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Abstract
Differential scanning calorimetry (DSC), isothermal stress testing–Fourier transform infrared spectroscopy (IST–FTIR),

isothermal stress testing–high-performance liquid chromatography, and powder X-ray diffraction (PDRX) were used as

screening techniques for assessing the compatibility of tobramycin with some currently employed ophthalmic excipients.

In the first phase of the study, DSC was used as a tool to detect any interaction. The absolute value of the difference

between the enthalpy of the pure tobramycin melting peak and that of its melting peak in the different analyzed mixtures

was chosen as a parameter of the drug–excipient interaction degree. DSC results demonstrated that benzalkonium chloride,

monobasic sodium phosphate, boric acid, edetate disodium, sodium metabisulfite, thimerosal, and potassium sorbate

interact with tobramycin. Taking into account these results, it could be suggested that some of the changes observed in the

IST–FTIR spectra of binary blends of tobramycin and some of the excipients would account for a possible interaction

between the mixture component. In this study, PDRX did not provide much information, since only tobramycin–thimerosal

interactions could be detected. DSC and IST–FTIR are suitable and simple methods for the detection of potential

incompatibilities between active pharmaceutical ingredient (API) and excipients.

Keywords Compatibility studies � Tobramycin � DSC � IST–FTIR � PDRX � IST–HPLC

Introduction

Studies of active pharmaceutical ingredient (API)–excipi-

ent compatibility represent an important study in the pre-

formulation stage of the development of new dosage forms.

The potential physical and chemical interactions between

an API and the excipients can affect the chemical nature,

the stability, and bioavailability of the former and, conse-

quently, its therapeutic efficacy and safety [1]. Solid

dosage forms are generally less stable than their API

components. Despite the importance of API–excipient

compatibility testing, there is no universally accepted

protocol to assess such interactions [2, 3].

Changes in color, taste, odor, polymorphic form, or

crystallization of an API are some of the alterations caused

by its interaction with the excipient (pharmaceutical

incompatibility) [4].

On the other hand, a chemical interaction involves a

chemical reaction between the excipient and the API,

which leads to an increase in the chemical degradation rate

of the API [4]. Formulation scientists have employed dif-

ferent thermoanalytical techniques to predict the suitability

of the excipients to be employed in dosage forms to min-

imize the untoward reactions (stability issues) caused by

API–excipient incompatibility [4].

Differential scanning calorimetry (DSC) has been sug-

gested as a simple and rapid method for evaluating

physicochemical interactions between the API and excipi-

ents in order to select the most compatible combinations

[5–16]. However, Liltorp et al. [17] have suggested that the

data obtained by thermal techniques are difficult to inter-

pret and that they may be misleading. Moreover, the
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interactions observed at high temperatures during DSC

assays may not represent those occurring under normal

storage conditions. These authors recommend isothermal

stress testing (IST) and Fourier transform infrared spec-

troscopy (FTIR) as simple techniques for the detection of

interactions between the API and the excipients. A reduc-

tion in the peak intensity, the disappearance of an

absorption peak, or the appearance of new peaks give a

clear proof for interactions between the excipient and the

API under study [17–20].

Other methods that are commonly employed for

evaluating the API–excipient compatibility are the

isothermal stress testing–high performance liquid chro-

matography (IST–HPLC), and powder X-ray diffraction

(PDRX). The IST–HPLC involves storing the API–ex-

cipient blends at high temperature and determining the

API content by HPLC [19, 21–24]. The PDRX can be

used to evaluate compatibility of API with excipients

[15, 22, 25–28].

Tobramycin, D-streptamine, O-3-amino-3-deoxy-a-D-

glucopyranosyl-(1 ? 6)-O-[2,6-diamino-2,3,6-trideoxy-a-

D-ribo-hexopyranosyl-(1 ? 4)]-2-deoxy is a water-soluble

aminoglycoside antibiotic produced by the fungus Strep-

tomyces tenebrarius. This antibiotic is used in a variety of

pharmaceutical applications including ophthalmic solu-

tions; suspensions and ointments; inhalation solutions; and

solutions for intravenous administration [29, 30]. It is

active against a broad spectrum of Gram-negative bacte-

ria. Eye drops formulations are commercially available in

the Argentinian pharmaceutical market. These formula-

tions require different conservation conditions (ambient

temperature or refrigerator). Previously, we formulated

six eye drops solutions and studied their stability at 2–8,

25, and 40 �C, 75% relative humidity (RH). The USP

method was followed to quantitate the API. Only three

formulations were found to be stable for 2 years at

ambient temperature. The expected expiry date for the

formulations is within this time span. Only one formula-

tion was stable for 2 years under the same conditions. In

refrigerator, five formulations were found to be stable for

more than 4 years. One system was unstable under the

three conservation conditions studied [31]. In order to

investigate the mechanisms governing the stability of the

proposed formulations, a compatibility study with the

excipients was also performed. Differential scanning

calorimetry (DSC), isothermal stress testing–Fourier

transform infrared spectroscopy (IST–FTIR), isothermal

stress testing–high performance liquid chromatography

(IST–HPLC), and powder X-ray diffraction (PDRX) were

used as screening techniques for assessing the compati-

bility of tobramycin with the ophthalmic excipients

employed.

Experimental

Materials

The following chemicals were employed: tobramycin

(955.9 lg g-1 calculated with reference to the dried sub-

stance, Cross Chem, China), benzalkonium chloride

(Merck, Germany), sodium chloride (Merck, USA), dibasic

sodium phosphate anhydrous (Anedra, Argentina),

monobasic sodium phosphate dihydrate (Anedra, Argen-

tina), boric acid (J.T Baker, Mexico), anhydrous sodium

sulfate (Anedra, Argentina), tyloxapol (Sigma-Aldrich,

India), edetate disodium (Merck, Germany), sodium

hydroxide (Anedra, Argentina), sodium metabisulfite (J.T.

Baker, Mexico), thimerosal (Ningbo Hi-Tech, China),

sodium hyaluronate (CPN SPOL SRO, Czech Republic),

granular potassium sorbate (Merck, Germany), sulfuric

acid (Merck, Germany), TRIS buffer (Tris (hydrox-

ymethyl) aminomethane, BioPack, Argentina), 2,4-dini-

trofluorobenzene (Sigma-Aldrich, USA), p-

naphtholbenzein (Sigma-Aldrich, USA), and distilled

water. All chemicals used were pharmaceutical grade,

except for sulfuric acid, TRIS buffer, 2,4-dinitrofluo-

robenzene, and p-naphtholbenzein, which were analytical

grade, and acetonitrile and water, which were HPLC grade.

Solvents were filtered through a 0.45-lm membrane and

degassed before used.

Differential scanning calorimetry

A differential scanning calorimeter (DSC 822, Mettler

Toledo, Switzerland) was used for thermal analysis of

tobramycin and excipients. A general 1:1 excipient–API

ratio was used in the present study [31]. API and excipient

samples, as well as physical mixtures, were weighed

directly in the pierced DSC aluminum pan and scanned in a

temperature range of 40–270 �C under a dry nitrogen

atmosphere. A heating rate of 10 �C min21 was used. The

DSC cell was calibrated with indium (m.p. 156.6 �C;

DHmelt 28.5 J g-1) and zinc (m.p. 419.6 �C) as standards.

Curves were then analyzed for the presence of interactions.

Fourier transform infrared spectroscopy (FTIR)

Infrared spectra (4000–400 cm-1) were recorded on a

Nicolet iS10 FTIR spectrometer (Thermo Scientific, USA).

Solid samples were placed over a diamond attenuated total

reflectance (ATR) accessory (Smart iTR, USA), without

any grinding or KBr. Spectra were collected with 32 scans

at 4 cm-1 resolution.

Tobramycin and physical mixtures with excipients were

subsequently placed in a sealed glass container and kept at
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ambient temperature, at 40 �C and 75% RH and at 40 �C
and 75% RH with the addition of 100 lL of distilled water,

both during 4 days. Before recording the infrared spectra,

samples were vacuum-dried at 40 �C.

Isothermal stress testing

For IST studies, tobramycin and different excipients were

weighed directly in 5-mL glass vials (n = 2) and mixed on

a vortex mixer for 2 min. The API–excipient blend was

further mixed with a glass capillary (both the ends of which

were heat sealed). To prevent any loss of material, capillary

was broken and left inside the vial. Each vial was sealed

using a Teflon-lined screw cap and stored at 40 �C in a hot-

air oven (Ionomex, Argentina). Samples were periodically

examined for any color change. After 1 month of storage

under the conditions specified above, samples were quan-

titatively analyzed by HPLC [32]. API–excipient blends

without added water and stored in refrigerator served as

controls. For sample preparation, the mixture was dissolved

in 20 mL of water and then taken to volume with water in a

25-mL flask. One milliliter was then withdrawn and diluted

with water to volume in a 25-mL volumetric flask and

mixed. Solutions were filtered through a 0.45-lm nylon

membrane before injection (25-mm disposable filter; Cat.

N� R04SP02500 Osmonics Inc., Minnesota, USA).

For the preparation of the standard, an accurately

weighed quantity of 33 mg of tobramycin was transferred

to a 50-mL volumetric flask, and 1 mL of 1 N sulfuric acid

was added and dissolved in 20 mL of water. The mixture

was then taken to volume with water. Ten milliliters was

then transferred to a 50-mL volumetric flask, diluted with

water to volume, and mixed. Solutions were filtered

through a 0.45-lm nylon membrane before injection (25-

mm disposable filter; Cat. N� R04SP02500 Osmonics Inc.,

Minnesota, USA).

Derivatization

A 10 mg mL-1 solution of 2,4-dinitrofluorobenzene in

ethyl alcohol was prepared and maintained during 5 days

in refrigerator.

A 15 mg mL-1 stock solution of TRIS was prepared in

water. Forty milliliters was then transferred to a 200-mL

volumetric flask and diluted to volume with dimethyl sul-

foxide. This reagent was used within 4 h.

To separate 50-mL volumetric flask, 4.0 mL of standard

preparation, 4.0 mL of sample preparation, and 4.0 mL of

water were transferred, and 10 mL of 2,4-dinitrofluo-

robenzene solution plus 10 mL of TRIS solution was

added. The volumetric flasks were kept in a water bath at

60 ± 2 �C during 50 ± 5 min. The flask was then

removed from the bath and allowed to stand for 10 min.

Acetonitrile was then added to about 2 mL below the

50-mL mark, and the mixture was then allowed to cool to

room temperature, then diluted with acetonitrile to volume,

and mixed.

The resolution solution was prepared by transferring

2 mL of a fresh solution of p-naphtholbenzein in acetoni-

trile (0.24 mg mL-1) to a 10-mL volumetric flask and

diluted with the derivatized standard preparation to volume

and used immediately.

A blank injection of the mobile phase was followed by

another injection of the derivatization solution diluted as

the standard and the resolution solutions. The relative

retention times were about 0.6 for p-naphtholbenzein and

1.0 for tobramycin, and the resolution (R) value between

the two peaks was C 4.0. The derivatized standard prepa-

ration was chromatographed, and the responses were

recorded until the relative standard deviation for replicates

was \ 2.0%. Equal volumes of the derivatized standard

and the derivatized assay preparations were then injected

separately. Major peak areas were measured for com-

pounds quantification.

Instrumentation

For the analysis of API–excipient mixtures, an HPLC

system equipped with a dual-piston reciprocating Thermo

Finnigan pump (Waltham, Massachusetts, USA, Model

P2000), a Rheodyne injector (Model 7125), and a UV–Vis

KONIK detector (Barcelona, Spain, Model KNK-027-757)

operating with the WinPCCChrom XY software (Buenos

Aires, Argentina) was used.

A C18 reversed-phase column (Phenomenex, Torrance,

CA, USA) 300 9 4.6 mm, 10 lm, was employed. The

separation was carried out under isocratic elution condi-

tions with acetonitrile–TRIS buffer. For the preparation of

the mobile phase, 2 g of TRIS was dissolved in 800 mL of

water. To this solution, 20 mL of sulfuric acid was added

and diluted to 2000 mL with acetonitrile. The flow rate was

1.1 mL min-1. Elution was monitored at 365 nm, and the

injection volume was 20 lL. The HPLC device was

operated at ambient temperature. Under these conditions,

the retention time (Rt) for tobramycin was roughly 6 min.

Before injecting the solutions, the column was stabilized

for at least 30 min with the mobile phase flowing through

the system. The compounds quantification was accom-

plished using the external standard method. Each solution

was prepared in duplicate and injected in triplicate. The

relative standard deviation (RSD) was\ 2.0%.

Powder X-ray diffraction (PXRD)

PXRD data were collected at room temperature (RT) using

a D8 Advance X-ray diffractometer (Bruker AXS,
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Germany). The target was a copper tube (Cu Ka radiation

h = 1.5418 Å) and a post-diffraction graphite monochro-

mator. The X-ray generator was set at a voltage of 40 kV

and current of 40 mA. Samples were subjected to PXRD

analysis in step mode with a step size of 0.05� 2h and a step

time of 3 s over an angular range of 2�–50� 2h. The sample

holder was rotated in a plane parallel to its surface at the

speed of 30 rpm during the measurements. The diffrac-

tograms obtained were analyzed with the DIFFRACplus

EVA diffraction software (Bruker AXS, Germany).

Results and discussion

API–excipient compatibility testing

DSC has been proposed as a simple method for evaluating

physicochemical interactions between components of a

formulation through the comparison of thermal curves of

tobramycin with those obtained with a 1:1 physical mixture

with excipients.

Interactions between tobramycin and excipients are

deduced from DSC curves by analyzing the appearance,

shift, or disappearance of the DSC peaks, especially the

API melting peak, and/or variations in the expected

enthalpy (DH) values. It was assumed that interactions

occurred when either a decrease or an increase in DH was

observed in the case of overlapping. Modifications in the

peak shape, peak onset, or maximum temperature peak

may also indicate the existence of an interaction. However,

it must occur in mind that a broadening of the peaks occurs

as a result of a low purity of each component in the mixture

and may not necessarily indicate potential incompatibility

[33]. Variations in the enthalpy values for binary mixtures

can be attributed to heterogeneity in the small samples used

for the experiments (3–4 mg) [21].

Thermal events obtained by DSC of tobramycin and

excipient in simple and binary systems are presented in

Tables 1 and 2.

The DSC curve of tobramycin showed three endother-

mic peaks at 115.64, 176.70, and * 230 �C, and one

exothermic peak at 206.94 �C. The thermal events in Fig. 1

are labeled 1–4 and correspond to: first endothermic

peak (1), which can be attributed to dehydration of tobra-

mycin monohydrate base to a metastable anhydrous poly-

morph; second endothermic peak (2), which can be

attributed to the melting of the metastable form of tobra-

mycin; and an exothermic peak (3), which corresponds to

the crystallization of the stable anhydrous form before

melting [34]. The DSC curve of tobramycin showed a

sharp endotherm peak (4) at 235.69 �C due to the API

melting, which presented an associated enthalpy of

- 63.90 J g-1. In the 1:1 physical mixtures, in the absence

of any interaction between tobramycin and excipient, the

Tpeak values of the melting curve and the Tonset values are

very similar to those corresponding to the API alone. In this

case, the thermal profiles of tobramycin and the mixture

with adequate excipients are superimposed.

In DSC curves of sodium chloride and sodium sulfate,

no peak was observed in the temperature range of

40–270 �C. When tobramycin was mixed either with

sodium chloride or sodium sulfate, the peaks corresponding

to tobramycin were the same as those corresponding to the

API alone. The DSC curves of tobramycin and sodium

chloride are shown in Fig. 2.

The DSC curve corresponding to dibasic sodium phos-

phate showed an endothermic peak at 90.56 �C (corre-

sponding to the loss of water). In the DSC curve of

tobramycin and dibasic sodium phosphate, all peaks were

observed.

In the case of tyloxapol, no peak was observed in the

temperature range of 40–270 �C, while in the curve cor-

responding to the mixture, all the tobramycin peaks were

observed, with the melting endotherm at 234.77 �C.

Sodium hyaluronate presented an exothermic peak at

239.90 �C due to thermal decomposition [35], while the

tobramycin–sodium hyaluronate mixture presented an

endothermic peak at a lower temperature (230.57 �C) and

an exothermic peak at 238.55 �C. The enthalpy value

obtained was the average of both substances (Fig. 3).

The DSC curve corresponding to benzalkonium chloride

presented an endothermic peak at 47.78 �C, which

Table 1 Peak temperature and enthalpy values of tobramycin and

excipients

Samples Tonset/�C Tpeak/�C DH/J g-1

Tobramycin 233.22 235.69 - 63.90

Benzalkonium chloride 44.04 47.78 - 158.31

Sodium hyaluronate 233.26 239.90 57.68

Boric acid 130.71

165.32

151.77

171.74

- 638.00

- 201.70

Sodium chloride – – –

Potassium sorbate 155.81 160.59 - 73.05

Dibasic sodium phosphate 74.61 90.56 - 123.56

Monobasic sodium phosphate 62.48

118.72

205.11

77.46

123.95

212.09

- 72.50

- 115.91

- 220.61

Sodium sulfate – – –

Edetate disodium 249.27 252.68 - 86.06

Sodium metabisulfite 193.11 212.98 - 131.96

Tyloxapol – – –

Thimerosal 218.41 232.16 - 87.64
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corresponded to the melting point. The tobramycin–ben-

zalkonium chloride mixture presented only one peak at

42.06 �C corresponding to benzalkonium chloride and no

tobramycin peak was observed.

Two endothermic peaks at 151.77 and 171.74 �C were

observed for boric acid, the second corresponding to the

melting point. The mixture of tobramycin and boric acid

presented a shift in the boric acid peaks toward a lower

temperature (147.06 and 168.63 �C). The melting endo-

therm for tobramycin was retained in the curves obtained

for the tobramycin-boric acid (233.57 �C) mixture, with a

significant reduction in the enthalpy value.

Table 2 Temperature and

enthalpy values of binary

mixtures tobramycin/excipients

Samples Tonset/�C Tpeak/�C DH/J g-1

Tobramycin 233.22 235.69 - 63.90

Tobramycin ? benzalkonium chloride 37.93 42.06 - 52.90

Tobramycin ? sodium hyaluronate 223.45 230.57 - 13.10

Tobramycin ? boric acid 123.34

159.31

224.06

147.06

168.63

233.57

- 345.87

- 82.81

- 0.91

Tobramycin ? sodium chloride 232.61 235.38 - 43.15

Tobramycin ? potassium sorbate 155.20

218.89

160.16

226.25

- 17.13

- 3.11

Tobramycin ? dibasic sodium phosphate 72.95

229.61

83.67

236.14

- 31.89

- 39.11

Tobramycin ? monobasic sodium phosphate 79.01

87.31

183.72

193.13

224.89

83.03

97.77

187.95

198.08

231.88

- 23.34

- 31.51

- 5.61

- 8.86

- 21.58

Tobramycin ? sodium sulfate 234.73 237.11 - 43.23

Tobramycin ? edetate disodium 225.49

241.97

251.19

233.27

245.76

253.07

- 15.79

- 27.35

- 8.27

Tobramycin ? sodium metabisulfite 199.74

227.04

209.68

230.49

- 38.98

- 0.98

Tobramycin ? tyloxapol 231.97 234.77 - 34.09

Tobramycin ? thimerosal 207.64 215.52 - 8.39
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Fig. 1 DSC curve of

tobramycin
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Potassium sorbate displayed an endothermic peak at

160.59 �C (corresponding to the melting point) [36]. In the

mixture, the potassium sorbate peak was observed, while

the tobramycin melting peak shifted toward a lower tem-

perature (226.25 �C), with a significant reduction in the

enthalpy value.

Monobasic sodium phosphate presented three

endothermic peaks: 77.46, 123.95, and 212.09 �C, which

corresponded to compound dehydration [37]. In the mix-

ture, monobasic sodium phosphate displayed the dehydra-

tion peaks, and the tobramycin melting peak was observed

together with a significant reduction in the enthalpy value.

The curve corresponding to edetate disodium presented

an endothermic peak at 252.68 �C, which corresponded to

the melting point with thermal decomposition. In the

mixture, the peak of edetate disodium is split, and the

melting peak of tobramycin shifted toward a lower tem-

perature (233.27 �C), with a significant reduction in the

enthalpy value.

Sodium metabisulfite presented an endothermic peak at

212.98 �C, which corresponded to thermal decomposition.

In the curves corresponding to the mixture of tobramycin

and sodium metabisulfite, the peaks of sodium metabisul-

fite shifted toward a lower temperature (209.68 �C). The

melting endotherm of tobramycin shifted toward

230.49 �C, with a significant reduction in the enthalpy

value.

Thimerosal presented an endothermic peak at

232.16 �C, which corresponded to the melting point. The

DSC curve of tobramycin–thimerosal mixture presented a
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160 180 200 220 240 260 °C

Vh = 10 °C min–1
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Fig. 2 DSC curve of tobramycin with sodium chloride
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Fig. 3 DSC curve of

tobramycin with sodium

hyaluronate
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shift of the tobramycin melting peak toward a lower tem-

perature (215.32 �C), with a significant reduction in the

enthalpy value (Fig. 4).

The appreciable decrease in the melting temperature and

its corresponding fusion enthalpy values suggest the

occurrence of a process taking place with low intensity or

even the melting endotherms disappears. (This is the case

of the binary tobramycin–thimerosal mixture.) The differ-

ence in enthalpy for the binary mixtures of tobramycin with

benzalkonium chloride, boric acid, potassium sorbate,

monobasic sodium phosphate, edetate disodium, sodium

metabisulfite, and thimerosal suggest the existence of a

physical interaction which does not determine an

incompatibility.

Isothermal stress testing: HPLC

All the excipients were tested by IST. Quantitative results

are shown in Table 3. As it can be observed in the table,

important changes occur in the API content after storage of

the active principle–excipient blends under stress condi-

tions. Such is the case of benzalkonium chloride, sodium

hyaluronate, boric acid, potassium sorbate, monobasic

sodium phosphate, edetate disodium, tyloxapol, and

thimerosal.

Powder X-ray diffraction (PXRD)

PXRD is a useful method for fast identification of new

crystalline phases in the solid state. The pure tobramycin

presented the characteristic diffraction peaks at 2h of

17.7, 18.3, 18.8, indicating the presence of a crystalline

structure [38, 39]. The same diffraction peaks were

observed for 1:1 binary mixtures of tobramycin and the

excipients, thus demonstrating that no significant changes

took place in the physical binary mixtures with respect to

the chemical structure of the active component (Fig. 5).

The PXRD analysis of the physical mixture of tobramycin

and sodium hyaluronate presented a decrease in crys-

tallinity due to the presence of an amorphous excipient

(Fig. 6). On the other hand, when tobramycin was mixed

with thimerosal, only the characteristic peak of 17.7 was

observed (Fig. 7). An PXRD analysis of the tobramycin–

tyloxapol mixture was not possible due to the liquid

nature of the excipient.

40 60 80 100

A

B

C

120 140

A: tobramycin: thimerosal B: tobramycin C: thimerosal

160 180 200 220 240 260 °C

Vh = 10 °C min–1

Wg^–1

E
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Fig. 4 DSC curve of

tobramycin with thimerosal

Table 3 Results of analysis of IST–HPLC samples after 1 month of

storage under stress conditions

Samples ratio drug–excipient (1:1) % Remaining RSD

Tobramycin 100.2 0.5

Tobramycin ? benzalkonium chloride 94.5 1.2

Tobramycin ? sodium hyaluronate 85.0 1.2

Tobramycin ? boric acid 98.2 0.1

Tobramycin ? sodium chloride 99.6 0.2

Tobramycin ? potassium sorbate 97.1 0.0

Tobramycin ? dibasic sodium phosphate 101.5 0.1

Tobramycin ? monobasic sodium phosphate 93.7 0.3

Tobramycin ? sodium sulfate 98.9 0.4

Tobramycin ? edetate disodium 97.9 0.0

Tobramycin ? sodium metabisulfite 99.6 0.0

Tobramycin ? tyloxapol 95.1 0.1

Tobramycin ? thimerosal 97.3 0.9
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Isothermal stress testing–FTIR

The Fourier transform infrared spectroscopy (FTIR) spec-

trum of pure tobramycin displayed bands at

3400–3200 cm-1 due to the N–H or the O–H stretching,

bands at 2921–2899 cm-1 due to the C–H stretching, a

band at 1576–1598 cm-1 due to N–H bending, a typical

band at 1461 cm-1 due to CH2 scissoring, bands at

1349–1380 cm-1 due to O–H in-plane bending vibration

and a band at 1032 cm-1 due to C–N or C–O stretching

[39]. The FTIR spectra of tobramycin revealed no changes

after API exposure at 40 �C, 75% RH during 4 days neither

with nor without the addition of water.

Binary mixtures of tobramycin and sodium sulfate,

sodium chloride (Fig. 8), tyloxapol, dibasic sodium phos-

phate, or sodium hyaluronate (Fig. 9) rendered the

characteristic bands corresponding to tobramycin alone

kept under each condition. These results suggest that

tobramycin remains unaltered in these blends.

DSC studies indicated that the changes observed in the

FTIR spectra of binary blends of tobramycin and some of

the excipients (Fig. 10) are suggestive of a possible inter-

action between the mixture components, in agreement with

the thermal analysis findings (Table 4).

Based on the DSC results alone, an interaction was

suspected between tobramycin and benzalkonium chloride,

boric acid, potassium sorbate, monobasic sodium phos-

phate, edetate disodium, sodium metabisulfite, and thi-

merosal. These results were confirmed by the IST–FTIR

studies.

The IST–HPLC analysis demonstrated a decrease in the

recovery of tobramycin when this API was blended with
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Fig. 5 PXRD of tobramycin

with sodium chloride
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sodium hyaluronate and the tyloxapol. This phenomenon

might be attributed to the mucilaginous nature of both

excipients. No incompatibilities between tobramycin and

tyloxapol were detected when methodologies other than

IST–HPLC were employed. In the case of PDRX, the

physical mixture of tobramycin and sodium hyaluronate

presents a decrease in crystallinity because of the mixture

with an amorphous excipient.

Discrepancies between the results obtained with differ-

ent methods assessing compatibility are frequently

encountered [17]. Particularly, in this study, tobramycin

was found to be incompatible with sodium metabisulfite

when DSC and IST–FTIR were employed, while incom-

patibilities were detected in this blend by neither IST–

HPLC nor PDRX. The presence of high temperatures and

humidity could explain the results obtained by DSC and

IST–FTIR. The addition of water into the vial mimics the
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Fig. 7 PXRD of tobramycin

with thimerosal
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manufacturing conditions of tobramycin eye drops. It is

known that the presence of water in the formulation favors

the degradation reactions.

The excipients that proved to be incompatible with

tobramycin also display incompatibility with other com-

pounds containing amino or hydroxyl functional groups.

Sodium metabisulfite is a strong nucleophilic antioxidant

capable of catalyzing drug degradation [40]. In water,

sodium metabisulfite is immediately converted to sodium

and bisulfite ions. Sodium metabisulfite reacts with either

ortho- or para-hydroxybenzyl alcohol derivatives to form

sulfonic acid derivatives with little or no pharmacological

activity [41]. The sulfite ion is a more efficient catalyst than

phosphate salts [42]. Edetate salts are incompatible with

amphotericin [43]. It is known that thimerosal forms pre-

cipitates with many alkaloids [44]. Kamin et al. [45] have

reported that cromolyn and colistin are incompatible with

benzalkonium chloride. Boric acid gives exothermic
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reactions with amines [46]. Sorbic acid and its salts have a

conjugated double-bond system which can undergo

nucleophilic addition reactions. In fact, Ferrand et al. [47]

have described the interaction between sorbic acid and

amine groups.

Conclusions

This study also demonstrates that DSC and IST–FTIR can

detect potential incompatibilities between an API and

pharmaceutical excipients. The use of DSC has been pro-

posed as a rapid method for evaluating the physicochemi-

cal interactions between two components. The IST–FTIR

provides information on the main absorption bands, mainly

those corresponding to the API. Any changes detected in

these bands may account for degradation processes taking

place in the sample. The information provided by these

methodologies is critical in preformulation studies. In

summary, this study, which is in line with a previous work

carried out in our laboratory [31], demonstrates that

tobramycin is incompatible with benzalkonium chloride,

boric acid, potassium sorbate, monobasic sodium phos-

phate, edetate disodium, sodium metabisulfite, and

thimerosal.
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