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ABSTRACT

The study of polymorphism in pharmaceutical compgswand their intermediates is very important andraegral
part of drug development in present days. In faadetailed polymorphic study helps to resolve fgots such as
drug solubility and drug formulation techniquesdrug manufacturing processes. The subject of palghiem has
received extensive academic and industrial attentithe regulatory requirements for filing new draigplication
(NDA) and abbreviated new drug application (ANDA) a particular dosage form are so stringent that
pharmaceutical companies are bound to study polpimoalong with their bioavailability and stabilitfhe present
study demonstrates the effect of seeding on themooph of sucrose which is used as a drug when exag with
iron as in Iron-Sucrose or in the form of excipient
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INTRODUCTION

Polymorphism is derived from greek worghlus meaning many anchorph, meaning shape. In other words, it is
defined as the ability of a substance to existia br more crystalline phases that have differerdarajements or
conformations of the molecules in a crystal latfitke In case the difference is because of packifne molecules,

it is termed agacking polymorphisnand if it is due to difference in conformation,ist called conformational
polymorphisrf2]. The different arrangements of atoms within tat cell of various polymorphs can have a
profound effect on the properties of the final ¢ajized compound [3]. In case of elements, polyphigsm is
termed as allotropy [4].Graphite and diamond are @fithe classic examples of allotropism in carboraddition to
elements, inorganic minerals also exhibit polymigphe.g., ZnS is known in the forms referred tavastzite and
sphalerite [5]. Polymorphs of Cag@re calcite, aragonite and valerite. Polymorphisas also been reported in
large biological molecules like protein moleculasising out of change in the conformation [6]. Lygme is an
enzyme, which crystallizes in six different formsedto difference in water content, amount of aniand packing
arrangement. Besides proteins, amino acids haeelelen reported to show change in crystal struceug, L-
glutamic acid exists in two different morphsanda’ which have different shapes- rhombic and needtie |v].
Prasanna&t.al. have studied the crystal structure of thiaminedediydroiodide [8].

During batch crystallization, often solvent molaeubet trapped within the crystal lattice resulimghe formation
of a solvate. The solvate may have high organiatite contents entrapped that might not match wiid Q3
guidelines of the FDA[9]. Therefore, the study afiymorphism in pharmaceutical compounds is verydrtgnt
and is an integral part of drug development in@néslays. The stability of polymorph is one of thain parameter
to determine the expiry date of the final formutatirug. It has been reported that change in polgmoi a drug
has profound effect on its solubility, dissoluticate and bioavailability. Aguiar and colleagues,{fifat Parke
Davis illustrated the effects of polymorphism onugirbioavailability and dissolution rates in the easf
chloramphenicol palmitate and since then, the stiljedrug polymorphism has received extensive esad and
industrial attention.Prajapatial. have also reported the effect of hydrophilic podys in solubility of
Carbamazepine [12].In addition to that, Mahalaksiedia. reported the effect of size and polymorph on diggm
of carbamazepine [13]. Ritonavir is one of the dwigch had to be withdrawn from the market duedhange in
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polymorph with time that did not give the desiradgleffects [14]. Aspartame is artificial sweetemdich exists in
five polymorphs in which the bundles like crystale easy to handle[15].Nigheteal. studied the microcrystal of
Cefuroxime [16]. Single crystals of lactose hawodleen isolated from alcohol aqueous solution.[17]

Use of sucrose in pharmaceutical industry

Sucrose is a member of carbohydrates, commonly knasvtable sugar or saccharose, is a white, odorles
crystalline powder with a sweet taste. Sucrosetallizes in the monoclinic space group P21[18kltmainly used
in food industry as a preservative, a flavour ewkana bulking agent in other foods, a food forsye® aid
fermentation in baking and brewing, a means toerdisiling or lower freezing points in the productiof ice
creams, an enhancer of the texture and shelfdifeedain foods. The second major use of sucrosetise pharma
industry as a major excipient to mask the bittesteaof active pharmaceutical ingredients (API). [€ab.1
summarizes the use of sucrose in various formulatieing used in pharmaindustry. Fig 1.1 and Fgshows the
use of sucrose in direct compression and wet gatioal techniques, respectively used for formulati®acrose is
major constituent in some drugs also. Sucralfalien{mium salt of sucrose octasulphate) is usedéattment of
peptic and stomach ulcers [19]. Sucrose polyes$tave also been used as contrast agents in magesticance
imaging (MRI) [20]. Sucrose forms at least 80% pafrdrug in iron sucrose which is marketed under bhand
name Venofer and is given to patients sufferingnfracute anemia. Iron sucrose which is used as tdrigcrease
the haemoglobin level is a polymeric compound [21].

Direct Compression . _ )
Mixing = Disintegrant Glidant Lubrican& Sucrose

/

Compression

Tablet
Panning- Coating<—  Liquid Sucrose
Fig 1.1 Use of sucrose in direct compression

Mixing :Wet Granulation Drug Diluent Disintegranre—  Sucrose
Granulation e Binder Liquid «— Liquid Sucrose
Drying
Screening

Mixing - Disintegrant Glidant Lubricant

Compression

Tablet

Panning- Coating-<— Liquid Sucrose

Fig 1.2 Use of sucrose in wet granulation
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Table 1.1Various uses of sucrose in pharma industry

Dosage Forms Sugar Products Desired functionality

. . Liquid sugars, granulates sugars,| Glass forming diluents, controlled dissolving, #iah sweetness and taste
Medicated Confectionary glucose syrups masking
Blended Powders(cold Diluent, rapid dissolving, complementary partidlees sweetness, taste

Powdered sugar, screened sugar

and flu remedies) masking

Diluent, sweetness, preservative, demulcent, wet@ent, prevention of

Syrups, Elixirs Liquid sugar, Inverts crystallization, viscosity (body mouthfeel), tastasking

Diluent, sweetness, preservative, demulcent, wet@ent, prevention of

Suspensions Liquid sugar, Inverts crystallization, viscosity (body mouthfeel), tastasking, suspending agent

Tablet, Lozenges Liquid sugar, powdered sugars, | Compressibility (tablet forming), binder, diluedtssolution, texture,

Directly compressible sugars coating, protection, sweetness, taste masking
Capsules, saches Sugar spheres Diluent uniforaiitiity to coat, controlled dissolving, stability
Nasal, oral drops Liquid sugar, Inverts Viscositg aweetness as goes in the mouth lately
Bioadhesives Liquid sugar, Inverts Sweetness ke tas

Polymorphism in sucrose

The existence of polymorphism in sucrose is wettuoented in literature. It is reported to existcigstalline and
amorphous forms [22]. The melting points reported/arious studies are quite varied which may beabse of its
existence in different polymorphic forms. The ktire survey reveals that there might be at Ibasé tintermolecular
arrangements within the crystals of sucrose modsc[23].Conformational polymorph of sucrose hasbeported

by Tu Leeet. al. Sucrose crystals, grown from a furfuryl alcoholtevasolution at 6 exhibit a wide endothermic
peak from 140 - 17T in its differential scanning calorimetry (DSChsowhereas, commercial sucrose crystals has
melting point around 187- 189 [24]. Dimorphs of sucrose have also been repdmedu Leeet. al[25]. The
physiochemical properties of the sucrose thin filrase been studied by Preeial[26], when they found that the
sucrose thin films having thickness of about 44&mowed good adhesion and therefore can be usadfésd in
different bioadhesive drugs.The glass transitionpterature of amorphous sucrose, 319-347K has hadied by
Alexandraet.al. using molecular dynamics tool which proves to bedyfor the study of glass transition temperature
of carbohydrates[27].

Literature survey has revealed the various polymmcrfiorms of sucrose. One of the main challengeinguhe
crystallization of the desired polymorph is thestaflization of impurities of other polymorphs whimay act as
seeds for the conversion of one polymorph into laeroturing the different stages of the drug develept. The
resulting polymorph may not offer the desired dstipility and efficacy. Sudled al. have reported the effect of
seeding on Paracetamol [28]. Swamivelmanickiaral. studied the preformulation studies of Amoxiciltithydrate
[29]. To best of our knowledge, no such resultgehaeen reported in the case of sucrose which godsrvarious
changes in the chemical and physical environmerinduhe drug development process. Therefore tlseeeneed
for such type of studies. Amorphous form of a gattr drug or excipient is always desired as itagties the
bioavailability. The aim of the present work isstoidy the effect of seeding of crystalline polyntogm the stability
of amorphous form.

Experimental Section:

Crystalline Form Il of sucrose was taken in a migender and grinding was continued for 1.5 houraim
temperature to get the amorphous form. To evaltraeeffect of grinding time on the polymorphic bela of
sucrose, samples were taken after intervals 0653@Q, 45, 60 and 90 mins and were subjected toP¥Ry 1.3-
1.6).The PXRD was done at X'pert PRO X-ray diffaaneter, PANanalytical (MPD PW3040/60 XRD; CuK
anode;\ = 1.541 A). Each sample was consolidated in an aluminiunddrohnd scanned at 40kV and 30mA from
5° to 35 260 values using a scanning period of 0.1288in and a step size of 0.0084he powder diffraction
patterns were analyzed using X'Pert High scorensoft (version 2.2.0) and plotted using OriginPim 7.

Further, the prepared amorphous form was contagdnatith known quantities of crystalline form Il h5%, 1%,
1.5% and 2% amount (Table 1.2). These samples wigle packed in LDPE, HDPE and finally packed in
aluminium pouch in duplicate. Each pair of contaamtia sample along with the pair of pure amorphoush fof
sample was finally stored under dry conditionsiqailgel) at lower (%), ambent (2%C), intermediate (4%&) and
accelerated temperature @) + 2°C for one month. Samples were withdrawn after 1sdatervals of time to
check the effect of seeding of crystalline Fornoii stability of amorphous form of sucrose at ddfar storage
conditions with time. The PXRDS of the samples hasen reported from Fig 1.3-1.26.
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Table 1.2 Samples prepared to study the effect ofading

Sample ID | Form 11% | Amorphous %
1 0.5 99.5
2 1.0 99
3 1.5 98.5
4 2.0 98

RESULTS AND DISCUSSION

Effect of grinding on crystallinity of sucrose:

Fig 1.3 shows the PXRD of crystalline Form Il oteese. Fig 1.4 to Fig 1.8 shows the effect of grigdon the
polymorphic transformation of Form Il with time. Nahange was observed in the polymorph till firstrifutes
(Fig 1.4). The peak intensities were found to daseeat 30 minutes (Fig 1.5) which demonstratediéfermation
of crystalline nature of Form Il. Most of the chetexistic peaks of crystalline Form Il were fouldoe diminished
after 45 minutes (Fig 1.6). PXRD after 60 minutéginding showed complete conversion of crystallfrorm Il
into amorphous form (Fig 1.7). The sample was fnthrinded for extra 30 minutes to ensure the cetapl
conversion into amorphous form (Fig 1.8).

Stability study of amorphous form of sucrose in thggresence of Form Il at different concentration

Fig 1.9 - 1.20 represents the PXRD graphs of anoorplform in the presence of 0.5% of crystallinenf-tdirat different
temperatures after 15 and 30 days intervals of tirggectively. It is clear from the graphs tha#®<eeding did not bring
any polymorphic change in the amorphous fornf@teéven after 30 days. However, some of the chaistatecrystalline
peaks (8 values of 11.71, 12.76, 13.16, 18.85, 25.3) weeewed in the PXRD graph at higher temperaturesaimin
the intensity of the crystalline peaks were foumdntrease with increase in the temperature ane gifrstorage. The
crystalline peaks were found to be most prominftet 80 days of storage condition af0

Seeding with 1% of crystalline morph shows same typtrend as was observed in the case of 0.5%nspadhere
amorphous form was found to be stable°& 6ven after 30 days (Fig-1.21 and 1.22). But theeoved characteristic
crystalline peaks were found to be more prominethé case of 1% seeding showing the direct relsttip between rate
of polymorphic transformation with increase in taecentration.

In contrast to the results observed in the ca§e56b and 1% seeding, amorphous form was found tmbeble even at
0°C after 15 days of storage when it was seeded Wb of crystalline form (Fig 1.23 and fig 1.24)owever, in
concordant with the results observed with seeditgwaer concentration, the PXRD graphs in this @se demonstrated
the direct relationship between the intensity @ freaks with increase in storage time and temperdfig 1.25 and
1.26depicts the comparative studies of polymorphiesformation of amorphous form in the presenc2¥fcrystalline
form at different temperature and time respectiveiych shows the same trend as was observed V& ¢eeding. All
the results have been summarized in Table 1.3.

Table 1.3 Stability data of Seeding samples

Sample ID Time 20 values Peak
P (Months) 5°C 25C 45°C 70°C Intensity
Seeding0.5 15 days No change 11.71, 18.85 12.76, 13.16 12.76, 13.16, 25.3 Less
% 30days | No chande 11.71, 18.85 12.76, 13.16 12.76,13.16, 253 | Iweea
o 15 days | No chande 11.71, 18.85 12.76, 13.16 12.76,13.16, 253 | Less
b 30days | No chande 11.71, 18.85 12.76, 13.16 12.76,13.16, 253 | Iwewa
11.71,
L 5% 15days | T-Th 11.71, 18.85, 25.28 12.76, 13.16 12.76, 13.16, 25.3| Less
30 days 11%;;15 11.71, 18.85, 25.28 12.76, 13.16 12.76, 13.16, 25.3| Increased
15 daye 11%3;% 1171 1885, 2508 | 7L 18.2855,2%39.62, 24.78, 11.71, 18.2855,2%39.62, 2278
2.0% ' ' '
: 50 dme | LL7L | 1171, 18.85, 19.62, 24.78, 11.71, 18.85, 19.62, 24.79, 11.71, 18.85, 19.62, 24.7
Yy 18.85 25,28 25,28 25,28

534



Runjhun Tandon and Nitin Tandon J. Chem. Pharm. Res., 2016, 8(4):531-546

8000
6000 —
Intensity
Counts
4000 —
2000 —
0..u-ﬁylu.‘r.ww,..l.........l..x......
10 20 30
Diffraction angle
2 Theta
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Fig 1.6 PXRD pattern of sucrose (45 mins of milling
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Fig 1.5 PXRD pattern of sucrose (30mins of milling)
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Fig 1.26 PXRD pattern’s of amorphous samples with.2% Form Il (1 month)
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Fig 1.24 PXRD pattern’s of amorphous sample with 5% Form Il (1 month)
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Fig 1.22 PXRD pattern’s of amorphous sample with 0% Form Il (1 month)
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Fig 1.20 PXRD pattern’s of amorphous sample with 8% Form Il (1 month)
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Fig 1.25 PXRD pattern’s of amorphous sample with B% Form Il (15 days)
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Fig 1.23 PXRD pattern’s of amorphous sample with % Form Il (15 days)
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Fig 1.121 PXRD pattern’s of amorphous sample with.0% Form Il (15 days)
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CONCLUSION

The present study clearly reveals the transformatioamorphous form of sucrose into crystallineridt in the
presence of later as seed at different concentiatiBurther, there exist a direct relationship leetwthe rate of
transformation with concentration of seed and temipee of storage. The study depicts that amorplious is
resistant to any polymorphic change in the preserfiegd to maximum 1% crystalline seed &€5However, seed
concentration above 1% leads to transformationnodrahous to crystalline form even at lower tempegat This
polymorphic transformation supports that cryst&llfFrorm Il is thermodynamically more stable thandh@rphous
form which results in observed transformation. Efiere to use the amorphous form of sucrose which mesult in
its enhanced bioavailability, it should be freenfr@ven a minute amount of crystalline form as apurity. The
present data can be helpful in drug formulatioditierent stages and finalizing the storage coadifior the drugs
containing sucrose as one of the excipients to hdesrable effect of its amorphous form on the aller
performance the drug.

The study in sucrose clearly reveals that the mataile form dominates over all forms. It is alwagsessary to
isolate pure forms for longer stability. If mixtsrare isolated then the more thermodynamicallyletiiom will act

as a seed for the lesser stable form. The storagdittons must be clearly defined in order to useegastable form.
The comparison study of manual as well as inbaiédéng study clearly reveals that it is not neagsHzat any
contamination from outside is doing the polymorpinénsformation. The presence of polymorphic forfnstarting

material can act as a seed for such polymorphitstoamations. There is always a need to identigy pare and
stable form as whether be a drug or excipientsttoago through a lot of changes of temperaturehaical stress
to give the final product, so polymorph stabilisyrequired to be studied.
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