process to obtain the final product, PVP.

4.1. Synthesis of monomer, N-vinylpyrrolidone

Reppe process involves 5 step reaction, as shown in Fig. 3, using
acetylene as the starting material to obtain N-vinylpyrrolidone [1,3,9,
24,25].

4.2. Polymerization of monomer

The monomer, N-vinylpyrrolidone obtained from the Reppe process
is further treated to obtain PVP as shown in Fig. 4.

There are 3 types of PVP as per synthetic procedure, namely, ho-
mopolymers (with different molecular weights), copolymers, and cross-
linked PVP.

4.2.1. Homopolymer synthesis

Free radical polymerization of N-vinylpyrrolidone either using
aqueous media or organic solvent, a soluble polyvinylpyrrolidone hav-
ing molecular weight range of 2500 to 1 million is produced which has
high commercial value in different fields like biomedical, pharmacy,
cosmetics and food industry [1,3]. The mechanism includes free radical
polymerization of N-vinylpyrrolidone in water (aqueous solution)
making use of hydrogen peroxide as initiator. By terminating the poly-
merization at any stage by regulating the concentration of hydrogen
peroxide, the process can produce different molecular weights of soluble
PVP. That’s how PVP is available in different grades in the market. More
the concentration of hydrogen peroxide smaller will be the molecular
weight of PVP synthesized and vice versa. The mechanism of synthesis of
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PVP in aqueous solution is shown in Fig. 5. In addition to this simple
process performed in water, it is also possible to conduct the polymer-
ization in organic solvents like alcohol (2-propanol), toluene, etc. To
synthesize low molecular weight soluble PVP polymer meant for pre-
paring injectables. The mechanism of synthesis of PVP in an organic
solvent is shown in Fig. 6. The spray drying process is followed for the
production of pharmaceutical-grade PVP of low and medium molecular
weights whereas the drum drying (roller drying) process is followed for
the production of high molecular weight PVP grades [9].

4.2.2. Copolymer synthesis

With the copolymerization process, the monomer is used in the
synthesis of Copovidone (E.g., vinylpyrrolidone-vinyl acetate copol-
ymer) [1,3]. Cationic copolymers have better adhesive properties suit-
able for cosmetics like hair curling agents. Anionic copolymers are
soluble in oil and can be used as dispersing agents. Pictorial represen-
tations are given in Fig. 7.

4.2.3. Cross-linked polymer synthesis

On the other hand, if the same monomer, N-vinylpyrrolidone is un-
dergone popcorn polymerization either by using alkali hydroxide at
>100 °C (produces in situ bifunctional monomer) or by direct addition
of bifunctional monomer at <100 °C in water yields an insoluble
crosslinked polyvinylpyrrolidone (Crospovidone) [1,3,26-28].

4.2.4. Advances in PVP synthesis

With versatile applications of PVP and its derivatives, more attention
on their synthesis that can prepare the polymer with desired molecular
weight, narrow polydispersity, and well-defined termination has been
caught. In 2002 and 2004, Rimmer and Smith reported a method using
3-methyl butane-2-one as a chain transfer agent that produced PVPs
with a polydispersity index (PDI) of <1.5, however it is producing low
molecular weight polymers of around <10,000 [29,30]. In 2004,
Yamango et al. reported the primary results of applying
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Table 2
Classification of PVP [1,3,11,17-19].

Chemical Homopolymers Copolymers Cross-linked
form
Name e Povidone e Copovidone e Crospovidone
Synthesis o Free radical o Copolymerization e Popcorn
polymerization polymerization
Main e Water-soluble e Water-soluble e Water-insoluble
features e More hygroscopic e Less hygroscopic o Highly swellable
o Types based on e PVP-Vinyl acetate o Crosslinked
molecular weight copolymer povidone
Synonyms e Povidone e Copovidonum e Crospovidone
e Povidonum e Copolyvidone o Crosployvidone
o Poly(1-vinyl-2- o Copovidon o Insoluble PVP
pyrrolidone) e PVP-Vac- e Crosslinked PVP
o PVP copolymer  Polyvinyl-
polypyrrolidone
e PVPP
BASF Kollidon 12, 12 PF, Kollidon VA 64, VA Kollidon CL, CL-
marketed 17 PF, 25, 30, 30LP, 64 Fine, Kollidon SR~ M#, CL-F, CL-SF
grades 90F
Ashland Agrimer 15, 30, Agrimer VA 3E, 5E, Polyplasdone XL,
marketed 60L, 90, 120 6, 64, 6E, 7E, 3I, 51, XL-10, INF-10,
grades 71, 7W Ultra, Ultra 10
ISP marketed ~ Plasdone C-12, C- Plasdone S-630 Polyplasdone XL,
grades 15, C-17, C-30, K- XL-10, INF-10,
(acquired 25, K-29/32, K-90, Ultra, Ultra 10
by K-90D, K-90 M*
Ashland)
JRS Pharma Vivapharm PVP Vivapharm PVP/VA Vivapham PVPP
marketed K25, K 30 64 XL, XL-10
grades

organostibine-mediated living radical polymerization (LRP) followed by
the first successful complete application in 2006 by Ray et al. which
produced PVP of high molecular weight (Mn > 10,000) and also its
block copolymers. They obtained a PDI of <1.1 for low molecular weight
PVP (Mn < 15,000), and a PDI of <1.3 for even high molecular weight

Inert,

Cross-
linkable

Soluble,
Compatible

Amphiphilic

Diverse
grades

Highly
polar,
Proton
acceptor

Highly
hygroscopic

Fig. 1. Specific properties of PVP.
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Fig. 2. SEM photographs of povidone and its derivatives (a) Kollidon 30, (b) Kollidon 90F, (c) Vivapharm PVP K30, (d) Kollidon VA 64, (e) Plasdone S-630, (f)
Vivapharm PVP/VA 64, (g) Kollidon CL, (h) Polyplasdone XL 10 and (i) Vivapharm PVPP [3,17,18,20,21].

Table 3
Methods for determination of the molecular weight of PVP polymer [3].

Type of representation of molecular weight Method of determination

Weight average, My,
Number average, M,
Viscosity average, M,

Light scattering, ultracentrifuge
Osmometry, membrane filtration
Viscosity

Table 4
Approximate molecular weights of different grades of PVP [9].

Grade with K-value Approximate molecular weight (Daltons)

PVP K-12 2500

PVP K-15 8000

PVP K-17 10,000
PVP K-25 30,000
PVP K-30 50,000
PVP K-60 4,00,000
PVP K-90 10,00,000
PVP K-120 30,00,000

PVP (Mn < 1,00, 000) [31]. The researchers also prepared copolymers of
PVP in a controlled manner following this LRP process [31]. In 2007, Lu
et al. reported the application of atom transfer radical polymerization
(ATRP) in producing PVP of molecular weight around 8900 with PDI of
1.2-1.38 [32,33]. Advances in the procedures of controlled radical
polymerization (CRP)/LRP [34-42], ATRPf [43], and reversible
addition-fragmentation transfer radical polymerization (RAFT) [44,45]
have created new avenues for better control on the synthesis of PVP and
its derivatives.

5. Characterization methods

PVP can be characterized and analytically determined by following
several methods that are clearly described in the literature and mono-
graphs of different Pharmacopoeias [3]. Infrared spectroscopy is one
important analytical method for the identification of PVP [46]. The
infrared spectrum for different grades of PVP is shown in Fig. 8. The
specific type of PVP can further be identified based on other tests like
solubility, morphology studies, particle size, molecular weight, and
viscosity. Pharmacopeias have mentioned different chemical tests for
the identification and qualitative estimation of PVP. For the quantitative
determination of PVP, several methods are reported in the literature like
photometry (using povidone-iodine complex) [47], vital red [48], tur-
bidometry, pyrolytic gas chromatography [49]. Methods especially
followed to differentiate the grades of PVP include IR spectral analysis
(as shown in Fig. 8), thin-layer chromatography, paper chromatography,
detection as the hydroxamic acid, and electrophoresis, nitrogen deter-
mination, gravimetric analysis, complexation capacity and solubility
[3]. High-performance liquid chromatography (HPLC) and gas chro-
matography (GC) methods were clearly described in the literature and
monographs of Pharmacopoeias for the determination of specific sub-
stances in PVP samples [3].

6. Pharmacokinetics, toxicology, and safety

After the introduction of PVP in polymer science, extensive research
has been done in developing its pharmacokinetic and toxicological
profile. Different animal models and humans have been tested to study
the kinetic profiling of PVP [50]. Since PVP is proposed for different
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0 + HC=CH + > / \
H HO ~OH
H But-2-yne-1,4-diol
Formaldehyde Acetylene Formaldehyde
+2H,
H, Hy
+NH, -H, ¢c—¢
- B S—
N ©  .H,0 0 HO OH
H
Pyrrolidin-2-one Dihydrofuran-2(3 H)-one Butane-1,4-diol
HC——=CH
Acetylene
(6]
N
HC=—CH,
1-Vinylpyrrolidin-2-one

Fig. 3. Synthesis of N-vinylpyrrolidone by following Reppe chemistry [1,9,24,25].

c=—c 0

1-Vinylpyrrolidin-2-one 1-Vinylpyrrolidin-2-one polymer

Fig. 4. Polymerization of N-vinylpyrrolidone [1,3].

fields of interest, particularly the medical, pharmaceutical, and food
industry, its safety profiling became a necessity and hence detailed in-
formation has been documented in the literature. Both the individual
researchers and regulatory bodies have concluded that PVP usage is safe
as both a food-grade additive and also as a pharmaceutical excipient.
WHO has given a listing of its acceptable daily intake of 0-50 mg/kg
body weight [8].

6.1. Pharmacokinetics

Upon several studies and reported detailed assessment [50], it was
found that the absorption, distribution, metabolism, and excretion
(ADME) of PVP is having a relationship with the molecular weight of the
polymer, dosing frequency and route of administration. Several ab-
sorption studies revealed that there are no or very limited absorption of
PVP in humans, rats [51,52], rabbits [53], and guinea pigs [54]. Mini-
mal absorption has been found to result in the storage of PVP in
mesenteric lymph nodes [51]. PVP is taken up by the reticuloendothelial
system (RES) (mononuclear phagocyte system), following pinocytosis or
phagocytosis mechanism [55-58]. Ravin et al. reported that the reten-
tion of PVP in RES is proportional to its molecular weight, i.e., higher
molecular weight PVP shown longer retention time [55]. Based on the

studies performed in rats, dogs, and humans upon intravenous admin-
istration and verifying the samples of blood and urine, the researchers
reported that there is no evidence of metabolism for the PVP in the
biological system either in animals or humans [50,57]. The primary
route of excretion for low molecular weight PVP (<25,000) is through
kidneys upon intravenous and intraperitoneal administration [50,55,
57]. Wessel et al. have reported the elimination of PVP with varying
molecular weights based on then-existing literature [59].

6.2. Toxicology

A good number of reports claim that PVP is biologically inert and
non-toxic with good tolerance [50,57,59]. A huge data concerning
toxicological studies in animals like rats, pigs, dogs, and rabbits revealed
that orally administered PVP shows no acute or subchronic or chronic
toxicity [50,57,60]. In some cases, an extremely low effect like diarrhea
is observed at high doses. The reason is the osmotic action shown by PVP
at high doses which acts as a bulk purgative [50]. There is no evidence of
toxicity in terms of clinical chemistry, histopathology, and hematology
except diarrhea at high doses. A mild level of deposition of orally
administered PVP in mesenteric lymph nodes is also of no toxicological
importance. Intravenous and intraperitoneal routes of administration of
high molecular weights of PVP shown storage in RES tissues. The reason
might be due to lack of filtration of big size molecules at glomerulus. As
per the reports, the LD5g value for oral administration of PVP (average
molecular weight 40,000) is greater than 100 g/kg body weight in both
rats and guinea pigs. Hence, PVP is claimed as neither a sensitizer nor an
irritant. Even in humans, there are no reported adverse effects with oral
administration of PVP [50]. Assessment of different types of toxicity of
PVP has been listed in Table 5.

6.3. Safety

Based on the toxicity studies conducted on a very extensive level it
was confirmed that the PVP is a biologically inert substance. There are
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Fig. 5. Radical polymerization of N-vinylpyrrolidone in aqueous solution [1,3].

no or non-significant adverse effects on oral administration of PVP
observed through acute, sub-chronic, and chronic toxicity studies. PVP
is found to be non-toxic, non-irritant, non-sensitizer, and hence
completely safe for use in animals and humans for both foods, medical
and pharmaceutical applications. The accepted daily intake limit of 50
mg/kg/day proves the adequate margin of safety for PVP. PVP is found
to be safe for oral and topical applications in any manner. PVP is also
found to be safe for its use through ocular and dermal routes of
administration based on the observations of literature reported studies
with concern to molecular weight. For parenteral use, administration of
PVP is warned in terms of high molecular weight, repeated dosing, and
route of administration as the subcutaneous and intramuscular routes of
administration shown subcutaneous granuloma [50,61,62]. Copovidone
and crospovidone are also found to be safe with no toxicological reports
and shown good tolerance [3].

7. Pharmaceutical and other applications

At the very early stage of the PVP introduction in the market, it was
used as a blood plasma volume expander or substitute [3,55,63,64].
Later PVP has found vast applications in medicine, pharmacy, cosmetics,
food, and industrial production. The wide range of applications of PVP is
due to its unique properties as already discussed and also, its ability to
interact with low molecular weight compounds. Various applications of
PVP are listed in Fig. 9. The diversity in applications of PVP is majorly
due to the tailored properties based on its molecular weight and poly-
merization method. For example, the rate of dissolution is inversely
proportional to the molecular weight whereas the viscosity, complexing

nature, and adhesive power are directly proportional to the molecular
weight of PVP. Even the biological elimination of PVP upon parenteral
administration is also inversely proportional to its molecular weight.
Hence, a specific molecular weight PVP that is suitable for the desired
application has to be selected. Researchers have used PVP ranging from
conventional dosage forms to controlled release systems. In the present
review, a detailed note on the applications of PVP in both areas is
presented.

7.1. As an excipient in the development of conventional dosage forms

Several conventional dosage forms where PVP has been used is
shown in Fig. 10.

7.1.1. Oral solids

7.1.1.1. Tablets. Among several applications, the use of PVP in solid
dosage forms (tablets, capsules, granules, pellets) is of traditional value.
In tablets preparation, PVP solution is used as an excellent binder in wet
granulation, either in water or alcohol or mixture, due to its adhesive
properties. For effervescent tablets/granules, sometimes water may not
be preferred due to hydrolysis problem and hence alcohol is suitable. In
both the solvents, PVP is freely soluble. However, if the water is to be
used as a solvent for the binder in the wet granulation method or the
preparation of effervescent tablets, a fluidized bed granulator is
preferred to avoid more contact time and hydrolysis. It can produce non-
friable tablets with optimum hardness and a reliable rate of dissolution.
PVP can also be used as a dry binder on mixing with powder blends in its
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Fig. 6. Solvent radical polymerization of N-vinylpyrrolidone in the organic solvent [1,3].
effervescent tablets, etc. PVP polymers also gained a place in dry gran-
— - — = ulation [70] and direct compression [71] techniques. Direct compres-
_ CH T i i s s O] CH. — sion is the simplest tableting process among all available methods.
2 : However, all drugs are not having a compressibility nature suitable for
| this method. In such a case, the concept of using auxiliaries available
N (0] 0 readymade in the market or by developing drug-binder mixtures suit-
0 N C ~ able for direct compression is in use. PVP is also used as a binder in pre
| granulation forms of active substances meant for direct compression
otherwise which are prone to hydrolysis in the wet granulation method.
CH 3 PVP is also used to develop direct compression auxiliaries (e.g., lactose
— —4n — - m granules for direct compression) and granulation of active ingredients

Fig. 7. Structural formula of copovidone [3].

dry form and granulated in site upon mixing of water/alcohol/hydro-
alcoholic solution. Since PVP is freely soluble in an aqueous environ-
ment like gastric fluid, the presence of PVP as binder doesn’t influence
the disintegration or dissolution rate of the drug from tablets even
though it can help to formulate tablets with good hardness, which is not
the case with other binders like gelatin or hydroxypropyl methylcellu-
lose. Kimaro et al. (2019) formulated chewable albendazole tablets
following a wet granulation method using PVP K30, intending to
enhance the dissolution rate of the drug [65].

PVP is used as a binder in all the wet granulation modified methods,
fluidized bed granulation [66,67], and extrusion spheronization [68,
69]. PVP can also be used in combination with different grades or with
other binders because of its good compatibility and to obtain any spe-
cific desired properties like plasticity. Examples of formulations include
rifampicin, pyrazinamide, ranitidine effervescent, ascorbic acid

(pre-granulated ascorbic acid granules with povidone) for direct
compression [3].

7.1.1.2. Tablet coating. Because of its hydrophilic and film-forming
nature, PVP avoids micro-cracks during the sugar-coating process and
also aids for better adhesion of the applied coating layer over the hy-
drophobic core. Color solutions or suspensions also show homogenous
distribution with the presence of PVP in a coating mixture representing
its dispersing effect. PVP also maintains the stability of sugar suspension
because of its crystal growth-inhibiting property. With the properties of
film-forming, adhesiveness, an affinity for the hydrophobic surface, and
dispersive, PVP is also used in film coating of tablets [72]. However, PVP
is not used alone as a sole film former in coating mixtures because of its
hygroscopicity. PVP is also used as an additive in the enteric coating of
tablets along with enteric coating polymers [73].

7.1.1.3. Granules, pellets, capsules. PVP is used as a binder to prepare
granules and pellets as final dosage form (e.g., effervescent, chewable,
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Fig. 8. IR spectra of (a) PVP K 30, (b) PVP K 90, (c) Copovidone and (d) Crospovidone, in potassium bromide [3].

Table 5
Toxicity status of PVP [50,57,60].

Toxicity Claim/Evidence Animal
models/
Humans

Teratogenicity, No Rabbits, Rats

Prenataltoxicity

Embryo-toxicity No Rabbits
embryos

Mutagenicity/ No Mice, In vitro

Genotoxicity cell lines
Carcinogenicity No (earlier reports claimed tumors, Rabbits, Rats
but later found to be erroneous
observations)

Oral toxicity No Rabbits, Rats,
Dogs, Humans

Intravenous toxicity Storage disease, Foam cells Humans

Subcutaneous toxicity Storage disease, Foam cells Humans

Intramuscular toxicity Subcutaneous granuloma Humans

Inhalation toxicity Thesaurosis reported (unproven) Humans

Ocular toxicity No Humans

Dermal toxicity No Humans

Phototoxicity No Humans

Photoallergenicity No Humans

dry syrup, or instant for dispersion), or else they can be further used for
tableting or filling into hard gelatin capsules or coating. Ascorbic acid
granules prepared by dry granulation through roller compaction using
PVP K30 as a dry binder is the typical example [74]. PVP is useful for
preparing highly concentrating solutions (by enhancing the solubility of
active ingredients with its hydrophilic nature) that can be filled in soft

gelatin capsules [75].

7.1.1.4. Solid dispersions. PVP is used as a solubilizer to enhance the
solubility, dissolution rate, and hence bioavailability of poorly soluble
drugs in different formulations. The role of PVP in increasing the
physical stability of amorphous drugs by preventing the crystallization
in the solid-state and maintaining the drug supersaturation after disso-
lution has been proved in many studies [76,77]. PVP forms
water-soluble complexes, because of its hydrophilic nature, with many
drugs of low molecular weight, and also avoids crystallization of dis-
solved drugs. For example, the dissolution rate and hence the bioavail-
ability of indomethacin, have been increased with the use of PVP [78].
Major factors that influence the magnitude of dissolution rate or
bioavailability enhancement include the method of preparation (e.g.,
melting, coprecipitation, extrusion, solvent evaporation, physical mix-
ing), the ratio of drug to PVP and molecular weight of PVP. Several drugs
like phenytoin [79], sulfathiazole [80], hydrocortisone [80], disulfiram
[81] have reported data with enhanced dissolution rate and/or
bioavailability. Verma et al. prepared inclusion complexes of famotidine
with cyclodextrin and PVP following spray drying technique to increase
drug solubility [82]. They employed quality by design (QbD) approach
using Plackett-Burman design as a systematic process. The results
showed a promising increase in the solubility and dissolution rate of the
selected model drug. Barmpalexis et al. investigated the influence of
plasticizer, polyethylene glycol (PEG) molecular weight on solid dis-
persions of PVP prepared by melt mixing using tibolone as the model
drug [83]. PVP blends with PEG 400 and PEG 600 were found to be
completely miscible. All the prepared formulations showed long-term
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Fig. 9. Various pharmaceutical applications of PVP [3].
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Fig. 10. Schematic of conventional dosage forms with PVP application.
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physical stability up to 18 months at ambient temperature. The studied
dissolution parameters showed good prediction ability as per artificial
neural networks. Frizon et al. prepared and evaluated solid dispersions
of loratadine to enhance its dissolution rate by using PVP K30 as a hy-
drophilic carrier [84]. The investigation revealed that PVP based solid
dispersions have increased the solubility of poorly soluble drugs pre-
pared by following rotary evaporation and spray drying methods. PVP
was used as a polymer to form amorphous solid dispersions with indo-
methacin within the tablet in situ by using microwave irradiation [85].
Dissolution rate enhancement of poorly soluble drugs like curcumin,
silymarin, carbamazepine, nimodipine, p-lapachone, tadalafil, glicla-
zide, carvedilol were also reported using PVP. Supercritical antisolvent
coprecipitation technique was followed to improve the solubility of
poorly water soluble drugs like nimesulide and cefuroxime with the use
of a hydrophilic polymer, PVP [86,87].

7.1.1.5. Liquisolid compacts. PVP has been used as an additive in the
liquisolid technique for the enhancement of the dissolution rate of
poorly soluble drugs. Molaei et al. has conducted a study to improve the
dissolution rate of poorly water-soluble drug, ketoconazole by preparing
liquid-solid compacts. They used microcrystalline cellulose as a carrier,
colloidal silica as a coating material, PEG400 as a nonvolatile solvent
and PVP as additive [77]. In another work, the presence of PVP as an
additive in liquid-solid compacts has shown an increased dissolution
rate of carbamazepine than the compacts prepared by direct compres-
sion [76]. It is claimed that PVP inhibits crystal growth by inhibiting the
drug precipitation from supersaturated liquid medication and also it
helps in providing increased exposed drug surface area against the
dissolution medium due to adsorption on the carrier.

7.1.1.6. Buccal films. Elagamy et al. developed and evaluated rapidly
dissolving buccal films using HPMC and PVP K30 for naftopidil [88].
Loading of the films was done with either pure form of drug or
co-grinded form (with citric and/or tartaric acid) or as a self-micro
emulsifying system (mixed with plurol oleique, labrasol, and tween
80). Naftopidil in the HPMC-PVP film developed a new crystalline
structure. The crystalline nature got abolished in the presence of organic
acids or self-micro emulsifying systems. In-vitro and in-vivo evaluation
using the rabbit model revealed that there is a significant enhancement
of the dissolution rate as well as bioavailability of the selected model
drug administered as a buccal film.

7.1.2. Oral liquids

PVP polymer has wide applications in oral liquids (e.g., oral drops,
solutions, suspensions, dispersions, emulsions) as solubility enhancers
for several poorly soluble drugs like diclofenac [89]. With medium and
high molecular weight PVP (acting as a thickening agent), desired vis-
cosity of the liquid dosage form can be obtained which aids for constant
drip rate, better appearance, dispersion, and physical stability. PVP is
also reported for the taste masking effect [90,91] in products containing
acetaminophen, trimethoprim, and sulfamethoxazole. PVP is used as a
crystal growth inhibitor to avoid crystallization of product ingredients e.
g., in syrups where cap locking is the problem [92].

7.1.2.1. Suspensions/emulsions/dispersions. PVP has applications like
suspending, dispersing, stabilizing and viscosity-enhancing (thickening)
agent in numerous oral liquids (dry syrups/suspensions/emulsions/
dispersions/instant granules for reconstitution) [93,94]. PVP acts as a
protective colloid and can effectively stabilize suspensions, emulsions,
and dispersions by adsorbing as a thin molecular layer over the surface
of the individual colloidal particles to avoid contact, aggregation or
coalescence. This might also be attributed to hydrophilic nature
rendered to the individual solid particles and letting them stay away
from each other due to steric hindrance. As the viscosity is also enhanced
by PVP, the sedimentation rate is reduced as per Stoke’s law. Hence,
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better dispersibility is achieved and the sedimentation volume can be
increased. The stability of suspensions can also be enhanced due to the
addition of PVP as it reduces the zeta potential of substances like iron
oxide pigments [95]. PVP is used as a binder for the preparation of
instant granules or dry syrups meant for reconstitution as suspension.
Medium and high molecular weight PVP grades are used in oral sus-
pensions whereas low molecular endotoxin-free grades are used in sus-
pensions meant for parenteral administration [96,97].

7.1.3. Ophthalmic

PVP is used to increase the contact time of eye products by enhancing
the viscosity (thickness) of drug solutions and also acts as an effective
lubricant for dry eyes [98,99]. In ophthalmics also, PVP can be used as a
crystal growth inhibitor. PVP can also act as a solubilizer to obtain clear
solutions meant for ophthalmic use and also aids for improved effect and
bioavailability of active ingredients [33,100,101]. PVP also aids in
reduced irritation caused by formulations [102]. Oxymetazoline irritant
effect is reduced by using soluble PVP in ophthalmics [3]. The cleaning
solutions for contact lenses are also prepared by PVP [103,104]. PVP is
also used as a suspending, thickening or stabilizing agent for ophthalmic
suspensions. Examples of drugs used in ophthalmics in combination
with PVP include chloramphenicol, pilocarpine, timolol, prednisolone,
etc. In the case of ophthalmics, low molecular weight grades are used for
eye drops and suspensions whereas high molecular weight grades are
preferred for contact lens solutions [105].

7.1.4. Parenteral

In parenteral, PVP polymers are used for solubilization or dispersion
of drugs in injectable products for human or veterinary use. A low mo-
lecular weight endotoxin-free (pyrogen-free) PVP is easily eliminated
upon parenteral administration without accumulation and hence PVP
K12 or K17 are preferred than other grades with high molecular weight
[50]. Injections of antibiotics, rifampicin, oxytetracycline are examples
in which PVP is used as a solubilizer. PVP can also be successfully used in
the lyophilization process of preparing injections for better solubility
and stability [96,106,107]. PVP has been used to boost the viscosity of
intracytoplasmic sperm injection [33,108].

7.1.5. Topical/transdermal preparations

In transdermal products like ointments, creams, and gels, PVP is used
to develop hydrogels (that act as diffusion matrix) and as a crystal
growth inhibitor in certain drug-adhesive matrix systems. Because of the
excellent adhesive property shown by PVP in addition to its physiolog-
ical safety and inertness, it is used as an adhesive in several mucoad-
hesive drug delivery systems [109,110] and transdermal systems [111]
because of its properties like adhesiveness, crystal inhibition, solubili-
zation, etc. Transdermal products include gels, patches, buccal tablets,
meant for adhesion to the skin or mucous membrane [112-114]. Ex-
amples of drugs used along with PVP in transdermal products include
captopril, chlorhexidine, bromhexine, isosorbide dinitrate, etc. PVP has
found its valuable presence in the adhesive systems. Even it is also used
in diagnostic applications like contact gel for electroencephalogram
(EEG), electrocardiogram (ECG), and colostomy bags [115]. Rac et al.
found that the addition of PVP to polyacrylic acid cryogels for trans-
dermal drug delivery has shown decreased swelling, increased adhe-
sivity, and compression moduli [113]. PVP is used as an adhesive or in
adhesive formulations to fix medical electrode leads or ultrasound leads
to the skin. It is also used for coating as a lubricating agent on medical
devices like catheters. PVP is used as a pore-forming agent in membrane
technology like haemodialysis membranes.

7.1.6. Nasal

PVP based nasal sprays and in-situ gel for nasal drug delivery are
reported. A detailed report on the clinical study of liposomal povidone-
iodine nasal spray has been published by those researchers [116]. In the
latest pandemic coronavirus disease condition due to COVID-19,
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PVP-iodine nasal spray is proposed for avoiding or minimizing the
cross-infection risk to the front line doctors or workers [116,117]. PVP
can increase the mucociliary clearance timings of nasal applications
[118].

7.1.7. Rectal

Suppositories for better drug release or sustained have been devel-
oped using PVP as an excipient along with other formulation in-
gredients. Liquid suppositories are also reported by PVP applications
[112]. Saleem et al. reported the use of PVP along with agar for devel-
oping sustained release rectal suppositories of tramadol hydrochloride
[119].

7.2. Designing controlled release systems

PVP has also been popularly used in designing controlled release
systems. Herewith presented some of the prominent areas of research in
controlled drug delivery as shown in Fig. 11.

7.2.1. Conventional controlled systems

7.2.1.1. Matrix tablets. Ian et al. developed HPMC matrix tablets of
water-soluble drug, caffeine to modulate the drug release kinetics from
linear to bi-modal pattern by using PVP K90 [120]. The concentrations
of HPMC and PVP in the tablet were altered to obtain the modulated
drug release kinetics. Bose et al. prepared sustained release matrix
tablets of Itopride HCI following central composite design response
surface methodology [121]. HPMC was used as release retardant, PVP
K30 as a binder, and lactose as a filler. The optimized formulation has
sustained the drug release for up to 12 h.

7.2.1.2. Osmotic pumps. Pandey et al. have developed elementary os-
motic pump tablets using different gelling agents like cellulose de-
rivatives, carbopol, and PVP K30 at different concentrations and
different cosmogenic like mannitol, sodium chloride, potassium chloride
and fructose followed by coating with cellulose acetate using spray
coating technique [122]. Even after 24 h of exposure to the dissolution
medium, the osmotic devices prepared with HPMC and PVP were found
to be intact. Dasankoppa et al. developed ketorolac containing
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controlled porosity osmotic pump (tablet) for controlled release using
PVP as a pore former, dextrose as osmogen, and ethyl cellulose as a
coating material [123]. Studies revealed that the drug release was
directly proportional to the concentration of pore former, PVP in the
coating membrane, and inversely proportional to the membrane weight.

7.2.1.3. Gastroretentive and mucoadhesive systems. Chun et al. devel-
oped novel mucoadhesive floating granules of acetaminophen using the
Carbopol-PVP interpolymer complex to achieve controlled drug release.
Sodium bicarbonate was used as a gas-generating agent [109]. At a
complex ratio of 1:1, the system has shown the maximum floating of
95% for 12 h. Hosmani et al. studied the application of interpolymer
complex of Carbopol 971P with different grades of PVP like K25, K30,
K90, VA/S-630 in the development of sustained-release systems using
acyclovir as a model drug [124]. The optimized tablet has shown good
control over the release of the drug. Yusif et al. developed ranitidine HCL
gastro retentive matrix tablets following in situ interpolymer complex-
ation of Carbopol with PVP (K25 and K90 grades) [125]. Tablets con-
taining PVP K90 grade have shown better floating, mucoadhesion, and
sustained drug release. X-ray imaging studies in human volunteers have
also shown a mean gastric residence time of 6.8 h.

7.2.2. Novel drug delivery systems

Several novel carrier systems have been developed using PVP and its
derivatives as shown in Fig. 11. Some of the promising works are dis-
cussed here.

7.2.2.1. Nanoparticles. Dong et al. prepared amorphous drug-
polyelectrolyte nanoplex (nanoparticle complex) for the enhancement
of solubility of poorly soluble drugs [126]. The existing nanoplexes
suffer from long term storage instability due to the crystallization pro-
pensity of certain drugs. Hence, PVP is used as the crystal inhibitor for
the drug-polyelectrolyte (ciprofloxacin-sodium dextran sulfate) nano-
plex. The PVP stabilized nanoplexes shown better stability with an
enhanced dissolution rate of up to 15-30% increase. Campardelli et al.
developed hollow gold nanoshells (HGN) of rhodamine using biode-
gradable polymer, polylactic acid (PLA), and PVP as a stabilizer via
galvanic replacement of cobalt nanoparticles [127]. The desired drug
with irradiation has been reported. Guduru et al. developed
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Fig. 11. Schematic of PVP applications in (a) controlled release systems and (b) novel drug delivery systems.
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magneto-electric nanoparticles (MENs) of paclitaxel using PVP as a
component and used to enable field-controlled high-specificity for drug
delivery to the ovarian cancer cells [128]. Javed et al. have shown that
PVP and PEG capped CuO nanoparticles have shown antibacterial,
antioxidant, antidiabetic, and cytotoxic effects than their uncapped
nanoparticles [129]. They concluded that PVP doped nanoparticles are
capable of use in biomedical applications like a carrier for drug and
diagnostic molecules. Gaikwad et al. have prepared pectin-PVP curcu-
min particles using spray drying technique for better performance in
terms of enhanced solubility, improved anticancer potential, and
localized controlled drug release [130].

7.2.2.2. Nanogels. Dasankoppa et al. followed gamma radiation-
induced polymerization for the preparation of nanogels (pH-sensitive
hydrogel nanoparticles) with acrylic acid in an aqueous solution of PVP
as a template polymer through crosslinking complexation mechanism
and hydrogen bonding interaction [123]. PVP molecular weight was
found to be one of the important parameters that influence the particle
size and swelling ability of the nanogels. A novel method has been re-
ported for the preparation of complex nanogels comprising of PVP and
poly (2-acrylamido-2-methylpropane sulfonic acid) (PAMPS) in PVP
aqueous solution. These nanogels exhibited a pH-induced phase transi-
tion with the protonation effect on PAMPS chains. These nanogels are
found to apply to the development of pH-controlled drug delivery sys-
tems [131]. Bueno et al. prepared PVP superabsorbent nanogels
following Fenton reaction using PVP and the aqueous pool of hex-
adecyltrimethylammonium bromide reverse micelles. With tenfold
swelling ratio, these are characterized as efficient superabsorbent
nanogels and the swelling was proposed to be dependent on bound Fe3+
varied with pH and ionic strength [132]. A detailed review has been
published by Kadlubowski on the radiation-induced synthesis of PVP
nanogels [133].

7.2.2.3. Nanofibers. Yu et al. developed a core/sheath nanofibers of
ketoprofen using PVP as the sheath polymer and ethyl cellulose as the
core matrix following the coaxial electrospun method [134]. The system
has shown a biphasic drug release profile with initial immediate release
followed by sustained release. PVP has been studied in the presence of
seven different solvents for the electrospinning technique to develop
PVP nanofibers. The properties of the solvents like dielectric constant,
viscosity, and surface tension has affected the electrospinnability,
appearance, and size of the nanofibers produced. High dielectric con-
stant, low surface tension and low viscosity are found to produce small
and uniform nanofibers using PVP solutions confirming that PVP was
useful as polymer carrier for the fabrication of nanofibers [135]. Albe-
tran et al. developed TiO2/PVP nanofibers following the electrospinning
technique based on the Taguchi design of the experiment. The formu-
lation and fabrication characteristics were optimized to obtain the
desired nanofibers [136].

7.2.2.4. Microspheres/microcapsules. Mennini et al. used PVP for the
preparation of a ternary complexation system of the drug, celecoxib with
hydroxypropyl-p-cyclodextrin and PVP K30 to enhance the solubility of
the drug and for better vectorization during the development of
chitosan-calcium alginate microspheres [137]. Results revealed that the
ternary complexation system has shown better drug dissolution rate
than the binary system of drug-cyclodextrin in turn which is better than
that of pure drug alone. Kim and Park prepared and evaluated porous
microcapsules of poly(e-caprolactone) (PCL)-Eudragit RS100 using
tulobuterol as model drug following solvent evaporation method in
which drug and PVP were dissolved in dichloromethane along with
polyvinyl alcohol to obtain pre-emulsion [138]. Several researchers
have developed microspheres/microparticles for the enhancement of
the dissolution rate by following different techniques [139-141].
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7.2.2.5. Micro containers. Marizza et al. developed a technique for the
effective loading of poorly soluble drugs in micro containers [142]. They
combined the concepts of inkjet printing and supercritical fluid
impregnation. Ketoprofen was used as a model drug and PVP as a
polymer. PVP solutions were dispensed into the microcontainers with a
quasi-no-waste performance by inkjet printing whereas drug is
impregnated in the polymer matrix following supercritical fluid tech-
nology using supercritical fluid carbon dioxide as loading medium. The
dissolution rate with the reproducibility of such drug-loaded polymer
filled micro containers was found to be better than that from solid dis-
persions prepared with the same ingredients. The blend of these loading
techniques has shown feasibility for the rapid fabrication of micro-
devices suitable as oral drug delivery systems with a safe and
solvent-free solution.

7.2.2.6. Microneedles. Aung et al. developed dissolving microneedles
using the combination of HPMC and PVP for the transdermal adminis-
tration of alpha-arbutin, a skin lightener agent [143]. The dissolving
microneedles showed the better delivery of an agent into the skin than
with commercial cream or the microneedles done with HPMC alone. In
vivo studies also revealed the same level of results. Liu et al. demon-
strated that the insulin loaded calcium carbonate-PVP microneedles
have shown 98.2% relative pharmacological availability and 96.6%
relative bioavailability in diabetic rats for the regulation of glucose
[144]. These systems have shown high efficiency and constant release in
comparison with the traditional subcutaneous injection of insulin and
are found as a promising drug delivery device. Moga et al. developed
microneedles following adapted PRINT process using PVP films of low
molecular weight, 10 kDa [145]. Rhodamine B dye was used as the drug
surrogate. PVP was selected as the first matrix because of its high water
solubility, high tensile strength, biocompatibility, Food and drug
administration (FDA) approved excipient and the masses with less than
20 kDa are cleared efficiently from the kidney after subcutaneous in-
jection and hence safe for human use [146].

Sulliven et al. developed microneedle arrays for vaccination pur-
poses using PVP as polymer [146]. Inactivated influenza virus was
administered using these dissolving microneedles in a mouse model
which has shown superior protective immune response than an intra-
muscular injection of the same dose. This concept has produced robust
antibody and cellular immune response against lethal challenge. Roy
et al. fabricated, characterized, and evaluated the ex vivo and in vivo
effectiveness of amphotericin B (as free or as a liposomal form) loaded
microneedle ocular patch for the treatment of fungal keratitis [147].
Both ex vivo corneal permeation studies and in vivo (rabbit model)
experimentation showed better therapeutic efficiency and hence
concluded that microneedle ocular patch can be developed as a less
invasive drug delivery device for corneal treatment. The fabrication
process of microneedles includes the room temperature based photo-
polymerization of a liquid monomer, vinyl pyrrolidone to obtain PVP in
a microneedle mold along with encapsulation of lyophilized vaccine.
PVP is best suited here due to its biocompatibility, mechanical strength,
and high water solubility [50].

7.2.2.7. Hydrogels. PVP is highly used to develop hydrogels due to its
swelling properties in an aqueous environment. Literature has provided
plenty of reports with the application of PVP in hydrogels formulation.
Oliveira et al. (2014) developed polymeric hydrogels of PVP K90 con-
taining chitosan and clay as nanoparticles using glucantime as a model
drug [148]. Interactions of chitosan and clay with PVP were studied and
reported their influence. The release of the drug was found to be influ-
enced by the swelling rate of the PVP-clay system and the
PVP-chitosan-clay system. Ahmad et al. prepared and characterized
crosslinked PVP hydrogels with 3 different compositions (drug: polymer
ratio of 1:1, 1:2, 1:3) using theophylline as a model drug [149]. They
concluded that the increased concentration of PVP decreased the release
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rate of the drug from hydrogel-based compacted matrix tablets. Jin et al.
developed novel pH- and electrical-sensitive hydrogels using
PVP-polyacrylic acid (PAA) copolymers [150]. Such pH- and
electric-sensitive hydrogels are suitable for use in sensors, actuators,
switches, and drug delivery systems.

7.2.2.8. Contact lens. Application of PVP in contact lenses as a matrix
component and/or as a wetting agent has been reported by multiple
researchers [105]. Xue et al. have developed a novel PVP K30 coated
olopatadine-ethyl cellulose microparticles-laden doughnut contact lens
[151]. They aimed for sustained ocular drug delivery with limited
alteration in the optical transmittance and swelling characteristics of the
contact lens. Here PVP is treated as a comforting agent that has served
the purpose of smooth presence (comfort wear), tear stabilization, and
prolonged retention time in comparison to eye drops.

7.3. Gene delivery systems

Zhang et al. reported the use of PVP graft polymer in the develop-
ment of bovine serum albumin-based gene delivery [152]. The charged
reversal bovine serum albumin has shown to be having great potential
for enhanced transfection efficiency of pDNA/poly
(vinylpyrrolidone)-graft-poly(2-dimethylaminoethyl methacrylate)
(pDNA/PVP-g-PDMAEMA). Zhi et al. have studied the effects of Gra-
phene oxide (GO) with and without PVP on human immune cells like
dendritic cells, T-lymphocytes, and macrophages [153]. The results
declared that that PVP coated GO has shown better immunological
compatibility with less immunogenicity and significantly delayed the
apoptotic process of T-lymphocytes than the uncoated GO. A brief list of
major pharmaceutical applications of PVP is given in Table 6.

7.4. Miscellaneous applications of PVP

7.4.1. Tailoring of plastic properties

Plastics are highly used in polymers for medical applications [154,
155]. However, they suffer from the hydrophobic nature for their use in
direct contact with blood, plasma, tissues, etc. Hence, plastics are
hydrophilized with additives like PVP because of its amphiphilic nature.

7.4.2. Toxicity reduction

PVP due to its complex-forming nature reduces the irritancy levels or
toxicity with numerous drugs like oxytetracycline on their parenteral
administration [156]. PVP also reduces the irritation or toxicity of
products (containing drugs like oxymetazoline, iodine) applied topically

Table 6
Major pharmaceutical applications of PVP [3].

Major
applications
of PVP

Chewing tablets
Instant granules
Solid dispersions
Dry syrups

Tablets
Capsules
Granules
Pellets

Oral lyophilisates
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to skin or eye. PVP also reduces irritant or toxicity effects of certain other
substances like nicotine, cyanide, formaldehyde, formamide, toxins, etc.
because of its complexation property [3].

7.4.3. Cryoprotection

PVP acts as a cryoprotectant during the lyophilization process
involving freeze-drying. It inhibits the crystallization of water and
drugs. The cryoprotection property of PVP plays a major role in the
biotechnology field than in drug manufacturing [3]. Thirumala et al.
studied the application of PVP as a cryoprotectant for preserving the
human adipose tissue-derived adult stem cells using liquid nitrogen.
They have replaced dimethylsulfoxide with high molecular weight PVP
as cryoprotectant [157].

7.4.4. Enzyme stabilization

By forming complexation with the enzyme deactivating moieties like
phenols and tannins, PVP can play a role as an enzyme stabilizer [3].
This principle is useful in the stabilization of diagnostic reagents (rapid
test kits) and microbiological processes. Zhang et al. has used PVP
functionalized silicone particles for lipase immobilization to develop a
low-cost process. The rational design is based on the interfacial activa-
tion and solution polymerization. The activity assay revealed that lipase
immobilized with PVP functionalized silicone particles has exhibited
higher catalysis activity and also better thermostability and reusability
compared with hydrophilic pristine or hydrophobic polystyrene corded
silicone particles [158]. Other examples include asparaginase, catalase,
galactosidase, etc.

7.4.5. Drug stabilization

PVP is useful for the stabilization of drugs. Regulska et al. studied the
application of PVP in the chemical stabilization of cilazapril in its solid-
state. They have used PVP as a carrier and investigated the effect of PVP
on the stability of cilazapril which is unstable in its solid-state and gets
decomposed readily in a humid environment. The optimized formula-
tion of PVP and cilazapril has shown reduced degradation of drugs with
the higher energy of activation with less sensitivity to moisture. Hence,
they concluded that PVP can be considered as a potential stabilizing
agent for cilazapril containing dosage forms [159]. Shimpi et al. studied
the application of PVP as a stabilizing agent for model drug celecoxib in
comparison with Gelucire. They found that the formulations with PVP
have shown significant stabilization of selected drugs than Gelucire. The
reason for predominant stabilization is attributed to the formation of
H-bonding [160]. Nielsen et al. have shown that the glass solution of the
amorphous sodium salt of furosemide with PVP has shown good stability
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and also better oral bioavailability in rats compared with pure furose-
mide. The stabilizing effect of PVP on furosemide led to the enhanced
relative oral bioavailability of up to 263% in rats compared with pure
furosemide [161]. PVP also stabilizes several active substances in
different dosage forms e.g., nitroglycerine, isosorbide dinitrate, ascorbic
acid, interferon, iodine, theophylline, etc [3].

7.4.6. Complexation

PVP has more potential for forming complexes with drugs or other
polymers which shows an influence on the solubility, dissolution, and
stability of drugs or products [154,162,163]. The unique nature of PVP
is the coexistence of hydrophilic and hydrophobic segments which al-
lows complexation with a variety of compounds like low molecular
weight substances and several polymers [164,165]. The binding mech-
anisms may include either of the interactions like hydrogen bonding,
polar or hydrophobic attractive forces [166]. The increased potential of
PVP for complexation is attributed to the ability of a polymer to form
tertiary complexes. PVP forms complexes with tannins and poly-
methacrylic acids due to hydrogen bonding. An example of hydrophobic
interactions is the complexation of PVP with phenols (e.g., resorcinol
and pyrogallol) which also associates with the exothermic interaction
between an electron system of aromatic substance and the lactam ring of
PVP. An increase in aqueous solubility of a hydrophobic compound on
the formation of non-covalent complexes with PVP is evident from flu-
oro substituted herbicide, substituted pyridine carboxylate herbicide
and chlorofluoro alkyl-substituted biphenyl urea type insecticide. PVP
forms an insoluble complex, with polyacids like polyacrylic acid or
tannic acid through the cross-linking mechanism, either in water or
alcohol but dissolve in dilute alkali. PVP forms a complex with iodine
which has broad-spectrum antibacterial, antiseptic, bactericidal, fungi-
cidal, and virucidal properties. Free iodine content in such complex
products (PVP-iodine) is extremely low which offers non-irritating and
mild antiseptic effect in contrast to aqueous iodine-potassium iodide
solutions (Lugol’s solution) or alcoholic solutions (iodine tincture) [1].
Aljamah et al. studied the effect of PVP-iodine pre-treatment for
enhancement of rehardening (enamel remineralization) and fluori-
dating features of fluoride varnishes [167]. The use of PVP-iodine
pre-treatment shown improved ability to prevent dental caries in vivo.
Jalil et al. demonstrated that the thiolated PVP and PVP-iodine com-
plexes have shown significant mucosal adhesion for a prolonged dura-
tion of 3 h in comparison with the PVP and PVP-iodine complexes [168].
Hence, they reported that the thiol functionalized PVP is a promising
novel excipient suitable for complexation with iodine to exhibit strong
mucoadhesive properties. Pinna et al. reported that the in vitro study
revealed the antimicrobial activity of povidone-iodine 0.6% solution,
IODIM and hence concluded that the IODIM solution can be used as a
potential candidate for treating surface infections of the eye and also as
antimicrobial prophylaxis before administration of intravitreal in-
jections [169]. Povidone-iodine (complex form) has been claimed for
infectious disease management, disease control, treatment of giant
fornix syndrome, control of ocular infections, ear wash, and irrigating
fluid for wound surgery. The complex form of PVP with iodine results in
a gradual release of the potent antibacterial agent, iodine thereby
reducing the toxicity of iodine [170].

7.4.7. Catalysis

PVP has been used as soluble polymer support to bind metal com-
plexes, thus formed PVP bound metal acts as a catalyst (heterogenized
homogeneous catalyst) [171]. The carbonyl oxygen moiety and the
amide nitrogen moiety allow PVP to act as an efficient ligand for binding
the monodentate and bidentate metal ions. The ligand-metal complex
thus obtained is stable and acts as a soluble but recoverable catalyst in
reactions.

7.4.8. Diagnosis
Penjweini et al. have studied the application of a photosensitizer,
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PVP-Hypericin in conventional photodynamic diagnosis and therapy
with fluorescence imaging studies using living human lung epithelial
cancer cells (A549) [172].

7.4.9. Other uses

PVP has also found application in DNA purification due to its poly-
phenol absorbing nature [173]. PVP is a component of Denhardt’s buffer
solution which is used for blocking the non-specific binding sites during
microarray analysis, northern & southern blot analysis, and nucleic acid
gel electrophoresis [174]. PVP has found application as an adhesive
stick and as a remoistenable adhesive. High molecular weight PVP is
also useful as a protective colloid and particle size regulator for sus-
pension polymerization of vinyl chloride, styrene, and vinyl acetate.
PVP is also used as a dye affinity stripping and leveling agent in textile
dyeing [1].

8. Pharmaceutical applications of PVP derivatives
8.1. Applications of copovidone

Copovidone (vinylpyrrolidone-vinyl acetate copolymer), a more
plastic and less hygroscopic copolymer, is also having a high binding
capacity and hence used as a dry binder in direct compression technique.
Copovidone is also used as a solubilizing agent, granulating agent,
retardant, and film former. Wlodarski et al. studied the physicochemical
properties of the tadalafil tablets using PVP-VA following direct
compression of solid dispersions prepared by spray drying and ball
milling techniques [175]. Both formulations have shown the greatest
enhancement in the dissolution rate of tadalafil. Amorphous solid dis-
persions are used to enhance the mechanical and flow properties of
poorly soluble drugs in addition to improvement in their dissolution
rate. Ekdahl et al. developed an amorphous solid dispersion of felodipine
in PVP-VA following spray drying atomization technique that produced
4 different powders with altered particle properties. They could produce
the optimized amorphous powder of felodipine that shown easy flow,
good mechanical strength, strong tablets, and other reasonable proper-
ties. Choi and Park have done in vivo studies in rats for evaluating the
oral bioavailability of tadalafil solid dispersions prepared using PVP-VA
S-630 [176]. The apparent solubility and dissolution rate of tadalafil in
combination with weak acids and weak bases were also demonstrated
and found to be increased in a great manner. The Cy,x and AUC values
for in vivo study has also shown a great increase in comparison to the
commercial product, Cialis powder in rats. In situ amorphization of
drugs like indomethacin and celecoxib using a microwave for the
enhancement of dissolution were reported. The molecular weight of the
polymer shows the influence on the amorphization and glass transition
temperature. Siepmann et al.et al. developed matrix tablets of dipro-
phylline using Kollidon SR (80% poly(vinyl acetate) (PVAc), 19% PVP,
sodium lauryl sulfate (SLS) and colloidal silicon dioxide) [177]. Thor-
ough in vitro characterization was done and developed a mechanistic
realistic mathematical theory to predict the effects of tablet dimensions
on drug release.

8.2. Applications of crospovidone

Cross-linked PVP also called crospovidone, is insoluble in water and
highly compactable. Crospovidone is used as a super disintegrant in
tablets and suppositories due to its high swelling properties, unlike
soluble PVP [178,179]. Ludipress is a novel excipient which contains
lactose (as filler/carrier), Kollidon K30 (binder, povidone) and Kollidon
CL (super disintegrant, crospovidone) and hence, the manufacturer can
simply mix the active ingredient with this Ludipress and lubricant, fol-
lowed by direct compression which saves a lot of time and processing.
Kasperek et al.et al. prepared and evaluated the modified release tablets
of papaverine HCI using Kollidon 30 (PVP K30) as a binder, Kollidon SR
as a sustained-release polymer and Kollidon CL (crospovidone) as
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disintegrant following direct compression method [71]. The results
showed good control over the drug release with the optimized
formulation.

9. PVP as an excipient in the formulation of cosmetics

PVP has a wide number of applications in cosmetics. It acts as a
binder, film former, hair fixative, dispersing agent, surfactant, viscosity
enhancer, and stabilizer in different cosmetic products [180]. Different
cosmetic products that are prepared with PVP as an ingredient include
shampoos, hair sprays, hair setting lotions, eye shadows, eyeliners,
mascara, lipsticks, nail polishes, shaving creams, moisturizers, etc and
its use in cosmetics is reported to be as safe [181].

10. Commercially available products

Several marketed pharmaceutical products are prepared with PVP in
their formulation for some of the other purposes as discussed in previous
sections. A list of commercially available products is given in Table 7.

11. Regulatory status

PVP has been recognized by many countries as an essentially
nontoxic excipient (non-medicinal ingredient) and food-grade additive
[9]. PVP is approved by the FDA [182]. PVP is officially approved in
many countries like the USA, Germany, China, France, Mexico, India,
Great Britain, Spain, Japan, Australia, Austria, Italy, Netherlands, etc. It
is mentioned in the monographs of several Pharmacopoeias like United

Table 7
Some of the commercially available products formulated with PVP.
S. Product Name Present as Use Manufacturer
No.
1 Inadine ® PVP-Iodine- Antiseptic, Surgical Jhonson and
PEG dressing non- Jhonson
adherent for open Medical Itd.
wounds for
sustained release
2 Betadine® Povidone- Antiseptic Aviro Health L.
Todine P,
(ointment, G.S.
cream, spray, Pharmbutor
lotion, Gargle, Pvt. Ltd., Win-
Shampoo) Medicare Pvt.
Ltd.
3 ScrubCare® Aqueous- Antiseptic Cardinal Health
Iodophor
4 Prevail-FX® Alcohol- Antiseptic Cardinal Health
Iodophor
5 DuraPrep® Alcohol- Antiseptic 3 M Health Care
Iodophor
6 Soothe® Povidone Lubricant Bausch + Lomb
Hydration Inc
Lubricant Eye
Drops
7 Advanced Povidone Lubricant Winco Foods
Relief Eye LLC
Drops®
8 Refresh Clasic Povidone Lubricant Allergan Inc.
Eye Drops®
9 Povin Povidone- Antiseptic Opsonin-
Solution® Iodine Pharma Ltd.
PVP-lodine PVP-Iodine Antiseptic Acme United
Antiseptic Corp.
Swabs®
10 TRESemme® PVP Body and Hair Unilever
Conditioner
11 Denhardt’s PVP Microarray Thermofisher
solution® Analysis, Nucleic Scientific
Acid Gel
Electrophoresis &
Blotting
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States Pharmacopoeia, European Pharmacopoeia, British Pharmaco-
poeia, Japanese Pharmacopoeia, etc. [3].

12. Patents

There are several patents based on the application of PVP in phar-
maceutical products. A list of patent prospection in this decade are
presented in Table 8.

13. Limitations

Even though PVP has been identified as a popular pharmaceutical
excipient, food additive, and cosmetic ingredient, it has its disadvan-
tages as limitations for its usage at certain levels. PVP or its derivatives
have been claimed for certain allergic reactions [33,183-185], storage
disease, subcutaneous granulomas, pulmonary vascularization, and
reticuloendothelial system (RES) deposition [50,186]. Some of them are
overruled and some are given cautions to overcome them. Avoiding
repeated dosing, high molecular weight, a large amount of PVP at the
same site of administration can be a remedy to avoid certain such
problems. An important disadvantage of PVP is its high hygroscopic
nature which made it tough to store and handle. The influence of hy-
groscopicity on the tackiness of PVP film can be avoided by adding
acetylated monoglycerides to the coating mixture [187]. PVP has a
major limitation for parenteral administration due to its
non-biodegradability. Only low molecular weight pyrogen-free poly-
mers of PVP are suitable for parenteral administration as they are only
able to get excreted through kidney [50].

13.1. Current research on the exploration of povidone-iodine against
COVID-19

A novel coronavirus, SARS-CoV-2, the causative agent was respon-
sible for Coronavirus disease 2019 (COVID-19) outbreak in Wuhan,
China in late 2019. Declaring a public health emergency by the world
health organization (WHO) had directed preventive measures since
there is no treatment. Povidone-iodine (PVP-I) was indicated as first-
line preventive aid that is a topical broad-spectrum antiseptic that is
reported for antibacterial, antiviral, and antifungal properties from the
past 150 years against COVID-19. Therefore, in this review, we outlined
various studies reported on the assessment of an antiviral efficacy of
PVP-I. Further, the potential use of PVP-I and prophylaxis on nasopha-
ryngeal and oropharyngeal mucosa of COVID-19 patients, healthcare
professional, and community as an ancillary measure to diminish the
pandemic is also described in Table 9. The current ongoing clinical trials
demonstrating the benefits of PVP-I as intranasal and gargling use
against COVID-19 patients are detailed in Table 10 [188].

Apart from exploring the PVP-I as a preventive aid against COVID-
19, it is even important to notice the minimal side effects or rare
adverse effects by prolonged use [200]. PVP-I is reported for allergic
reactions and should not be used in patients suffering from thyroid
diseases [201]. Studies even indicated that prolonged use of topical 10%
PVP-I solution (weeks-months) may increase the risk of iodine toxicity
[202]. Kim J.H. et al. reported a ciliotoxic effect on ciliated human
respiratory cells on longer-term use of betadine that indicates the
cautionary use [203]. Previous studies even conducted investigations in
understanding the allergy, contact sensitivity, and skin reactions asso-
ciated with the use of PVP-I [203]. As per current studies, there is a
scope for a lot more research in the area of PVP I against COVID-19. The
researchers have challenges to combat the limitations of PVP I and have
the necessity to focus on developing delivery strategies minimizing the
side effects.

14. Challenges, outlook, and future perspectives

In the current scrutiny, synthesis, grades, properties, and
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Table 8
Patents related to the application of PVP in Pharmaceuticals.
Patent No. Title/ Assignee Inventor(s) Patent/ PVP grade used Purpose
Publication
Date
US 10406105B2 Pharmaceutical formulation for the BASF SE (Ludwigshafen, DE) Karl K, 10-09-2019 Kollidon CL-SF Super disintegrant
production of rapidly disintegrating Michael S, Kollidon 30 Binder
tablets Silke G, Kollidon VA 64 Binder
Kathrin MB, Kollicoat SR 30 D Dispersing agent
Angelika M.
EP 2001450B1 Directly compressible composite for ~ Rubicon Research Private Pilgaonkar PS, 30-01-2019 Crospovidone Disintegrant
orally disintegrating tablets Limited (Mumbai, IN) Rustomjee MT,
Gandhi AS,
Bagde P,
Morvekar HN.
US 20180036245A1 Solid dispersions Shionogi Inc. (Florham Park, NJ, Zhengming C, 08-02-2018 Kollidon 30 (PVP  Hydrophilic carriers
Us) Xiaoming C, K30),
Kevin H. Kollidon VA64
(PVP VA 64)
WO 2018102526A1 Pharmaceutical dosage form Glaxosmithkline LLC Burke MD, 07-06-2018 Povidone, Solubilizing agents
(Wilmington, DE, US) Goodwin D, Copovidone
Govindarajan Crospovidone Disintegrant
R,
Harridance A,
Kedia S,
Le Q,
Mcaleese P,
Westrup J.
US 9623010B2 Orodispersible tablets Laboratorios Lesvi, S.L. Carmen UP, 18-04-2017 Crospovidone Disintegrant
(Barcelona, ES) Ignacio DM,
Pablo PA.
US 20170224624A1 Formulations of enzalutamide Bend Research, Inc. (Bend, OR, Douglas AL, 10-08-2017 Povidone, Solubilizing agents
us), Sanjay K, Copovidone
Medivation Prostate Randy JW,
Therapeutics, Inc. (San Jason AE,
Francisco, CA, US), Astellas Sheila M,
Pharma Inc. (Tokyo JP) Yuuki T,
Toshiro S,
Ryousuke I,
Shinsuke O,
Hiroyasu T,
Koji N,
Atsushi K.
EP 2283824B1 Compositions and formulations based ~Special Product’s Line S.p.A. Camponeschi ~ 19-04-2017 PVP K30 Binder
on swellable matrices for sustained (Pomezia, IT), C,
release of poorly soluble drugs such as  So. Se. Pharm S.r.1. (Pomezia, IT) Colombo P
clarithromycin
US 9629841B2 Formulations of pyrimidinedione AbbVie Inc. (North Chicago, IL, Yanxia L, 25-04-2017 Kollidon VA 64,  Stabilizing polymer,
derivative compounds Us) Ping G, Kollidon VA 64 Bioavailability enhancer
YiS, fine
Geoff GZ,
Yi G,
Jianwei W
US 20160101103A1 Method for the production of a Ratiopharm GmbH. (Ulm, DE) Rainer A, 14-04-2016 Copovidone Solid solvent
medicament containing tadalafil Julia SN,
Katrin
R.
US 9308164B2 Hyoscyamine dosage form Sovereign Pharmaceuticals, LLC. Viswanathan S, 12-04-2016 Kollidon SR Sustained release
(Fort Ralph B, polymer
Worth, TX, US) David B,
Himanshu P,
Juan CM,
Somphet PS
US 20160193153A1 Tablet comprising crospovidone DSM Sinochem Pharmaceuticals Abraham CL 07-07-2016 Crospovidone Disintegrant
(Netherlands B.V., Delft, NL)
US 20160000732A1 Oral pharmaceutical compositions of Cadila Healthcare Limited Sushrut KK, 07-01-2016 Crospovidone Disintegrant
ospemifene (Ahmedabad, IN) Pavak RM,
Ritesh K
US 20150011525A1 Solid dispersion of poorly soluble ISP Investments Inc. Yunxia B, 08-01-2015 Crospovidone Disintegrant,
compounds comprising crospovidone (Wilmington, NJ, US) Mohammed Bioavailability enhance,
and at least one water-soluble polymer AR, Crystallization inhibitor
James DL
US 8945620B2 Solid pharmaceutical compositions Warner-Lambert Company LLC. Howard NB, 03-02-2015 Kollidon SR Matrix forming agent,
containing pregabalin (New Yun HC, Swelling agent,
York, NY, US) Steven DS, Sustained release
Majid M, polymer
Thomas DR,
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Patent No.

Title/

Assignee

Inventor(s)

Patent/
Publication
Date

PVP grade used

Purpose

WO 2015107536A2

US 8691878B2

US 8691872B2

US 20140221414A1

Fixed dose combination comprising

linagliptin and metformin HCl

Solid pharmaceutical dosage form

Dispersions of rasagiline citrate

Solid dispersion of rifaximin

Intas Pharmaceuticals Limited
(Gujarat, IN)

AbbVie Inc. (North Chicago, IL,
Us)

Teva Pharmaceutical Industries
Ltd. (Petach-Tikva, IL)
Lupin Limited (Mumbai, IN)

Pushpa GS,
Zezhi JS,
Jiansheng W
Priyank P,
Mayur P,
Mahendra P,
Ashish S
Jeorg R,
Ulrich R,
Bernd L,
Gunther B,
Joerg B,
Laman A,
Soumojeet G.
Keith L,
David E.
Shirishkumar

23-07-2015

08-04-2014

08-04-2014

07-08-2014

Copovidone

Copovidone

PVP K29/32, PVP

K90, PVP VA
Povidone,

Binder

Bioavailability enhancer

Solubilizer

Solubilizing agents,

US 8920837B2 Sustained release dosage form

Rubicon Research Private

Limited (Mumbai, IN)

US 8715729B2 Rapidly disintegrating, solid coated

dosage form
US 8568780B2 Pharmaceutical formulation for the
production of rapidly disintegrating
tablets

US 20110262533A1 Pharmaceutical formulation for use in

HIV therapy

WO 2013040187A1 Solid dispersion of poorly soluble
compounds comprising crospovidone
and at least one water-soluble polymer
US 8574625B2 Tablet dosage form
Mumbai, IN)

US 20110028456A1 Solid pharmaceutical dosage form

WO 2011125075A2 A novel gastroretentive delivery of
macrolide

US 7838033B2 Composition for rapid disintegrating

tablet in oral cavity

ISP Investments Inc.
(Wilmington, DE, US)

BASF SE (Ludwigshafen, DE)

BASF SE (Ludwigshafen, DE)

Wockhardt Ltd. (Bandra East,

Cipla Limited (Mumbai, IN)

FDP Limited (Mumbai, IN)

Fuji Chemical Industry Co. Ltd.
(Nakaniikawa-gun, JP)

K, Copovidone
Satish KD,
Harshal AJ.
Pratibha SP,
Maharukh TR,
Anilkumar SG,
Paras RJ,
Atul AK.

Karl K,

Silke G,
Yoshitaka K.
Karl K,
Michael S,
Silke G,
Kathrin MB,
Angelika M.
Kiran KNV,
Sanjay DV,
Akhilesh AD,
Abhijit MD,
Sanjeev MS
Yunxia BL,
Rahman MA,
Lester JD.
Girish KJ,
Ramakant G,
Rahul D.
Amar L,
Geena M.
Chandavarkar
NM,

Jindal KC,
Malayandi R.
Nobukazu T,
Yoshiro N,
Hiroshi K,
Tadashi F,
Terumasa H.

Hydrophilic carriers

Kollidon SR Sustained release
polymer

Binder

30-12-2014

Kollidon VA 64

06-05-2014 Kollidon CL-SF Super disintegrant

29-10-2013 Kollidon CL-SF Disintegrant

05-02-2013 Copovidone Binder

21-03-2013 Crospovidone Disintegrant

05-11-2013 Crospovidone Disintegrant

03-02-2011 Kollidon VA 64 Dissolution enhancer

13-10-2011 Crospovidone Swelling agent,

Hydrophilic polymer

23-11-2010 Crospovidone Disintegrant

applications of PVP as a pharmaceutical excipient are discussed. PVP is
FDA approved and extensively used in the formulation of conventional
to controlled drug delivery systems by pharmaceutical industries [50].
PVP use as a synthetic polymer excipient in developing a wide range of
novel drug delivery systems has been widely researched, as backed by
the available literature. Further studies are required to assess and safely
regulate the use of PVP in designing especially programmable or
modified delivery systems intended for oral delivery [3]. For instance,
PVP use can be limited and require special handling for being hygro-
scopic containing 18% moisture at 50% RH [33]. Cross-povidone is also
reported for non-biodegradable behaviour reporting allergic manifes-
tations and even may cause pulmonary vascular injury [186]. PVP not
just has wide applications in pharmaceutical but also in food and
cosmetic industries. As a solubilizer, stabilizer in suspensions, emul-
sions, creams of photoresist capacity, ophthalmic formulations, and
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many more [154]. The uncountable properties of PVP create the scope
and advance more applications in other sectors as well. PVP is also being
explored for its use in dental products, dietary supplements, herbal
products, and functional foods. PVP is cost-effective if used in available
modified grades instead of synthesis from start. New futuristic grades are
being identified and patent-protected opening spell to the generic in-
dustry. The novel grades need to be studied in detail with supporting
toxicological profiling before use [50]. Overall PVP is a multifaced, long
credited, and well-ensconced excipient in the pharmaceutical industry
and enrooting its way in broad novel drug delivery systems providing
new paradigm in chronic therapies [154]. Molecular conjugation for
production of co-processed PVP based excipients with exceptional
functionality is yet another boulevard.
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Table 9
Various studies and clinical trials reported on the use of Povidone-iodine (PVP-I) against COVID-19.

S. Type of study Indication Application and clinical intervention References

No

1. Povidone-iodine (PVP-I) PVP-I mouth wash (1:30 dilution) Inactivate both SARS-CoV and MERSCoV following a [189]
15- second exposure

2. Povidone-iodine (PVP-I) novel Dilute centrations (e.g. 0.001%) Opical nasal and oral solution. [190]

intervention strategy 1.Nasalirrigation: 240 mL of 0.4% PVP-Isolution (dilution of =~ Topical applications of PVP-I to attenuate nosocomial
10 mL of commercially available 10% aqueous PVP-I into transmission of COVID-19 surrounding head and neck
240 mL of normal saline with a sinus rinse delivery bottle. and skull base oncology care.
2.0ral/or-opharyngeal wash:10 mL of 0.5% aqueous PVP-
Isolution (1:20 di-lution in sterile or distilled water); in
addition to appropriate PPE.
The following outlines a stratified treatment.approach:
1. Apply nasal and oral PVP-I every 2-3 h, upto 4 x /day
inpatients that: a. Have suspected/confirmed SARS-CoV 2
infection.
b. Are undergoing high-risk procedures (e.g.those involving
nasal mucosal, oral, pharyngeal, andpulmonarysecretions)
c. Are from COVID-19 hotspots 2.Apply nasal and oral PVP-I
before and after patient contact (with repeated contact, apply
every 2-3 h, upto4 x /day) in healthcare providers that:
i. Are involved in care of patients with suspected/confirmed
SARS-CoV-2 infection
ii. Are involved in high-risk procedures of patients in COVID-
19 hotspots c.Lack adequate PPE (e.g.N95,PAPR)
iii.Optional nasal and oral application of PVP-I every 2-3 h,
up to 4 x /day inpatients and/or healthcare providers in:
eHigh-risk procedures in asymptomatic patients
#COVID-19 hotspots
3. Povidone-iodine (PVP-I) in-vitro Different formulations of povidone-iodine (PVP-I: 4% PVP-I A reduction in virus titer of C4 log10 (corresponding [191]
efficacy skin cleanser, 7.5% PVP-I surgical scrub, and 1% PVP-I to inactivation of C99.99%) was regarded as evidence
gargle/mouthwash) against a reference virus (Modified of virucidal activity. This was achieved versus MVA
vaccinia virus Ankara, MVA) and MERS-CoV was evaluated. = and MERS-CoV, under both clean and dirty
conditions, within 15 s of application of each
undiluted PVP-I product.
Data indicated that PVP-I-based hand wash products
for potentially contaminated skin, and PVP-I gargle/
mouthwash for reduction of viral load in the oral
cavity and the oropharynx, may help to support
hygiene measures to prevent transmission of MERS-
CoV.
4. In-vitro bactericidal and virucidal 7% gargle/mouthwash PVP-I gargle/mouthwash diluted 1:30 (equivalent to ~ [189]
efficacy of povidone-iodine (PVP-I) a concentration of 0.23% PVP-I) showed effective
against oral and respiratory tract bactericidal activity against Klebsiella pneumoniae
pathogens and Streptococcus pneumoniae and rapidly inactivated
SARS-CoV, MERS-CoV, influenza virus A (H1N1) and
rotavirus after 15 s of exposure.
PVP-I 7% gargle/mouthwash showed rapid
bactericidal activity and virucidal efficacy in vitro at
a concentration of 0.23% PVP-I and may provide a
protective oropharyngeal hygiene measure for
individuals at high risk of exposure to oral and
respiratory pathogens.
5. Preoperative povidone-iodine A drop of 1% PVP-1 Administrated in a conjunctival cul-de-sac with [192]
(PVP-I) protocol for lacrimal surgies contact time for 3 min against COVID-19.

6. Povidone-iodine (PVP-I) 0.23%-7% solution Topical preparations exhibited virucidal activity [193]

7. Povidone-iodine (PVP-I) 0.5%, 1%, and 1.5% Oral antiseptics showed complete inactivation of [194]
SARS-CoV-2 within 15 s of contact.

8. Povidone-iodine (PVP-I) 1% eye drop Locally (eye drop) effective in case of accidental [195]
ocular exposure or case of 2019-n CoV-associated
conjunctivitis.

9. Povidone-iodine In-situ Gel forming PVP-I gel-forming nasal spray (IVIEW-1503) and PVP-I gel- Formulations can reduce or prevent the transmission [196]

formulations. forming ophthalmic eye drop (IVIEW-1201) of the virus through the nasal cavity and the eye.

10. Povidone-lodine prosthodontic dilution of the oral rinse to decrease the risk of transmission [197]

practice commercially available 10% povidone-iodine by 1:20 associated with viral shedding from asymptomatic
utilizing individuals
0.5 cc of 10% povidone iodine and 9.5 cc of sterile saline Oral rinse can decrease the risk of transmission
dilution of the associated with viral shedding from asymptomatic
commercially available 10% povidone iodine by 1:20 individuals.
utilizing
0.5 cc of 10% povidone iodine and 9.5 cc of sterile saline
dilution of the
commercially available 10% povidone iodine by 1:20 utilizin
0.5% oral wash

11. Povidone-iodine (PVP-I) topical and [198]

oral
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S. Type of study Indication Application and clinical intervention References
No

antiseptic solution (PVP-I 10%), skin cleanser (PVP-17.5%), achieved > 99.99% virucidal activity against SARS-

gargle and mouth wash (PVP-1 1%) and throat spray (PVP-I ~ CoV-2, corresponding to > 4 log10 reduction of virus

0.45%) titre, within 30 s of contact
12. Povidone-iodine (PVP-I) vs. PVP-I oral antiseptic rinse at all 3 concentrations of 0.5%, After the 15-s and 30-s contact times, PVP-I oral [199]

hydrogen peroxide 1.25%, and 1.5% completely inactivated SARS-CoV-2 PVP-I antiseptic rinse at all 3 concentrations of 0.5%,
oral antiseptic rinse at all 3 concentrations of 0.5%, 1.25%, 1.25%, and 1.5% completely inactivated SARS-CoV-
and 1.5% completely inactivated SARS-CoV-2 2. The H2 02 solutions at concentrations of 1.5% and
PVP-I oral antiseptic rinse at all 3 concentrations of 0.5%, 3.0% showed minimal viricidal activity after 15 s and
1.25%, and 1.5% and hydrogen peroxide solutions at 30 s of contact time.
concentrations of 1.5% and 3.0%.
Table 10
Current ongoing clinical trials demonstrating the benefits of Povidone-lodine (PVP-I) as intranasal and gargling use against COVID-19 patients [188].
NCT Number Study title Study design Intervention Location
NCT04364802  COVID-19: Povidone-lodine Intranasal Prophylaxis in Front-line ~ Phase 2; Povidone-lodine nasal spray University of Kentucky
Healthcare Personnel and Inpatients 250 participants, and gargle. Lexington, Kentucky, United
nonrandomized States.
NCT04347954  PVP-I Nasal Sprays and SARS-CoV-2 Nasopharyngeal Titers (for ~ Phase 1/2; Povidone-lodine 2%. Stanford Health Care Stanford,
COVID-19) 45 participants; Povidone-Iodine 0.5%. California, United States.
randomized Isotonic saline 0.9%.
NCT04344236  Gargling and Nasal Rinses to Reduce Oro- and Nasopharyngeal Phase 2; Saline oral/nasal rinse. NYU Langone Health New York,
Viral Load in Patients With COVID-19 48 participants; 0.5% Povidone/Iodine oral/ New York, United States.
randomized. nasal rinse.
0.12% Chlorhexidine oral/
nasal rinse.
NCT04371965 Povidone Iodine Mouthwash, Gargle, and Nasal Spray to Reduce Phase 2; Parallel Assignment, Poitiers University Hospital,
Naso- Pharyngeal Viral Load in Patients With COVID-19 24 participants; Povidone-Iodine France
(KILLER) randomized
NCT04410159  Povidone-Iodine Vs Essential Oil Vs Tap Water Gargling For Phase 2; Povidone-Iodine Universiti Sains Islam Malaysia
COVID-19 Patients (GARGLES) 20 participants; Essential oils
randomized Tap water
NCT04449965  Povidone-lodine Rinses in the Management of COVID-19 Early Phase 1; Povidone-lodine St. Paul’s Hospital, Canada
81 participants; Placebo
randomized
NCT04393792  SINUS WASH Pilot Study in Adults Testing Positive for COVID-  Early Phase 1; Povidone-lodine Hampshire Hospitals NHS
19 40 participants; Normal saline Foundation trust, United
randomized kingdom
NCT04446104 A Preventive Treatment for Migrant Workers at High-risk of Phase 3; Povidone-Iodine National University Hospital,
Covid-19 5000 participants; Hydroxychloroquine Sulfate Singapore.
randomized Tablets
Ivermectin 3 mg tablet
Zinc
Vitamin C
NCT04341688 A Clinical Trial of Gargling Agents in Reducing Intraoral Viral Phase not applicable; Gargle/mouthwash University of Karachi, Pakistan
Load Among COVID-19 Patients (GARGLES) 50 participants;
randomized
15. Conclusion Funding

Based on the current literature survey, PVP is considered a widely
used excipient for pharmaceutical, food, and cosmetic industry. PVP as a
polymer has a profound effect on solving many drug-related issues that
could not be construed by modifying the chemistry or formulation ap-
proaches. The biodegradable character, strong stability, mild physi-
ochemical properties, ability to solubilize, being non-toxic, and capacity
to deliver both hydrophilic and lipophilic drugs make the PVP a versatile
excipient in formulation development of wide conventional to the
controlled release dosage forms. PVP-I has proven its potential as pre-
ventive and prophylactic aid against COVID-19 during the pandemic
time. Futuristic grades of PVP having multifunctional properties are
pipelined and yet to be analysed for their wide applications in diverse
fields such as medical devices, gene therapy, and tissue engineering.
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