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Abstract

The possible role of the cyclodextrin charge in the interaction with an acidic drug such as naprixeh8phas been evaluated.
Sulfobutylether-3-cyclodextrin (SBE-RCyd) and trimethylammonium--cyclodextrin (TMA-RCyd) were selected as, respectively, anionically
and cationically charged carriers and their performance was compared with that of the parent R-cyclodextrin (3Cyd) and of its methyl-derivative
(MeR3Cyd) previously found as the best partner for the drug. Interactions in solution were investigated by phase-solubility, fluorescence
and circular dichroism analyses. Equimolar drug—carrier products prepared by different techniques (blending, cogrinding, sealed-heating,
colyophilization) were characterized by differential scanning calorimetry and X-ray powder diffractometry and tested for drug dissolution
properties. Anionic charges of SBE-RCyd did not negatively influence interactions in unbuffered agueous solutieBswitH the acidic
drug. In fact, it was a very effective carrier, exhibiting solubilizing and complexing properties considerably better than the parent 3Cyd and
comparable to those of MeRCyd. On the contrary, the positive charges of TMA-RCyd did not favour interactions with the counter-ionic
drug (despite the presence of about 60% ionised drug) and it was less efficacious also than native RCyd. Therefore, the role of the Cyd
charge on the complexing and solubilizing properties towards naproxen was not important whereas other factors, such as steric hindrance
effects and favourable hydrophobic interactions were significant in determining the drug affinity for the Cyd inclusion. Solid state studies
evidenced similar amorphizing properties of both charged Cyds towards naproxen. On the other hand, dissolution tests, in agreement with
solution studies, showed that all products with SBE-BCyd exhibited significantly better dissolution properties than the corresponding ones
with TMA-RCyd. A clear influence of the preparation method of drug—Cyd solid systems on the performance of the end product was also
observed. Colyophilization was the most effective technique, followed by the cogrinding one. Colyophilized product with SBE-RCyd allowed
a 10-times increase in drug dissolution efficiency (D.E.) (with respect to the five-times increase obtained with the corresponding coground
product) and a reduction o, from about 60 min (for the coground product) to less than 2 min.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction studies performed in this regard have made it possible to
highlight the important role of the nature of the cyclodex-
Naproxen (§-(+)-6-methoxye-methyl-2-naphthalenea-  trin derivatives substituent in determining their solubilizing
cetic acid) is a non-steroidal antiinflammatory drug whose and complexing power towards naproxen and indicated the

very low water solubility (about 27 mgt! at 25°C) methyl-3-derivative as the most efficient partner for this drug
can be significantly improved by complexation with na- [2-8].
tive B-cyclodextrin[1] and even more so with alkyl- and In the present work, we thought it worthy of interest to ex-

hydroxyalkyl-3-cyclodextrin-derivative—6]. The several tend the study to some recently available ionic cyclodextrins,

with the objective of evaluating the possible role of the cy-
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and trimethylammonium-3-cyclodextrin were selected as, re- tion of the phase-solubility diagrams, according to Higuchi
spectively, anionically and cationically charged carriers and and Connor$13].

their performance towards naproxen was compared with that

of the parent B-cyclodextrin and of the methyl-B-cyclodextrin 2 3. Fluorescence spectra

(the best drug partner among the previously examined neutral

3-derivativeg7]). Measurements were carried out using a Perkin-Elmer
Phase-solubility analysis at different temperatures, fluo- pod. 650-10 S spectrofluorimeter. The excitation and emis-
rescence and circular dichroism analyses were used to in-sjon slits were fixed at 5 and 2.5 nm, respectively. The flu-
vestigate the interaction of naproxen with the R-cyclodextrin grescence intensities of the 0.015 mM NAP unbuffered (pH
derivatives in solution. ~5) aqueous solution in the absence and in the presence of
As for the study of the drug—carrier interaction in the ejther TMA-RCyd or SBE-RCyd at concentration values of
solid state, because there is not a single method or pro-1 5 mM were measured at excitation and emission maxima

cess for obtaining solid inclusion complexes, and the best of 330 and 358 nm, respectively. The scan rate was selected
process must be developed for each guest to be complexedt 240 nm/min.

with each cyclodextrif10-12] equimolar products of the
drug with each examined cyclodextrin were prepared by dif-
ferent techniques (blending, cogrinding, sealed-heating, and

colyophiliization) in order to invest_igate the.influence o_f the Spectra of unbuffered (pk£5) 0.4 mM agqueous solution
preparation method on the physmo-chemlcall properties of of NAP in the absence and in the presence of MeRCyd, or
j[he enq product and. to selgct the most eﬁgctlve system forTMA-BCyd or SBE-RCyd (at a concentration of 0.4 mM)
improving _the drug dissolution properties. lefgrentlal scan- e obtained with a Jasco J-500D recording spectropo-
ning calorimetry (DSC) and X-ray powder diffractometry larimeter (sensitivity, 0.5 frcm™1; time constant, 16; chart

yveLe u(js;d to check ancli e\;aluate th;—:- grystgllinity of napr%xenspeed, 10 cmmint; wavelength expansion, 10nm cfy
in the different equimolar drug—cyclodextrin systems and to o, speed, 50 cm miif; range, 350—230 nm).

evaluate possible drug—carrier interactions in the solid state,
whereas the drug dissolution properties from the various bi-
nary combinations were determined according to the dis-
persed amount method.

2.4. Circular dichroism spectra

2.5. Preparation of drug—Cd solid systems

Four different methods were used for the preparation of
equimolar drug—Cyd solid systems. Physical mixtures (P.M.)
were obtained by 15 min tumble mixing equimolar amounts
of the respective components (75-}6@ sieve granulo-
metric fraction). Coground products (GR) were prepared by
30min ball-milling physical mixtures in a vibrational mill

Naproxen (NAP) and R-cyclodextrin (3Cyd) were from (Retsch, GmbH, Dsseldorf, German_y ): Seale_d—hea?ed prod_—
Sigma Chemical Co. (St. Louis, MO, USA). Trimethy- ucts (S.H.) were prepared by heating physical mixtures in

; : led container at 9C for 24 h. Colyophilized prod-
lammoniumpropyl-R3-cyclodextrin (TMA-3Cyd) and methyl- a sea X
3-cyclodextrin (MeRCyd) were kindly donated by Wacker- UCtSb(%OL) were prepaged bz freeze-dzrylng (LVOV"?C GT2,
Chemie (Munich, D). Sulfobutylether-B-cyclodextrin (SBE- -€yPold-Heraeus) at50°C and 1.3< 10~ mmHg equimo-

BCyd) (Captisol) was a gift from CyDex Inc. (Texas, USA). Iza(; drug.—Cyd aqu%oig SOIUEODT] 0?5 prﬁchilllgd shdelves of
All other materials and solvents were of analytical reagent . cm diameter an mm height. ach solid pro uct was
grade. sieved and the 75-1%0m granulometric sieve fraction was

used for the following tests.

2. Materials and methods

2.1. Materials

2.2. Phase-solubility studies
2.6. Differential scanning calorimetry (DSC)

Solubility measurements of NAP were carried out by
adding 30 mg of drug to 20 mL of water or aqueous solu-  Temperature and enthalpy measurements were performed
tion of RCyd-derivative in the 5-25 mM concentration range, With a Mettler TA4000 apparatus equipped with a DSC 25
in a sealed glass container which was electromagneticallycell (L0Kmin~!) on 5-10mg (Mettler M3 microbalance)
stirred (500 rpm) at a constant temperature (25, 37 635 samples scanned in pierced Al pans under static air in the
until equilibrium (3 days). An aliquot was then withdrawn 30-200°C range.
and filtered (pore size 0.48m), and the NAP concentration
was determined by a second derivative ultraviolet absorption 2.7. X-ray powder diffractometry
method at 274 nnjl]. Each experiment was performed in
triplicate (coefficient of variation, C.V. <2%). Apparent 1:1 X-ray diffraction patterns were collected with a computer-
stability constants were calculated from the straight line por- controlled Philips PW 1800 apparatus in the 2>2@interval
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(scan rate 1min—1), using a Cu k radiation monochrom-
atized with a graphite crystal.

2.8. Dissolution studies

Dissolution rates of NAP alone (75-1p®n sieve gran-
ulometric fraction) or from the different equimolar systems
with TMA-RBCyd and SBE-RCyd (75-15%0m sieve granu-
lometric fraction), were determined in water at:370.3°C
according to the dispersed amount metfig. Experiments
were performed under non-sink conditions, by adding 60 mg
of NAP or NAP equivalent to 75 mL of water, in a 400mL  (A)
beaker. A glass three-blade propeller was centrally immersed

in the beaker and rotated at 100 rpm. Suitable aliquots were , 25°C &

withdrawn with a filter-syringe (pore size 0.45n) at the § B0 K

specified times and assayed for NAP content as in the phase- 2 ¢,

solubility studies. The same volume of fresh medium was g

added to the beaker and the correction for the cumulative di- E; 40

lution was calculatefi7]. Each test was repeated four-times 3 .

(coefficient of variation, C.V. <4%). Dissolution efficiency - |

(D.E.) was calculated from the area under the dissolution # gl . ‘

curve at timet and expressed as a percentage of the area of g, ~ TVMA SBE TMA SBE TMA  SBE

the rectangle described by 100% dissolution in the same time

[15]. One-way analysis of variance (ANOVA) followed by Fig. 1. (A) Phase-solubility diagrams of naproxen (NAP) and SBE-RCyd
the Student-Newman-Keuls multiple comparison post test (®) or TMA-Cyd @) in water at 25C; (B) Relative solubility increase
(Graph Pad Prism, Version 3) was used to evaluate the effect2f NAP agueous solubility in the presence of 25mM SBE-BCSH) or

of both the binary system preparation method and the carrierTMA'BCyd () atdifferent temperatures.

type on the drug D.E. and percent dissolved at a given time. ) ) _
sponding data previously obtained for NAP-RCyd and NAP-

MeRCyd inclusion complexd8], for comparison purposes.
In all cases, the stability constant values decreased with in-
creasing the temperature, indicating the exothermal nature of
the complexation process.

The stability constant of the drug complex with SBE-
RCyd at 25C was clearly higher than that with the parent
. . RCyd and similar to that with Me3Cyd, which showed the
creasing concentrations of both TMA-B_(_:yd a_md SBE-BCyd, highest complexing power towards naproxen among all the
ac_cordlng to the A type phasetsolublhty dlagre_lrr[i:%] previously examined BCyd-derivativis-7]. This result in-
(Fig. 1a), analog_ouslyto that previously observed in the pres- dicated the very high affinity between NAP and SBE-RCyd
ence of both nativii] an_d ran_domly aIkyI_ateﬁ2,5,6]BCyds. and showed that its negative charge did not inhibit complex-
The slopes of the straight lines were in all cases less thanation of the acidic drug in unbuffered aqueous solution (pH

umty_, th_us |nd|ca'F|ng the formation of 1:.1. cqmplexes. The ~5), in spite of the presence of about 60% of the dissociated
relative increase in NAP aqueous solubility in the presence

of 25 mM of both RCyd derivatives was more pronounced
at the lowest tested temperature (€5 (Fig. 1b) and was ~ 12Plel . . . .

. e L Stability constants for the interaction of naproxen with native
about 80—t|mes_ the NAP solubility fc_)r the S_BE-denvapve BCyd, Methyl-8Cyd (MeRCyd), sulfobutylether-8Cyd (SBE-RCyd),
and about 35-times for the TMA-derivative, in comparison  trimethylammoniumpropyl-8Cyd (TMA-BCyd) in agueous solutions
with the about 90-times increase obtained in the same condi-Cyclodextrm Solubilizing _ Apparent stability constant

3. Results and discussion
3.1. Interaction in agueous solution

NAP solubility linearly increased in the presence of in-

tions with the methyl-3-derivatii2]. On the other hand, the efficiency? K1 (Lmol-1)
drug solubility increase in the presence of 13 mM 3Cyd con- 25°C  37°C 45°C
cent.ration (i.e. its saturation solubility at 26) was about aCyd 19 1700 1390 ~
19-times[1]. MeRCyd 90 6890 5855 5135
The apparent 1:1 formation constants of NAP inclusion SBE-RCyd 80 5230 3760 3110
complexes with SBE-RCyd and TMA-RCyd, calculated from TMA-RCyd 31 1400 940 795

the phase-solubility diagrams according to Higuchi and Con- 2 Relative NAP solubility increase at 2& (ratio between drug solubilities
nors [13], are shown inTable 1 together with the corre-  in25mM aqueous solution of Cyd, or 13mM BCyd, and in water).
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Fig. 2. Fluorescence emission spectra of naproxen (NAGNAP)
0.015mM) in water in the absence (curve a) or in the presence of 1.5mM
SBE-RCyd (curve b) or TMA-RCyd (curve c).

anionic form, as determined from it&gvalue[9]. To explain
the better performance of SBE-RCyd with respect to the na- -1000
tive carrier, it has been hypothesized, that, as in the case of the
methyl-3-derivative, the presence of substituents can extend
the hydrophobic region of the Cyd cavity, thus favouring and
stabilizing inclusion complexation of the hydrophobic guest
molecule[3].

As for the positively charged TMA-RCyd, differently from
what was expected, no positive effects on the complex forma-

250 300 350
tion as a consequence of possible electrostatic interactions in wavelength(nm)

aqueous solutions with the anionic drug were observed. On _ S _
the contrary, unexpectedly, the binding constants of NAP with Fig- 3. Circular dichroism spectra of naproxen (NABNAP) 0.4 mM) in

-2000

water in the absence-() and in the presence of 0.4 mM MeRRCyd (---),

TMA-R3Cyd were lower not only than those with all the other SBE-BCyd (- -) or TMA-BCyd (—).

RCyd-derivatives previously examing2l-7], but even than

with the natural RCyd, in spite of the higher water solubility

of the chemically modified carrier. Evidently, serious steric ionicinteractions and drug—Cyd interactions within the cavity
hindrance effects, due to the presence of the substituentscould be in this case competitive with each other and did not
hampered the inclusion of the guest molecules, thus reducingcooperate in stabilizing the complex. In fact, when Cyd and
the potential attractive effects due to the Cyd positive charge. drug molecules carry opposite charges, the drug molecule
An analogous effect of steric blocking of the cavity was pre- has to suitably adapt itself within the cavity in order to al-
viously observed with some hydroxyalkyl-8Cyd derivatives, low for the establishment of ionic interactions, eventually
with a consequent (even though less intense) lowering of thepartly locating its hydrophobic portion outside the cavity;
binding constant of their complexes with NA$]. Moreover, therefore, as a consequence, the interaction forces between

Table 2
Thermodynamic parameters for the interaction of naproxen with native RCyd, Methyl-RCyd (Me3Cyd), sulfobutylether-3-Cyd (SBE-RCyd), trimethyl-
ammonium-propyl-8-Cd (TMA-RCd) in aqueous solutions

Cyclodextrin AG®p50¢ (kImol 1) AH° (kI molt) AS p50¢ (kImolt K1)
R-Cyd _185 _13.2 176
MeRCyd -21.9 -11.5 351
SBE-RCyd —-21.2 —-20.5 25

TMA-RCyd -17.9 —22.6 —155
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Fig. 4. Dissolution curves of naproxen (NAP) from its equimolar systems with TMA-BCyd (A) and SBE-RCyd (B) prepared by different m@)hua®. (
alone; @) physical mixture; () sealed-heateda( coground and4) colyophilized productsn= 4; coefficient of variation C.V. <4%).

drug and Cyd molecule within the cavity could be reduced served, which could be attributed to a different behavior of
[16]. the solvent (i.e. of the water molecules) during complexa-
The thermodynamic parameters, obtained from the tem- tion, as well as to a reduction in the rotational freedom of the
perature dependency of the apparent 1:1 stability constantgguest moleculg20] stronger than with the other examined
of the inclusion complexes within the 25-46 temperature ~ Cyds. These results suggested different host-guest interac-
range in aqueous unbuffered solutions are collectédlihe 2 tions and/or complexation mechanism and inclusion mode
together with the corresponding data previously obtained in of NAP with the cationic BCyd-derivative. The effectiveness
the same experimental conditions for NAP-RCyd and NAP- of such an hypothesis was then further investigated by fluo-
MeRCyd inclusion complexd8], for comparison purposes. rescence and circular dichroism studies.
The obtained values accounted for a specific spontaneous in- NAP fluorescence increased in the presence of both ex-
teraction of NAP with Cyds in aqueous medium, as demon- amined Cyds, providing further experimental evidence that
strated by the negativAG changes, accompanied by nega- NAP-Cyd interactions occurred through insertion of a portion
tive enthalpy variations, indicative of a strong involvement of the guest molecule into the host cavisid. 2). A direct
of dipole—dipole interactiongl7,18] A contribution of hy- relationship was previously found between the intensity of
drophobic bonding, involving the removal of ordered water NAP fluorescence change in the presence of a given Cyd and
molecules surrounding the apolar guest molecule inside thethe stability constant of the corresponding drug—Cyd complex
cavity can also be assumed by the positive entropy change[21]. On the contrary, in the present case, the enhancement
observed in the case of both native RCyd and its methyl- andof fluorescence of NAP in the presence of SBE-BCyd was
sulfobutylether-derivativefl9,20]. On the contrary, in the  lower than that observed with TMA-RCyd at the same con-
case of TMA-BCyd, a negative entropic variation was ob- centration level of SBE-RCyd, in spite of the highest stability
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constant of its complex with the drug. Therefore, this result the colyophilization technique exhibited the highest dissolu-
seems to account for a different inclusion mode of the NAP tion rate, followed in order by cogrinding, sealed-heating and
molecule within these two macrocycles. physical mixing. The improvement of the initial dissolution

In circular dichroism spectraF{g. 3), both negative and  rate obtained with physical mixtures can be attributed to both
positive maxima of NAP showed a variation in intensity and improved drug particle wettability, due to the surfactant-like
some shifts in the presence of RCyd derivatives. The MeRCydproperties of the carrier, and “in situ” formation of readily
and SBE-RCyd induced similar modifications of the original soluble complexes in the dissolution medij#2,23] On
NAP spectral pattern, indicating similar complexation mech- the other hand, the non significande ¥ 0.05) of the dif-
anisms and inclusion modes of the drug into their cavities; ference in dissolution efficiency between these systems and
on the contrary, the presence of TMA-RCyd led to a differ- the corresponding sealed-heated products seems to indicate
ent spectral pattern, characterized by a loss of resolution ofthe poor effectiveness of the sealed-heating method in pro-
the positive NAP peaks, which appeared as simple shouldersmoting drug—Cyd interaction and complexation. The better
of the main peak at 245 nm. This can be considered the ef-dissolution properties of coground produd®s(0.001) could
fect of different interactions and/or of a different fit between be due to the increased drug—carrier contact surface and the
host and guest molecules in the case of the positively chargeddecrease of drug crystallinity obtained with the sample me-

RCyd-derivative. chanical treatment, as well as to a phenomenon of at least
partial drug inclusion complexation in the solid state. Fi-
3.2. Dissolution studies nally the better performance of colyophilized compared to

coground productsR < 0.001) can be ascribed to a higher

The mean dissolution curves of NAP alone, and from solubility of NAP as a consequence of its in-depth interac-
the different equimolar binary systems with TMA-RCyd and tion and more effective complexation with Cyd in the solid
SBE-RCyd are presented Fig. 4 The results in terms of  state, obtained by colyophilization, as well as to the high ener-
dissolution efficiency at 60 min, percent of active ingredient getic amorphous state/reduction of drug crystallinity follow-
dissolved at 10 min, time to dissolve 50% drug and relative ing complexatior{22,23] In particular, colyophilized prod-
dissolution rate at 5 min are collectedliable 3 All the sys-
tems with Cyds exhibited faster dissolution rates than NAP
alone. Statistically significant differencés< 0.001) interms NAP NAP
of both dissolution efficiency and percent of dissolved drug Nl L_ﬁ e
were found between all the NAP-SBE-RCyd systems and the
corresponding ones with TMA-RCyd, reflecting the stronger
interaction of the drug with the SBE-derivative previously
found in phase-solubility studies and pointing out the im-
portance of the proper choice of the carrier. In addition, the
extent of the dissolution enhancing effect was found to be
dependent on the method adopted for the preparation of the
solid systems. The same trend was observed with both Cyds

)

TMA-Cd SBE-3Cd
Table 3
Dissolution efficiency at 60 min (D.E.), % drug dissolved at 10 min (D.P.),
time to dissolve 50% drug and relative dissolution rate (RDR) of naproxen é PM

(NAP) from physical mixtures (P.M.), sealed-heated (S.H.), coground (GR) = P

and colyophilized (COL) products with sulfobutylether-3Cyd (SBE-RCyd)
and trimethylammoniumpropyl-B8Cyd (TMA-RCyd) (mean of four determi-
nations; coefficient of variation, C.V. <4%)

aa
&

Sample D.E? D.P. tsgoe(min) RDR S-H S

NAP-TMA-RCyd P.M. 18.6 18.0 >60 84

NAP-TMA-RCyd S.H. 19.9 19.6 60 87 GR GR

NAP-TMA-BCyd GR 23.5 23.3 >60 103

NAP-TMA-3Cyd COL 43.9 42.1 ~60 207

NAP-SBE-RCyd P.M. 35.6 340 60 164 COoL COoL

NAP-SBE-RCyd S.H. 37.3 35.8 »60 17.2

NAP-SBE-RCyd GR 43.0 413 =60 199

NAP-SBE-3Cyd COL 76.0 75.2 <2 3H LI S e T T T

50 100 150 50 100 150

NAP alone: D.E. 3.8; D.P. = 1.3. Temperature, °C Temperature, °C
2 Percentage of the area of the rectangle described by 100% dissolution in

the same time. Fig. 5. DSC curves of pure naproxen (NAP), TMA-3Cyd and SBE-RCyd

b Ratio between amount of drug dissolved from a NAP-Cyd system and and equimolar drug—Cyd physical mixtures (P.M.), sealed-heated (S.H.),
that dissolved from NAP alone at 5 min. coground (GR) and colyophilized (COL) products.
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Fig. 6. X-ray diffractograms of pure naproxen (NAP), TMA-RCyd and SBE-RCyd alone and equimolar drug—Cyd physical mixtures (P.M.), sealed-heated
(S.H.), coground (GR) and colyophilized (COL) products.

ucts with SBE-RCyd were clearly the best, being immediately tures and sealed-heated products was revealed by few and
dispersed in water and giving more than 50% drug dissolved broad peaks of low intensity which emerged on the diffuse

before 2 min. background due to the amorphous carriers, indicating a clear
loss of crystallinity of the drug. A hollow pattern, was in-
3.3. Solid state studies stead observed in products prepared by both cogrinding and

colyophilization, indicating that both these techniques were

DSC curves of pure components and of the various effective for complete drug amorphization and/or complexa-
drug—carrier binary systems are showrFig. 5. The DSC tion.
curve of NAP was typical of a crystalline anhydrous sub-
stance, showing a sharp endothermic p&aksi= 155.9+
0.14°C, Tpeak = 156.8£ 0.17°C, AH = 142.54+ 1.3 g’l 4. Conclusions
(six runs)) due to the drug melting. On the other hand, the
DSC traces of both RCyd-derivatives were indicative of their ~ Phase-solubility studies, performed for comparison pur-
amorphous nature, only exhibiting a broad endothermic ef- poses in the same experimental conditions of previous stud-
fect, ranged between 50 and 173D, due to their dehydration  ies with neutral BCyd-derivativg2—7], highlighted very dif-
process. The characteristic thermal profile of the drug was ferent complexing and solubilizing abilities towards NAP
present in both physical mixtures and remained well recog- of SBE-RCyd and TMA-RCyd. However, differently from
nizable also in sealed-heated products, even though some sizerthat was hypothesized, anionic charges of SBE-RCyd did
reduction and broadening of endothermic peak of drug was not negatively influence the drug—Cyd interactions in aque-
observed, indicative of some drug—Cyd interaction resulting ous medium and the anionic Cyd was an optimal carrier for
in a loss of NAP crystallinity. On the contrary, all samples ob- the drug, giving a performance notably better than the parent
tained by co-grinding and colyophilization showed the com- RCyd and comparable to that of MeRCyd, previously found as
plete disappearance of the NAP thermal profile, indicating the the best partner for the driig]. On the contrary, the positive
formation of an amorphous solid dispersion, or the molecular charges of TMA-RCyd did not favour interactions with the
incapsulation of the drug inside the Cyd cavity, or both the counter-ionic drug and it was less effective also than native
phenomena. BCyd, in spite of its higher water solubility. On the basis of
X-ray powder diffraction patterng=(g. 6) confirmed the these preliminary results, it can be concluded that the Cyd-
results of DSC analysis. An analogous behavior was observedderivative charge did not have an important role in favouring
in the different systems with both RCyd-derivatives, which orhampering drug—carrier interactions in aqueous unbuffered
showed a similar amorphizing power towards the drug. The solution. However, further studies at different pH values will
presence of free crystalline NAP in both the physical mix- be necessary to evaluate in depth the role of the Cyd charge
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