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Avermectin, the Nobel Prize Winner Drug
in Cyclodextrin-Enabled Formulations

The 2015 Nobel prize in Physiology and Medicine was shared by Y. Tu for the discovery of the

antimalarial artemisinin (see the 2016 March issue of the Cyclodextrin News) and William C.

Campbell  and  Satoshi  Ōmura  who  discovered  avermectin,  the  derivatives  of  which  have

radically lowered the incidence of River Blindness and Lymphatic Filariasis, as well as showing

efficacy against an expanding number of other parasitic diseases. [1] It was Ōmura of Kitasato

University (Tokyo) who identified avermectin from the bacterium Streptomyces avermitilis and

Campbell  of the Merck Institute for Therapeutic Research who purified avermectin from the

cultures and discovered ivermectin, a derivative of greater potency and lower toxicity. [2] 

Onchocerciasis,  also  known as  River  Blindness,  is  a  disease  caused  by  infection  with  the

parasitic  worm  Onchocerca volvulus. The parasite worm is spread by the bites of black fly

(Figure 1). These flies live near to rivers in sub-Saharan Africa, hence the name of the disease.

There is no vaccine against it.  Insecticides are used to decrease the fly population. People

infected are treated with ivermectin. The drug kills the larvae but not the adult worm therefore

the treatment should be repeated once or twice a year. Ivermectin donated by Merck has been

used in 33 countries in sub-Saharan Africa, Latin America and Yemen, where River Blindness is

endemic. [3] 

Lymphatic Filariasis known also as elephanthiasis because of abnormal enlargement of body

parts  is  caused by parasitic  worms of  the  family  Filariodidea.  [4]  Wuchereria  bancrofti is

responsible for 90% of the infections. Infection occurs when filiarial parasites are transmitted

to humans by mosquitoes (Figure 1). The preventive treatment involves combined therapy

with albendazole and ivermectin. More than a billion people have been treated in the frame of

the preventive chemotherapy of WHO’s Global Program to Eliminate Lymphatic Filariasis in 63

countries. [4,5]
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Fig. 1 Transmitters of the infection

Although avermectins have been discovered for decades, their potential has been only recently

recognized.  Avermectins  are  a  series  of  macrocyclic  lactone  derivatives  with  antiparasitic

effect. Ivermectin is a mixture containing at least 90% 5-O-demethyl-22,23-dihydroavermectin

A1a and  less  than  10%  5-O-demethyl-25-de(1-methylpropyl)-22,23-dihydro-25-(1-

methylethyl)avermectin A1a , generally referred to as 22,23-dihydroavermectin B1a and B1b ,

or H2B1a and H2B1b, respectively (Figure 2). It is insoluble in water but soluble in methanol

and 95% ethanol. [5] It is sensitive to light and oxygen as well as to hydrolysis. CD-based

formulations aimed at improving the solubility and stability have been developed. It is easy to

understand  the  importance  of  novel  formulations  as  ivermectin  is  not  compatible  with

numerous commonly used excipients [6]. 

Fig. 2 Chemical structure of avermectins 
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Ivermectin formulation of enhanced solubility was obtained by preparing its CD complex. [7]

The photostability of abamectin (containing more than 80% avermectin B1a and less than 20%

avermectin 1Bb) was improved by complexation. [8] IR studies proved that intermolecular H-

bond was formed between abamectin and BCD.

Various  veterinary  drugs  including  ivermectin,  and  avermectin,  were  solubilized  by  BCD

derivatives  such  as  carboxymethyl-,  hydroxypropyl-,  and  sulfobutyl-BCD  [9]  or

hydroxypropyl-, glucosyl-, 2,6-dimethyl-, hydroxyethyl-, or maltosyl-BCD [10]. The complexes

were prepared by freeze drying or milling or by ultrasonic suspension method. 

Water soluble ivermectin solubilized by RAMEB has been marketed. [11]

Methylamino avermectin benzoate was complexed with BCD. [12] Slow release avermectin

formulation was developed by using CD and emulsifier (Tween-80), which shows retarded heat

degradation and reduced hydrolysis. [13]

Wettable ivermectin solid dispersion powder was obtained by complexing with HPBCD. [14]

The formulation contained also antioxidants. An optimum process for including ivermectin into

HPBCD was investigated by an orthogonal design for the development of new formulations of

ivermectin. [15]

All the three parent CDs, their hydroxypropyl and methyl derivatives were published in another

patent. [16] The pharmaceutical composition disclosed was a combination with mylbemycin to

be added to the food of domestic animals  to treat helminthiasis  (worm infection). Another

combination with praziquantel is prepared as anthelmintic paste in the form of an aqueous

suspension. It comprises a macrocyclic lactone selected from avermectins, milbemycins and

their derivatives, a CD, a thickener, and water. The suspension formulations of the invention

are useful  for controlling endoparasites in warm-blooded animals. [17] A third combination

medicine contains griseofulvin and abamectin or ivermectin formulated with BCD useful  for

preventing and treating ringworm and mite of rabbit, pig, sheep, dog, cat and cattle. [18] 

Emulsion is prepared by mixing avermectin with BCD or GCD and cosolvent with emulsifying

agent fatty alcohol polyoxyethylene ether, sorbitan monooleate and polyoxyethylene sorbitan

monolaurate. The emulsion showed sustained-release and improved solubility. It solved also

the problems of instability of avermectin against the effect of light, oxygen, heat, acid, alkali,

etc. [19] A water-based microemulsion containing avermectin among others can be used for

killing and controlling insects, mites and mold in plants and storage of food, tobacco, herbs,

leather, clothing, books, etc. and reduce the loss of stored product, food and plant caused by

pests and mold. [20] 
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In  situ forming  gels  for  ophthalmic  applications  is  used  to  deliver  antiparasitics  and/or

antiprotozoals  (ivermectin,  pyrimethamine,  trisulfapidimidine,  clindamycin,  corticosteroids),

among  others.  As  film  forming  carbohydrates  cyclodextrins  and  their  polymers  are  also

mentioned.  Compositions  can  be  optimized  for  physiological  tolerance  in  the  eye  by

formulating to have hyperosmotic, hypo-osmotic or iso-osmotic characteristics in the gel state

and have increased resistance to shear thinning. No burning or other discomfort feeling was

observed upon application to the eye. Gels are retained at the desired locus for longer intervals

increasing the efficiency of action of the delivered drug. [21] 

Microparticles were obtained by combining ivermectin/CD complex with bletilla striata gels. By

using these microparticles mixed to the food the inconvenience of the injection can be avoided,

lower loss on hydrolysis can be observed. [22]

Nanoparticles for controlled release of avermectin were prepared using BCD as a carrier by a

co-precipitation method. The controlled release properties of the nanoparticles were clearly

demonstrated:  98.04%  of  avermectin  was  released  from  a  dialysis  bag  containing  free

avermectin after 18 h, whereas after 96 h, only 94.20% of avermectin was released from a

dialysis  bag containing  the nanoparticles.  The UV-shielding  properties  of  the nanoparticles

have been also proved. [23] 

Microencapsulated pesticidal fertilizer was disclosed by mixing the pesticide microcapsule with

organic fertilizer. The pesticide was selected from nicotine, avermectin and/or pyrethrin. The

microencapsulated pesticidal fertilizer may be used as both pesticide and fertilizer, with the

advantages  of  masking  and  sustained releasing  effects,  good chemical  compatibility,  good

physical stability, low cost, long action and simple preparation process. [24] 

Recently, novel applications have been discovered: Intraperitoneal injection of CD-conjugated

ivermectin proved to be effective in inhibition of transcription factor (TCF)-dependent human

colon cancer xenograft in vivo. [25]

This  review  was  compiled  in  the  frame  of  the  CyclonHit  project  (FP7-PEOPLE-ITN-2013-

608407).
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silica yolk-shell magnetic nanostars used as nanocarriers for curcumin

Tunable  mesoporosity,  pH  Responsive  "gate",  Two  step  bifunctionalization  process,
Cancer cells, SK-HEP1 and HepG2, Functionalized β-Cyclodextrin

Journal of Materials Chemistry B, 2016, 4, 46-56; DOI:10.1039/C5TB02184G

Ikeda, A.

Photodynamic  activity  of  fullerenes  and  other  molecules  incorporated  into  lipid
membranes by exchange

Exchange  method,  Cyclodextrin  cavity,  Liposome,  Lipid-membrane-incorporated
fullerenes

Chemical Record, 2016, 16, 249-260; DOI:10.1002/tcr.201500249

Ikeda, H.; Fukushige, Y.; Matsubara, T.; Inenaga, M.; Kawahara, M.; Yukawa, M.; Fujisawa,
M.; Yukawa, E.; Aki, H.

Improving water solubility of nateglinide by complexation of β-cyclodextrin

Stochiometry, Association constant

Journal of Thermal Analysis and Calorimetry, 2016, 123, 1847-1850; DOI:10.1007/s10973-
015-4714-x

Iyisan, B.; Kluge, J.; Formanek, P.; Voit, B.; Appelhans, D.

Multifunctional and dual-responsive polymersomes as robust nanocontainers: Design,
formation by sequential post-conjugations, and pH-controlled drug release

Adamantane-β-cyclodextrin  fost-guest  interactions,  Doxorubicin-loaded  multifunctional
polymersomes, Click reaction

Chemistry of Materials, 2016, 28, 1513-1525; DOI:10.1021/acs.chemmater.5b05016

Izawa, H.; Yamamoto, K.; Yoshihashi, S.; Ifuku, S.; Morimoto, M.; Saimoto, H.

Facile  preparation  of  cyclodextrin-grafted  chitosans  and  their  conversion  into
nanoparticles for an anticancer drug delivery system

Carboxymethylation, Tumor targeting, Triggered release, Doxycycline

Polymer Journal (Tokyo, Japan), 2016, 48, 203-207; DOI:10.1038/pj.2015.90

Jansook, P.; Pichayakorn, W.; Muankaew, C.; Loftsson, T.

Cyclodextrin-poloxamer  aggregates  as  nanocarriers  in  eye  drop  formulations:
Dexamethasone and amphotericin B

HPγCD, Drug solubilization, Hemolytic effect, Surface tension
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Drug  development  and  industrial  pharmacy,  2016,  1-9;
DOI:10.3109/03639045.2016.1141932

Ji, T.; Li, S.; Zhang, Y.; Lang, J.; Ding, Y.; Zhao, X.; Zhao, R.; Li, Y.; Shi, J.; Hao, J.; Zhao,
Y.; Nie, G.

An MMP-2 responsive liposome integrating antifibrosis and chemotherapeutic drugs
for enhanced drug perfusion and efficacy in pancreatic cancer

β-Cyclodextrin  modified  matrix  metalloproteinase-2  responsive  liposome,  Targeted
delivery of cytotoxic drugs, Pirfenidone, Gemicitabine

ACS Applied Materials & Interfaces, 2016, 8, 3438-3445; DOI:10.1021/acsami.5b11619

Johannesson, G.; Stefansson, E.; Loftsson, T.

Microspheres and nanotechnology for drug delivery

Microparticles, Liposomes, Microemulsions, Micromachines, γ-Cyclodextrin

Developments in ophthalmology, 2016, 55, 93-103; DOI:10.1159/000434693

Joset, A.; Grammenos, A.; Hoebeke, M.; Leyh, B.

Small-Angle Neutron Scattering investigation of cholesterol-doped DMPC liposomes
interacting with β-cyclodextrin

Randomly methylated β-cyclodextrin, Dimyristoylphosphatidylcholine

Journal  of  Inclusion  Phenomena  and  Macrocyclic  Chemistry,  2016,  84,  153-161;
DOI:10.1007/s10847-015-0592-x

Junthip, J.; Tabary, N.; Chai, F.; Leclercq, L.; Maton, M.; Cazaux, F.; Neut, C.; Paccou, L.;
Guinet, Y.; Staelens, J.-N.; Bria, M.; Landy, D.; Hedoux, A.; Blanchemain, N.; Martel, B.

Layer-by-layer  coating  of  textile  with  two  oppositely  charged  cyclodextrin
polyelectrolytes for extended drug delivery

Nonwoven textile, tert-Bu benzoic acid, Cytocompatibility, Intrinsic antibacterial activity

Journal  of  Biomedical  Materials  Research,  Part  A,  2016,  104,  1408-1424;
DOI:10.1002/jbm.a.35674

Khan, S.

Polysaccharide-based  nanofibers  as  functional  biomaterials:  From  biocatalysis  to
drug delivery

Rapid and extended release system, Complex of a poor water soluble drug

251st ACS National Meeting & Exposition, San Diego, CA, United States, March 13-17, 2016,
2016, CELL-328

Kontogiannidou,  E.; Andreadis,  D. A.;  Zografos, A. L.; Nazar, H.; Klepetsanis,  P.; van der
Merwe, S. M.; Fatouros, D. G.

Ex vivo buccal drug delivery of ropinirole hydrochloride in the presence of permeation
enhancers: The effect of charge

Porcine  buccal  mucosa,  Sulfobutyl-ether-β-cyclodextrin,  Hydroxypropyl-β-cyclodextrin,
Transport of the drug

Pharmaceutical  Development  and  Technology,  2016,  1-5;
DOI:10.3109/10837450.2015.1135343
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Kovacs, K.; Duke, A. C.; Shifflet, M.; Winner, B.; Lee, S. A.; Rockwood, G. A.; Petrikovics, I.

Parenteral dosage form development and testing of dimethyl trisulfide, as an antidote
candidate to combat cyanide intoxication

HPβCD, RMβCD, HPγCD, Polysorbate 80, Solubility enhancement

Pharmaceutical  Development  and  Technology,  2016,  In  Press;
DOI:10.3109/10837450.2015.1125923

Kundu, P.; Ghosh, S.; Das, S.; Chattopadhyay, N.

Cyclodextrin  induced  controlled  delivery  of  a  biological  photosensitizer  from  a
nanocarrier to DNA

Phenosafranin, Micellar nanocarrier, Sodium tetradecyl sulfate, β-Cyclodextrin

Physical Chemistry Chemical Physics, 2016, 18, 3685-3693; DOI:10.1039/C5CP06174A

Laha, A.; Majumdar, S.; Sharma, C. S.

Electrospun  nanofibers  of  gelatin/cyclodextrin  and  their  potential  application  as
hydrophobic drug delivery system

Piperine, Bioavailability, Crosslinking

251st ACS National Meeting & Exposition, San Diego, CA, United States, March 13-17, 2016,
2016, BIOT-225

Lee, J. M.; Oh, K. T.; Youn, Y. S.; Lee, E. S.

Highly enhanced phototoxicity of chlorin e6-conjugated poly(β-cyclodextrin) with gas
forming capacity at an acidic tumor extracellular pH and its in vitro evaluation

Gas-forming  carbonate  linkages,  Cholesteryl  chloroformate,  Photosensitizing  drug
(chlorin e6), Singlet oxygen generation, Photodynamic therapy

Polymers for Advanced Technologies, 2016, 27, 162-168; DOI:10.1002/pat.3612

Li, J.; Hu, M.; Xu, H.; Yu, X.; Ye, F.; Wang, K.; Luan, X.; Li, L.; Zhang, D.

Influence of type and proportion of lyoprotectants on lyophilized ginsenoside Rg3
liposomes

Hydroxypropyl-β-cyclodextrin, Cytotoxicity

Journal of Pharmacy and Pharmacology, 2016, 68, 1-13; DOI:10.1111/jphp.12489

Li, J.; Zhang, H.; Yan, Y.; Sun, S.

Study  of  the  inclusion  complex  and  antioxidating  activity  of  wogonin  with  β-
cyclodextrin and hydroxypropyl-cyclodextrin

2,2-Diphenyl-1-picrylhydrazyl (DPPH·)

Journal  of  Inclusion  Phenomena  and  Macrocyclic  Chemistry,  2016,  84,  115-120;
DOI:10.1007/s10847-015-0588-6

Li, J.; Zhang, S.; Zhou, Y.; Guan, S.; Zhang, L.

Inclusion  complexes  of  fluconazole  with  β-cyclodextrin  and  2-hydroxypropyl-β-
cyclodextrin  in  aqueous  solution:  Preparation,  characterization  and  a  structural
insight
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Coprecipitation method

Journal  of  Inclusion  Phenomena  and  Macrocyclic  Chemistry,  2016,  84,  209-217;
DOI:10.1007/s10847-016-0598-z

Li, M.; Neoh, K. G.; Xu, L.; Yuan, L.; Leong, D. T.; Kang, E.-T.; Chua, K. L.; Hsu, L. Y.

Sugar-grafted cyclodextrin nanocarrier as a "Trojan Horse" for potentiating antibiotic
activity

β-Cyclodextrin grafted with sugar molecules (D-mannose and D-glucose), Azide-alkyne
click reaction, Erythromycinm, Rifampicin, Ciprofloxacin

Pharmaceutical Research, 2016, 33, 1161-1174; DOI:10.1007/s11095-016-1861-0

Li, R.; Zhang, X.; Zhang, Q.; Liu, H.; Rong, J.; Tu, M.; Zeng, R.; Zhao, J.

β-Cyclodextrin-conjugated  hyaluronan  hydrogel  as  a  potential  drug  sustained
delivery carrier for wound healing

Crosslinking  densities,  Diclofenac  as  a  model  anti-inflammatory  drug,  Pseudo-Fickian
diffusion mechanism

Journal of Applied Polymer Science, 2016, 133, 43072; DOI:10.1002/app.43072

Ling, X.; Huang, Z.; Wang, J.; Xie, J.; Feng, M.; Chen, Y.; Abbas, F.; Tu, J.; Wu, J.; Sun, C.

Development  of  an itraconazole  encapsulated  polymeric  nanoparticle  platform for
effective antifungal therapy

Monomethoxy  polyethylene  glycol-b-poly(lactic  acid)  (mPEG-b-PLA)  copolymer,
Sustained drug release, Biocompatibility

Journal of Materials Chemistry B, 2016, 4, 1787-1796; DOI:10.1039/C5TB02453F

Liu, J.; Cheng, R.; Deng, J.; Wu, Y.

Chiral, pH responsive hydrogels constructed by  N-acryloyl-alanine and PEGDA/α-CD
inclusion complex: Preparation and chiral release ability

Poly(ethylene  glycol)  diacrylate/α-cyclodextrin,  L-N-acryloyl-alanine,  D-N-acryloyl
alanine,  Free  radical  polymerization,  Swelling-deswelling  behavior,  Enantioselective
release, Ibuprofen

Polymers for Advanced Technologies, 2016, 27, 169-177; DOI:10.1002/pat.3615

Liu, M.; Liao, R.; Zhao, Y.; Yang, B.

Host-guest inclusion system of luteolin with polyamine-β-cyclodextrin: Preparation,
characterisation, anti-oxidant and anti-cancer activity

Ethylenediamine, Diethylenediamine, Triethylenetetramine

Australian Journal of Chemistry, 2016, 69, 174-182; DOI:10.1071/CH15194

Liu, W.; Zhang, X.; Wang, R.; Xu, H.; Chi, B.

Supramolecular assemblies of histidinylated β-cyclodextrin for enhanced oligopeptide
delivery into osteoclast precursors

Bone diseases,  Amino-  and  histidinyl-modified  amphiphilic  β-cyclodextrins,  Osteoclast
inhibitor, Emulsion solvent evaporation technique, Cytotoxicity

Journal  of  Biomaterials  Science,  Polymer  Edition,  2016,  27,  490-504;
DOI:10.1080/09205063.2016.1140612
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Lu, L.; Unsworth, L. D.

pH-Triggered  release  of  hydrophobic  molecules  from  self-assembling  hybrid
nanoscaffolds

Tissue repair, Tissue regeneration, Drug delivery, Chitosan/carboxymethyl-β-cyclodextrin
nanoparticle system, Dexamethasone, Nanofibers

Biomacromolecules, 2016, 17, 1425-1436; DOI:10.1021/acs.biomac.6b00040

4. CDs in Cell Biology

He, J.; Zheng, Y.-W.; Lin, Y.-F.; Mi, S.; Qin, X.-W.; Weng, S.-P.; He, J.-G.; Guo, C.-J.

Caveolae  restrict  tiger  frog  virus  release  in  HepG2  cells  and  caveolae-associated
proteins incorporated into virus particles

Methyl-β-cyclodextrin, Nystatin

Scientific Reports, Nature Publishing Group, 2016, 6, 21663; DOI:10.1038/srep21663

Healey, G. D.; Collier, C.; Griffin, S.; Schuberth, H.-J.; Sandra, O.; Smith, D. G.; Mahan, S.;
Dieuzy-Labaye, I.; Sheldon, I. M.

Mevalonate  biosynthesis  intermediates  are  key  regulators  of  innate  immunity  in
bovine endometritis

Cholesterol depletion using cyclodextrins

Journal  of  Immunology,  American  Association  of  Immunologists,  2016,  196,  823-831;
DOI:10.4049/jimmunol.1501080

Jaykumar, A. B.; Caceres, P. S.; Ortiz, P. A.; Sablaban, I.; Tannous, B. A.

Real-time monitoring of NKCC2 endocytosis by total internal reflection fluorescence
(TIRF) microscopy

Cholesterol-chelating agent, Methyl-β-cyclodextrin

American  journal  of  physiology.  Renal  physiology,  2016,  310,  F183-91;
DOI:10.1152/ajprenal.00104.2015

Kalyana Sundaram, R. V.; Li, H.; Bailey, L.; Rashad, A. A.; Aneja, R.; Weiss, K.; Huynh, J.;
Bastian, A. R.; Papazoglou, E.; Abrams, C.; Wrenn, S.; Chaiken, I.

Impact  of  HIV-1  membrane cholesterol  on  cell-independent  lytic  inactivation  and
cellular infectivity

Cholesterol depletion using Me β-cyclodextrin, Membrane rafts

Biochemistry, 2016, 55, 447-458; DOI:10.1021/acs.biochem.5b00936

Lee, J.; Min, D.; Oh, E.-T.; Yoon, H.; Park, H. J.; Kim, C.

Self-assembled dendron-cyclodextrin nanotubes with a polyethylenimine surface and
their gene delivery capability

Negatively charged surfaces, Electrostatic interactions, Transfection efficiency

ChemPlusChem, 2016, 81, 229-234; DOI:10.1002/cplu.201500376
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Lee, M. K. S.; Moore, X.-L.; Fu, Y.; Al-Sharea, A.; Dragoljevic,  D.; Fernandez-Rojo, M. A.;
Parton, R.; Sviridov, D.; Murphy, A. J.; Chin-Dusting, J. P. F.

High-density  lipoprotein  inhibits  human  M1  macrophage  polarization  through
redistribution of caveolin-1

Atherosclerosis, Methyl-β-cyclodextrin, Non-specific cholesterol adaptor

British Journal of Pharmacology, 2016, 173, 741-751; DOI:10.1111/bph.13319

Liu, Z.; Wang, Y.; Purro, M.; Xiong, M. P.

Oxidation-induced degradable nanogels for iron chelation

Host-guest  crosslinkers  between  β-cyclodextrin  and  ferrocene,  Cellular  ferritin
expression, Iron overloaded cells, Intracellular iron levels

Scientific Reports, Nature Publishing Group, 2016, 6, 20923; DOI:10.1038/srep20923

5. CDs in Food, Cosmetics and Agrochemicals

Karpkird, T.; Khunsakorn, R.; Noptheeranuphap, C.; Jettanasen, J.

Photostability of water-soluble inclusion complexes of UV-filters and curcumin with
gamma-cyclodextrin polymer

2-Ethylhexyl-4-methoxycinnamate,  4-tert-Butyl-4'-methoxydibenzoylmethane,
Photostability, Photodegradation

Journal  of  Inclusion  Phenomena  and  Macrocyclic  Chemistry,  2016,  84,  121-128;
DOI:10.1007/s10847-015-0589-5

Kfoury, M.; Landy, D.; Ruellan, S.; Fourmentin, S.; Auezova, L.; Greige-Gerges, H.

Determination of formation constants and structural characterization of cyclodextrin
inclusion complexes with two phenolic isomers: carvacrol and thymol

Food spoilage, Antimicrobal and antioxidant activities, Complexation efficiency, Molecular
modeling

Beilstein Journal of Organic Chemistry, 2016, 12, 29-42; DOI:10.3762/bjoc.12.5

Lamas, A.; Anton, X.; Miranda, J. M.; Roca-Saavedra, P.; Cardelle-Cobas, A.; Ibarra, I. S.;
Franco, C. M.; Cepeda, A.

Technological strategies for the development of egg-derived products with reduced
content of cholesterol

β-Cyclodextrin,  Bioconversion  of  cholesterol  by  cholesterol  oxidase,  Consumer
acceptability parameters, Chitosan

Food and Bioprocess Technology, 2016, 9, 81-90; DOI:10.1007/s11947-015-1599-4

Laokuldilok, N.; Thakeow, P.; Kopermsub, P.; Utama-ang, N.

Optimization of microencapsulation of turmeric extract for masking flavor

Brown  rice  flour,  β-Cyclodextrin,  Response  surface  methodology,  Ar-turmerone,  2-
Methyl-4-vinylguaiacol, Marker compounds

Food Chemistry, 2016, 194, 695-704; DOI:10.1016/j.foodchem.2015.07.150
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Ma, X.; Zhou, N.; Zhang, T.; Guo, Z.; Hu, W.; Zhu, C.; Ma, D.; Gu, N.

In situ formation of multiple stimuli-responsive poly[(methyl vinyl ether)-alt-(maleic
acid)]-based  supramolecular  hydrogels  by  inclusion  complexation  between
cyclodextrin and azobenzene

Drug  delivery,  Cell  and  gene  therapy,  Tissue  engineering,  Protein  patterning,  Host
polymer, Guest polymer, Photo-, pH- and thermo-sensitivity, Cytocompatibility

RSC Advances, 2016, 6, 13129-13136; DOI:10.1039/C5RA22541H

6. CDs for other Industrial Applications

Helal, A. S.; Decorse, P.; Perruchot, C.; Novak, S.; Lion, C.; Ammar, S.; El Hage Chahine, J.-
M.; Hemadi, M.

Functionalized magnetic nanoparticles for the decontamination of water polluted with
cesium

Chelating agent, Succinyl-β-cyclodextrin, 3-Aminopropyl triethoxsilane

AIP Advances, American Institute of Physics, 2016, 6, 056601; DOI:10.1063/1.4942825

Huang, X.; Liu, Y.; Liu, S.; Tan, X.; Ding, Y.; Zeng, G.; Zhou, Y.; Zhang, M.; Wang, S.; Zheng,
B.

Effective  removal  of  Cr(VI)  using  β-cyclodextrin-chitosan  modified  biochars  with
adsorption/reduction bifuctional roles

Low-cost adsorbent, Freundlich isotherm

RSC Advances, 2016, 6, 94-104; DOI:10.1039/C5RA22886G

Kalali, E. N.; Wang, X.; Wang, D.-Y.

Multifunctional  intercalation  in  layered  double  hydroxide:  Toward  multifunctional
nanohybrids for epoxy resin

Hydroxypropyl-sulfobutyl-beta-cyclodextrin,  Phytic  acid,  Sodium
dodecylbenzenesulfonate, Flame retardancy, Anti-UV properties

Journal of Materials Chemistry A, 2016, 4, 2147-2157; DOI:10.1039/C5TA09482H

Karnjanakom, S.; Guan, G.; Asep, B.; Hao, X.; Kongparakul, S.; Samart, C.; Abudula, A.

Catalytic  upgrading  of  bio-oil  over  Cu/MCM-41  and  Cu/KIT-6  prepared  by  β-
cyclodextrin-assisted coimpregnation method

Fast pyrolysis of biomass, Catalytic activity, Deoxygenation

Journal of Physical Chemistry C, 2016, 120, 3396-3407; DOI:10.1021/acs.jpcc.5b11840

Karoyo, A. H.; Wilson, L. D.

Investigation of the adsorption processes of fluorocarbon and hydrocarbon anions at
the solid-solution interface of macromolecular imprinted polymer materials

Cross-linked polymers containing β-cyclodextrin,  Perfluorooctanoic acid,  Octanoic acid,
Perfluorooctane sulfonate, Aggregation

Journal of Physical Chemistry C, 2016, 120, 6553-6568; DOI:10.1021/acs.jpcc.5b12246
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Kataev, E. A.; Ramana Reddy, M.; Niranjan Reddy, G.; Reddy, V. H.; Suresh Reddy, C.; Subba
Reddy, B. V.

Supramolecular catalysis by β-cyclodextrin for the synthesis of kojic acid derivatives
in water

Wide substitution pattern, Green method

New Journal of Chemistry, 2016, 40, 1693-1697; DOI:10.1039/C5NJ01902H

Kumar, S.; Ahmed, N.

β-Cyclodextrin/IBX  in  water:  Highly  facile  biomimetic  one  pot  deprotection  of
THP/MOM/Ac/Ts ethers and concomitant oxidative cleavage of chalcone epoxides
and oxidative dehydrogenation of alcohols

β-Hydroxy 1,2-diketones, 1,2,3-Triketones and conjugated aromatic carbonyl systems,
Iodoxybenzoic acid

Green Chemistry, 2016, 18, 648-656; DOI:10.1039/C5GC01785H

Lalaoui, N.; Rousselot-Pailley, P.; Robert, V.; Mekmouche, Y.; Villalonga, R.; Holzinger, M.;
Cosnier, S.; Tron, T.; Le Goff, A.

Direct electron transfer between a site-specific pyrene-modified laccase and carbon
nanotube/gold  nanoparticle  supramolecular  assemblies  for  bioelectrocatalytic
dioxygen reduction

Direct electron transfer, Pyrene/β-cyclodextrin host guest interactions,  β-Cyclodextrin-
modified gold nanoparticles

ACS Catalysis, 2016, 6, 1894-1900; DOI:10.1021/acscatal.5b02442

Li, H.; Meng, B.; Chai, S.-H.; Liu, H.; Dai, S.

Hyper-crosslinked β-cyclodextrin porous polymer: An adsorption-facilitated molecular
catalyst support for transformation of water-soluble aromatic molecules

β-Cyclodextrin  benzylation  and  subsequent  crosslinking  via  a Friedel-Crafts  alkylation
route, Removal of aromatic pollutants from water

Chemical Science, 2016, 7, 905-909; DOI:10.1039/C5SC04034E

Londhe, B. S.; Padwal, S. L.; Bhosale, M. R.; Mane, R. A.

Novel synthesis of 1,4-benzothiazines in water accelerated by β-cyclodextrin

Green chemistry, 2-(2-(2-Aminophenyl)disulfanyl)benzenamines, Cyclocondensation

Journal of the Iranian Chemical Society, 2016, 13, 443-447; DOI:10.1007/s13738-015-0752-3

Ma, X.-H.; Zhao, L.; Lin, Z.-R.; Dong, Y.-H.

Soil washing in combination with homogeneous Fenton-like oxidation for the removal
of 2,4,4'-trichlorodiphenyl from soil contaminated with capacitor oil

Non-aqueous-phase liquids, 2-Hydroxypropyl-β-cyclodextrin, Degradation efficiencies

Environmental Science and Pollution Research, 2016, 23, 7890-7898; DOI:10.1007/s11356-
016-6037-2
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Mahanty, B.; Kim, C.-G.

Effect of soil acidification on n-hexane extractable PAH fractions

Phenanthrene,  Anthracene,  Pyrene,  Hydroxypropyl-β-cyclodextrin,  Pyrophosphate,
Pyrophosphate-HPBCD

European Journal of Soil Science, 2016, 67, 60-69; DOI:10.1111/ejss.12310

Mahdavi, M.; Lijan, H.; Bahadorikhalili, S.; Ma'mani, L.; Rashidi-Ranjbar, P.; Shafiee, A.

Cupper  supported  β-cyclodextrin  grafted  magnetic  nanoparticles  as  an  efficient
recyclable  catalyst  for  one-pot  synthesis  of  1-benzyl-1H-1,2,3-
triazoldibenzodiazepinone derivatives via click reaction

Nanocatalyst, 1,2,3-Triazoles

RSC Advances, 2016, 6, 28838-28843; DOI:10.1039/C5RA27275K

Mallakpour, S.; Dinari, M.; Behranvand, V.

Structure and thermal degradation properties of nanocomposites of alanine amino
acid-based  poly(amide-imide)  reinforced  with  carboxymethyl-β-cyclodextrin
intercalated in a layered double hydroxide

Ultrasonic irradiations, Dispersion

Polymer-Plastics  Technology  and  Engineering,  2016,  55,  223-230;
DOI:10.1080/03602559.2015.1050519

Martina, K.; Baricco, F.; Caporaso, M.; Berlier, G.; Cravotto, G.

Cyclodextrin-grafted  silica-supported  Pd  nanoparticles:  An  efficient  and  versatile
catalyst for ligand-free C-C coupling and hydrogenation

Suzuki and Heck coupling, Microwave irradiation, Semihydrogenation

ChemCatChem, 2016, 8, 1176-1184; DOI:10.1002/cctc.201501225

Martinez-Marquez,  A.;  Morante-Carriel,  J.  A.;  Bru-Martinez,  R.;  Morante-Carriel,  J.  A.;
Ramirez-Estrada, K.; Cusido, R. M.; Palazon, J.

Production of highly bioactive resveratrol analogues pterostilbene and piceatannol in
metabolically engineered grapevine cell cultures

Methylated cyclodextrins, Methyl jasmonate, Metabolic engineering-based strategy

Plant Biotechnology Journal, 2016, In Press; DOI:10.1111/pbi.12539

Mayer, P.; Hilber, I.; Gouliarmou, V.; Hale, S. E.; Cornelissen, G.; Bucheli, T. D.

How to determine the environmental exposure of PAHs originating from biochar

PAH sorption to biochar, Cyclodextrin extractions

Environmental Science & Technology, 2016, 50, 1941-1948; DOI:10.1021/acs.est.5b05603
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7. CDs in Sensing and Analysis

Hao, X.; Li, N.; Xu, Z.; Li, N. B.; Luo, H. Q.

An electrochemical sensing strategy for amantadine detection based on competitive
host-guest  interaction  of  methylene  blue/β-cyclodextrin/poly(N-acetylaniline)
modified electrode

Decrease of reduction peak current

Electroanalysis, 2016, In Press; DOI:10.1002/elan.201501149

Hartlieb, K. J.; Holcroft, J. M.; Moghadam, P. Z.; Vermeulen, N. A.; Algaradah, M. M.; Nassar,
M. S.; Botros, Y. Y.; Snurr, R. Q.; Stoddart, J. F.

CD-MOF: A versatile separation medium

Porous metal-organic  frameworks, γ-CD, Alkali  metal  salts,  Separation of mixtures of
alkylaromatic  compounds,  BTEX mixture,  Structural  isomers of  pinene  and  terpinine,
Mono- and disubstituted haloaromatic compounds, HPLC stationary phase

J. Am. Chem. Soc., 2016, 138, 2292-2301; DOI:10.1021/jacs.5b12860

Heydari, A.; Sheibani, H.

Facile polymerization of β-cyclodextrin functionalized graphene or graphene oxide
nanosheets  using  citric  acid  crosslinker  by  in  situ melt  polycondensation  for
enhanced electrochemical performance

Hydrogels,  Adsorption  of  cationic  methylene  blue,  Electrochemical  responses  toward
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