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Sample Drug/PVP/TPGS
Concentration

Activation Energy 
(Ea)  (KJ/mol)

5 50 CEL /49 PVP/ 1 TPGS 276.85

6 30 CEL /69 PVP/ 1 TPGS 276.22

7 10 CEL /89 PVP/ 1 TPGS 271.81

1 30 CEL /60 PVP/ 10 TPGS 239.40

10 30 CEL /64.5 PVP/ 5.5 TPGS 233.24

4 10 CEL /80  PVP/ 10 TPGS 225.81

2 10 CEL /84.5 PVP/ 5.5 TPGS 224.07

3 50 CEL /44.5 PVP/ 5.5 TPGS 220.24

9 50 CEL /40 PVP/ 10 TPGS 199.187

○ The amorphous state is fixed due to the presence 
of polymers which inhibit the drug/drug 
interactions preventing thus the crystal growth 
and nucleation of the drug.

○ Hot melt extrusion (HME) has demonstrated to be an adequate compounding 
method for poorly-soluble pharmaceutical drugs, as it increases its solubility by 
fixing its amorphous solid-state. 

○ Many methods are used to assess the amorphous 
state of the drug mainly spectroscopic techniques 
which has proven to be useful. 

○ In this study, we aimed at linking the melt activation energy(Ea) of celecoxib 
during HME compounding to its resultant amorphous solid state. The drug was 
compounded with crystallization inducers (surfactant-TPGS) and inhibitors 
(polymer-PVP) to assess the energetic competition between the polymer trying 
to inhibit drug/drug interaction and the surfactant facilitating drug/drug 
interactions and hence crystal growth.

○ Celecoxib(A) was mixed with PVP (B) and TPGS (C) using a HAAKE Minilab II 
HME (co-rotating screws, 150oC and 25 min-1). 

○ Ten samples were mixed with varying proportions. 
○ The activation energy(Ea) was determined from temperature dependent viscosity 

curves of each sample. 

○ Arrhenius equation, where ŋ is the viscosity, R the gas 
constant, T temperature, A is a constant, and Ea the 
activation energy.

○ XRD, NMR, FT-IR and Raman spectroscopy was used to characterize the 
amorphous state of the compounded drug. (presented here only FT-IR and XRD)

○ (Figure 1)Pure crystalline celecoxib shows its most characteristic diffraction 
peaks at specific angles of: 5.4o, 10.8o, 16.1o, 21.1°, 22.2° and 27.0°. Being 
16.1o and 21.1o the two peaks with the strongest intensity. 

○ The diffraction pattern of the extruded samples is significantly different when 
compared to the diffraction pattern of pure crystalline celecoxib. 

○ The characteristic diffraction peaks of pure crystalline celecoxib disappeared 
when processed by HME, and the appearance of a halo diffraction pattern upon 
extrusion confirms in general the absence of long range crystalline arrangement 
within the extruded samples. 

○ (Figure 2)The symmetric and asymmetric S=O stretching intensities are 
significantly reduced and negatively shifted. 

○ Pure crystalline celecoxib revealed two sharp doublet for N-H stretching vibration 
(3334 and 3228 cm-1) which shifted to higher wavenumbers (3342 and 3253 
cm-1) when amorphous (quenching). 

○ A broader distribution of H-bonding in amorphous extruded samples was 
evidenced with the appearance of a broader hump within the N-H stretching 
FTIR region shifted to higher wavelengths. This attributed in the past to a 
decrease of drug/drug interaction due to PVP, by Hbonding through the 
carbonyl.

○ The carbonyl band shifted to lower wavelengths (1651cm-1 and 1658cm-1). 
Thus celecoxib interacts with PVP through H-bonding between the amine 
(celecoxib) and the carbonyl (PVP).

Figure 2. FT-IR spectra of the sulfoxide (S=O) symmetric and asymmetric stretching 
region, the carbonyl (C=O) stretching region and the amine (N-H) stretching region of 
pure crystalline celecoxib and the extruded samples.

Figure 1. X-Ray diffraction patterns of all the extruded samples, and pure crystalline 
Celecoxib (left). Reported H-bonding of celecoxib/celecoxib interactions.

Table1. Calculated Activation Energy (Ea) of each sample in decreasing order.  Figure 3. Temperature dependent viscosity (Pa s) of each sample (left). Storage and 

Loss Moduli (Pa) at 120C and 170C (right).

○ (Table 1) Sample 5 showed the highest activation energy, followed by samples 
6 and 7, these are the samples with lowest percentage of surfactant (1%w/w). 
Followed by samples with 30% w/w celecoxib (1 and 10), 10%w/w celecoxib (4 
and 2) and 50%w/w celecoxib (3 and 9). 

○ Table 1 illustrates a TPGS concentration apparent threshold, where above 
1%w/w (5.5%w/w and 10%w/w) TPGS does not appears to have an impact in 
the required energy of flow. However, at 1%w/w TPGS (lower plasticizing 
effect) drug/polymer ratios dictate the required energy of flow of the melt.

 

○ The calculated activation energies (Ea) provided fundamental understanding of 
the melt kinetics of celecoxib when mixed with PVP and TPGS in terms of the 
required energetic barrier for flow to be initiated. 

○ Initiation of flow is important as adequate mixing in HME will greatly depend on 
the mobility of the molecules past each other due to the mechanical (screws) 
and thermal energies being applied. 

○ Being HME mixing a melt kinetic process, a flow energy barrier must be 
exceeded for celecoxib to be transferred to the carbonyl group of PVP to thus 
successfully inhibit it’s crystallization when cooled down. 

○ With TPGS facilitating the mobility of the PVP and celecoxib. Thus, samples 
with higher Ea will have a higher energetic flow barrier that needs to be 
exceeded for the crystallization of celecoxib molecules to be successfully 
hindered when mixed using HME. 

○ The plasticizing effect of TPGS resulted to have a significant yet complex role in 
this energetic flow barrier. 

■ Low concentration of TPGS (1% w/w) and thus low plasticizing effect had the 
highest energetic flow barrier (high Ea) of all samples independent of drug/PVP 
ratios. Meaning that these samples require higher energies in order to transfer 
celecoxib molecules into the adequate carbonyl PVP group and inhibit its 
crystallization; i.e. Ea and TPGS inverse relationship. 

■ Higher TPGS concentrations (5%w/w and 10%w/w) showed a more complex 
behavior with the Ea demonstrating to be more dependent on the drug/polymer 
ratio than with TPGS. PVP increased the flow activation energy of celecoxib, 
which may be attributed to the hindering of the celecoxib molecules due to the 
presence of PVP resulting thus in higher flow energetic barriers.

○ The amorphous state of celecoxib was evidenced by strengthening of H-bonding 
between celecoxib and PVP, lack of characteristic crystalline peaks of celecoxib, 
and deshielding of aromatic protons. 

○ Interaction between extruded samples occurred mostly through H-bonding 
between the carbonyl group of the polymer. 

○ Calculated melt activation energies (Ea) from the temperature dependent 
viscosity revealed a threshold of TPGS concentration where samples with 1% 
w/w of TPGS showed higher flow activation energies (higher Ea) independent of 
the drug/polymer ratios, compared to samples with higher amounts of TPGS.

Reported amorphous celecoxib-celecoxib 
interactions:

-N-H and -C-F -N-H and 2-N 
pyrazole ring

-N-H and -S=O
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Differential molecular interactions between the crystalline and the 
amorphous phases of celecoxib 


