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                                  Abstract: 

 

A high percentage of active 

pharmaceutical ingredient are available 

in the insoluble crystalline phase.  

During pharmaceutical processing such 

as milling there are many issues can be 

initiated due to the transformation of this 

crystalline materials. Some trans-

formation might be positively  

solving the active pharmaceutical ingredients (APIs) problems such as solubility and 

dissolution rate while others might negatively affect these factors which render the APIs into 

inactive compound. Therefore, during the pre-formulation study, all of these issues must be 

resolved to ensure drug stability and hence its bioavailability. This review will shed the light 

on the most popular transformations that happened, factors affecting them, and the 

characterization methods used for the detection of phase formed. The studying of these 

factors, will help to avoid them in future 
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 الفعالة الصيدلانية المواد تصييغ قبل الطحن خلال الحالة تحول على السيطرة

 حميد سليمان غيداء
 المستنصرية الجامعة /الصيدلة كلية الصيدلانيات، فرع
 

 :الخلاصة
 مثل الصيدلانية المعالجة خلال. للذوبان القابل غير البلوري الطور في الفعالة الصيدلانية المكونات من عالية نسبة توجد

 إيجابياً حلًا  التحول هذا يكون قد. البلورية المواد هذه تحويل بسبب تبدأ أن يمكن التي القضايا من العديد هناك الطحن

 هذه على سلباً الآخر التحول يؤثر قد بينما.  التحرر وسرعه الذوبان مثل( sAPI) النشطة الدوائية المكونات لمشاكل

 الدواء استقرار لضمان المشاكل هذه كل حل يجب الصياغة قبل ما دراسة في لذلك. فعاليته فقدان الى تؤدي قد التي  العوامل

 وطريقة فيه المؤثرة والعوامل يحدث الذي شيوعًا الأكثر التحول على الضوء المراجعة هذه ستلقي. الحيوي توافره وبالتالي

 . المستقبل في تجنبها على يساعد سوف العوامل هذه دراسة ان. المتكون الطور عن الكشف
 متبلور, الشكل عديم, التحول, الطحن :المفتاحية الكلمات

 

 

Introduction: 

Mechanochemistry was firstly introduced 

by Faraday in 1820 which involves 

mechanochemical transformation that can 

be induced by milling [1]. The development 

of the mechanochemistry was grown in 

1980s under the field of pharmaceutical 

preparation [2]. Milling, intended mainly 

for particle size reduction which is 

important in pharmaceutical processing for 

improving flow property, enhancing the 

drug dissolution and ensuring uniformity 
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of the content [3, 4].  The reduction of the 

particle size  such as in the preparation of 

nanosuspensions [5] can results in 

increasing the formulation of wide range of 

dosage forms intended for topical, 

ophthalmic, oral and rectal etc. route of 

administration. In addition, milling can 

result in increasing the surface area and 

hence the dissolution of the drug [6, 7]. The 

enhancing of drug dissolution via particle 

size reduction was explained through 

Noyese-Whitney equation [8]. Meanwhile,  

polymorph interconversions can initiated 

during milling process unintentionally [1, 9]. 

 During pharmaceutical processing, the 

possible solid transformation includes 

solid-solid transformation (phase 

transition), solid-liquid transformation 

(melting) and solid-gas transformation 

(condensation).  Phase transition can be 

occurred either in one component system 

which is called transformation as in 

polymorphic transformation or in 

multicomponent system which is called 

physical interaction as  seen in eutectic 

mixture and solid solution [10]. Recently, 

milling considered as a green process for 

the production of amorphous material due 

to exclusion of heat, solvents and chemical 

reactions [11, 12]. 

Polymorphic transformation was shown in 

many APIs during pharmaceutical 

processing such as indomethacin, 

nemodipine, carbama-zepine, flufenamic 

acid, chlorpropamide and gabapentin [13-17].  

Phase transformation types  

The application of stress in a single-phase 

material it could result in liberation of heat, 

polymorphic transformation, producing a 

new surface, accumulation of crystal 

defect, amorphization and chemical 

transformation. However, the application 

of stress on a multicomponent system, can 

results in solid stat reaction and producing 

a highly dispersed phase [18]. 

Milling can produce many phase 

transformations such as transformation 

from one polymorph to another like that 

occurs in the transformation of cimetidine 

and chloramphenicol [6, 19, 20].  In  this case, 

milling can induce transformation from 

stable to metastable polymorph [21]. In 

addition, polymorphs can also be obtained 

from crystallization of solvent and melting, 

seeding, exposure to vapor and laser [22]. 

Figure 1 illustrate the transformation in the 

crystalline material after milling. 

 

                    Figure 1: Transformation of crystalline material upon millling 

Furthermore, amorphous material might be 

formed from the crystalline one. Theories 

that explained the transformation of the 

crystalline into amorphous material  
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suggested that the phase transformation 

either results from local melting of the 

crystalline material followed by rapid 

quenching or due to the accumulation of 

the crystalline defect [23] as illustrated in 

Figure 2. The defective crystal in this case 

possess high Gibbs free energy which 

results in less stability than the metastable 

phase therefore, they render amorphous 
[24]. Example on this transformation was 

the conversion of dexamethasone, tadalafil 

and rivastigmine [11, 25, 26] into amorphous 

form. 

 

 
 Figure 2: Schematic representation of the two pathways suggested to create the 

amorphous phase from the crystal during pharmaceutical processing (31)

Co-crystal formation is another transfor-

mation that happened in the (APIs). This 

occurs when two components are mixed 

together and milled, a physical interaction 

can be formed between two materials due 

to the formation of hydrogen bond between 

donor and acceptor groups in both 

compound [27, 28]. For example, the co-

crystallization of caffeine-glutaric acid co-

crystal and naproxen-lactose-tetrahydrate 

co-crystal [29, 30]. Finally, a crystalline 

defect can be resulted from the milling 

process. Such transformation was observed 

during milling of griseofulvin [31, 32] and 

alpha lactose [33].                       

Characterization of phase trans-

formation  

During the pre-formulation study the 

characterization of the (APIs) is important 

because this step determines the solubility 

and hence the biological activity of the 

API after formulation step. Recently, many 

tools are used to determine the phase 

transformation which can be used alone or 

in combination to detect the stability of the 

APIs prior to and following formulation. 

These include firstly; thermal analysis 

which can be performed by either: 

Differential Scanning Calorimetry (DSC) 

or Modulated Differential Scanning 

Calorimetry (MT-DSC) in which the 

presence and absence of glass transition 

temperature (Tg) is crucial in determining 

the presence of amorphous material. The 

presence of the exothermic and melting 

peak is critical factor for the detection of 

amorphous phase [34] as seen in Figure 3 

which shows the DSC pattern of both 

sucrose and glucose before and after 

cryomilling (cryomilling is milling under 

liquid nitrogen -196 °C). The appearance 

of Tg indicates a formation of amorphous 

material. In the multicomponent system, 

the presence of a single Tg indicates a 

formation of a solid dispersion, while the 

appearance of multi Tgs in the mixture 

indicate that the mixture is not uniform [35].       

Other techniques for the transformation of 

one phase to other can be characterized by 

powder x-ray diffraction (XRPD) in which 
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the absence of Bragg peaks (is a 

pronounced peak on the Bragg curve 

which plots the energy loss of ionising 

radiation during its travel through matter) 

indicates the lack of crystallinity [21]. 

However, Pinal et. al.  showed that; 

although the Bragg peaks were absent in 

the cryomilled griseofulvin which is an 

indicator of amorphous formation, the 

DSC results showed the lack of the Tg. 

They interpreted this phenomena as 

crystalline defect which was happened 

after milling of griseofulvin [31]. XRPD 

method is important characterization 

method which requires only 10-30 mg of 

the sample to be detected within 3-8 

minutes although there is a difficulty in the 

differentiation between a polymorphic 

mixture [22].  Meanwhile, thermal analysis 

requires less amount of the sample 2-4 mg 

with longer detection time 20-30 minutes 

or more depend on the targeted process 

with easier detection of the polymorphic 

mixture [22]. Other characterization 

methods are: Raman spectroscopy [36], 

polarized light microscopy [37], FTIR  [38] 

and many others. 

    

Figure 3: Differential Scanning Calorimetry Thermograms for Sucrose (left panel) and 

Glucose (right panel) Before and After Cryomilling, with Insets Showing the Tg Region. 

“Crystalline” Samples have Been Offset by 2 Wg−1 (39).

The Role of Glass Transition 

Temperature (Tg)   

The glass transition temperature  is defined 

as the midpoint between rubbery and 

glassy phase [40].  It is important factor to 

control the drug stability [41]. It was 

reported that the molecular mobility of the 

compound increased with the reduction of 

the Tg; hence the stability was reduced. 

The Tg is an intrinsic material property, so  

that controlling its effects on the materials 

stability is limited to the temperature and 

humidity [42]. It has been previously 

reported that milling of APIs below the 

glass transition temperature results in 

amorphization, while milling above the 

glass transition temperature results in 

polymorphic transformation [24].      

For this reason, milling should be 

performed at a relatively low temperature 

(below the material Tg) and out of 

humidity. For the APIs that have a low Tg, 

controlling the phase transition is 

performed using other materials that by 

mixing results in the elevation of the glass 

transition temperature thus inhibit its 

conversation during and after 

pharmaceutical processing. For example, 

incorporation of polymeric material that 

leads to the formation of amorphous solid 

dispersion such as ritonavir-copovidon and  

naproxen-PVP [43,44] . Furthermore, 

addition of other drug, amino acid or 
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carboxylic acid can also prevent 

recrystallisation of the drug through 

formation of co-amorphous system such as 

carbamazepine-benzoic acid, indomethacin 

and arginine [45, 46]. Finally,  mixing two 

drugs such as lacidipine-spironolactone 

can result in stabilization via co-

amorphous formation [47].        

Milling Time  

Increasing milling time results in 

increasing the amorphous content of the 

drug and, hence improving its dissolution. 

The increase in the milling time can lead to 

accumulation of the crystalline defect 

which transformed lastly into amorphous 

material [48].  Such effect was observed 

during milling of ketoconazole and 

griseofulvin in which there is a direct 

relationship between milling time and 

amorphous content of the these drugs [49]. 

Figure 4 shows the XRPD pattern of 

indomethacin at different times of milling. 

It's clearly seen that the Bragg peaks 

started to disappear with increasing milling 

time which reflect the losing of 

crystallinity and increasing amorphous 

content.

 

Figure 4. Powder X-ray Diffraction Patterns of Indomethacin Crystals Ground for 

Various Periods. Reproduced with Permission from Bates et. al. (50)

Controlling Milling Temperature 

To control the phase transformation, it is 

important to control the temperature of 

milling according to the APIs Tgs’. It has 

been reported that milling above glass 

transition temperature results in melting of 

the crystal while milling below the glass 

transition temperature results in 

amorphization [23]. Although, milling has 

been reported to initiate phase 

transformation for many (APIs) such as 

piroxicam and indomethancin. There is a 

possibility of conversion of the amorphous 

material into crystalline material [51-53]. 

Recently, milling temperature has been 

reported to control the phase 

transformation of many APIs. Descamps 

et. al. investigated the effect of the milling 

temperature on the drug stability. They 

reported that the milling at temperature 

below the Tg of the drug resulted in 

formation of amorphous material and 

stabiliezd it. For example, the 

transformation of glucose at room 

temperature milling was not happened 

even when the milling time was performed 

for long time (14 hours), while its 

transformation to amorphous material  was 

easier at -15 °C [21].    

Heat increase the molecular mobility 

which lead to the instability of the active 

pharmaceutical ingredient. Thus, 

controlling milling temperature is 

important at this which can be performed 
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using cryomilling technique in which the 

material was milled of the material in a 

low temperature (-196 °C). During 

cryomilling, the effect of temperature on 

the materials during milling process can be 

excluded. During the milling of 

ketoconazole and griseofulvin as reported 

by Otte et. al. [54]. Another example on the 

effect of controlling temperature was seen 

in prioxicam in which milling at the room 

temperature results in amorphization,  

while at room temperature milling it was 

found to be difficult for amorphous 

material formation [55]. Controlling milling 

under liquid nitrogen temperature (-196 

°C)  not only results in controlling phase 

transformation but also excludes the drugs 

decomposition and solvent usage [39]. 

Milling under liquid nitrogen can also 

results in shortening the time required for 

obtaining amorphous state. For example, 

milling of indomethacin polymorph under 

4 °C results in its amorphization within 2-4 

hours, while cryomilling at -196 °C can 

amorphized indomethacin within 20 

minutes [56].      

Controlling humidity     

As the glass transition temperature plays a 

significant role in the stability of the 

amorphous materials. Studying factors that 

controlling Tg are important such as the 

water content (water can be absorbed from 

atmosphere). Water causes reduction of the 

Tg and hence reduce the stability of the 

amorphous material due to the plasticizing 

effect of water [57]. The plasticizing effect 

of moisture on the amorphous 

carbohydrate results from the intra and 

inter hydrogen bond formation which leads 

to increase the molecular motion and 

reduce the internal friction [33].  The effect 

of water on amorphous mixture affected by 

the ability of the material to absorb water 

from the atmosphere [58]. The stability of a 

compound upon recrystallisation after 

milling depends on the physical interaction 

and H-bond formation between the mixed 

materials.  For example, the stability of 

sulphonamide after milling with soluplus is 

better than its stability after addition of 

PVP. The researchers in this paper 

correlate the relationship between the 

stability of this mixture to the stronger 

interaction of sulphonamide with soluplus 

than with PVP [59].  Strong physical 

interaction like the H-bond formation 

between gabapentin and L-valine can leads 

to increase the stability of gabapentin 

during milling and consequently increases 

the resistance to humidity [60].   

Conclusions   
The phase transformation during and after 

pharmaceutical processing can be 

controlled in the early stage of pre-

formulation. These parameters include 

selection of the milling temperature, 

exclusion of humidity effect, increasing 

milling time and introducing other 

materials during milling to ensure the 

physical stability and H-bond formation. 

All these considerations can effect on the 

stability during and after formulation. 

Before marketing it is important to ensure 

a proper wrapping and clear instructions of 

storage temperature to provide optimum 

bioavailability.      
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