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Abstract:

High solubility, high permeability and good stability are basic prerequisites for achieving the bioavailability and hence
therapeutic effectiveness. Newly developed drugs having poor solubility are rejected or exhibit suboptimal performance.
Poor solubility of new chemical entities discovered or already in the market limits their use in formulation development.
Poor solubility being a major obstacle in all checkpoints in drug discovery pipeline. Plethora of techniques/methods are
used for the improvement of the solubility of poorly water-soluble drugs include micronization, chemical modification, pH
adjustment, solid dispersion, complexation, cosolvency, micellar solubilization, hydrotropy etc. Dendrimers a nanocarrier
shows tremendous Solublization potential. These nonmaterial’s have unique property to encapsulate the drug inside as well
as binding on surface by electrostatic interaction. The dendrimers is hypothesized to have the drug in their internal cavities
which are shielded by exterior groups. Various researchers have explored the Solublization potential of dendrimers using
poorly soluble drugs to provide the proof of concept. The results, patents and dendrimers based marketed preparations
revealed the efficacy of dendrimers for enhancement of solubility.
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Introduction

Drugs belonging to BCS class —II & IV are dissolution
rate limiting .Dissolution being the prerequisite step for
the absorption across bio membrane. The therapeutic
effectiveness of any poor solubility leads to
unavailability of appropriate dose at the site of action'.
To address this, structural modifications were
attempted but often lead to reduce the efficacy of a
drug °. Various approaches are practiced such as
surfactant-based micellar system (i.e., emulsions, liquid
crystals or micelles), surfactant (e.g., using tween,
span, etc.), complexation (e.g., using cyclodextrin), salt
formation, prodrug formation and cosolvent, etc>*°. In
1991 Newkome et al. explored the solublization
potential of dendrimers by virtue of their unique
properties that favors the solubility enhancement *

Dendrimer-mediated solubilization has been found to
be superior to cyclodextrin-mediated solubilization ’
Several hydrophobes such as nifedipine, niclosamide,
methotrexate, 5-fluorouracil, indomethacin,
propranolol, ibuprofen, flurbiprofen etc. have been
successfully solubilized in dendrimers ® % !0 11121314

A unimolecular micelle of polyaryl ether dendrimers
was prepared by Hawker et al., 1993 & used to
investigate  solubilization of nonpolar organic
molecules °. A liner relationship between amount of
solubilized pyrene & the dendrimers concentration was
observed'®. A series of inverted unimolecular micelles
with hydrophobic shell & hydrophilic interior was
prepared by Stevelmans ez al., 1996 .
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The dendritic ‘box’ prepared by Meijer co-workers by
capping dendrimers surfaces with aminoacids could
irreversibly solubilize upto 4 molecules of Bengal rose &
8-10 molecules of 4-nitrobenzoic acid per molecule of
dendrimers '® The use of crown ether dendrimers to
solubilize peptides in organic solvents through peptide —
NH"-crowm ether interactions is also reported. The
solubility of myoglobin in dimethyl formamide was
dramatically increased with first generation dendrimers
probably because of binding of lipophilic dendrimers at
protein surface B, Hydraamphiphiles dendrimers forms
micelles with compact aggregate surface thus can be
used for solubility enhancement of poorly soluble
compounds ***'.

1.1 Host guest interaction:

Dendrimers can encapsulate guest molecules in the
internal cavities or electrostatically on the surface.
Present article explains possible interaction mechanisms
between the dendrimer and a bioactive and their possible
contribution in drug delivery.

The proposed mechanisms for the host-guest interaction
can be broadly categorized into two main classes: (a)
covalent binding, in which the guest molecule forms a
chemically bonded conjugate (involving hydrophobic
interactions, physical entrapment, hydrogen bonding, or
electrostatic bonding either alone or in combination with
these methods), and (b) non-covalent binding, in which
the guest physically interacts with the dendritic
architecture.

Jansen et al., 1994, provided the proof of concept about
physical entrapment of a guest molecule within the
internal cavities of the dendritic structure. **. Newkome
et al., 1991 were the first to report various type of
interaction in dendrimers and their corresponding
solubilizing potential. **. Dendrimers specifically
bespoke to bind hydrophobic guests to the core have
been created by the Diederich group under the name
‘dendrophanes Hydrogen-bonding interactions
between the dendritic host and the guest molecules like
glutarimide and barbituric acid were explored that
opened new possibilities for formulation development .
4.0 G PAMAM dendrimers and sodium dodecyl sulfate
(SDS) showed that electrostatic interaction between
hydrophobe and dendrimer was the major responsible
mechanism for solubility enhancement 2*"-**
Endoreceptors *':

1. Physical encapsulation

2. Hydrophobic bonding

3. Hydrogen bonding
Exoreceptors 33233,
1. Electrostatic interaction

Dendrimers have established themselves as solubilizing
agents and has attracted the attention of beginner and
advanced scientists across the globe. Mechanisms for the
host-guest interaction dendritic architecture can be
physical encapsulation, hydrophobic bonding, hydrogen
bonding, electrostatic interaction 3435363738 © These
poorly water soluble drug are allied with slow drug
absorption leading to inadequate and variable
bioavailability and gastrointestinal mucosal toxicity * .

Dendrimers have hydrophilic exteriors and hydrophilic
interiors, which are responsible for its unimolecular
micellar nature. Dendrimers have capability of dorming
covalent as well as non-covalent complexes with guest
materials, which are responsible for its solubilization
behaviour. In general various solubility enhancement
techniques reported, complexation being the major
solubility enhancement principle. Dendrimers enhance
the Solubility of hydrophobes probably due to
hydrophobic interactions, hydrogen bonding and
electrostatic interaction between terminal functional
groups of the dendrimers and hydrophobes. 4.

Conclusion:

It can be concluded that in the PAMAM dendrimers are
immensely effective and versatile polymeric architecture
for solubility enhancement. However, these properties of
dendrimers are not restricted to drug molecules but can
also be applied to catalysts and organic molecules, where
dendrimers function as solubility enhancer and modifier,
allowing to mix otherwise immiscible materials.
Anticancer drug candidates generally have poor
solubility if incorporated in dendrimers may enhance the
solubility as well as may release the drug in a sustained
manner at targeting site. Improving solubility of active
pharmaceutical ingredient facilitates the formulation
development in a easy way. Currently top Pharma
companies like Starpharma, Lilly, GSK’s Stiefel and
Elanco have launched products where dendrimers have
been used as solubility enhancer for many different drug
classes. These encouraging results provide further
impetus to design, synthesize, and evaluate dendritic
polymers for use in basic drug delivery studies and
eventually in the clinic.
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Figure 1:- Dendrimers as Drug Carrier and Mechanism of Drug Entrapment.

Table 1: Dendrimers mediated solubility enhancement of drugs

S. No. Dendrimers Systems Solubilizate References

1. Amine and Ester-terminated PAMAM Nifedipine Devarakonda et al, 2004
dendrimers

2. Hhydroxyl-PAMAM dendrimer Benzoic acid Beezer et al, 2004
3. PAMAM —OH dendrimers Indomethacin Chauhan et al, 2003
4. PEG polyethar dendrimers Indomethacin Kwon et al, 1997
5. PAMAM dendrimers Flurbiprofen Asthan et al, 2005
6. Polyglycerol dendrimer Paclitaxel Ooya et al, 2003
7. PEGylated PAMAM dendrimers Pyrene Yang et al, 2004
8. Polypropylene imine dendrimers Pyrene Pistolis et al, 2002
9. Polyether-PEG dendrimer Pyrene Liu et al, 2000
10. Polyether dendrimer Pyrene Hawker et al, 1993
11. Poly(aryl alkyl ether) dendrimer Pyrene Vutukuri et al, 2004
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PEGylated PAMAM dendrimer

Polypropylene dendrimer

lysine dendrimer

PAMAM dendrimer

PEG-PAMAM dendrimer

PEG-PAMAM dendrimer

PAMAM dendrimer

Polyether dendrimer

PAMAM and Lauroyl PAMAM

dendrimer

Citric acid-PEG-citric acid dendrimer

Amphiphilic dendrimer

PAMAM dendrimers

PEGylated PPI Dendrimers

PAMAM dendrimers

PAMAM dendrimers

PAMAM dendrimers

PAMAM dendrimers

PEGylated lysine dendrimers

5-fluorouracil

Bengal Rose

Orange dye

Silicone dioxide

Methotrexate

Adriamycin

Methotrexate

Anthracene

Propranolol

Mefenamic acid

Proflavine

Piroxicam

Pyrene

Ibuprofen

Niclosamide

Naproxen

Nicotinic acid

Artemether

Bhadra et al, 2004

Baars et al, 2000

Chapman et al, 1994

Neofotistou et al, 2004

Kojima et al, 2000

Kojima et al, 2000

Khopade et al, 2002

Hawker et al, 1993

D’Emanuele et al, 2004

Namazi et al, 2005

Vutukuri et al, 2004

Wiwattanapatapee et al, 1999

Sideratou et al, 2001

Milhem et al, 2000

Devarakonda et al, 2005

Yiyun et al, 2005

Yiyun et al, 2005

Bhadra et al, 2005

108



Avalabile online at www.ijpda.com
Surya Prakash Gautam et al; Int.J.Pharm Drug Anal Vol: 3 Issue:4 Page:105-110

Reference:

1.

10.

11.

12.

13.

14.

Jansen, J.F., De, Brabander-van den Berg, E.M.,
Meijer, E.W. Encapsulation of Guest Molecules into
a Dendritic Box. Science. 1994; 266:1226-1229.
Newkome, G.R., Woosley, B.D., Morefield, C.N.,
Guther, R., Baker, G.R. Supromolecular chemistry
of flexible, dendritic-based structure employing
molecular recognition. Chemical Communications,
1996;2737-2738.

Newkome GR, Moorefield CN, Baker GR, Saunders
MJ, Grossman SH. Unimolecular micelles. Angew
Chem International Ed Engler 1991;30:1178-80.
Milhem OM, Myles C, McKeown NB, Attwood D,
D'Emanuele A.  Polyamidoamine  Starburst
dendrimers as solubility enhancers. Int J Pharm
2000;197:239-41.

Esfand, R., Tomalia, D. Poly (amidoamine)
(PAMAM) dendrimers: from biomimicry to drug
delivery and biomedical applications. Drug Discov
Today, 2001, 6:427-436.

Tomalia, D., Baker, H., Dewald, J., Hall, M., Kallos,
G., Martin, S., Roeck, J., Ryder, J., Smith, P.A new
class of polymers: starburst-dendritic
macromolecules. Polym J (Tokyo), 1985, 17:117-
132.

Jansen, J., Brabander, B., Meijer, E. Encapsulation
of guest molecules into a dendritic box. Science,
1994, 266:1226-1229.

Kolhe P, Khandare J, Pillai O, Kannan S, Lieh-Lai
M, Kannan RM. Preparation, cellular transport, and
activity of  polyamidoamine-;based  dendritic
nanodevices with a high drug payload. Biomaterials
2006;27:660-9.

Beezer AE, King AS, Martin IK, Mitchel JC,
Twyman LJ, Wain CF. Dendrimers as potential drug
carriers; encapsulation of acidic hydrophobes within
water soluble PAMAM dendrimers. Tetrahedron
2003;59:3873-80

Twyman, L.J, Beezer A.E., Esfand, R., Hardy, M.J.,
Mitchell, J.C. The synthesis of water-soluble
dendrimers, and their application as possible drug
delivery systems. Tetrahedron Letters
1999;40:1743-6

Khalil, S.A., Abdallah, O.Y., Moustafa, M.A. The
use of solubility parameter as an index of drug
activity Canadian J Pharm Sci. 1976;121-6.

Khalil, S.A., Martin, A.N. Drug transport through
model membrane and its correlation solubility
parameters. J Pharm Sci. 1967;56:1225-33.

Beezer, A.E., King, A.S., Martin, I.K., Mitchel, J.C.,
Twyman, L.J., Wain, C.F. Dendrimers as potential
drug carriers; encapsulation of acidic hydrophobes
within water soluble PAMAM dendrimers.
Tetrahedron 2003;59:3873-80 .

Liu, M., Kono, K., Freche,t J.M. Water soluble
dendritic unimolecular micelles: Their potential as

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

drug delivery Control  Release
2000;65:121-31 .

Gupta, U., Agashe, H.B., Asthana, A., Jain, N.K.
Dendrimers: Novel polymeric nanoarchitectures for
solubility enhancement. Biomacromolecules
2006;7:64958.

Chauhan, A.S., Jain, N.K., Diwan, P.V., Khopade,
A.J. Solubility enhancement of indomethacin with
poly (amidoamine) dendrimers and targeting to
inflammatory regions of arthritic rats. J] Drug Target
2004;12:575-83

Yiyun, C., Tongwen, X. Dendrimers as potential
drug carriers part I solubilization of non-steroidal
anti-inflammatory drugs in the presence of
polyamidoamine dendrimers. Eur J Med Chem
2005;40:1188-92 .

Devarakonda, B., Hill, R. A., De Villiers, M. M. The
effect of PAMAM dendrimer generation size and
surface functional groups on the aqueous solubility
of nifedipine. Int J Pharm, 200;284:133-140
Milhem, O. M., Myles, C., McKeown, N. B.,
D’Emanuele, A. Polyamidoamine Starburst®
dendrimers as solubility enhancers. Int J Pharm
197:239-241 2000.

Bhadra, D., Bhadra, S., Jain, S., Jain, N. K. A
PEGylated dendritic nanoparticulate carrier of
fluorouracil. Int J Pharm, 2003;257:111-124.
Chauhan, A. S., Sridevi, S., Chalasani, K. B., Jain,
A. K., Jain, S. K., Jain, N. K., Diwan, P. V.
Dendrimer-mediated transdermal delivery: enhanced
bioavailability of indomethacin. J Control Rel,
2003; 90:335-343.

Devarakonda, B., Hill, R. A., Liebenberg, W., Brits,
M., De Villiers, M. M. Comparision of aqueous
solubilization of practically insoluble niclosamide
by polyamidoamone (PAMAM) dendrimers and
cyclodextrins. Int J Pharm, 2005; 300:193-209
Devarakonda, B., Hill, R. A., De Villiers, M. M.
The effect of PAMAM dendrimer generation size
and surface functional groups on the aqueous
solubility of nifedipine. Int J Pharm, 2004;284:133-
140

Milhem, O. M., Myles, C., McKeown, N. B.,
D’Emanuele, A. Polyamidoamine Starburst®
dendrimers as solubility enhancers. Int J Pharm,
2000; 197:239-241.

Khopade, A. J., Caruso, F., Tripathi, P., Nagaich, S.,
Jain, N. K. Effect of dendrimer on entrapment and
release of bioactive from liposomes. Int J Pharm,
2002; 232:157-162.

Rinaki, E., Valsami, G., and Macheras, P.
Quantitative ~ Biopharmacuetics Classification
System; the central role of dose/solubility ratio.
Pharm. Res, 2003; 1917.

Van, D.J., Hinrichs, W.L.J., Visser, M.R., Frijlink,
H.W. Characterization of the molecular distribution
of drugs in glassy solid dispersions at the nano-

agents. J

109



Avalabile online at www.ijpda.com
Surya Prakash Gautam et al; Int.J.Pharm Drug Anal Vol: 3 Issue:4 Page:105-110

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

meter scale, using differential scanning calorimetry
and gravimetric water vapour sorption techniques.
Int. J. Pharm. 2006;301:220-29.

Vippagunta, S. R., Zaren, W., Hornung. S., Kirill,
S.L. Factors affecting the formation of eutectic solid
dispersions and their dissolution behavior. J. Pharm.
Sci.96: 2006:230- 294.

Ponton, C.W. Formulation of poorly water-soluble
drugs for oral administration: Physicochemical and
physiological issues and the lipid formulation
classification system. Eur. I Pharm.
S¢i.29:2006:278-87.

Yang, J., Morris, S., Lopina, T. Polyethylene
glycolpolyamidoamine  dendritic  micelle  as
solubility enhancer and the effect of the length of
polyethylene glycol arms on the solubility of pyrene
in water, J. Colloid Interface Sci, 2004 , 273:148—
154.

Devarakonda, B., Hill, R.A., DeVilliers, M.M. The
effect of PAMAM dendrimer generation size and
surface functional groups on the aqueous solubility
of nifedipine. Int J Pharm, 2004, 284:133-40.

Gupta, U., Bharat, Agashe., Asthana, H.A., Jain,
N.K. Dendrimers: Novel Polymeric
Nanoarchitectures for Solubility Enhancement,
Biomacromolecules, 2006, 7 (3): 649-658

D.A. Tomalia, AM. Naylor, W.A. Goddard,
Starburst dendrimers: molecular-level control of
size, shape, surface chemistry, topology, and
flexibility from atoms to macroscopic matter,
Angew. Chem. Int. Ed. Engl. 29 (1990) 138.

S. Svenson, D.A. Tomalia, Dendrimers in
biomedical applications — reflections on the field,
Adv. Drug Deliv. Rev. 2005;2106-2129.

E.R. Gillies, J.M.J. Fréchet, Dendrimers and
dendritic polymers in drug delivery, Drug Discov.
Today,2005;10: 35-42.

D.A. Tomalia, Birth of a new macromolecular
architecture — dendrimers as quantized building
blocks for nanoscale synthetic polymer chemistry,
Prog. Polym. Sci. 2005;30: 294-324.

Twyman, L.J., Beezer, A.E., Esfand, R., Hardy,
M.J., Mitchell, J.C. The synthesis of water soluble
dendrimers, and their application as possible drug
delivery systems. Tetrahedron Lett, 1999; 40:1743-
1746.

George, R., Newkome, Zhongqi, Yao., Gregory, R.,
Baker, Vinod K. Gupta "Micelles. Part 1. Cascade
molecules: a new approach to micelles. A [27]-
arborol". J. Org. Chem, 1985, 50: 2003.

Peterson J., Ebber A., Allikmaa V., Lopp M.
Synthesis and CZE Analysis of PAMAM
Dendrimers with an Ethylenediamine Core. Proc.
Estonian Acad. Sci. Chem, 2001, 50, 3: 156-166.

40. Nekkanti V., Pillai R., Venkateshwarlu V.,

41.

Harisudhan T. Development and characterization of
solid oral dosage form incorporating candesartan
nanoparticles. Pharm. Dev. and Tech, 2009, 14(3):
290-298

Ronald, C.H., Bauer, B.J., Paul, S.A., Franziska, G.,
Eric, A. Templating of inorganic nanoparticles by
PAMAM/PEG dendrimer—star polymers. Polymer
2002, 43:5473-5481.

110





