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Abstract  
Amorphization of drug has been considered as an attractive approach in improving drug solubility and 

bioavailability. Unlike their crystalline counterparts, amorphous materials lack the long-range order of molecular 

packing and present the highest energy state of a solid material. Co-amorphous system (CAM) is a multi-

component single phase system containing an active pharmaceutical ingredient (API) with a low molecular weight 

excipient or a pharmacologically relevant API. This review highlights the different approaches followed in the 

preparation of co-amorphous drug delivery system, and the proper selection of the co-formers. In addition, the 

recent advances in solid state characterization, industrial scale and formulation will be discussed. 
Keywords: Co-amorphous , Co-former, Preparation, Characterization. 

 

 الذوبان في الماء ةالعقاقير القليللإيصال النظام غير المتبلور المشارك: استراتيجية واعدة 
 *اميرة عبد الاله راضيو   1*،ايمان صباح جعفر

 
 .العراق المستنصرية، بغداد ،الجامعة  الصيدلة،كلية  الصيدلانيات،فرع *
 

 الخلاصة 
عكس  النظم علىهذه  حيث تفتقر الحيوي.في تحسين قابلية ذوبان الدواء وتوافره نظم غير المتبلورة المشارِكة استراتيجية ملفتة تعَُد ال

تكرة يتم خلالها تقنية مب إنها تعَُدالمتراص، ونتيجة لذلك تتمثل بأعلى مستويات للطاقة تتوفر للمادة الصلبة. كما  الترتيب الجزيئينظيراتها البلورية إلى 

الجزيئي(  تأمين استقرار العقار في الحالة الغير المتبلورة ومنع تبلوره بواسطة اواصر بينية مع جزيئات  لمركبات  منخفضة الوزن الجزيئي)الشريك

. 

لجزيئي الأمثل. اضافة واختيار الشريك ا المتبلور،تسلط مراجعة المقال الضوء على الطرق المختلفة في إعداد نظام توصيل الأدوية غير  

 وانتقال النظام نحو النطاق الصناعي وتصييغه. فحص النماذجستتم مناقشة التطورات الحديثة في  ذلك،إلى 
تشخيص.، تحضير، شريك جزيئي     ،المشاركغير المتبلور  المفتاحية: النظامالكلمات   

 

Introduction  
A growing number of new active 

pharmaceutical ingredients (APIs) have been 

revealed as a result of high-throughput screening 

technology progress (1, 2).  

The most widespread challenge is their low water 

solubility. In the biopharmaceutics classification 

system (BCS), these drugs are off the record as class 

II and class VI, respectively (3).The low water 

solubility of such drugs will decrease the drug 

bioavailability seriously and may prevent further 

development of new chemical entities if it remains 

without satisfactory solution (4). For this reason, 

different methods have been adopted such as salt 

formation, cyclodextrin inclusion, solid dispersions, 

nanocrystals, microemulsion, cocrystals and 

amorphous dispersions; etc. (5, 6). Along with these 

strategies, one of the most effective approaches to 

improve the solubility and dissolution of poorly 

water-soluble drugs is the amorphization(7). 
Amorphous materials lack the  

 

uniform molecular packing typical for crystalline 

solids and present the highest energy state of a solid 

material (8). The improvement in the apparent 

solubility and dissolution profile in amorphous 

materials might be attributed to the low energy 

barrier necessary for molecules to go into solution 
Yet, the amorphous systems potential application is 

limited, owing to thermodynamic instability causing 

recrystallization throughout processing, when they 

get in contact with the fluids of biological system or 

during storage (9). Consequently, the stabilization of 

amorphous API using various formulation strategies 

has been investigated (10).  

Definition of co-amorphous system (CAM)  

Co-amorphous system (CAM) is a multi-

component single phase system containing an active 

pharmaceutical ingredient (API) with either a low 

molecular weight excipient or a pharmacologically 

relevant API (11,12).

  
 

1Corresponding author E-mail: emanaldahan@gmail.com 

Received: 24/5/2019 

Accepted: 29/ 9/2019 

Iraqi Journal of Pharmaceutical Science 

https://doi.org/10.31351/vol29iss1pp1-11


Iraqi J Pharm Sci, Vol.29(1) 2020                                                   Co amorphous system: Delivering poorly soluble drugs 

                                  

2 
 

The application of small molecules like urea, citric 

acid, tartaric acid to stabilize amorphous forms has 

been reported earlier in the literature (13,14). The term 

“co- amorphous” was introduced in 2009 by Chieng 

et al. in attempt to distinguish the amorphous 

mixture containing two small molecules from the 

term polymeric amorphous solid dispersion (PASD) 
(15). The first drug-drug CAM was developed by 

combining naproxen with cimetidine, by Yamamura 

et al. The solubility and dissolution rate 

enhancement were attributed to amorphous form 

stabilization of both drugs throughout 

intermolecular hydrogen bonding (16). 

Advantages and limitations of co-amorphous 

system (CAM) 
Co-amorphous systems afford high degree 

of solubility due to higher amorphous energy state. 

Furthermore, no energy is required for the 

rearrangement of the crystal lattice during 

dissolution (17,18). In addition, they may show high 

degree of stability as compared to the amorphous 

form entity and dissolution rate enhancement in 

comparison to their crystalline homologues (19-21). 

The stability of CAM is mainly caused by an 

increase of glass transition temperature (Tg) and the 

homogenous molecular-level dispersions achieved 

by high energy mixing (22). Attributable to the 

components with low MW, the required quantity of 

the stabilizer (co-former) is low and thus 

overcoming the large bulk volume of the final 

dosage forms associated with PASD (23). 

A remarkable increase in peak concentration 

(Cmax) and area under curve (AUC), in addition to 

a decrease in peak time (Tmax) has been observed 

in many CAM mixtures (24, 22) . 

Being an amorphous system, CAM is inherently 

susceptible to nucleation and crystal growth leading 

to the recrystallization to the more stable form. 

Therefore, it is not possible to ensure the complete 

stability in the final dosage form (25,26). 

The main challenges CAM mixtures may encounter 

during formulation are their sensitivity to heat and 

moisture (27). To date, few studies have investigated 

the impact of different temperature and humidity 

conditions on the CAM stability (28). Other hurdles 

might be attributed to their limited compressibility 

and flowability. The compression pressure might 

compromise the interactions between the drug and 

stabilizer molecule which in turn causes 

crystallization and negatively influences the 

physical stability as well as the dissolution 

performance of co- amorphous system in the last 

dosage form (29).   

Classification of CAM 

Based on the low molecular weight partner, 

CAM can be classified into drug-drug CAM and 

drug- excipient CAM. Until now, approximately 

fifty different drug-drug and drug-excipient CAM 

have been investigated (30). 

 

Drug-drug CAM 

In this system, stabilization of two drugs 

which are pharmacologically- related is obtained, as 

one drug functions as amorphous stabilizer for the 

other drug. In addition to the benefits of improved 

solubility, dissolution and stabilization, this system 

provides a platform for the innovative 

combinational therapy (31). More efficient therapy is 

attained from the combination of two different 

therapeutic categories drugs (32). Furthermore, the 

concurrent one dosage unit administration of the 

drugs results in least excipients as well as improved 

patient compliance. Usually CAM are formed in 

molar ratio of 1:1, which may demonstrate stability 

enhancement as it implicates that both CAM 

components network at molecular level via 

hydrogen bonds (13,21). The CAM approach may also 

offer improvement of bioavailability, since one of 

the drugs can work as a dissolution-enhancing agent, 

in addition to amorphous-stabilizing agent for the 

second drug(33,34).Great enhancement in the 

hydrochlorothiazide - atenolol co-amorphous 

mixture in bioavailability as compared to that of the 

physical mixture, (drug in amorphous form and 

crystalline drug) (11). 

The earliest drug-drug CAM was reported by 

Yamamura et al., in 1996. Binary mixtures of 

cimetidine with naproxen (16), indomethacin (35) and 

diflunisal (36) were prepared using solvent 

evaporation method. Another example of 

investigated drug- drug CAM is indomethacin with 

ranitidine hydrochloride CAM for treatment of the 

pain and the prevention of NSAIDs gastrointestinal 

adverse effects(15), simvastatin with glipizide for 

lipid disorders and diabetes mellitus in metabolic 

disease(37) and tranilast (antiallergic) with 

diphenhydramine hydrochloride for management of 

allergy and inflammation (38). 

The investigated drug-drug combinations are 

generally still low, because of the limited number of 

pharmacologically- relevant drug pairs that can form 

glass solution in the required therapeutic dose (29). 
Consequently, the idea of drugs combinations with 

inert molecules that can form hydrogen bonding and 

have low toxicity are more applicable (39, 40). 

Drug- excipient CAM 

In these systems, drugs with poor solubility 

were combined with inactive excipients of low-

molecular-weight. These excipients contain weak 

carboxylic acids, like tartaric acid (41) and citric acid 
(42), weak bases, like saccharin (39), meglumine 

(amino sugar) (43), phospholipids (44), sugars, 

nicotinamide and urea (45).  

  The mechanism of stabilization of these 

CAM was credited to direct molecular interactions 

for instances; hydrogen bonding, charge assisted 

interactions, molecular level mixing and if possible, 

an increase of the drug Tg (46).  

Besides, the amorphous stabilization, an increase in 

skin permeation was observed with acyclovir and 
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citric acid CAM compared to crystalline acyclovir 
(47). Additionally, high physical stability even at 

storage conditions above the Tg of the mixture was 

obtained in paracetamol and citric acid CAM as a 

result of the strong intermolecular interactions (48). 

Biocompatible co-formers, amino acids, were also 

used as anti-plasticizers by raising the Tg, inhibiting 

drug-drug interactions and holding up 

recrystallization. Amino acids were chosen based on 

the knowledge of probable drug-receptor 

interactions at the biological binding sites (49, 50).  

Both dissolution rate improvement and physical 

stability of drug co-amorphous -amino acids 

systems in comparison to the drug in amorphous 

state have been achieved, owing to molecular 

interaction (12, 20, 49, 50). Though, systems stability by 

non-interacting components is also a potential (20).                                                                                                                  

Amino acids - salts formation showed higher 

mixtures stability (51). Salts act as anti-plasticizers 

and increases the Tg of CAM mixture. This effect is 

mainly due to the powerful ionic interactions that 

oppose crystals formation (17). Moreover, formation 

of salts enhanced dissolution, as a result of ion-

dipole interactions between the dissolved ions and 

the water molecules. This type of interaction is 

energetically preferred over hydrogen bonding 

between non-ionized drugs with water molecules 
(34).  

Methods for co- amorphous formulations 

preparation  
An acceptable performance of the final 

dosage form depends mainly on choosing the proper 

approach to prepare CAM formulations. In general, 

the selection of preparation procedure is influenced 

by the properties of active ingredients as well as the 

excipients. Additionally, significant differences in 

physical stability in addition to dissolution 

performance of co-amorphous formulations result 

from different preparation methods (29). 

Different techniques of preparation of CAM are 

available, and they include mechanical activation 

(milling), solvent (solvent evaporation, spray drying 

and freeze drying) and techniques involving melting 
(52). 

Milling methods 

This method is the most commonly applied 

methods to prepare stable CAM owing to simplicity 

of handling, and minimum chemical degradation (if 

the processing occurs at low temperature), in 

addition to the high yield in comparison to other 

techniques (53). 

According to the molecular packing point of view, 

introduction of enough mechanical stress to produce 

crystal defects leads to loss of long-range 

crystallographic periodicity of crystalline materials 
(54 ,55). 

The raised temperature, during conventional ball 

milling, eventually leads to recrystallization. 

Therefore, conducting milling at low temperatures 

essentially avoids fast re-crystallization and is 

considered an effective approach  for producing 

CAM dispersions .This result provides foundation of 

cryo-milling for low Tg drugs where the temperature 

of the process is lowered down using liquid nitrogen 
(56).Most pharmaceuticals turn fragile at the 

cryogenic temperature (temperature much lower 

than Tg), favoring formation of the disordered form 

upon mechanical activation. Additionally, the risk of 

degradation induced by heat along with 

recrystallization can be avoided through cryo-

milling. Cryo-milling is, therefore, considered more 

successful than conventional milling for production 

of CAM (57, 58).  

One of crucial points which should be considered is 

that the milling technique can occasionally form 

highly defective crystals rather than the actual 

amorphous solids. The formed crystals can 

encourage nuclei formation and the growth of 

crystal in amorphous solids (59, 60). 

Solvent evaporation 
CAM is commonly prepared by this method, in 

which an ordinary organic solvent is used to dissolve 

crystalline drugs or excipients, then the solvent is 

evaporated by means of heat or under vacuum for 

not less than 24 hours. Any remaining solvent may 

lead to  CAM instability  through recrystallization or 

solvate formation during storage (61).The solubility 

of both drug substance as well as excipient in the 

chosen solvent is of great significance to the size of 

the particles, physical consistency, in addition; to 

better dissolution performance of CAM prepared by 

this method (62). 

Due to solvent fast elimination, there is no chance of 

molecules to reorganize themselves in a crystal 

lattice. In addition, they are solubilized in the CAM 

by co-precipitation (15). 

Improved physical stability, enhanced pH-

independent solubility, superior intrinsic dissolution 

rate (IDR) as well as supersaturated dissolution were 

observed for lurasidone HCl-saccharin CAM 

prepared by rotary vacuum evaporator compared to 

amorphous lurasidone HCl (63). 

The process of spray drying is generally divided into 

two steps: atomization step and drying step. The first 

step essentially involves spraying of an appropriate 

solution of APIs to a heated chamber with a control 

on the size of droplet as well as the rate of spraying. 

The last step necessitates the removal of the solvent 

out of droplets to yield dry particles. The particle 

size distributions and morphologies could be 

monitored via controlling the composition of the 

spray solution, and the rates of drying during the 

process (63). Spray drying is a well-established 

technique and easily scalable process. However, this 

method has limitation which includes complexity in 

choosing the appropriate solvent for both drugs and 

excipients. Additionally; recrystallization may 

occur as a result of residual solvents. Furthermore, 

the use of organic solvents may cause safety 
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concerns throughout the production and danger the 

environment (64,65). Spray drying method provides an 

excellent choice to prepare CAM, but as other 

methods may be unsuccessful because of 

degradation by heat, low yield, and incomplete 

amorphization (34). 

Freeze drying, which is also known as 

lyophilization, is employed to obtain products with 

porous and low-density nature. High-dose 

zwitterionic compound ofloxacin-amino acid CAM 

was prepared successfully by Zhu et al. through 

lyophilization (66). 

Melt-quenching 
The melt quenching is a well-recognized 

technique employed in the fabrication of thermo-

stable active ingredients in small quantities. This 

method involves intensive mixing APIs and/or 

excipients by heating to a molten liquid. Then, the 

melt is hastily cooled to a temperature under the 

melting temperatures of the individual components 

in order to prevent crystallization. Prevention of 

nucleation and growth of crystal is achieved by fast 

cooling rate, which consequently facilitate CAM 

formation. A stable CAM of citric acid-paracetamol 

preparation was reported by Hoppu et al. via melt-

quenching method (67). It has been confirmed that 

CAM prepared by melt-quenching may show 

improved physical stability compared to those 

prepared by conventional ball milling, or cryo-

milling (68). This is attributed to incomplete removal 

of small amount of residual crystals that  encourage 

the crystallization(69).  

Co-former selection 

Many low molecular weight molecules have been 

considered as potential co- formers in the 

formulation of CAM .Therefore, a successful design 

of CAM requires a close observation of the 

properties for both the co-formers and the active 

ingredient, for instance the glass transition 

temperature (Tg), ability to form hydrogen bonding 

and their miscibility to form a homogenous mixture 
(70). 

In order to ensure a maintained physical stability of 

the dispersion, the Tg of the mixture is favored about 

50 K above the storage temperature (Tg-T ~50 K). 

Therefore, employing co-formers with relatively 

high value of Tg would increase the chance that the 

Tg of the mixture will be higher, especially when 

API exhibits a low Tg. The Tg of the mixture can be 

anticipated by Fox or Gordon-Taylor equations (71, 

72). 

   𝑇𝑔 𝑚𝑖𝑥 =
w1 Tg1+k w2Tg2

w1+ k w2
            (1)                                                      

where Tg mix is Tg of the amorphous mixture , Tg1 and 

Tg2 are the glass transition temperature of each 

component ,w1 and w2 are the weight fraction of 

each component, K is a constant , ρ1,ρ2 are the 

densities of each component  and Δα1,Δα2 represent 

the change in thermal expansivity of Tg of each 

component (73): 

 

K=
(ρ1∆α2)

(ρ2∆α1)
                         (2)(73) 

 

The detection of hydrogen bond ability 

between co-amorphous components has extended to 

the use of computational and theoretical approaches 

such as, natural bond orbital analysis (NBO), density 

functional theory calculations (DFT) as well as 

quantum molecular theory (QTAIM) (74,75). 

Modeling the interaction between sulfathiazole and 

citric acid / tartaric acid was carried out using a 

molecular modeling functionality, Moilin, within 

Oscail which is a windows software for molecular 

modeling and crystallography. As shown in figure 

(1), due to the presence of three carbons between its 

–COOH groups, citric acid, was better able to span 

the sulfathiazole molecules than tartaric acid (41). 

 

 

Figure 1. Calculated adduct structures for STZ−CA (a) and (b) and STZ−TA (c) and (d) (43). 

 

Flory–Huggins interaction parameter (ᵡ) has been 

used to indicate the miscibility between small 

molecules in binary mixtures and estimate their 

phase stability. It has been reported that miscible 

systems would have a value of Flory–Huggins 

parameters (ᵡ) close to or less than zero (76, 77). 

This parameter was calculated for simvastatin and 

glipizide dispersion and the obtained value for ᵡ was 

found to be 5.5 ± 2.0, which suggests the absence of 
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molecular interactions between these components 

and thereby immiscibility (39)  
Solid state characterization of CAM 

X-ray powder diffraction (XRPD), Fourier-

transform infrared spectroscopy (FTIR), in addition 

to differential scanning calorimetry (DSC) are 

commonly employed techniques to confirm both the 

formation and the stability of CAM (78, 79). 

X-ray powder diffraction (XRPD) is a well-

established method that comes up with information 

on the existence of a crystalline material through the 

presence of sharp diffraction peaks, whereas 

amorphous material is recognized by a halo pattern 

in the PXRD (80). Figure 2 demonstrates the 

diffractogram of docetaxel with characteristic 

diffraction peaks of crystalline docetaxel (2 a) in 

contrast to the halo pattern exhibited by docetaxel 

and myricetin system prepared by fast solvent 

evaporation technique (2 e) (81). 

 

Figure 2. PXRD patterns of (a) crystalline docetaxel, (b) crystalline myricetin, (c) amorphous docetaxel, 

(d) rotary evaporation product of myricetin, and (e) co-amorphous docetaxel- myricetin (81) 

 

A successful CAM is identified in the DSC 

thermogram through a solitary Tg that corresponds 

to the transfer of glass status to a sub cooled or 

viscous fluid (82). The presence of one Tg implies 

formation of a single-phase homogeneous systems 
(83,84). 

The problem of phase separation between the 

individual components of the mixture could be 

detected by the observation of two Tg values instead 

of a single Tg (85).Wang et al. prepared co-

amorphous loratadine-citric acid system in different 

molar ratios (1:1, 2:1 and 3:1). DSC thermograms 

revealed a single Tg for co-amorphous loratadine-

citric acid system (1:1) which confirmed the 

homogenous phase formation. On the other hand, 

the appearance of two Tg values for formulations 

(2:1) and (3:1) suggested the formation of two phase 

mixture of loratadine-citric acid system and 

amorphous loratadine (86). 

The Tg of the mixture could be theoretically 

calculated using the Gordon-Taylor equation which 

suggests a state of ideal miscibility and absence of 

interactions between the components. It usually 

appears in a range between the Tg of the two 

individual components (87). However, the 

appearance of higher values of Tg in the DSC 

thermogram strongly suggests the presence of strong 

ionic forces due to salt formation between the drug 

and the co- former (88). On the other hand, lower 

values may occur due to the plasticizing effect of 

water residues or the loss of bonds during mixing (89, 

90).   

Alleso et al.  studied the thermal events in the co-

milled binary mixture of naproxen and cimetidine. 

The experimental values of Tg (table 1) of the binary 

mixture at various molar ratios exhibited a 

significant deviation from those calculated by 

Gordon-Taylor equation. These results have been 

attributed to the strong solid-state interaction 

between the two molecules that has been 

successfully confirmed via Raman spectroscopy (18). 
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Table 1. Glass transition temperatures of 

mixtures and single components determined by 

DSC and calculated values using the Gordon–

Taylor equation (18) 

 

Sample  Tg(°C) 

Experimenta

l 

Tg (°C) 

Calculate

d 

Naproxen(NAP

) 

6.2±0.6 N/A 

Cimetidine 

(CIM)(milled) 

36.1±2.0 N/A 

1:2 NAP-CIM 42.2±1.1 14.0 

1:1 NAP-CIM 34.5±0.3 10.7 

2:1 NAP-CIM 31.5±0.7 8.6 

 

The molecular interactions can be analyzed using 

Fourier-transform infrared spectroscopy (FTIR) (91), 
Raman spectroscopy (92) and nuclear magnetic 

resonance (NMR) (93) . 

The infrared spectral analysis of ketoconazole-

succinic acid mixture demonstrated a band at 1605 

cm−1, therefore suggesting hydrogen-bonding 

interactions between ketoconazole and succinic acid 

as given in figure 3 (94). 

 

 
Figure 3. IR spectra of (a) amorphous KTZ, 

coamorphous KTZ−SUC, amorphous succinic 

acid (94) 

 
Edinger et al. employed the transmission 

Raman spectroscopy to quantify the amorphization 

fraction of celecoxib in polyvinylpyrrolidone (PVP) 

tablet. The transmission Raman spectroscopy 

provided a fast at-line and non-destructive 

measurements after each microwaving step. The 

spectrum of amorphous celecoxib shows 

bathochromic shift of the in-plane bending of the 

phenyl ring, assigned at 810 cm−1, to798 cm−1 and a 

merge with another peak centered at 794 cm−1 as 

well (95). 

Binary mixtures of indomethacin with tryptophan 

(Ind−Trp) and furosemide with tryptophan 

(Fur−Trp) prepared by ball milling were analyzed 

employing XRPD, 13C solid status NMR (ssNMR), 

in addition to DSC. Based on data obtained from 13C 

ssNMR spectra, it has been proposed that hydrogen 

bonding and π-interactions were responsible for 

amorphization in both systems (93). 

Industrial scale  

The conversion of CAM into marketed 

pharmaceutical dosage forms requires selection of 

the preparation technique depending on the 

physicochemical properties of drug in addition to the 

co-former, primarily the melting point as well as 

thermal stability of the CAM components (96).   

As discussed previously, melt-quenching has been 

used for assessment purposes. However, the 

scalability of this method might be a challenging 

task due to the potential risks of in-process 

degradation and uneven mixing of the final product 
(97). 

Hot-melt extrusion (HME), on the other hand, has 

been employed as the main preparation technique in 

several PASD based marketed pharmaceutical 

products and thus is considered as a promising 

method to scale up CAM (98). 

Moving to industrial scale for ball milling approach 

has been associated with several limitations. These 

limitations include, the heat produced during milling 

which makes this procedure applicable only to the 

thermostable drugs and high Tg excipients. The low 

yield from sticking of the product to the chamber 

due to the charge generated during the process, and 

the crystallization tendency induced by milling 

stress (99,100). 

Spray drying is a convenient process that used in 

manufacture of solid dispersions (101). It is, therefore, 

recognized as a promising method to scale up and 

manufacture of CAM (102). For this reason, Jensen et 

al. investigated spray drying for production of 

indomethacin- basic amino acids mixture in 

comparison with vibrational ball milling. It was 

concluded that spray drying had provided a 

completed amorphization of the final product and 

thus a stable formulation for industrial manufacture 
(53). 

Formulation  

CAM can be administered orally via 

further formulation into tablets or capsules. 

However, commercial manufacture may encounter 

some difficulties due to their sensitivity to humidity 

and temperature. Wet granulation should be avoided 

in CAM formulation, since water might cause 

plasticization and crystallization. Similarly, the 

heating step during melt granulation can raise the 

temperature above the co-amorphous components 

Tg and might lead to recrystallization (103). 

The most prominent goal in the formulation of co- 

amorphous dispersions is the protection from 

moisture. This could be achieved through blending 

with excipients that decrease the moisture uptake 

such as fumed silica. In addition, blister packaging 

under Argon atmosphere or the implication of some 
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advanced materials such as high barrier 

thermoformable films, desiccant papers, cold 

formable foils provided with color changing cards as 

a reference to moisture levels (97). 

The first research to report a successful formulation 

of CAM tablets was conducted by Lenz et al., who 

formulated tablets containing spray dried 

indomethacin–arginine. The excipients used in this 

study were mannitol, croscarmellose sodium, 

colloidal silicon dioxide, magnesium stearate. 

Tablets were evaluated with respect to the influence 

of compaction pressure on the tablet properties, 

physical stability and dissolution profile. Data 

obtained from XRPD clearly revealed the absence of 

possible compression-induced crystallization during 

tableting and attainment of physical stability of the 

amorphous form in tablets during long term storage. 

Although indomethacin from the prepared tablet 

exhibited lower supersaturation than spray dried 

powder behavior, the area under curve (AUC) of 

dissolution profile of CAM was not affected by 

formulation of spray dried indomethacin–arginine 

into tablets (22). 

Polymeric coating using (Kollicoat® Protect) which 

is polyvinyl alcohol-polyethylene glycol graft 

copolymer, has been applied in the formulation of 

tablets containing spray dried co-amorphous 

indomethacin-arginine by Petry et al. The applied 

coat provided a successful protection against 

humidity or heat, so that the obtained tablets were 

physically stable even when stored at humid 

conditions (RH/75%) for approximately three 

months (104). Likewise, tablets were formulated with 

CAM mixture of amlodipine besylate and 

atorvastatin calcium. The optimized formulations 

have proven their stability under tested conditions 

for three months. They also exhibited a significant 

increase in dissolution rates (105). 

Conclusion 
Due to the increasing number of poorly 

aqueous soluble APIs, the CAM has emerged as a 

promising approach to overcome the limitations 

associated with the polymeric based amorphous 

dispersions (PASD) to improve solubility and 

dissolution of such APIs. 
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