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Abstract

We have been using a heat conduction microcalorimeter to measure enthalpies of dissolution of slightly soluble solids. Recently we did repor
the testing of the prototype and we are now extending the previous investigation to measurements with organic solvents.

In the present work we use DMSO due to its importance in the pharmaceutical industry. The importance of the applications of enthalpies o
solution in organic solvents calls for the need to find a substance that can be used in the future for chemical calibration in these solvents. Attemp
for proposing such a substance have also been a goal for our research group.

The enthalpies of solution of paracetamol and sodium diclofenac were measured in DMSO and in phosphate buffer (pH 6.91) at 298.15 K. Wk
show that it is possible to obtain very good results with DMSO as solvent for these two drugs on our dissolution microcalorimeter. Nevertheless
due to their slow and low enthalpy of dissolution in this solvent, they cannot be seen as good candidates for test substances.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction In the present work we use DMS[2] due to its impor-
tance in biological researdi3—15]and in the pharmaceutical
There is rising concern about the quality and safety of indusindustry—it is a good solvent for many pharmaceutical prod-
trial products. Pharmaceutical drugs are one of the most delicatects and it can penetrate cellular membranes without significant
areas, due to human health concerns and the need for knowledge permanent damadé6,17], making it an excellent carrier
of many physical properties of these products, like the degremedium for different hydrophobic drugs. Further, from the view-
of crystallinity [1,2] or the existence of polymorphisf8—7],  point of calorimetric testing, we show that it is possible to
which can be related to biological properties of drig]s obtain very good results with this solvent. The importance of
Dissolution calorimetry is a powerful tool for gathering ther- the applications of enthalpies of solution in organic solvents
modynamic information that can be related to these propertiesalls for the need to find a substance that can be used in the
[9,10]. It also allows the study of substances that are either verfuture for chemical calibration in these solvents, as K]
expensive or difficult to obtain in large amounts in high-purity has been used when water is the solvent. Attempts for propos-
form, due to its low detection limit. ing such a substance have also been a goal for our research
Many drugs are not soluble in aqueous solvents and therefoigroup.
the use of organic solvents is required. The performance of the Paracetamol (PC), an analgesic and antipyretic, and sodium
present dissolution microcalorimeter has already been tested diclofenac (DCF), an anti-inflammatory and analgesic drug,
our research group for formamide as a solvent, showing that theere chosen for various reasons: (i) their pharmaceutical impor-
instrument was also very suitable for organic solvents after somnce as representatives of two important groups, (ii) they can be
minor technical adjustmenf§1]. easily obtained in a high degree of purity and (iii) another study
of their dissolution properties in phosphate buffer was available
in the literaturg19]. The enthalpies of solution of the two drugs
* Corresponding author. Tel.: +351 22 6082811 fax: +351 22 6og2es9,  WETE therefore measured in DMSO and in phosphate buffer (pH

E-mail address: mbastos@fc.up.pt (M. Bastos). 6-91) at298.15K.
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a twin heat conduction microcalorimeter (Thermometric AB, -5000 w
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trolled temperature (+% 10~ °C). The vessel is taken out from
the calorimeter for inspection after each series of experiments
and is cleaned and charged outside the calorimeter. Dissolutidrig. 1. “Empty cup” experiments in DMSO (bold) and water (light) at amplifier
experiments are conducted with sample masses on the mg le\&fting 3G:V.

(0.05-3mg) and a solvent volume of 17.00 mL. The vessel has

four injector guide tubes, three of which possess injectors, thug 3. Experimental procedure

allowing the successive injection of three samples without open-

ing the vessel. The guide tube without injector serves usually as In all experiments in water and in buffer the main tube (see
a means of release of pressure upon sample “injection”. In ourig. 1, Ref.[20]) containing the stirring shaft was filled with
case, we also use it as outlet for the wires of an insertion heatefater to minimize the gaseous phase and get therefore a shorter
when performing electrical calibration with an insertion resistor.equilibration time and a better stability. In the DMSO experi-
The stirring speed was 70 rpm. The vessel was characterized witRents the inner tube was kept empty because water could not be
DMSO as a solvent as regarding stability, noise level and “emptysed due to occurrence of liquid—vapour equilibria between the
cups” thermal effect according to the method described beforvo solvents and the organic solvent could not be used because
[20]. The instrument was calibrated chemically by dissolutionof its very low surface tension.

of potassium chloride (KCI) in watd21—23], and electrically In all experiments the inner tube, all injector guide tubes and
by means of an insertion heater made at Lund Univefgdy.  the cartridges were cleaned with water and ethanol and then
Data acquisition was performed through the SIGMA programdried with a flow of dry-nitrogen, to prevent problems due to

(Sven Hagg, Lund University, Sweden). humidity or some contamination from previous solvia].
Electric calibrations were performed in water and DMSO

using an insertion heater connected to an electric battery and
2.2. Materials to an interface, which is computer controlled by the software
SIGMA program (Sven Hgg, Lund University, Sweden). Elec-

The water used in dissolution measurements was producedc pulses of (5.00& 0.003)x 103 A were passed through the
by a Milli-Q filtration system, presenting a conductivity of insertion heater for 10, 12 and 20 s for the 10, 30 andp0
18.1uScnrl, amplifier settings, respectively. The insertion heater resistance

KCI (Merk p.a., >99.5%) was dried under vacuum dur- of the two used heaters used in water and in DMSO were
ing 4h at 70C [25]. The mass fraction of water was (50.915+ 0.003) and (66.97% 0.003)<2, respectively.
determined thereafter to be 0.027% (w/w) by Karl Fis- Blank experiments were performed to measure the thermal
cher coulometry (KF737, Metrohm). Sodium diclofenac, effect associated with the injection of an “empty cup”. These
sodium 2-[(2,6-diclorofenil)amino]benzenoacetatate (Sigmaexperiments consisted in the injection of the sample cup holder
Aldrich Quimica S.A., purity 98%), paracetamd;methyl-p- into the solvent, without any substar{@®]. Viton o-rings were
aminofenol (Sigma-Aldrich Quica S.A., purity 98%) were used for the water experiments and Kalrez o-rings for DMSO.
used as received. All solid samples used in dissolution experin the dissolution experiments the solid was pressed into tablets
ments were ground to homogenize the sample and then storeding a modest pressure. The detailed procedure used was
in a flask over silica gel inside a desiccator. described elsewhef@0]. Chemical calibration was performed

Potassium dihydrogen phosphate (Merk pz09.5%) and  through dissolution of KC[20]. The calibration constant was
dipotassium hydrogen phosphate (M&B, purity 99%) were usedalculated using enthalpies of dissolution reportef21ij.
to prepare the buffer solution. A volume of 195.0mL of a
0.2000 mol dm® solution of KHPOy was added to 305.0mL 3. Results and discussion
of a 0.2006 mol dm? solution of KkHPO, in a 1000.0 mL vol-

umetric flask, and the total volume was made up with Milli-Q ~ uncertainty values for all the results of the calorimetric mea-
water. The pH of the buffer solution was measured with a pHsyrements are reported as twice the standard deviation of the
meter, (Meter Lab. pH M 220) to be pH 6.91. mean.

Dimethyl sulfoxide (Merck p.a.>99.5% by GC) was used  The results for the electrical calibration are presented in
as received. Its water content was determined by Karl Fischeraple 1for water and DMSO. Since the calorimeter is of the
coulometry to be 0.014% (w/w). To avoid water uptake it washeat conduction type, the solvent shouldn't affect the values
always handled under dry-nitrogen. Periodical checks did nogf the calibration constant. Accordingly, the values obtained
show any increase in water content. for the two solvents at different amplifier settings agree within

t/s
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Table 1 Endothermic contribution
Calibration constants obtained in water and DMSO 2000+ of DCF dissolution
Calibration Amplifier setting(V) 3% 108 (3 (Vs) Y nd 10004 9
0 3
Water ; -1000/ g
Electric 10 2.124+ 0.03 15 %‘ -2000 "\ g
30 2.164+ 0.03 15 = -30004 Exothermic E
Chemical 30 2.255 0.09 10 40001 contribution of the e
100 2.26+ 0.16 5 5000 Plank effect .
-6000 : :
300 2.26+ 0.06 6 -500 500 1500 2500 3500 4500 5500
DMSO tls
Electric 10 2.14+ 0.02 16
30 2.114+ 0.02 19 Fig. 2. Dissolution of a sample of 2.2136 mg of DCF in DMSO.
100 2.13+ 0.01 14
a All values are corrected to the amplifier setting ofu3@ 6000
b o
Number of determinations. 5000 DCE dissolution
4000 @
the uncertainty limits. The calibration constant obtained from = 3000 g
. . . . . . . = blank effect 5
chemical calibration with KCI in water agrees with the electric 3 2000 2
. . . . . . . S c
calibration. Indeed the uncertainty is larger in chemical calibra- = 1000 o
tion as a result of a larger intrinsic variability. Therefore the 0 8
calibration constant used thereafter was the overall mean of all  _1ggo/ w
calibration constants (2.10.02)x 1078 J (uwV's)L. 2000 r ‘ , , , ‘
In the aqueous experiments the stabilization time was much -500 500 1500 2500 3500 4500 5500
shorter than in the DMSO experiments. This is due to the fact tis

th.at the inn.er tube, Whi(fh Comains the stirring Shaﬂ, was filledig. 3. Dissolution of a sample of 0.6141 mg of DCF in phosphate buffer (pH
with water in the experiments in aqueous media while it was.91,7=298.15K).
empty in the DMSO experiments.

Blank tests were carried outin both solvents, and the effectise much increased due to solubility problems and dissolution
exothermic in both cases (Fig. 1). The larger amount of hea§me. The observed dissolution enthalpies did not depend on
released in the DMSO experiments is a consequence of thgute concentration—therefore, the results are taken as the infi-

higher friction that the Kalrez o-rings originate. Results are sumnjte dilution enthalpiesAsqHSC. The results are presented in
marizedinTable 2. The larger error for the first cartridge is due toTgple 3.

a slightly different base that was used from another calorimetric From the dissolution enthalpies ifable 3, the enthalpies

cell, where the bottom paj20] was a little smaller, making the of transfer of the drugs, at infinite dilutionAyransiH L,

drop less reproducible. Nevertheless, the obtained results wefgym phosphate buffer (pH 6.91) to DMSO, %t 298.15K

within the experimental uncertainty and were therefore used. were calculated. The values obtained were (—43196) and
The dissolution process for both drugs in phosphate buffe{_19.0+ 0.6) kd mot! for DCF and PC, respectively. The cal-

was fast and endothermic. The experiments in DMSO wergy|ated transfer enthalpies show that the dissolution is enthalpi-

more difficult to perform due to the slower dissolution reac-ca|ly favoured in DMSO, probably due to the smaller cohesion

tions. Even so, the calorimeter provides good results for th@nergy of this solvent as compared to water, and therefore the
enthalpies of dissolution of very small amounts of these drugs

(~1mg) with DMSO as solvent. Due to a much smaller dis-
. . . . Table 3

solution enthalpy in DMSO, in many experiments the balance,;c. tion enthalpiesy o H®

between the “empty cup effect” (exothermic) and the dissolupH 6.91), atr=298.15k "

tion process (endothermic) gave rise to a very small overall areg Bro Aot (I mol D) Diference

(Figs. 2 and 3). This forced the need for more experiments in 9 soltim (%) "

order to get a reliable value, as the amount of drug could not
D

of the two drugs in DMSO and phosphate buffer

b

MSO DCF 2.7+0.2 20°
PC 1.89+ 0.07 9
Table 2
Thermal effect of “empty cup” injection Phosphate buffer ~ DCF 464 1.2 (50.24£0.04) 7.8 5
PC 21.0+ 0.3 (24.76:£0.04) 17.7 6
Cup Water DMSO -
8The values were calculated according toAgfHyY (Ref.
0 (MmJ) n? 0 (mJ) n? [19]) — AsolH3Y] x 100/ Asol HY .
b Number of determinations.
gﬂz ; :igii éé 1; :gggi ég g ¢ The higher nqmber of determinations in this case was due to the evaluation
Cup3 164+ 04 7 205+ 0.9 8 of the concentration dependencefofoHm.

2 Number of determinations.

d Dissolution enthalpies obtained from Ré19] (phosphate buffer, pH 7,
T=310.15K).
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energy involved in creating a cavity to accommodate the solute3] S.R. Vippagunta, H.G. Brittain, D.J.W. Grant, Adv. Drug Deliv. Rev. 48
is smaller. (2001) 3. .

Comparison of the obtained values with pUbllShed qmgjs [4] L. Yu, S.M. Reutzel, G.A. Stephenson, Pharm. Sci. Technol. Today 1
in the same buffer but at a different temperature (310.15K) are i (1998) 118.

o o n[5] D.A. Middleton, C.S. Le Duff, X. Peng, D.G. Reid, D. Saunders, J. Am.

Tgble 3._Fror’r[19]avar|at|on|n pHfrom6to 7 onlyincreasesthe Chem. Soc. 122 (2000) 1161.
dissolution enthalpy of PC and DCF of 0.10 and 0.23kJThol  [6] D. Giron, P. Remy, S. Thomas, E. Vilette, J. Therm. Anal. 48 (1997)
respectively. Therefore, the small difference in pH (our value  465.
was pH 6.91) can be neglected. Although the experiments irf/} G- Buckton, Int. J. Pharm. 117 (1995) 253.
Ref [19] were not carried at the same temperature (=[S|2 K) [8] P.G. Royal, S. Gaisford, Curr. Pharm. Biotechnol. 6 (2005) 215.
o p v 9] D.Q.M. Craig, J.M. Newton, Int. J. Pharm. 74 (1991) 43.
it can be seen that the values are of the same order of magnitugg] p.j.w. Grant, P. York, Int. J. Pharm. 28 (1986) 103.
and present the expected trend. It is well known that hydrophdi1] S. Milheiras, G. Bai, M. Bastos, Thermochim. Acta 405 (2004) 111.
bic compounds have a high and positigx@:p value for their [12] N. Kharasch, B.S. Thyagarajan, Ann. N. Y. Acad. Sci. 411 (1983)
dissolution in water, which has been ascribed to the hydrophoiS] ?951 Lovelock, MW, Bishop, Nature 183 (1959) 1394
bic hydrat|0_n[26_—31]. In the case of DCF and PC, we can make{w M.J. Ashwood-Smith, Int. J. Radiat. Biol. 3 (1975) 41.
arough estimation oA Cp from the values reported ifable 3, [15] m.J. Ashwood-Smith, Ann. N. Y. Acad. Sci. 243 (1975) 246.
leading to 303 and 318 JK¥ mol~1, respectively. These esti- [16] S.W. Jacob, M. Bischel, R.J. Herschler, Curr. Ther. Res. 6 (1975) 193.
mates seem reasonable, if we consider the compounds’ structuf&’] A-M. Kligman, JAMA (1965) 796.

In summary, these results show that the enthalpy of dissolU}8] - Wad®, Thermochim. Acta 347 (2000) 73.
. . [19] R. Chadha, N. Kashid, D.V.S. Jain, J. Pharm. Biomed. Anal. 30 (2003)
tion of small amounts of these two drugs in DMSO could be 515
determined with good precision in this calorimeter. Neverthezo] m. Bastos, G. Bai, E. Quarngm, I. Wad®, Thermochim. Acta 405
less the slow and energetically small dissolution processes do (2003) 21.
not allow us to consider them as good calibration substancd&l] D.D. Wagman, W.H. Evans, V.B. Parker, |. Halow, S.M. Bailey, R.H.

when using DMSO as a solvent Schumm, J. Chem. Ref. Data 11 (1982) 330.
) [22] I. Wad®, R.N. Goldberg, Pure Appl. Chem. 73 (2001) 1625.
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