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Abstract 

Dendrimers chemistry is one of the most rapidly expanding area of modern chemistry. Dendrimers are nano-

sized radially symmetric molecule with well-defined homogeneous and monodisperse structure that has a 

typically symmetric core an inner shell an outer shell. Dendrimers are a promising drug tool, widely, been 

explored for the treatment, diagnosis or theragnostic purpose. A variety of dendrimers exist, and each has 

biological properties such as polyvalency, self- assembling, electrostatic, interactions, chemical stability, low 

toxicity and solubility. Dendrimers has highly compact and tree-like branched structure as well as the uniform 

size in the nanometer size range have attracted tremendous scientific interest in many fields such as nano- 

material, biochemistry, supermolecule, drug delivery system etc. 
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Introduction 

The word dendrimer is originated from Greek word "Dendron" means "Tree or Branches" and "Meros" means 

"Parts" i.e., Tree liked branched structure was obtained [1]. In year 1978 dendrimer has been proposed by Sir 

Vogtle and co-worker, it was the first time that overall complete synthesis of dendrimer was obtained [2]. This 

was followed by independent development of the divergent macromolecule synthesis of dendrimer by Tomalia 

in year 1984-1985. It also first time that PAMAM dendrimer were obtained completely. Then in year 1990 

convergent synthesis method was proposed by Frechet [3]. Dendrimer in drug delivery system has attracted more 

attention in recent years [4, 5]. Dendrimer is made of polymer contain empty inner cavity, which is being used for 

drug encapsulation o hydrophobic drug molecule. The outermost shell is responsible for the reactivity and thus 

dendrimer is modified or conjugated by a guest molecule. Due to these specific properties of dendrimer, it is 

suitable for drug delivery system. Dendrimer are new generation highly branch polymer with radially symmetric 

molecules, Nano-size widely used in drug delivery system. Dendrimer are three-dimensional, monodisperse, 

globular macromolecules having high number of functional groups on functional group on surface [6, 7]. Due to 

high surface functional of highly branch polymeric dendrimer enhances the solubility, stability, higher density, 

lesser viscosity of many drugs [8]. Dendrimer based drug delivery system, gene delivery, solubility enhancer, 

transdermal drug delivery nanomaterial are some applications of dendrimer [9]. 

 

Structure of Dendrimer 

The structure of dendrimer consists of three different components they are 

1. Central core 

The central core should contain relative functional group 

 

2. Repeated branches 

The repeated branch should organize in series of generation 

 

3. Surface functional groups 

The surface functional group should determine physical properties and location of molecules [10]. 

 

Dendrimer is a polymeric molecule composed of multi branched monomers that radially form a central a central 

core, and obtain like a branch tree. Because dendrimer word is derived from Greek word “Dendron” means 

“Tree or Branches” and “Meros” means “Parts”. As central core is separated from dendrimer molecule a number 

identical fragments called “Dendron” are obtained [5]. The number of dendron obtained depends upon central 

core (2, 3, 4, and more). Dendrimer with high generation such as G-4, G-5 are large, branched with more end 

groups, while the low generation such as G-1, G-2, G-3 are short and less branched from core to its end as 

compared to high generation dendrimers [11, 12]. Dendrimer having multivalency is the most advantageous 

property. Dendrimer increasing in weight and generation of molecules results in closely pack of terminal unit, 

i.e., its end group are closely packed [13]. Dendrimers solubility also depends upon its end group whether they are 

hydrophobic or hydrophilic terminal unit, because hydrophobic are soluble in non-polar solvent (non-water, 

benzene, chloroform) while hydrophilic are soluble in polar solvent (water) [14]. 
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The presence of core shell in dendrimer are used for encapsulation of chemical, API, drugs for their 

functionality, Drug molecule such as doxorubicin, methotrexate, indomethacin etc. [15, 16]. 

 

Synthesis of Dendrimers 

Dendrimers are synthesis by four different methods [17, 18] 

1. Divergent method 

2. Convergent method 

3. Hypercores and branched monomer 

4. Double exponential and mixed growth 

 

Divergent method 
In year 1984 Poly (amino amine) i.e., PAMAM dendrimer was synthesis and published with the help of 
divergent method [19]. Divergent method starts from the central core and extended toward the surface; the central 
core contains relative functional group. Divergent method is multifunctional and step wise synthesis. In initial 
step core molecule like EDA ethylene diamine is take and with help of Michael addition reaction four arms of 
nitrogen are attached to EDA. In second step EDA is again reacted with amination reaction, this step may repeat 
multiple time to obtained differential generation of dendrimer. Each step of the divergent method should be 
completed to avoid mistake in generation, because if some branches remain shorter as compare to other branches 
may causes impurities, functionality, symmetry of dendrimer [20]. The size different between perfect and 
imperfect is very small due to which it is difficult to separate. This is the major disadvantages of dendrimers 
method. To reduce or remove imperfection and side reaction it is necessary to use a large excess of reagents. 
 
Convergent method 
Convergent method of dendrimer synthesis was introduced by Frechet in year 1990. This method overcome the 
purity and structural defects issues of divergent synthesis. By convergent method symmetric and uniform 
dendrimer are synthesis but the overall yield is less. The yield is reduced for the uniformity of the purity as well 
as it is laboratory scale dendrimer synthesis. For large scale mostly divergent method is preferred [21]. 
In convergent synthesis method the dendron end up to terminal group are synthesis initially and in final step it 
links with core material, for complete structure formation, Due to the steric hindrance between dendron and core 
the size obtained in convergent method is limited. This limitation is not observed in dendrimer synthesis [22, 23]. 
 
Hypercores and branched monomer 
To overcome all the errors occurring in divergent and convergent method, Hypercores and branched monomer 
where introduced [24]. In Hypercores and branched monomer there is involment of pre- assembly of oligomeric 
species which may linked together to give dendrimer in few steps or higher yield branch upon branch. In this 
method the core is reacted with one or more molecules of reagent containing at least protection branching site 
[25]. 
 
Double exponential and mixed growth 
Double exponential and mixed growth are similar in the method preparation of monomers, the preparation is 
done by both divergent and convergent method growth from a single starting material [26]. These is also similar to 
rapid growth technique for linear polymer. The resulting product are reacted to give an orthogonally protected 
frame which can used to grow again and again by generation to generation. The major advantage of double 
exponential mixed growth is rapid synthesis [18]. 
 
Types of Dendrimers 
1. PAMAM Dendrimer 

Ploy (amidoamine) dendrimer i.e., PAMAM dendrimer are synthesis by divergent method by Fritz and Vogtle in 
1978. The synthesis of divergent method starts from ammino or ethylenediamine core reagent and gives product 
up to 10- generations. PAMAM dendrimer were also synthesis successfully by Tomalin in 1983 and in 1985, by 
George R. Newkome in year 1985, Denkewalter at Allied Corporation in 1981 [27]. 
PAMAM dendrimer has great biocompatibility than other dendrimer families due to combination of interior 
amino bond and surface amine. PAMAM dendrimer contain positive charge on the surface due to which it has 
ability for condensation [28]. 
 

2. PPI Dendrimer 
Poly (propylene imine) dendrimer i.e., PPI dendrimer also called as Astramol dendrimer, DAB-Am-X 
dendrimer, here DAB stand for diaminobutane core or 1,4- diaminobutane and used as dendrimer core. PPI 
dendrimer contain nitrogen of primary amine and nitrogen of tertiary amine [22]. The PPI dendrimer are synthesis 
by divergent method in step wise process (a) the sequence of double Michael addition of acrylonitrile to primary 
amine followed by (b) catalyzed hydrogenation of nitrile which repeated the reaction result in doubling of 
number of primary amines [29]. 

 

3. Tecto Dendrimer 

Tecto dendrimer also called as core-shell dendrimer because tecto dendrimer are composed of a core dendrimer 
[30], which may contain therapeutic agent or may not contain therapeutic agent and are surrounded by dendrimer 
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each one of those perform a specific function leading to a smart therapeutic system [31]. Tecto dendrimer fix the 

target site and deliver API to the recognized diseases cell. Different component of tecto dendrimer perform 

different function ranging from diseased cell, recognition, diagnosis of diseases, drug delivery, therapy [32]. 

 

4. Peptide Dendrimer 

Peptide dendrimer are synthesizing through polymerization of amino acid or small peptide unit. Scientifically 

peptide dendrimer is classified in three categories such as; Type1, Type2, Type3 where type1 and type2 are 

covalent peptide dendrimer prepared by synthesis of natural amino acid [33]. While type3 is non-covalent peptide 

dendrimer commercially available core for the syntheses of peptide dendrimer is PAMAM dendrimer core 

synthesizes by divergent or convergent method PAMAM core attached to protein or peptide result in various 

function peptide dendrimer. Peptide dendrimer have been used in industry as surfactant. In biomedical peptide 

dendrimer are used as multiple antigen peptide also used as catalytic and gene and drug delivery vehicles [34, 35]. 

 

5. Frechet Type Dendrimer 

Frechet type dendrimer was synthesis by hawker and Frechet. Frechet type dendrimer contain poly-benzyl ether 

as hyperbranched skeleton with carboxylic group as terminal group [1, 36]. 

 

Application of Dendrimer in different route of administration 

Dendrimer has been evaluated for different route of drug administration system, generally dendrimer is made up 

polymer, contains macromolecule, core-shell where there is a void place in which drug molecule can easily fix or 

get encapsulated. Due to which drug release at the targeted site or in a suitable environment. Dendrimer in 

different route of administration in ocular drug delivery system, transdermal drug delivery system, oral drug 

delivery system, pulmonary drug delivery system [37]. 

 

1. Dendrimer in Ocular Drug Delivery System 

In dendrimer ocular drug delivery system topical application of active drugs to the eye is most sensitive and 

approved route of administration, for the cure of various ocular disorder [38]. Dendrimer in ocular drug delivery 

convert complex solution to unique solution and overcome on many drugs delivery problem such as irritation, 

redness, swelling etc., An accurate ocular drug delivery product should be non-irritating, sterile, isotonic, 

biodegradable, biocompatible. In ocular drug delivery administrated drug reaches to the retina choroidal tissue 

via blood circulation, where minimum amount of administered drug can get across the cornea, sclera to injured 

site, because of barrier between blood and eye tissue, hence maximum (e.g.,2-4 drops) amount of drug is 

administered frequently [39]. 

Dendrimer with distinct property form a polymer this traditional polymer is suggested as ophthalmic vehicle in 

ocular delivery system. The advantageous of polymer is it dissolve hydrophobic drug in its cavities and 

accomplish controlled release and sustain release. Vandamme and Broket in 2004 to 2005 has reported 

development of ophthalmic vehicle in ocular drug delivery by using PAMAM dendrimer. PAMAM dendrimer 

with hydroxyl or carboxylic surface group improve bioavailability and residence time of pilocarpine in the eye 
[40]. 

 

2. Dendrimer in Transdermal Drug Delivery System 

Drug delivery through skin to attain systemic effect of rug known as transdermal drug delivery [41]. Dendrimer in 

transdermal drug delivery improve drug proportion such as plasma circulation time, solubility, due to its water-

soluble properties and biocompatibility. Dendrimer has investigated for transdermal drug delivery system 

because (a) presence of hydrophobic moieties result as poor water solubility which restricts the entry of drug in 

biological compartment. (b) high water solubility and biocompatibility of most of the pre- meditated dendrimer 
[42]. Dendrimer has been used with NSAIDs for transdermal drug delivery. The uses of NSAIDs are limited due 

to cause of adverse reaction such as GI, renal side effect. This drawback can overcome by using PAMAM 

dendrimer complex with NSAIDs like ketoprofen, which enhance penetration and bioavailability of PAMAN 

dendrimer by using indomethacin as the model drug in transdermal drug delivery application. Cheng and 

coworker develop the conjugation of ketoprofen and diflunisal with 5.0G PAMAM dendrimer [43]. 

 

3. Dendrimer in Oral Drug Delivery 

Oral drug delivery system is the most convenient administration route with great patient compliance. Oral drug 

delivery may display toxicity, low penetration across intestinal membrane [44]. Dendrimer in oral drug delivery 

system overcomes on those drawbacks. Several systems were used for drug loading in to oral drug carrier [45]. 

Absorption, Distribution, Solubility in mainly depend on macromolecule carriers, macromolecular are the 

carriers in which drug is loaded, the main purpose of macromolecule is to minimize the side effect by modifying 

its structure [46, 47]. 

Macromolecular carrier of oral drug delivery should protect drug from degradation, carrier reduce nonspecific 

interaction with food protein and enhance absorption across the intestinal epithelium. Dendrimer may increase 

the solubility, stability, of orally administered drug in biological environment [48]. Dendrimer easily penetrate 

through intestinal membrane and enhance the oral observation of low penetration drug due to these unique 

properties dendrimer is suitable carrier for the development of oral drug delivery system [49]. 
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Duncan and coworker reported the effect of dendrimer size, charge and concentration on uptake by the adult rat 

intestine and studied the absorption mechanism of dendrimer in intestinal tissue to develop PAMAM dendrimer 

as potential oral drug carrier [50]. In this study size was the key factor therefore G-2.5 to G-3.5 PAMAM 

dendrimer transport across the intestinal tissue whereas G-4 high generation PAMAM dendrimer attach to 

plasma membrane and enter cells by specific absorptive endocytosis [51]. 

 

4. Dendrimer in pulmonary delivery 

Pulmonary drug delivery system is the alternative to oral drug delivery system pulmonary delivery is for 

treatment for respiratory diseases the drug is absorbed in alveolar region, lungs. PAMAM dendrimer has been 

studied for pulmonary drug delivery by measuring plasma anti-factor Xa activity [52]. The study found that the 

PAMAM dendrimer enhance the pulmonary absorption of enoxaparin, enoxaparin is an anticoagulant and used 

for prevention of harmful blood clots [53]. It was experimented that G-3, G-2 generation increases or decreases 

the PAMAM dendrimer activities. It was found that G-3 generation PAMAM dendrimer increases the relative 

bioavailability of Enoxaparin by 40% to 50%, while G-2, G-2.5 PAMAM dendrimer contain negatively charged 

carboxylic group which has no effect. As a result, positively charged dendrimer are appropriate carrier for 

enoxaparin dendrimer in Pulmonary drug delivery [54]. 

 

5. Dendrimer as solubility enhancer 

Dendrimer molecule include hydrophilic exterior and hydrophilic interior and form covalent complex as well as 

non- covalent complex, which are responsible for its unimolecular micelle nature [55]. PAMAM dendrimer has 

potential to enhance solubility in drug delivery system [56]. Dendrimer has unimolecular micelle nature due to 

which it does not possess a critical micelle concentration, due to this property poorly soluble drug are made 

soluble by encapsulating them within dendrimer structure. Dendrimer based nanocarrier enhance the oral 

bioavailability in oral drug delivery system [57]. 

 

6. Dendrimer as Gene Delivery 

Dendrimer as gene Delivery is the process in which DNA is attached to nanoparticle of inert solid, which is 

targeted to cell molecules [58]. Dendrimer has the potential to deliver DNA fragments to required parts of cell 

including many challenges. Dendrimer as gen delivery was primarily reported by the group of Szoka and Baker. 

Dendrimer as gene delivery use vector as a carrier vector may be viral or non-viral. The purpose of vector is to 

transfer gene through the cell membrane into nucleus. The polyatomic compound are used as non-viral gene 

transfer [59]. The compound are PEI, polylysine, and cationic. Dendrimer has the non-immunogenic properties 

due to this property it acts as a good carrier structure for drugs or bioactive molecule within biodegradable 

polymer films [60]. 

 

Conclusion 

Present review present various types of dendrimers, synthesis of dendrimer, and application of dendrimer in 

pharmaceutical and non- pharmaceutical field. Dendrimer has expanded its approaches in pharmaceutical field 

and diagnostic field in recent years. As dendrimer possess unique properties such as high surface functional, 

highly branch polymer, multivalency, globular structure and well-defined molecule weight for drug delivery. 

Due to those properties, it is the platform for drug attachment and has the ability to encapsulate or bind drug. 

This review provides complete information about drug carrier, polymer, molecule etc., Many drug has problem 

of poorly soluble, bioavailability and permeability, Dendrimer drug delivery overcome on those drawbacks. 

According to, above conclude that more research is needed on the safety, in-vivo stability of dendrimer as to 

make it substitute for polymer in the future. 

 

Acknowledgement 

The author wishes thanks Dr. Dr Quazi Majaz Ahamad Mpharm, Ph.D. Professor (Associate) at Ali-Allana 

College of Pharmacy, Akkalkuwa, Distric: Nandurbar for their kind support and encouragement to carry out this 

work. 

 

References 

1. Filipczak N, Siva S, Yalamarty K, Li X, Parveen F, Torchilin V. “molecules Review Developments in 

Treatment Methodologies Using Dendrimers for Infectious Diseases, 2021. doi: 

10.3390/molecules26113304. 

2. “Vogtle F, Buhleier EW, Wehner W. Cascade and Nonskid-Chain-Like Syntheses of Molecular Cavity 

Topologies. Synthesis,1978:2:155-158. - References - Scientific Research Publishing.” 

https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/referencespapers.aspx?referenceid=134339

9(accessed Jun. 08, 2022). 

3. Kolhatkar R, Sweet D, Ghandehari H. “Functionalized Dendrimers as Nanoscale Drug Carriers”, 2008, 201-

232. doi: 10.1007/978-0-387-76554-9_7/COVER/. 

4. Chis AA. “molecules Applications and Limitations of Dendrimers in Biomedicine,” doi: 

10.3390/molecules25173982. 

http://www.allsubjectjournal.com/


International Journal of Multidisciplinary Research and Development www.allsubjectjournal.com 

41 

5. ARCHUT A, VOGTLE F. “Dendritic molecules—historic development and future applications,” Handb. 

Nanostructured Mater. Nanotechnol, 2000, 333-374. doi: 10.1016/B978- 012513760-7/50057-5. 

6. Tomalia DA, Naylor AM, Goddard WA. “Starburst Dendrimers: Molecular‐Level Control of Size, Shape, 

Surface Chemistry, Topology, and Flexibility from Atoms to Macroscopic Matter,” Angew. Chemie Int. Ed. 

English,1990:29(2):138-175. doi: 10.1002/ANIE.199001381. 

7. Kono K. “Dendrimer-based bionanomaterials produced by surface modification, assembly and hybrid 

formation,” Polym. J,2012:44(6):531-540. Jun, doi: 10.1038/pj.2012.39. 

8. Milhem OM, Myles C, McKeown NB, Attwood D, D’Emanuele A. “Polyamidoamine Starburst® 

dendrimers as solubility enhancers,” Int. J. Pharm,2000:197(1-2):239-241. doi: 10.1016/S0378-

5173(99)00463-9. 

9. Singh U, Dar MM, Hashmi AA. “Dendrimers: Synthetic strategies, properties and applications,” Orient. J. 

Chem,2014:30(3):911-922. doi: 10.13005/OJC/300301.  

10. F. Aulenta, W. Hayes, and S. Rannard, “Dendrimers: a new class of nanoscopic containers and delivery 

devices,” Eur. Polym. J,2003:39(9):741-1771. doi: 10.1016/S0014-3057(03)00100-9. 

11. Malkoch M, García-Gallego S. “CHAPTER 1 Introduction to Dendrimers and Other Dendritic Polymers,” 

Monogr. Supramol. Chem,2020:29:1-20. 2020, doi: 10.1039/9781788012904-00001. 

12. Tomalia DA, Fréchet JMJ. “Discovery of dendrimers and dendritic polymers: A brief historical 

perspective,” J. Polym. Sci. Part A Polym. Chem,2002:40(16):2719-2728. doi: 10.1002/pola.10301. 

13. V Torchilin Ed. “Multifunctional Pharmaceutical Nanocarriers”, 2008, 4. doi: 10.1007/978-0-387-76554-9. 

14. Almeida JD, Edwards DC, Brand CM, Heath TD. “Formation of virosomes from influenza subunits and 

liposomes,” Lancet (London, England),1975:2(7941):899-901. doi: 10.1016/s0140-6736(75)92130-3. 

15. Liu M, Kono K, Frechet JMJ. “Water-soluble dendritic unimolecular micelles: Their potential as drug 

delivery agents 1 *, 2000. [Online]. Available: www.elsevier.com/locate/jconrel. 

16. Jansen JFGA, EMM De Brabander-Van Den Berg, Meijer EW. “Encapsulation of Guest Molecules into a 

Dendritic Box.” 

17. Kolhe P, Misra E, Kannan RM, Kannan S, M Lieh-Lai. “Drug complexation, in vitro release and cellular 

entry of dendrimers and hyperbranched polymers,” Int. J. Pharm,2003:259(1-2):143-160. doi: 

10.1016/S0378- 5173(03)00225-4. 

18. Das MK, Tripathy S, Baro L. “Dendrimer chemistry and host-guest interactions for drug targeting 

Enhancement of bioavailability of Green tea polyphenol View project Drug delivery View project 

DENDRIMER CHEMISTRY AND HOST-GUEST INTERACTIONS FOR DRUG TARGETING,” Artic. 

Int. J. Pharm. Sci. Res,2014:5(1)16. doi: 10.13040/IJPSR.0975- 8232.5(1).16-25. 

19. Gupta V, Nayak SK. “Dendrimers: a Review on Synthetic Approaches,” J. Appl. Pharm. 

Sci,2015:5(03):117-122. doi: 10.7324/JAPS.2015.50321. 

20. Gorman C. “Dendrimers: Polymerization and Properties,” Encycl. Mater. Sci. Technol, 2001, 2042-2052. 

doi: 10.1016/B0-08- 043152-6/00372-7. 

21. Grayson SM, Fréchet JMJ. “Convergent dendrons and dendrimers: from synthesis to applications,” Chem. 

Rev,2001:101(12):3819-3867. doi: 10.1021/CR990116H. 

22. EMM de Brabander‐van den Berg, Meijer EW. “Poly (propylene imine) Dendrimers: Large‐Scale Synthesis 

by Hetereogeneously Catalyzed Hydrogenations,” Angew. Chemie Int. Ed. English,1993:32(9):1308-1311. 

doi: 10.1002/ANIE.199313081. 

23. Golgovski L, Weber J, Manser M, Sutter B, Craig MJ, Hawker et al. “2-Methyl-3 

mtrobicyclo{4.4.016]deca-3,5- diene (33): NMR (300 MHz) h 7.26 (d, J = 6.4 Hz. I H, HC(3)), 5.74 (br d,”, 

1990. [Online]. Available: https://pubs.acs.org/sharingguidelines. 

24. Fréchet JMJ, Tomalia DA. “Dendrimers and other dendritic polymers, 2001, 647. 

25. Abbasi E. “Dendrimers: Synthesis, applications, and properties,” Nanoscale Research Letters, vol. 9, no. 1. 

Springer New York LLC, 2014, 1-10. doi: 10.1186/1556-276X-9-247. 

26. Zhao Z, Anselmo AC, Mitragotri S. “Viral vector-based gene therapies in the clinic,” Bioeng. Transl. 

Med,2022:7(1):e10258. doi: 10.1002/btm2.10258. 

27. Chauhan AS. “Dendrimers for Drug Delivery,” Molecules, 2018, 23(4). doi: 

10.3390/MOLECULES23040938. 

28. Dufès C, Uchegbu IF, Schätzlein AG. “Dendrimers in gene delivery,” Adv. Drug Deliv. 

Rev,2005:57(15):2177-2202. doi: 10.1016/J.ADDR.2005.09.017. 

29. Stevelmans S, JCM Van Hest, Jansen JFGA, DAFJ Van Boxtel, EMM De Brabander-van Den Berg, Meijer 

EW. “Synthesis, characterization, and guest-host properties of inverted unimolecular dendritic micelles,” J. 

Am. Chem. Soc,1996:118(31):7398-7399. doi: 10.1021/JA954207H. 

30. “Sci-Hub | Core-Shell Tecto (dendrimers): I. Synthesis and Characterization of Saturated Shell Models. 

Advanced Materials, 12(11), 796-800. | 10.1002/(SICI)1521- 4095(200006)12:11<796::AID-

ADMA796>3.0.CO;2-1.” https://sci- hub.st/http://dx.doi.org/10.1002/(SICI)1521-

4095(200006)12:11%3C796::AID-ADMA796%3E3.0.CO;2-1 (accessed Jun. 13, 2022). 

31. Song C. “Physicochemical aspects of zwitterionic core-shell tecto dendrimers characterized by a thorough 

NMR investigation,” Colloids Surfaces A Physicochem. Eng. Asp, 2021, 618, doi: 

10.1016/j.colsurfa.2021.126466. 

http://www.allsubjectjournal.com/


International Journal of Multidisciplinary Research and Development www.allsubjectjournal.com 

42 

32. Uppuluri S, Swanson DR, Piehler LT, Li J, Hagnauer GL, Tomalia DA et al. “Core±Shell 

Tecto(dendrimers): I. Synthesis and Characterization of Saturated Shell Models**, 2000. 

33. Sadler K, Tam JP. “Peptide dendrimers: applications and synthesis, 2002. 

34. FS Tabatabaei Mirakabad, Khoramgah MS, K Keshavarz F, Tabarzad M, Ranjbari J. “Peptide dendrimers as 

valuable biomaterials in medical sciences,” Life Sciences, vol. 233. Elsevier Inc, 2019. doi: 

10.1016/j.lfs.2019.116754. 

35. Karakhanov E, Maximov A, Zolotukhina A. “Citation: Heterogeneous Dendrimer-Based Catalysts, 

2022.doi:10.3390/polym14050981. 

36. Lee JW, Kim JH, Kim BK, Shin WS, Jin SH. “Synthesis of Fréchet type dendritic benzyl propargyl ether 

and Fréchet type triazole dendrimer,” Tetrahedron,2006:62(5):894-900. doi: 10.1016/J.TET.2005.10.039. 

37. Dykes GM. “Dendrimers: A review of their appeal and applications,” Journal of Chemical Technology and 

Biotechnology,2001:76(9):903-918. doi: 10.1002/jctb.464. 

38. Iii MGL, Yang H. “Dendrimers for Ocular Drug Delivery,” doi: 10.1139/cjc-2017-0193. 

39. Chigbo UJ, Ugochukwu AE, John F. “Dendrimers: a novel tool for drug delivery and targeting,” Univers. J. 

Pharm. Res,2017:2(3):34-40. doi: 10.22270/ujpr.v2i3.RW5. 

40. Vandamme TF, Brobeck L. “Poly (amidoamine) dendrimers as ophthalmic vehicles for ocular delivery of 

pilocarpine nitrate and tropicamide,” J. Control. Release,2005:102(1):23-38. doi: 

10.1016/J.JCONREL.2004.09.015. 

41. Klajnert B, Cortijo-Arellano M, Cladera J, Bryszewska M. “Influence of dendrimer’s structure on its activity 

against amyloid fibril formation,” Biochem. Biophys. Res. Commun,2006:345(1):21-28. doi: 

10.1016/j.bbrc.2006.04.041. 

42. Chauhan AS. “Dendrimer-mediated transdermal delivery: enhanced bioavailability of indomethacin,” J. 

Control. Release,2003:90(3):335-343. doi: 10.1016/S0168- 3659(03)00200-1. 

43. Yiyun C. “Transdermal delivery of nonsteroidal anti- inflammatory drugs mediated by polyamidoamine 

(PAMAM) dendrimers,” J. Pharm. Sci,2007:96(3):595-602. doi: 10.1002/jps.20745. 

44. Singh AK, Sharma AK, Khan I, Gothwal A, Gupta L, Gupta U. “Oral drug delivery potential of 

dendrimers,” Nanostructures Oral Med, 2017, 231-261. doi: 10.1016/B978-0-323- 47720-8.00010-9. 

45. Lambkin I, Pinilla C. “Targeting approaches to oral drug delivery,” Expert Opin. Biol. Ther,2002:2(1):67-

73. doi: 10.1517/14712598.2.1.67. 

46. Kojima C, Kono K, Maruyama K, Takagishi T. “Synthesis of polyamidoamine dendrimers having 

poly(ethylene glycol) grafts and their ability to encapsulate anticancer drugs,” Bioconjug. 

Chem,2000:11(6):910-917.doi: 10.1021/BC0000583. 

47. Kokare CR, Khot SV, Gorain B, Kesharwani P. “Characterization of dendrimers,” Dendrimer-Based 

Nanotherapeutics, 2021, 125-141. doi: 10.1016/B978-0- 12-821250-9.00006-8. 

48. Twyman LJ, Beezer AE, Esfand R, Hardy MJ, Mitchell JC. “The synthesis of water soluble dendrimers, and 

their application as possible drug delivery systems,” Tetrahedron Lett,1999:40(9):1743-1746. doi: 

10.1016/s0040- 4039(98)02680-x. 

49. D’Emanuele A, Attwood D. “Dendrimer-drug interactions,” Advanced Drug Delivery 

Reviews,2005:57(15):2147-2162. doi: 10.1016/j.addr.2005.09.012. 

50. Magadala P, van LE Vlerken, Shahiwala A, Amiji MM. “Multifunctional Polymeric Nanosystems for 

Tumor-Targeted Delivery BT - Multifunctional Pharmaceutical Nanocarriers, 2008, 33-66.Accessed: Jun. 

10, 2022. [Online]. Available: https://doi.org/10.1007/978-0-387-76554-9_2. 

51. Wiwattanapatapee R, Carreño-Gómez B, Malik N, Duncan R. “Anionic PAMAM dendrimers rapidly cross 

adult rat intestine in vitro: A potential oral delivery system?,” Pharm. Res,2000:17(8):991-998.doi: 

10.1023/A:1007587523543. 

52. Mehta P, Kadam S, Pawar A, Bothiraja C. “Dendrimers for pulmonary delivery: Current perspectives and 

future challenges,” New J. Chem,2019:43(22):8396-8409.doi: 10.1039/c9nj01591d. 

53. Bai S, Thomas C, Ahsan F. “Dendrimers as a Carrier for Pulmonary Delivery of Enoxaparin, a Low-

Molecular Weight Heparin,” J. Pharm. Sci,2007:96(8):2090-2106. doi: 10.1002/JPS.20849. 

54. Dahiya R, Dahiya S. “Recent Approaches in Dendrimer-Based Pulmonary Drug Delivery,” Handb. Lung 

Target. Drug Deliv. Syst, 2021, 273-286. doi: 10.1201/9781003046547-19. 

55. Kesharwani P, Jain K, Jain NK. “Dendrimer as nanocarrier for drug delivery,” Progress in Polymer 

Science,2014:39(2):268-307. doi: 10.1016/j.progpolymsci.2013.07.005. 

56. Froehling PE. “Dendrimers and dyes — a review,” Dye. Pigment,2001:48(3):187-195. doi: 10.1016/S0143- 

7208(00)00099-1. 

57. Klajnert B, Cortijo-Arellano M, Cladera J, Bryszewska M. “Influence of dendrimer’s structure on its activity 

against amyloid fibril formation,” Biochem. Biophys. Res. Commun,2006:345(1):21-28. doi: 

10.1016/J.BBRC.2006.04.041. 

58. Tekade RK, Kumar PV, Jain NK. “Dendrimers in oncology: An expanding horizon,” Chem. 

Rev,2009:109(1):49-87. doi: 10.1021/CR068212N/ASSET/CR068212N.FP.PNG_V03. 

59. Zhao Z, Anselmo AC, Mitragotri S. “Viral vector-based gene therapies in the clinic,” Bioengineering and 

Translational Medicine, John Wiley and Sons Inc,2022:7:1. doi: 10.1002/btm2.10258. 

60. Rai DB, Pooja D, Kulhari H. “Dendrimers in gene delivery,” in Pharmaceutical Applications of 

Dendrimers, Elsevier, 2019, 211-231. 

http://www.allsubjectjournal.com/

