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Abstract

This work aims to enhance the solubility of poorly water-soluble drug glyburide by using the synthesised
dendrimer. The potential of dendritic macromolecules generation one, generation two and generation three
(HG1.0, HG2.0 and HG3.0) as solubility enhancers of drugs were investigated by applying the Higuchi and
Connors method. The effect of pH, concentration and generation of synthesised dendrimers on the solubility
of Glyburide was studied. FT-IR, *H NMR & Mass spectroscopy to explore and evaluate the structure of
synthesised dendrimers. The results of the experiment suggested that Glyburide’s solubility was improved with
increasing dendrimer concentration and dendrimer generation.
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1.0 Introduction

Since most medications are not water soluble,
pharmaceutical firms face a significant obstacle in
the form of low bioavailability when it comes to
oral administration. Disintegration is the rate
limiting advancement throughout pharmaceutical
retention due to insufficient water-solvent
medicines. When a drug is taken orally, it first
dissolve in the fluids of the stomach and intestines
before it can make its way through the films of the
gastrointestinal tract and reach its fundamental
dispersion. As a result, there are segments of
pharmaceutical research focused on increasing
ineffective water-solvent drugs' solubility to boost
their oral bioavailability [1, 2]. It is critical to note
that the new pharmaceutical moiety's poor aqueous
solubility presents a barrier to progress in drug
research. [3,4].

Dendrimers are nano-scale, three-dimensional,
monodisperse  macromolecules  with  distinct
properties that distinguish them from conventional
polymers [5-7] and these specific properties
include nano-scale monodispersity, amplifiable and
functional groups and measurements that mimic
biomolecules. Thus, synthesised dendrimers. are
often practised in assort biological usances, such as
drug transmittal, medicine solubilisation, MRI
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differentiation operant, and plenty others [8-11].
Dendrimers have been the focus of a lot of research
in drug administration because of their suitability
as a vehicle for the delivery of medicines. [12, 13].
For this study, we used the divergent approach to
synthesise these triazine-based dendrimers starting
from Hexahydro-1,4-diazepine as the core
component of a dendritic architecture. FT-IR, 'H
NMR, and mass spectroscopy were implemented to
characterise these synthesised dendrimers, which
originated from core and went up to generation
three [14-19].

An investigation into ways to study the solubility
of Glyburide (GLB) [20-22] was carried out using
dendrimer generations ranging from HG1.0 to
HG3.0. This study included the pH, generations
and concentration of dendrimers [23, 24]. In
addition, FT-IR spectroscopy was used to probe
solubility formulations further.

2.0 Material and Methods

2.1 Materials
Diethanolamine (DEA), Triaizne trichloride
(Cyanuric chloride), Methylene

dichloride/Dichloro-methane  (DCM), Homo-
piperazine (Hexahydro-1,4 diazepine), Acetone,
and Sodium Hydroxide.
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Reaction Scheme I. Synthesis of hydroxy-terminated dendrimers building block

2.3 Synthesis of Dendrimer
The proposed scheme for synthesising HG3.0
dendrimer from Hexahydro-1,4 diazepine is as
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under. As shown in Reaction Scheme 1, the
nucleophilic substitution of triazine trichloride
occurs beneath a temperature-controlled surround.
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1,4-bis(4,6-dichloro-1,3,5-triazine-2-yl)-1,4-
diazepine represented as a core was synthesised by
reacting homo-piperazine and cyanuric chloride at
low temperatures (0-5°C) considered as the
initiated step of dendrimer synthesis. Furthermore,
the reaction betwixt diethanolamine and the core
compound was carried out, in  which
diethanolamine was adopted as both solvent &
reactant in the syntheses of generation one
dendrimer (HG1.0). The generation 1.0 (HG 1.0)
dendrimer that had been earlier synthesised
underwent a reaction in the presence of cyanuric
chloride, forming the generation 1.5 (HG 1.5)
dendrimer. The process was then continued until
dendrimers of generation three (HG3.0) were
synthesised [25-31]. Yield: 83.52%

2.4 Phase Solubility

Excess Glyburide was added to screw-capped
vessels holding varying quantities (0.6 mmol to 3
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mmol) of dendrimer generations in buffers of 4.0,
6.0, and 9.2 pH to conduct a solubility investigation
following the methodology established by Higuchi
and Connors [32]. The vials were shaken in a brain-
marie/water bath for 48 hours at 37 °C.
Undissolved Glyburide was spun out of the vials.
Then the concentration was perceived by
quantifying the optical density of the Glyburide at
its characteristic frequency of 254 nm on the
Shimadzu UV-1800 spectrophotometer [32-37].

3.0 Result & Discussion

3.1. Characterisation of Dendrimer
Full-generation dendrimers with functional groups
ended with hydroxyl have a consistency identical
to that of dark honey. The full-generations of
dendrimers (HG1.0, HG2.0, and HG3.0) were
water-soluble, and the result is presented in Table
1.

Table 1 Physical properties of dendrimers.

Dendrimer Chemical Physicality

Generations Formulary
Core C11H10CliNa Solid white
HG1.0 CzrHsoMN 1208 Brown liquid
HG1.5 CaiHazChaNasOs Solid white
HG2.0 Ci11sHzozNs2040 Brown liguid
HG2.5 Cz11HaroCla 4N 145040 Solid white
HG3.0 Cas7HsnoMNz120168 Brown liquid

The infrared spectrum flaunted the stretching
frequency of O-H at 3457 cm™, 3448 cm, and
3441cm?® for HG1.0, HG2.0 and HG3.0
dendrimers, as depicted in (figure.1l). Infrared
spectrum showed stretching frequency of C-CI at
771 cmt,780 cm?, and 827 cm? in half-
generation dendrimers core, HG1.5 and HG2.5. O-
H stretching was unexposed, which indicated that
chlorine groups were present on the perimeter of
these (core, Hg1.5 and Hg2.5) molecules and that

Solvency Speculative Surface
in water Functional Groups
(Numbers)

Insoluble Cl iy
Soluble OH s
Insoluble Clis)
Soluble OH i3z
Insoluble Cliss
Soluble OH 121

the hydroxyl group was not extant. 1H NMR
probes the progression of a chemical reaction. *H
NMR spectrum indicates the presence of proton in
the core demonstrated at 2.7780-2.9754 & ppm.
Two multiplets for methylene proton at 3.6114-
3.6608 6 ppm and 3.9884-4.6028 5 ppm attached to
nitrogen and oxygen, respectively, as shown in
(figure.2) for HG3.0 dendrimer. The molecular
weight of HG3.0 dendrimer was observed 12071
Dalton.
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Figure 1. FT-IR s;',)e«:(rum of HG3.0 dendrimer
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Figure 2. 'H NMR spectrum of HG3.0 dendrimer

e eun Spectrum Plot Report -+ Agilent Technologies
Fave Gl Ay Pas, Iestramert | Opwatzs St
e Vet 0 » e e
Dwna Fie &3 _Sam 00 d Memod (kg Scnm

A Tiew fLocal) 2002000 20550
ARCRSR

o U S s (1 A1-D4LS e, 38 ) Prage OV -3 _Scem 0400

L 2eaMS

te 12066.212

Ll
] 00AM |
e
LA
br | 1wmLAn =
a1 {14 I \ ”‘«[”
v e

\ L : \

D052

12029 2048

Comts va. Maaw

UMM 0B e DI Lo M5 Uw  use LN oo

BN AMes  MNE  tRSs LM NN LB Lioes Lk LM

“So-Charce (m/z)

Figure 3. Mass spectra of HG3.0 dendrimer

3.2 Drug Solubilisation

The solubility of Glyburide by the full-generation
dendrimers was determined using the dendrimer
concentration (0.6 to 3 mmol) at pH 4.0, 6.0, and
9.2 using HG1.0, HG2.0, and HG3.0 [31, 32,
39,40]. The solubility results are displayed in
(Tables 2, 3, and 4).

The results of the solubilisation of poorly water-
soluble Glyburide in HG1.0, HG2.0, and HG3.0 are
as follow. At pH 4.0, the solubility of glyburide was
0.36 mg/ml, 0.53 mg/ml and 1.03 mg/ml of HG1.0,
HG2.0 and HG3.0 dendrimers, respectively. On the
other hand, the solubility at pH 6.0 was improved

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2143-2150

to 0.47 mg/ml, 1.69 mg/ml, and 2.36 mg/ml of
HG1.0, HG20 and HG3.0 dendrimers,
respectively. Furthermore, the solubility at pH 9.2
was enhanced up to 3.03 mg/ml, 3.28 mg/ml, and
6.82 mg/ml of HG1.0, HG2.0 and HG3.0
dendrimers, respectively.

The solubility of API is in the range of 3.03 mg/ml
to 6.82 mg/ml for generation 1 to 3 at pH 9.2. The
results are displayed in (Table 4). The present
solubility results suggest that the solubility of
glyburide rose linearly with the rise in the
concentrations of dendrimers, too [41-44].
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Table 2 Effect of pH on agueous solubilisation of Glyburide at pH 4.0

Solubility of Glyburide (mg/ml.) at 4.0 pH
Dendrimer Concentration (mmol) | HG1.0 (mg/ml.) | HG2.0 (mg/ml.) | HG3.0 (mg/ml.)
0.6 0.03 0.21 0.02
1.2 0.09 0.22 0.36
1.8 0.03 0.32 0.63
2.4 0.39 0.41 0.73
3.0 0.36 0.53 1.03

Table 3 Effect of pH on aqueous solubilisation of Glyburide at pH 6.0

Solubility of Glyburide (mg/ml.) at 6.0 pH
Dendrimer Concentration (mmol) | HG1.0 (mg/ml.) | HG2.0 (mg/ml.) HG3.0 (mg/ml.)
0.6 0.22 0.35 1.30
1.2 0.28 0.65 1.33
1.8 0.32 0.95 1.49
2.4 0.37 1.45 1.93
3.0 0.47 1.69 2.36

Table 4 Effect of pH on agueous solubilisation of Glyburide at pH 9.2

Solubility of Glyburide (mg/ml.) at 9.2 pH

Dendrimer Concentration (mmol) | HG1.0 (mg/ml.) | HG2.0 (mg/ml.) HG3.0 (mg/ml.)
0.6 0.87 0.96 1.71
1.2 0.95 1.26 2.03
1.8 1.72 1.87 3.29
2.4 1.80 2.78 3.73
3.0 3.03 3.28 6.82

3.3 Characterisation  of
Dendrimer

Glyburide-loaded dendrimer was additionally
explored by infrared spectroscopy. The FT-IR
spectrum of pure HG3.0 dendrimer (Figure 1)
showed absorption bands for O-H stretching at
3441 cm for hydroxyl groups; 1053 cm™* for C-O
stretching of ether linkages. FT-IR spectrum of
Glyburide showed absorption bands showed in
(Figure 4). FT-IR spectrum of Glyburide loaded
with HG3.0 dendrimer showed an adsorption band
at 3393 cm for O-H stretching, at 2933 cm* for C-

Drug-containing

100.0

00 6 90 5 40
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H stretching, at 1663 cm™ for carbonyl stretching
and at 1063 cm? for C-O stretching displayed
(Figure 5). Thus, the overall characteristic bands
for HG3.0 dendrimer and Glyburide were
unchanged in the IR spectra of Glyburide loaded
dendrimer. Since of this, it has been clearly
understood that the dendrimer may have improved
the solubility of Glyburide since it has a
hydrophobic triazine ring in the inner portion that
may convey hydrophobic interlinkage and the
hydroxyl groups in the outer region that can induce
hydrogen bonding.

"
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Figure 5 FT-IR spectrum of Glyburide loaded with HG3.0 dendrimer

4.0 Conclusion

Many drugs that are important to human health are
hydrophobic in nature. Their hydrophobicity limits
bioavailability and reduces their overall potential in
drug solubility. Glyburide is one such important
drug (antidiabetic) that is also hydrophobic and
there have been many attempts to enhance its
solubility. In the present study, we synthesised and
used the triazine class of dendrimers as a solubility
enhancer for Glyburide. They were characterised
by FT-IR and NMR spectroscopy. The solubility
enhancement of poorly water-soluble and was
carried out in HG1.0 to HG3.0 full-generation
dendrimers, it was observed that the solubility of
Glyburide was enhanced with HG3.0 dendrimer
showed maximum solubility at pH 9.2.

Acknowledgement

I am thankful to the Principal VP & RPTP Science
College and Head of Chemistry Department,
Sardar Patel University, Vallabh Vidyanagar. for
supporting me in my research work. | am also
thankful to the Sophisticated Instrumentation
Centre for Applied Research & Testing (SICART)
Vallabh Vidyanagar, Gujarat and the National
Institute of Pharmaceutical Education and
Research, Gandhinagar, Gujarat (NIPER-A) for
spectroscopic analysis.
Note:doi:https://doi.org/10.21203/rs.3.rs-
1790647/v1 pre-print posted on 1% July, 2022, on
research square.

Conflict of Interest.
There are no discrepancies to be disclosed.

Funding

The authors confirm that they received no financial
backing, grants, or other forms of assistance while
working on this manuscript.

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2143-2150

Ethics Statement

Nil

Data Availability

All relevant data used and/or analysed throughout
this work may be obtained from the author.

References

1. Bocci, G., Oprea, T. I., & Benet, L. Z. (2022).
State of the art and wuses for the
Biopharmaceutics Drug Disposition
Classification ~ System  (BDDCS): New
additions, revisions, and citation references.
AAPS Journal, 24(2), 37.

2. Warnken, Z., Smyth, H. D. C., & Williams, R.
0. (2022). Route-specific challenges in the
delivery of poorly water-soluble drugs. AAPS
Advances in the Pharmaceutical Sciences
Series, 1-31.

3. Homayun, B., Lin, X., & Choi, H. J. (2019).
Challenges and recent progress in oral drug
delivery systems for biopharmaceuticals.
Pharmaceutics, 11(3), 129.

4. Buckley, S. T., Frank, K. J., Fricker, G., &
Brandl, M. (2013). Biopharmaceutical
classification of poorly soluble drugs with
respect to enabling formulations. European
journal of pharmaceutical sciences, 50(1), 8-16.

5. Tomalia, D. A., Baker, H., Dewald, J., Hall, M.,
Kallos, G., Martin, S., Roeck, J., Ryder, J., &
Smith, P. (1985). A new class of polymers:
Starburst-dendritic macromolecules. Polymer
Journal, 17(1), 117-132.

6. Tomalia, D. A., Baker, H., Dewald, J., Hall, M.,
Kallos, G., Martin, S., Roeck, J., Ryder, J., &
Smith, P. (1986). Dendritic macromolecules:
Synthesis of starburst dendrimers.
Macromolecules, 19(9), 2466-2468.

2148


https://doi.org/10.21203/rs.3.rs-1790647/v1
https://doi.org/10.21203/rs.3.rs-1790647/v1

Triazine Dendrimers An Excellent Drug Carrier For Improving The Solubility Of Glyburide

7. Tomalia, D. A., & Dewald, J. R. (1986). U.S.
Patent no. 4,587,329. US Patent and Trademark
Office.

8. Tomalia, D. A., Naylor, A. M., & Goddard, W.
A. (1990). Starburst dendrimers: Molecular-
level control of size, shape, surface chemistry,
topology, and flexibility from atoms to
macroscopic matter. Angewandte Chemie
International Edition in English, 29(2), 138-
175.

9. Ghosh, S., Ghosh, S., & Sil, P. C. (2019). Role
of nanostructures in improvising oral medicine.
Toxicology Reports, 6, 358-368.

10.Hsu, H., Bugno, J., Lee, S., & Hong, S. (2016,).
Dendrimer-based nanocarriers: A  versatile
platform  for drug  delivery.  WIREs
Nanomedicine  and Nanobiotechnology,
29;9(2).

11. Choudhury, H., Sisinthy, S. P., Gorain, B., &
Kesharwani, P. (2021). History and introduction
of dendrimers. Dendrimer-Based
Nanotherapeutics, 1-14.

12.Wang, J., Li, B., Qiu, L., Qiao, X., & Yang, H.
(2022). Dendrimer-based drug delivery
systems: history, challenges, and latest
developments.  Journal  of  Biological
Engineering, 16(1), 1-12.

13. Nikzamir, M., Hanifehpour, Y., Akbarzadeh,
A., & Panahi, Y. (2021). Applications of
dendrimers in nanomedicine and drug delivery:
a review. Journal of Inorganic and
Organometallic Polymers and Materials, 31,
2246-2261.

14. Wiesler, U.-M., Berresheim, A. J., Morgenroth,
F., Lieser, G., & Miillen, K. (2001). Divergent
synthesis of polyphenylene dendrimers: The
role of core and branching reagents upon size
and shape. Macromolecules, 34(2), 187-199.

15.Lin, X., Zhou, J., & Xu, D. (2012, May 7).
Facile synthesis of dendritic hydroxyl-
terminated cyanuric chloride derivatives and
their properties. Chinese Journal of Chemistry,
30(7), 1485-1489.

16.Simanek, E. E. (2021, August 6). Two decades
of triazine dendrimers. Molecules, 26(16), 4774.

17.Saruchi, S. N., Singh, N., & Kumar, V. (2022,

October 3). An overview on surface modified
dendrimers: Current direction and future
perspectives.  Advanced  Chemicobiology
Research, 28-39.

18.Raoa, B. N., Viswanath, V., Reddy, K. R,
Fathima, S. R., Surekha, P., & Bhuvaneswari, S.
Dendrimers—structure, synthesis,
encapsulation, characterisation and
applications.

19.Kharwade, R., More, S., Warokar, A., Agrawal,
P., & Mahajan, N. (2020, July). Starburst

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2143-2150

Section A-Research Paper

pamam dendrimers: Synthetic approaches,
surface  modifications, and  biomedical
applications. Arabian Journal of Chemistry,
13(7), 6009-6039.

20. https://patents.google.com/patent/CN10314252
1B/en?0q=Glibenclamide+tablet+and+preparat
ion+method+thereof. Google

21. Devireddy, S. R., & Veerareddy, P. R. (2013).
Dissolution and bioavailability enhancement of
Glyburide. Toxicological and Environmental
Chemistry, 95(3), 445-457.

22. Tomlinson, B., Patil, N. G., Fok, M., Chan, P.,
& Lam, C. W. K. (2022). The role of
sulfonylureas in the treatment of type 2
diabetes. Expert Opinion on Pharmacotherapy,
23(3), 387-403.

23.Gorain, B., Pandey, M., Choudhury, H., Jain, G.
K., & Kesharwani, P. (2021). Dendrimer for
solubility  enhancement.  Dendrimer-Based
Nanotherapeutics, 273-283.

24. Patel, P. M., Patel, R., Wadia, D., & Patel, R. M.
(2015). Dendritic macromolecules as nano-
scale drug carriers: Phase solubility, in vitro
drug release, hemolysis and cytotoxicity study.
Asian Journal of Pharmaceutical Sciences,
10(4), 306-313.

25.Lyu, Z., Ding, L., Dhumal, D., Ya-Ting, A.,
Kao, C.-L., Peng, L., & CHAPTER. (2020).
CHAPTER 4. Poly(amidoamine) (PAMAM)
dendrimers:  Synthesis and  biological
applications. In Dendrimer chemistry (pp. 85—
113).

26. Kharwade, R., More, S., Warokar, A., Agrawal,
P., & Mahajan, N. (2020, July). Starburst
pamam dendrimers: Synthetic approaches,
surface  modifications, and  biomedical
applications. Arabian Journal of Chemistry,
13(7), 6009-6039.

27. Gawande, V., Choudhury, H., & Kesharwani, P.
(2021). Dendrimer nomenclature and synthesis
methods. Dendrimer-Based Nanotherapeutics,
75-94.

28.Crampton, H., Hollink, E., Perez, L. M., &
Simanek, E. E. (2007). A divergent route
towards  single-chemical entity triazine
dendrimers with opportunities for structural
diversity. New Journal of Chemistry, 31(7),
1283-1290.

29.Lim, J., Mintzer, M. A., Perez, L. M., &
Simanek, E. E. (2010, February 19). Synthesis
of odd generation triazine dendrimers using a
divergent, macromonomer approach. Organic
Letters, 12(6), 1148-1151.

30. Taheri-Kafrani, A., Shirzadfar, H., & Tavassoli-
Kafrani, E. (2017). Dendrimers and dendrimers-
grafted  superparamagnetic  iron  oxide
nanoparticles:  Synthesis, characterisation,

2149



Triazine Dendrimers An Excellent Drug Carrier For Improving The Solubility Of Glyburide

functionalisation, and biological applications in
drug delivery systems. In Nano- and microscale
drug delivery systems (pp. 75-94). Elsevier.

31.Gajjar, D. G., Patel, R. M., Patel, H. N., & Patel,
P. M. (2015). Designing, characterisation, and
thermal behavior of triazine-based dendrimers.
Journal of Polymer Engineering, 35(1), 41-52.

32.Higuchi, T. K. A. C. (1965). A phase solubility
technique. Adv. Anal Chem. Instrum., 4, 117—
211.

33.Lee, C., Lo, S. T., Lim, J., da Costa, V. C. P.,
Ramezani, S., Oz, O. K, Pavan, G. M,
Annunziata, O., Sun, X., & Simanek, E. E.
(2013, November 15). Design, synthesis and
biological assessment of a triazine dendrimer
with approximately 16 paclitaxel groups and 8
PEG groups. Molecular Pharmaceutics, 10(12),
4452-4461.

34.Lo, S. T., Stern, S., Clogston, J. D., Zheng, J.,
Adiseshaiah, P. P., Dobrovolskaia, M., Lim, J.,
Patri, A. K., Sun, X., & Simanek, E. E. (2010,
June 29). Biological assessment of triazine
dendrimer: Toxicological profiles, solution
behavior, biodistribution, drug release and
efficacy in a pegylated, paclitaxel construct.
Molecular Pharmaceutics, 7(4), 993-1006.

35.Najafi, F., Salami-Kalajahi, M., Roghani-
Mamagani, H., & Kahaie-Khosrowshahi, A.
(2020). A comparative study on solubility
improvement of tetracycline and
dexamethasone by poly(propylene imine) and
polyamidoamine dendrimers: An insight into
cytotoxicity and cell proliferation. Journal of
Biomedical Materials Research. Part A, 108(3),
485-495.

36.Dib, N., Fernandez, L., Otero, L., Santo, M.,
Calderon, M., Martinelli, M., & Strumia, M.
(2015).  First generation  newkome-type
dendrimer as solubility enhancer of antitumor
benzimidazole carbamate. Journal of Inclusion
Phenomena and Macrocyclic Chemistry, 82,
351-359.

37.Zhou, L., Li, J., Yu, B., Zhang, J., Hu, H., Cong,
H., & Shen, Y. (2023, March 13). The drug
loading behavior of PAMAM dendrimer:
Insights from experimental and simulation
study. Science China Technological Sciences,
66(4), 1129-1140.

38.Bosman, A. W., Janssen, H. M., & Meijer, E.
W. (1999). About dendrimers: Structure,
physical properties, and applications. Chemical
Reviews, 99(7), 1665-1688.

39.Dib, N., Fernandez, L., Otero, L., Santo, M.,
Calderén, M., Martinelli, M., & Strumia, M.
(2015).  First generation  newkome-type
dendrimer as solubility enhancer of antitumor
benzimidazole carbamate. Journal of Inclusion

Eur. Chem. Bull. 2023, 12(Special Issue 10), 4563-4570

Section A-Research Paper

Phenomena and Macrocyclic Chemistry, 82,
351-359.

40. Chauhan, A., Anton, B., & Singh, M. K. (2020).
Dendrimers for drug solubilisation, dissolution
and  bioavailability. In  Pharmaceutical
applications of dendrimers (pp. 59-92).
Elsevier.

41. Milhem, O. M., Myles, C., McKeown, N. B.,
Attwood, D., & D’Emanuele, A. (2000).
Polyamidoamine Starburst® dendrimers as
solubility enhancers. International Journal of
Pharmaceutics, 197(1-2), 239-241.

42.Luong, D., Kesharwani, P., Killinger, B. A,
Moszczynska, A., Sarkar, F. H., Padhye, S.,
Rishi, A. K., & lyer, A. K. (2016). Solubility
enhancement and targeted delivery of a potent
anticancer flavonoid analogue to cancer cells
using ligand decorated dendrimer nano-
architectures. Journal of Colloid and Interface
Science, 484, 33-43.

43. Devarakonda, B., Hill, R. A., & de Villiers, M.
M. (2004). The effect of PAMAM dendrimer
generation size and surface functional group on
the aqueous solubility of nifedipine.
International Journal of Pharmaceutics, 284(1—
2), 133-140.

44, Fernandez, L., Sigal, E., Otero, L., Silber, J. J.,
& Santo, M. (2011). Solubility improvement of
an anthelmintic benzimidazole carbamate by
association with dendrimers. Brazilian Journal
of Chemical Engineering, 28(4), 679-689.

2150



