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Abstract 20 

The purpose of study was to investigate the dissolution rate enhancement obtained when sodium 21 

dodecyl sulfate (SDS) is co-compressed with griseofulvin into discs using a UV imaging-based flow-22 

through dissolution testing setup. Griseofulvin dissolution rates obtained from discs containing 5.92 and 23 

10.6% (w/w) SDS in phosphate buffer (pH 6.5) were similar to dissolution rates from pure griseofulvin 24 

discs when applying 20 and 100 mM SDS as dissolution medium, respectively. Dynamic light scattering of 25 

effluent samples revealed nanosized particles (approximately 135 nm in diameter) escaping the discs 26 

during dissolution. Scanning electron microscopy of co-compressed griseofulvin-SDS discs prior to 27 

dissolution testing showed surfaces apparently consisting of granules (100 and 200 nm in diameter) as 28 

well as particles present on the disc surfaces possibly related to the high initial dissolution rates. Material 29 

swelling or precipitation was observed for discs containing 10.6 or 15.8% (w/w) SDS. UV imaging 30 

revealed increased griseofulvin concentrations near the solid-liquid interface of griseofulvin-SDS discs, 31 

e.g., a 45-fold increase in concentration was observed for discs containing 10.6% (w/w) SDS as compared 32 

to discs without SDS, which is the likely cause of the enhanced dissolution rates found for the co-33 

compressed griseofulvin-SDS discs.   34 

 35 

Keywords 36 

Dissolution enhancement, Dissolution imaging, Griseofulvin, Poorly soluble drugs, Surfactant, UV imaging 37 
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1 Introduction 39 

Surfactants, such as sodium dodecyl sulfate (SDS), are used in tablets to increase the bioavailability of 40 

poorly soluble drugs [1]. FDA’s inactive ingredients database has 54 approved drug products containing 41 

SDS, with loads as high as 96 mg per tablet or capsule [2]. The function of surfactants in tablets is to 42 

facilitate dissolution since the dose can rarely be solubilized entirely by the amount of surfactant in a 43 

tablet [3-6]. Upon tablet disintegration and surfactant dissolution, the solubility of the drug in the 44 

intestinal fluid is only increased to a minor degree by the inclusion of surfactants [3-6]. Surfactants have 45 

previously been reported to produce a faster disintegration of the tablet and dispersion of smaller drug 46 

particles, which results in a higher dissolution rate that may lead to improved bioavailability [3, 4].  47 

The dissolution of griseofulvin and felodipine from drug-SDS discs has been studied using a miniaturized 48 

rotating disc setup [7]. The drug dissolution rate was observed to increase several orders of magnitude 49 

when 30% (w/w) SDS was present in the discs as compared to discs without SDS. The pronounced effect 50 

of SDS on drug dissolution rate was not caused by 1) an increased surface area as SDS dissolved from the 51 

discs; 2) increased solubility of the drug due to the surfactants in the bulk medium; nor 3) changes in 52 

solid state properties of the drug by co-compression with SDS. It was suggested that a high local 53 

concentration of SDS near the solid-liquid interface would increase drug solubility locally. The improved 54 

local solubility would provide a steeper concentration gradient resulting in faster dissolution [7]. 55 

UV imaging, also termed dissolution imaging, has been introduced as a method for studying various drug 56 

dissolution and release processes [8-17]. UV imaging allows 2D concentration maps of a flow cell to be 57 

constructed based on absorbance images of UV light at a specific wavelength. Thus, the images provide 58 

for spatially separated or local drug concentrations to be measured as a function of time. This feature 59 

can be used to monitor dissolution events as they occur at the interface between the solid drug and the 60 

dissolution medium in the flow cell [10, 11, 13-17].  61 
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The purpose of this study was to further investigate the role of SDS in relation to dissolution rate 62 

enhancement when SDS is co-compressed with a drug substance into discs. Using griseofulvin as model 63 

drug, the effect of SDS in co-compressed SDS and griseofulvin discs on drug dissolution as a function of 64 

SDS content was evaluated by UV imaging, scanning electron microscopy with energy dispersive X-ray 65 

spectroscopy (SEM-EDX) and dynamic light scattering (DLS).  66 

Griseofulvin is a poorly water soluble class II compound according to the Biopharmaceutical Classification 67 

System [18]. A previous study showed that the dissolution rate of griseofulvin is significantly increased 68 

upon co-compression with SDS [7]. In the present study, the role of SDS on griseofulvin dissolution rate 69 

from co-compressed griseofulvin-SDS discs was evaluated based on the griseofulvin concentrations near 70 

the solid-liquid interface and from griseofulvin dissolution rates, both determined using UV imaging. The 71 

dissolution rate from of griseofulvin from pure griseofulvin discs was furthermore investigated in SDS 72 

solutions in order to compare the effect on dissolution rate of SDS in the discs and in the dissolution 73 

medium.  74 

 75 

2 Materials and Methods 76 

Ammonium acetate, D-lactose, dimethyl sulfoxide (>99,8%), formic acid (>98%), NaCl (99.5%) and NaOH 77 

pellets were purchased from Merck (Darmstadt, Germany). Griseofulvin from Penicillium griseofulvum 78 

(97.0-102.0%), NaH2PO4, NH4OH solution (28 to 30% w/v) and SDS (> 98.5%) were purchased from 79 

Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile (ACN) (99.9 %) was purchased from VWR (International 80 

S.A.S., Fontenay-sous-Bois, France). Purified water was obtained from an SG Ultra Clear water system 81 

(SG Water USA, LLC, Nashua, NH, USA). 82 

 83 
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2.1 Dissolution medium 84 

An isotonic buffer consisting of 35 mM phosphate was adjusted to pH 6.5 with NaOH and to an ionic 85 

strength of 154 mM with NaCl. Solutions of 5, 20 and 100 mM SDS were produced by dissolving SDS in 86 

the buffer. 87 

 88 

2.2 Solubility of griseofulvin 89 

The solubility of griseofulvin in buffer was determined by dispersing 1 mg/ml griseofulvin in 15 ml buffer 90 

for 21 h at 23 ± 1°C using end-over-end rotation. Samples (n ≥ 5) were filtered(0.22 µm syringe filter), 91 

centrifuged for 15 min at 15000 rpm and 23°C, followed by the 1:1 dilution of the supernatant with ACN 92 

[7]. Standards were prepared by the same procedure. The amounts of griseofulvin dissolved were 93 

determined using HPLC-UV measured on a Dionex Ultimate 3000 HPLC system (Dionex Corporation, 94 

Sunnyvale, California, USA), equipped with a Phenomenex Luna C18 column at 30 °C (125 mm x 4 mm, 5 95 

μm; Phenomenex, Torrance, CA, USA). The mobile phase consisted of 70% (v/v) ACN and 30% (v/v) 10 96 

mM ammonium acetate in purified water. A flow rate of 1.5 ml/min was applied and UV detection was 97 

performed at 292 nm. 98 

 99 

2.3 UV imaging 100 

An Actipix SDI300 dissolution imaging system (Paraytec Ltd., York, UK) monitored the dissolution and a 101 

syringe pump infused or withdrew the dissolution medium through the flow cell. Details on the 102 

instrumentation is described elsewhere [9]. Dissolution UV imaging was performed at a wavelength of 103 

297, 365 or 510 nm. The images were acquired at a rate of 0.55 frames/s using Actipix software version 104 

1.3 (Paraytec Ltd., York, UK). Dissolution experiments were conducted by first collecting a background of 105 

the dissolution medium, then inserting the disc and monitoring the dissolution. A flow of 1 ml/min was 106 

applied for 2 min to remove air bubbles; afterwards the flow was reduced to 0.1 ml/min for 60 min. 107 
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Absorbance images acquired during the first 2 min at 1 ml/min were not used. In selected experiments, 108 

effluent samples were collected over 3 min intervals. Absorbance values were converted into 109 

concentrations using a standard curve based on images of griseofulvin standard solutions drawn through 110 

the flow cell at 1 ml/min for 4.5 min. Griseofulvin standards in buffer solution at 5 concentration levels 111 

were prepared from stock solutions in ACN, 20 mM or 100 mM SDS. The concentration of ACN did not 112 

exceed 1% (v/v). Absorbance depended linearly on griseofulvin concentration (R2 > 0.997) in the ranges 113 

tabulated in Table 1. All dissolution imaging experiments and construction of standard curves were 114 

conducted at 23 ± 1°C. Data analysis and graphical presentations were conducted using Actipix software 115 

version 1.5 (Paraytec Ltd., York, UK) or SDI software version 2.0 (Sirius-Analytical, Forest Row, UK), 116 

respectively.  117 

 118 

2.4 Quantification of griseofulvin in effluent and dissolution rate 119 

Quantification of griseofulvin in effluent samples from the dissolution imaging experiments was 120 

determined using a Dionex HPLC system (Dionex Corporation, Sunnyvale, California, USA), consisting of a 121 

P680 HPLC pump, an ASI-100 automated sample injector and a PDA-100 photodiode array detector, 122 

equipped with a Phenomenex Luna C18 column at room temperature (125 mm x 4 mm, 5 μm; 123 

Phenomenex, Torrance, CA, USA). The mobile phase consisted of 70% (v/v) ACN and 30% (v/v) 10 mM 124 

ammonium acetate in purified water, the flow rate was 1.0 ml/min and detection was performed at 292 125 

nm. The dissolution rate (R) was calculated by multiplying the effluent concentration (Ceffluent; mean over 126 

3 min) with the dissolution flow rate (Q) and dividing with the surface area of the disc (A): 127 

𝑅 =
𝐶effluent ∙ 𝑄

𝐴
        (1) 128 

 129 



 

7 

 

2.5 Identification of griseofulvin particles in the effluent 130 

A griseofulvin stock solution in ACN was diluted in buffer to a concentration corresponding to the 131 

solubility of griseofulvin determined in section 2.2. Dissolution imaging with the saturated buffer was 132 

conducted (n = 3) as described in section 2.2 and effluent samples were collected over 10 min intervals. 133 

The samples were measured immediately after collection by dynamic light scattering (DLS) on a Zetasizer 134 

nano ZS Model ZEN 3600 (Malvern Instruments Ltd., Worcestershire, UK) equipped with a 532 nm laser. 135 

Effluent samples were measured at the cell center (4.65 mm) using back scattering settings of 173, no 136 

laser attenuation and at 23C. The scattered light was processed using the Zetasizer Software, version 137 

6.20 (Malvern Instruments Ltd., Worcestershire, UK) and the Stokes-Einstein equation. The intensity 138 

distribution of the scattered light was converted to number distribution using a sample absorbance 139 

0.001 and refractive index for griseofulvin of 1.661 [19]. 140 

 141 

2.6 Preparation of griseofulvin-SDS discs 142 

Powder mixtures containing 5.92, 10.6 or 15.8% (w/w) SDS or 30% (w/w) lactose in griseofulvin were 143 

produced by mixing, 0.5 g in total, in a mortar with a pestle for 2 min [7]. Discs of powder mixtures were 144 

prepared by compression in a manual press. On average 5.7  0.7 mg of powder mixture was 145 

compressed in a stainless steel cylinder, 2 mm in diameter, at 60 cN.m for 1 min using a torque 146 

screwdriver. The prepared discs were examined by light microscopy before and after the dissolution 147 

experiments. 148 

  149 

2.7 SEM-EDX 150 

Griseofulvin discs containing 0, 5.92, 10.6 and 15.8% (w/w) SDS were mounted on a pin-stub using 151 

carbon paste. The sample surfaces were made electrically conductive by sputtering an approximately 10 152 

nm thick layer of gold. The samples were investigated on a ZEISS Ultra-55 Scanning Electron Microscope 153 
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(SEM) (Zeiss International, Oberkochen, Germany). The SEM was equipped with Energy-dispersive X-ray 154 

spectroscopy (EDX), using a silicon drift detector (X-Max 50 mm²) and AZtec acquisition and analysis 155 

software (Oxford Instruments plc, Abingdon, United Kingdom). This allowed microstructure and element 156 

composition of the samples to be analyzed. The structure and the element composition of the disc 157 

surfaces were documented by SEM images and EDX spectra. 158 

  159 

2.8 Composition of the buildup substance on top of the discs 160 

14 discs containing 15.8% (w/w) SDS were placed upright on 2 flat circular magnets approximately 1.5 161 

cm in diameter each. The magnet and disc were placed in a glass beaker and buffer was added until the 162 

discs were immersed in buffer. The beaker remained still and without any agitation for 1-2 h at 23 ± 1°C 163 

(n = 14), afterwards the buffer was carefully withdrawn. The substance on top of the disc was scrapped 164 

off using a spatula, weighed, dried to constant mass at 100 °C overnight and the water content was 165 

determined gravimetrically. The dried substance (0.37 ± 0.09 mg) was dissolved in 500 µl dimethyl 166 

sulfoxide, diluted in purified water and analyzed by LC-MS. The griseofulvin and SDS content in the 167 

recovered dried samples was quantified by mass spectrometry detection at 40 °C on an Agilent 1200 168 

series HPLC system with a 6140 MSD mass spectrometric detector (Agilent Technologies, Inc., Santa 169 

Clara, CA, USA). A Phenomenex Kinetex XB/C18 column (100 mm x 4.6 mm, 5 μm; Phenomenex, 170 

Torrance, CA, USA) was used at a flow rate of 0.7 ml/min. The mobile phase consisted of 100 mM 171 

ammonium formate in purified water (pH 6.5) and ACN with an ACN gradient of 55 to 80% (v/v) from 0 172 

to 5 min and from 80 to 55% (v/v) from 6 to 6.5 min. Mass spectrometric detection was performed at a 173 

gas temperature of 300 °C, a vaporizer temperature of 200 °C, a N2 gas flow of 12 l/min, a nebulizer 174 

pressure of 35 psi and a capillary voltage of 2500 V. Negative electrospray ionization (ESI) at m/z = 265.2, 175 

266.2 and 267.2 for SDS without sodium and positive ESI at m/z = 353, 355 and 356 for griseofulvin. Both 176 

SDS and griseofulvin were detected at a fragmentor setting of 70. 177 
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 178 

3 Results and Discussion 179 

3.1 Dissolution imaging of griseofulvin from discs in buffer and SDS solutions 180 

The dissolution of griseofulvin from discs in SDS containing dissolution medium was explored in order to 181 

compare the effect of co-compressing griseofulvin and SDS in discs to the dissolution rate enhancing 182 

effect of having SDS in the dissolution medium. The discs were examined under a light microscope 183 

before and after dissolution for 60 min. All discs appeared to have a smooth surface and changes were 184 

not observed after dissolution (data not shown). Figure 1 shows griseofulvin dissolution rates in SDS 185 

solutions at pH 6.5 and 23 ± 1°C over the course of 60 min as calculated from the UV images and effluent 186 

sampling. Representative UV images can be found in supplementary Figure S1.  187 

The dissolution rates calculated from the UV images were observed to decrease with time after an initial 188 

maximum value. Similar shaped dissolution rate versus time profiles have been encountered in a number 189 

of studies [10, 16, 20, 21], which may be attributed to sample heterogeneity effects [16]. In Figure 1, 190 

there is an apparent lack of agreement between the dissolution rates calculated from the UV images and 191 

effluent concentrations during the first 30 min. The combined volume of the flow cell and the tubing 192 

leading to the collection vials was estimated to 700 µl, based on the dimensions of the flow cell given by 193 

Boetker et. al. [8] and the volume of the tubing leading to the collection vial (1 mm cross-section and 40 194 

cm length). Thus, the dissolution media would need 7 min to reach the collection vial at a flow rate of 0.1 195 

ml/min.  This can explain, in part, the differences in the dissolution rate - time profiles shown in Figure 1.   196 

A limitation of the utilized instrumentation is that UV imaging is possible only at a single wavelength at a 197 

time. It is therefore difficult or impossible to discern between dissolved molecules absorbing light and 198 

particles coming of the surface, which may both absorb and scatter light depending on size [22]. In 199 

previous imaging studies, involving indomethacin particulates, absorbance detected at 550 nm was 200 
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interpreted as light scattering and provided indications that indomethacin particles were coming of a 201 

surface during flow through dissolution [23].  202 

Investigating the UV/Vis absorbing properties of felodipine suspensions, Van Eerdenbrugh et al. found 203 

that the UV spectra between 275 and 500 nm of solutions containing nanosized particles were affected 204 

by light absorption of the suspended drug particles in addition to the absorption due to the dissolved 205 

drug molecules and light scattering of the particles present in suspension [22]. Van Eerdenbrugh et al. 206 

[22] discussed the implications of their work in relation to the use of fiber optic UV/Vis probes as a 207 

means for in situ quantification in dissolution experiments. The lack of ability to distinguish between 208 

absorbance due to molecularly dissolved drug and suspended nanosized drug particles, however, also 209 

applies to UV imaging-based dissolution studies.  210 

The presence of particles influencing the measured absorbance was assessed by conducting dissolution 211 

imaging (at 297 nm) of griseofulvin discs using a buffer saturated with griseofulvin as dissolution 212 

medium, as described in section 2.5. The solubility of griseofulvin in the dissolution medium was 213 

determined to 20 ± 2 µM (n = 18) and a solution with this concentration was prepared by dilution of an 214 

ACN stock solution. When the dissolution medium was saturated no griseofulvin dissolution would be 215 

occurring and any absorbance would likely originate from particles. Figure 2 shows representative UV 216 

absorbance images obtained in the griseofulvin saturated buffer.  217 

In buffer without griseofulvin and buffer saturated with griseofulvin, absorbance due to light scattering 218 

was not observed at 510 nm (data not shown). However, when performing the dissolution experiment in 219 

griseofulvin saturated buffer at 297 nm, absorbance was observed over the entire 60 min experiment 220 

with the absorbance reaching the highest values after 7 min (Figure 2). The absorption at 297 nm 221 

suggested supersaturation or that griseofulvin particles were dislodging from the disc during the 222 

dissolution study. Relative to the dissolution experiment performed on the griseofulvin disc in dissolution 223 

medium without griseofulvin, the absorbance was lower. Absorbance at 297 nm, but not at 510 nm, may 224 
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suggest that the absorbance primarily is due to supersaturation or originates from nanosized griseofulvin 225 

particles absorbing light in contrast to light scattering, since griseofulvin in solution absorbs light at 297 226 

nm, but not at 510 nm. To investigate this further, the effluent from the dissolution experiments 227 

performed in the griseofulvin saturated buffer was collected and the presence of particles was detected 228 

by DLS. The particle diameters showed a mean intensity distribution of 171 ± 58 nm (n = 50) 229 

corresponding to a mean number distribution of 135 ± 51 nm (data not shown). Light absorption from 230 

griseofulvin particles might contribute to the difference between dissolution rates calculated using the 231 

imaging software and calculated from the measured effluent concentrations.  The contribution of the 232 

particles to the overall dissolution rate could not be determined, since the griseofulvin concentration in 233 

the effluent could not be distinguished from the buffer saturated with griseofulvin. 234 

 235 

3.2 The surface homogeneity of griseofulvin-SDS discs 236 

Prior to dissolution testing of the griseofulvin-SDS discs, SEM images combined with EDX spectroscopy 237 

were obtained to assess surface homogeneity of griseofulvin and griseofulvin-SDS discs prior to 238 

dissolution. Figure 3 shows the SEM images of griseofulvin discs containing 0, 5.92, 10.6 and 15.8% (w/w) 239 

SDS, respectively. A general trend can be observed for discs of 0, 5.92, 10.6% (w/w) SDS in that they all 240 

show a smooth surface with particles on the surface (Figure 3A, 3C, 3D and 3E). At higher levels of 241 

magnification, the surface appears to consist of small granules, ranging between 100 and 200 nm in 242 

diameter (Figure 3B). The presence of particles on the surface may be related to the high initial 243 

dissolution rates seen in Figure 1. The surface composition was analyzed with EDX spectroscopy enabling 244 

discrimination between the atoms of Cl and S, and therefore between griseofulvin and SDS containing Cl 245 

or S, respectively. A rough estimate of the SDS and griseofulvin content can be made by focusing the X-246 

ray beam on the whole disc and then on selected spots, 1 µm by 1 µm, using the whole disc and its 247 

composition (w/w) as an internal standard and comparing the relative S and Cl intensities in the EDX 248 
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spectra [24, 25]. Similar results for content were achieved whether using Cl or S intensity from the EDX 249 

spectra and the sum of S and Cl gave 100  5% in all estimates. In Figure 3C, 3D, 3E and 3G, the 1 µm by 1 250 

µm regions below the black labels contained approximately 0%, 20%, 35%, 85%, 0%, 40 and 15% (w/w) 251 

SDS, respectively. In some regions of discs containing SDS, the granular structures appeared to have 252 

been liquefied and resolidified, and these regions were shown to contain a high amount of SDS with EDX 253 

spectroscopy (Figure 3E, 3F and 3H). The needle-like structures in Figure 3G and H may be resolidified 254 

SDS. The observed liquefaction upon compression of SDS and resolidification when the pressure was 255 

released is in accordance with previous studies [7]. SEM images with EDX spectroscopy of griseofulvin-256 

SDS discs show discs with a heterogeneous surface. 257 

 258 

3.3 Dissolution imaging of griseofulvin-SDS discs in buffer 259 

 260 

Figure 4 shows the absorbance maps for discs of pure griseofulvin and discs of griseofulvin powder 261 

mixtures containing 5.92, 10.6 and 15.8% (w/w) SDS at t = 60 min in buffer and a flow rate of 0.1 ml/min. 262 

The horizontal rectangular bar indicates the position of the disc (X = 3 mm to X = 5 mm). The position 263 

was confirmed by stopping the flow and observing a concentration build up. In order to measure 264 

absorbance values within the concentration intervals covered by the calibration curves (Table 1), a 265 

wavelength of 297 nm or 365 nm was selected based on extent of dissolution (SDS content). 266 

For discs containing 10.6 and 15.8% (w/w) SDS a buildup of material on top of the disc was observed 267 

during dissolution (area shown in red) reaching a height of up to 0.5 mm and 1 mm, respectively. The 268 

buildup material on the discs was observed to block the light giving high absorbance values at 365 nm, as 269 

well as at 510 nm where griseofulvin does not absorb light (data not shown). Similar observations have 270 

been made previously in UV imaging-based dissolution studies and have been attributed to precipitation 271 

of the drug substance or due to swelling of the material in the sample disc upon contact with the 272 
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dissolution medium [10, 11, 17]. Unfortunately, the images do not allow assessment of whether the 273 

buildup of material is due to swelling or precipitation. The substance that had buildup on the disc during 274 

dissolution was loosely attached to the discs and dislodged when the flow cell was disassembled. 275 

Consequently, separate experiments were performed incubating the discs in the dissolution medium 276 

while allowing gentle medium removal upon end of the experiment and isolation of the buildup 277 

substance on the discs. The buildup substance on top of the discs containing 15.8% (w/w) SDS was 278 

quantified gravimetrically and by LC-MS analysis and consisted by mass of 42 ± 4% water, 54 ± 5% 279 

griseofulvin and 3.6 ± 0.8% SDS giving in total 100  7% (w/w)  (n = 14). Griseofulvin and SDS containing 280 

discs have previously been investigated in a rotating disc setup [7], and a release mechanism was 281 

suggested where SDS could be present in a hexagonal phase on top of the disc. The phase diagram of 282 

SDS and water shows that the transition from micelles to a hexagonal phase occurs around 40% SDS 283 

(w/w) in the absence of NaCl (corresponding to 1.4 M SDS assuming a density of 1 g/ml) at room 284 

temperature [26]. The addition of NaCl would cause the transition from micelles to a hexagonal phase to 285 

occur at a lower SDS%  [27], though it is unlikely that the added amount of NaCl in this study could cause 286 

such a change. The approximately 4% (w/w) SDS found in the swelled/precipitated substance indicates 287 

that a hexagonal phase is not present on a macroscopic scale under the current conditions. The 288 

griseofulvin content in the buildup substance may be due to griseofulvin precipitation occurring during 289 

the dissolution process. As SDS dissolves from the discs its concentration would change from high near 290 

the solid-liquid interface to a lower concentration in solution, hence the griseofulvin solubility decreases 291 

and precipitation could occur.  In comparison to the values given above, the critical micelle 292 

concentration of the dissolution medium has been determined to 1.27 mM [7]. 293 

Figure 5 shows the dissolution rate as a function of time from discs of pure griseofulvin and griseofulvin 294 

mixtures containing 5.92 to 15.8% (w/w) SDS or 30% (w/w) lactose in buffer at pH 6.5 as determined 295 
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from the UV images using the instrument software. The dissolution rate was found to increase with 296 

increasing SDS content in the disc.  297 

Discs containing 30% (w/w) lactose were investigated to assess whether changes in surface area as SDS 298 

dissolves from the discs might affect the griseofulvin dissolution rate. Discs containing 30% (w/w) lactose 299 

showed only an insignificant increase in dissolution rate as compared to pure griseofulvin discs (Figure 5) 300 

in accordance with our previous findings [7]. This may indicate that the change in surface area of the 301 

discs due to co-compression has limited influence on griseofulvin dissolution.  302 

Comparing Figure 1 and Figure 5 shows the effect of co-compressing griseofulvin with SDS, e.g., 5.92 and 303 

10.6% (w/w) SDS in the discs gave approximately the same dissolution rate as griseofulvin discs in 20 and 304 

100 mM SDS in solution, respectively. The increasing dissolution rate when co-compressing SDS and 305 

griseofulvin compared to griseofulvin dissolution rate in SDS solution shows the effectiveness of co-306 

compression of drug and surfactant.  307 

The increase in dissolution rate for griseofulvin discs containing SDS may be related to an increased 308 

griseofulvin concentration near the solid-liquid interface of the discs by griseofulvin solubilization by SDS. 309 

UV imaging allows assessment of the drug concentration near the disc surface. The apparent griseofulvin 310 

concentration near the disc surface was measured after 60 min near the solid-liquid interface; 2.5 mm 311 

downstream from the starting edge of the disc and 7 µm (one pixel row) above the bottom of flow cell (X 312 

= 5.5 mm and Z = 7 µm). The swelling/precipitation behavior observed in Figure 4 did not influence the 313 

absorbance values measured at this position, hence this position was selected. At this position, 314 

griseofulvin discs containing 10.6% (w/w) SDS showed an apparent griseofulvin concentration of 1.1 ± 315 

0.4 mM (based on absorbance) and disc containing only griseofulvin showed an apparent concentration 316 

of 25 ± 5 µM, which is in reasonable accordance (although slightly above) with the griseofulvin solubility 317 

in buffer measured to 20 ± 2 µM (n = 18). Additional values can be found in Supplementary Information, 318 

Table S1. Based on the measured absorbance, griseofulvin discs containing 10% (w/w) SDS showed a 45-319 
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fold increase in the apparent griseofulvin concentration near the solid-liquid interface compared to 320 

griseofulvin discs without SDS. The absorbance at the surface of griseofulvin discs containing 15.8% 321 

(w/w) SDS was beyond the linear range of the standard curves (Table 1). Due to the possible 322 

contributions from solid particulate matter to the absorbance and changes in the medium, the reported 323 

concentration values should be considered estimates. However, the current study shows that the 324 

increased dissolution rates found from discs of co-compressed drug and surfactant for the poorly soluble 325 

drug griseofulvin is related to an increased apparent drug concentration near the solid-liquid interface of 326 

discs (Figure 5 and Supplementary information Table S1), in line with what was previously suggested 327 

using batch dissolution testing experiments [7]. 328 

 329 

4 Conclusion 330 

Griseofulvin dissolution rate upon co-compression with SDS in discs was explored using an UV imaging-331 

based dissolution setup. A pronounced increase in griseofulvin dissolution rate was observed when co-332 

compressing the drug with SDS in discs. A content of 5.92 and 10.6% (w/w) SDS in the griseofulvin discs 333 

provided approximately the same dissolution rates as pure griseofulvin discs during dissolution in 20 and 334 

100 mM SDS solution, respectively. The significance of these observations remains unclear. Interestingly, 335 

UV-imaging performed using a saturated griseofulvin solution as dissolution medium in combination with 336 

DLS revealed that nanosized particles escaped from griseofulvin discs in addition to dissolved griseofulvin 337 

molecules. The relative contribution of the particles to the overall dissolution rate could not be 338 

determined. The finding, however, points out that care has to be exercised when interpreting UV 339 

imaging-based dissolution studies because it is not possible to discern between molecules dissolving 340 

from the disc surface and nanosized particles escaping the surface unless additional experiments are 341 

performed. SEM-EDX of the disc surfaces prior to dissolution revealed a heterogeneity in respect to the 342 

distribution of griseofulvin-and SDS on disc surface. Also, the SEM images showed the presence of 343 
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particles on the surface of the discs prior to dissolution, which may be related to high initial dissolution 344 

rates. Solid material was found to build up on the surface of discs containing 10.6 and 15.8% (w/w) SDS 345 

during dissolution. Gravimetrical and LC-MS analysis of this swelled and/or precipitated material showed 346 

that it contained mainly griseofulvin and water. A high local concentration of griseofulvin relative to the 347 

solubility in buffer was observed near the solid-liquid interface of griseofulvin discs containing 5.92, 10.6 348 

and 15.8% (w/w) SDS. Thus, the enhanced dissolution rate for the co-compressed griseofulvin-SDS discs 349 

is most likely related to the increased griseofulvin concentration at the solid-liquid interface of the discs 350 

and the solubilization by SDS there. The current study has shown that co-compressing drug and 351 

surfactant to be effective in increasing the in vitro dissolution rate of a poorly soluble drug. 352 
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Figure Captions 436 

 437 

Figure 1. Griseofulvin dissolution rates obtained from discs without SDS as determined by UV imaging 438 

and from effluent concentrations in phosphate buffer and SDS containing buffer solutions at a pump 439 

flow rate of 0.1 ml/min and 23 ± 1°C. Values are mean  SD. 440 

 441 

Figure 2. Representative UV absorbance images showing dissolution of griseofulvin from discs without 442 

SDS in buffer (pH 6.5) saturated with griseofulvin at a pump flow rate of 0.1 ml/min and 23 ± 1°C. The 443 

images were obtained 7 min after initiation of the dissolution experiment. 444 

 445 

Figure 3. SEM images of a griseofulvin discs containing SDS, prepared in cylinders of 2 mm in diameter by 446 

compression for 1 min at 60 cN.m. The 1 µm by 1 µm regions directly below the black labels contained 447 

approximately 0, 20, 35, 85, 0, 40 and 15% (w/w) SDS, respectively.  448 

 449 

Figure 4. Representative UV absorbance images showing dissolution of griseofulvin from discs containing 450 

0, 5.92, 10.6 and 15.8% SDS in buffer (pH 6.5) at a pump flow rate of 0.1 ml/min and 23 ± 1°C. The 451 

images were obtained 60 min after initiation of the dissolution experiment. The horizontal rectangular 452 

bar indicates the position of the disc from X = 3 mm to X = 5 mm.  453 

 454 

Figure 5. Griseofulvin dissolution rates obtained from discs containing 0, 5.92, 10.6 and 15,8% w/w SDS 455 

and 30% w/w lactose as determined by UV imaging in buffer (pH 6.5) at 0.1 ml/min and 23 ± 1°C. Values 456 

are mean  SD. 457 

  458 
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Table 1. Griseofulvin standard curves in buffer and SDS solutions. 476 

Media 
Wavelength 

filter (nm) 

Absorbance 

range (mAU) 

Griseofulvin 

concentration 

range (mM) 

Molar absorption 

coefficient 

(m2/mol ± SD) 

R2 

Buffer 297 0 to 750 0 to 0.085 2.24 . 103 ± 12 0.9971 

5 mM SDS 297 0 to 710 0 to 0.087 2.06 . 103 ± 21 0.9996 

0, 4, 8, 12, 16 

and 20 mM SDS 
365 0 to 300 0 to 1.1 71.3 ± 1.1 0.9976 

20 mM SDS 365 0 to 300 0 to 1.1 69.8 ± 0.9 0.9986 

100 mM SDS 365 0 to 350 0 to 2.0 49.1 ± 0.7 0.9967 

 477 
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