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Summary 

The understanding of interactions in formulations is a major issue in the pharmaceutical industry. It is essential to 
understand the surfaces of excipients and active ingredients as well as their interactions in order to improve the 
stability, the reproducibility, the physico-chemical properties and the quality of lactose-based carrier particle-drug 
product mixtures. Identification of contaminants inside and on surface of excipients used in the pharmaceutical 
industry with non-destructive techniques is a challenging procedure. We propose coupling ultrasound acoustic 
investigation with atomic force microscopy for tomographic reconstruction. The new version of our prototype makes 
it possible to perform acoustic spectral analyses of the pharmaceutical lactose particles surface in order to identify 
non-detectable contaminants by conventional techniques (IR, XPS, EDX, UV...). The acoustic microscopy 
technique (1-20 MHz) operates in the attenuated total reflectance (ATR) configuration and is sensitive to the local 
density variation. A home-built platform was used to detect the variation of density properties of material in the bulk 
at specified depth of investigation by varying the ultrasound acoustic frequencies. 

 

Key Message 

The UA-AFM (Ultrasound Acoustic Atomic Force Microscope) is probably the only non-destructive approach 
capable of acquiring both depth investigation, density and chemical information of pharmaceutical sample at the 
nanometer scale without specific labelling. This new technique offers the potential as a major technological break-
through. 

 

Introduction 

A growing interest in the improvement of inhalation devices has occurred due to the rise of chronic respiratory 
diseases (WHO). We investigated the interactions between the active pharmaceutical ingredient(s) and excipients. 
Since these interactions take place on the surface of the particles, it is relevant to characterise these surfaces. 
There is a demand for the characterisation of surfaces in a non-destructive manner and at high resolution. The 
Ultrasound Acoustic Atomic Force Microscope (UA-AFM), developed within our laboratory is an attempt to provide 
answers to this expectation (1). 

 

Experimental methods 

The UA-AFM (Ultrasound Acoustic Atomic Force Microscope)(2), developed at the ICB laboratory, couples 
ultrasound acoustic analysis and AFM microscopy. The ultrasound acoustic microscopy component used an 
analogue Kretschmann-ATR configuration and allowed non-destructive in-depth investigation samples. Ultrasound 
that penetrate the sample are sensitive to local density of material. A change in density causes variations in phase 
and amplitude of the incident ultrasound wave. In our case, by coupling acoustic microscopy to the AFM microscope 
in order to circumvent the diffraction limit, we could probe the sample in depth while retaining the inherent resolution 
in the atomic force microscope (3). The principle of UA-AFM is based on the study of the phase and the amplitude 
of the modulated surface stationary beat wave generated by the composition of two ultrasonic waves. In the present 
study, the applied frequencies varied between 1 and 10MHz. 
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Figure 1 : Illustration of Ultrasound Acoustic Atomic Force Microscope 

UA-AFM was implemented on a Bioscope AFM platform (Bruker, Santa Barbara, CA). Two ultrasonic waves of 
respective frequencies f1 and f2 were generated by two wave function generators in a range between 1.0 MHz and 
10.0 MHz. Through a lock-in amplifier (model SRS 850; Stanford Research Systems, Sunnyvale, CA), we were 
able to detect changes in the difference frequency |f1 - f2| fixed by the experimenter (heterodyne detection). The 
superposition of these two waves generated a beat wave with frequency Δf = |f1-f2| which had an absorption 
minimum depending on the depth of investigation and the value of Δf (Figure 1). We performed acoustic spectral 
analyzes by spot measurements in order to identify all components on the surface and the subsurface of lactose 
particles.  

In the case of lactose as excipients for inhaled formulation, the known contaminants are lactulose (an isomer of 
lactose), glucose, galactose, riboflavin and small peptides. They are all present in milk or appear in the process of 
lactose extraction. Last year, we presented the impact of the presence of these impurities on interactions with 
different active ingredients(4). It was first necessary to determine the spectral signatures of each component on the 
surface of the inhalation-grade lactose particles, as to the best of our knowledge, the coefficients of acoustic 
absorption of our compounds do not exist in the literature. We use commercial riboflavin, lactulose, glucose and 
galactose on which we reproduced at least 10 times each spectrum under the same conditions of temperature and 
humidity (22°C and 30% RH). We also carried out 4 successive purifications (supersaturation at 80°C, filtration and 
return to ambient temperature) of the lactose. The acoustic amplitude detected was characteristic of our system 
and depended on how the sample was deposited on the prism. 
 
All impurities used (glucose, galactose, lactulose and riboflavin) were of European Pharmacopeia quality with 
purities higher than 99,8%. 

Results and discussion 

The spectral signature of pure lactose (Figure 2) showed 4 characteristic locations: 4.10MHz with Δf=80kHz and 

500kHz, 4.25MHz with Δf=240kHz, and 4.50MHz with Δf =80kHz. We have used three frequencies to identify 

lactulose: 2.50MHz with Δf=100kHz, 2.90MHz with Δf=100kHz, and 3.70MHz with Δf=100kHz. For galactose, we 

have used three locations: 3.10MHz with Δf=240kHz, 2.10MHz with Δf=240kHz, and 2.30MHz with Δf=240kHz. 

Glucose and riboflavin absorbed more acoustic wave energy than lactose. For glucose we have used four 
frequencies: 2.20MHz with Δf=500kHz, 2.50MHz with Δf=500kHz, 2.70MHz with Δf=120kHz, and 2.80MHz with 

Δf=80kHz. For riboflavin, we have used 3 frequencies for identification: 2.40MHz with Δf=800kH, 2.60MHz with 

Δf=520kHz and 720kHz. 
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Figure 2 : Acoustic responses of different constituents of the surface of pharmaceutical lactose particles 

All results are summarized in Error! Reference source not found.. The spots of maximum amplitude 

characteristic of pure lactose were at frequencies between 4 and 5MHz. All impurities had responses below 3MHz. 
Riboflavin was visible for high differential frequencies between 500 and 800kHz 

Table 1: Characteristic frequencies of each constituent of the inhalation-grade lactose particle surface 

 

We show the acoustic response of commercial inhaled lactose in Figure 3 (ordered at Armor Pharma). The 
characteristic spots for pure lactose were found at: 4.10MHz with a Δf=500kHz, 4.25MHz with Δf=240kHz, and 

4.50MHz with Δf=80kHz. The characteristic frequencies of lactulose were not visible on the spectral signature of 
commercial lactose. We can therefore affirm that the surface of these particles does not contain lactulose. We found 
the same situation for riboflavin. The three characteristic galactose frequencies are visible on this spectrum which 
makes it possible to detect the presence of this particular contaminant. Finally, for the glucose, which was also 
detectable, only two frequencies were visible. 
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Figure 3: Acoustic response of commercial pharmaceutical lactose 

Conclusion 

This technique, which has been in development for five years, shows results of great interest for the analysis of  
powders for inhalation. We have implemented a new mode for performing point-to-point acoustic spectroscopy. The 
objective of this work was to show that each compound has its own acoustic signature and that it is possible to 
identify their presence on a complex mixture. UA-AFM opens a new way in the characterisation of the surfaces of 
excipients for pharmaceutical use. It is the only non-destructive technique for such characterisation, which makes 
it possible to identify component on the surface of particle and to measure the surface accessible to active 
ingredients.  
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