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Abstract Grewia gum is a naturally occurring polysac-

charide which has potential as a pharmaceutical excipient.

Differential scanning calorimetry and Fourier transform

infrared (FT-IR) spectroscopy techniques were used to

examine the thermal and molecular behaviours, respec-

tively, of mixtures of grewia gum with cimetidine, ibu-

profen or standard excipients, to assess potential

interactions. No disappearance or broadening of the melt-

ing endotherm was seen with cimetidine or ibuprofen.

Similarly, there was no interaction between grewia gum

and the standard excipients tested. The results obtained

using thermal analyses were supported by FT-IR analysis

of the material mixtures. Grewia gum is an inert natural

polymer which can be used alone or in combination with

other excipients in the formulation of pharmaceutical

dosage forms.
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Introduction

Natural polymers can be usefully employed in the formu-

lation of solid, liquid, and semi-solid dosage forms and has

particular application, alongside synthetic polymers, in the

design of modified release drug delivery systems. In

addition to their biocompatibility and biodegradability,

natural polymers may be considered particularly econom-

ically attractive providing an abundant supply of raw

material that may be cultivated or harvested in a sustain-

able manner. However, substances from plant origin also

pose several potential challenges and may exist in struc-

turally complex mixtures, which may differ according to

the location of the plants as well as other variables such as

the season [1].

Before or during the development of solid dosage forms,

large scale development trials are normally preceded by the

assessment of possible interactions between a drug and

different excipients used in the formulation [2, 3].

Although, excipients are required to be medically inert,

physical and chemical interactions with APIs are com-

monplace [4]. The screening of a novel excipient for pos-

sible incompatibilities is therefore an absolute requirement.

A number of techniques have been used for screening of

drug–excipient mixtures for interactions or incompatibili-

ties to include isothermal stress testing and thermal anal-

ysis [4, 5]. Thermal analysis has the advantage over

conventional isothermal stress testing in that long term

storage of physical mixtures and chromatographic analysis

are not required and only a few milligrams of sample is

needed [4, 6–8]. However, the technique has been criti-

cized as being inconclusive as moisture stress testing is

usually not included and the temperature and heating rates

used are not characteristic of normal storage conditions

resulting in difficulty of interpretation and extrapolation of
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results [4, 9, 10]. Consequently, differential scanning cal-

orimetry (DSC) should be used in conjunction with other

techniques. Furthermore, although DSC technique has been

proven to be a reliable indicator of major interactions, the

method only detects interactions but gives no indication of

the extent of interaction or incompatibility [4]. Combining

DSC technique with a technique such as Fourier transform

infrared (FT-IR) spectroscopic analysis allows for detail

understanding, elucidation, and interpretation of potential

interactions at the molecular level. This enables a better

picture of the nature and extent of the interaction to be

elucidated.

Grewia gum is a polysaccharide gum obtained by

extraction from the inner stem bark of the savannah shrub

Grewia mollis (Fam. Tiliaceae). The gum has been char-

acterised [11, 12] and its rheological [13], bioadhesive

[14], binding, and mechanical properties of the tablets [15,

16] and films [17] have been evaluated. However, no study

has been done on the potential interactions or incompati-

bility of the gum with APIs and/or standard excipients that

could be used along with grewia gum in a tablet

formulation.

Possible drug–excipient interactions include eutectic

formation, solid–solid reactions, solid–liquid reactions,

and solid–gas reactions involving hydrolysis by evolved

water vapour [4]. In this study, FT-IR and/or thermal

analysis using DSC was employed to study any interac-

tions between grewia polysaccharide gum and the active

pharmaceutical ingredients, cimetidine and ibuprofen. FT-

IR spectroscopy provides a useful tool for the evaluation

of drug–polymer interaction studies, and incompatibility

between the drug and excipient can be predicted by

changes in the functional peaks (characteristic wave

numbers) [18]. It was used as a complimentary technique

to assist in the interpretation of the DSC results as the

DSC alone does not yield direct chemical information [8].

A combination of DSC and FT-IR techniques will there-

fore provide more detailed information on interactions

between drug and excipient than any of the techniques

used alone.

Incompatibilities involving magnesium stearate have

been described as frequent [4]. Consequently, likely

interactions between grewia gum and some standard ex-

cipients used in the formulation of tablets were also

investigated. This was done by comparing the results

obtained for the controls with physical mixtures of the

drug and polymer, or excipient and polymer [3, 19]. If the

drug and the polymer interact, then the functional groups

in the FT-IR spectra would show band shifts and broad-

ening compared to the spectra for the pure drug and

polymer [20]. When the FT-IR spectra or DSC traces of

the physical mixtures are a summation of the character-

istic traces obtained with the individual components of

the physical mixtures, this indicates that there was no

chemical interaction of the drug with polymer in physical

mixes [8, 9, 20, 21].

Materials and methods

Materials

Ibuprofen and cimetidine were gifts from GSK. Ethyl

cellulose (Ethocel�—standard 100FP Premium) and

hydroxypropyl methylcellulose (Methocel�—K100 pre-

mium LVCR) were gifts from Colorcon, England. Meto-

lose (Metolose�—90SH-100SR, viscosity-100 mPa s,

substitution type-2208) was a gift from Shin Etsu Chem.

Co Ltd., Japan. Colloidal silicon dioxide (Aerosil 200�)

was a gift from Evonik, UK. Carboxy methylcellulose

(CMC) (Blanose�—Type 7M1F-PHARM) was a gift from

Aqualon, UK. Lactose monohydrate USP (Pharmatose�,

grade DCL14) was a free gift from DMV-International,

UK. Microcrystalline cellulose (Avicel�) was a gift from

FMC BioPolymer, UK. Grewia polysaccharide gum (air-

dried) was extracted from the crude bark in our laboratory

as previously reported [12]. All other materials were pro-

cured from Sigma-Aldrich, UK.

FT-IR spectroscopic analysis

Small amounts of the API (cimetidine or ibuprofen),

grewia gum, or the standard excipients were individually

blended with KBr (1:10) and compressed into discs on an

IR press to serve as controls. Also equal amounts of grewia

gum and cimetidine or ibuprofen, or grewia gum and

standard excipient were blended and compressed on an IR

press. The resultant discs were then scanned on a Mattson

Galaxy 3020 FT-IR spectrophotometer (Unicam, England).

DSC analysis

DSC (Diamond DSC Perkin Elmer, USA) was used to

study the interaction of grewia polysaccharide gum with

the APIs (cimetidine and ibuprofen) or with other excipi-

ents. About 3 mg of the pure drug or excipient was accu-

rately weighed into the aluminium (4 mg) sample pan

which was then sealed before scanning from 20 �C up to

200 �C at a rate of 10 �C/min under nitrogen atmosphere.

Physical mixture of the drug and excipient or excipient and

excipient (1:1) was also transferred into the sample pan,

sealed, and scanned as detailed previously. All other

interactions were studied between 20 and 200 �C except

interactions with lactose monohydrate which were moni-

tored up to 230 �C.
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Results

FT-IR screening of grewia gum–ibuprofen interactions

The FT-IR absorption bands of grewia gum, ibuprofen, and

their physical mixtures (1:1) are shown in Fig. 1. The

absorption bands of grewia gum are typical for carbohy-

drates. The FT-IR spectrum for grewia gum has previously

been reported [12]. Briefly, the broad band occurring at

3436 cm-1, results from the presence of hydroxyl (–OH)

groups. The peak obtained at 2930 cm-1 results from

stretching modes of the C–H bonds of methyl groups (–

CH3). Absorption bands around 1618 and 1430 cm-1 may

be attributed to carboxylate groups of the uronic acid res-

idues [22]. Also absorption peaks at 1740 and 1258 cm-1

are typical of acetyl groups [23]. The wave numbers

between 800 and 1200 cm-1 represent the finger print

region for carbohydrates [24]. Characteristic absorption

peaks were visible for ibuprofen at 1710 and 2955 cm-1

which are caused by the carbonyl stretching vibration and

the hydroxyl stretching vibration, respectively. Interaction

with ibuprofen primarily interferes with the position or

intensity of these two peaks [25, 26].

DSC screening of grewia gum–ibuprofen interactions

Thermograms for grewia gum, ibuprofen, and the physical

mixtures are shown in Fig. 2. The trace for ibuprofen

showed a sharp melting endothermic peak at about

78.46 �C with a linear onset temperature of 75.72 �C,

whilst the corresponding values for grewia/ibuprofen

physical mixture were 76.63 and 75.00 �C, respectively.

The peak was maintained following heating with grewia

gum and did not show any evidence of degradation over

this temperature range.

FT-IR screening of grewia gum–cimetidine interactions

The FT-IR absorption spectrum (Fig. 3) recorded for

cimetidine has a double broad band at 3240 cm-1 assigned to

vibrational (NH) of the associated NH group. The absorption

bands have been assigned as shown in Table 1 [27].

Grewia gum gives characteristic absorption bands typi-

cal of carbohydrates as detailed previously. The spectrum

is shown in Fig. 1. Also Fig. 3 shows the spectra of grewia

gum and cimetidine and the physical mixture of cimetidine

and grewia gum (1:1). The spectrum of the physical mix-

ture was a summation of the peaks of the individual

absorption peaks of the components of the physical

mixture.

DSC screening of grewia gum–cimetidine interactions

The DSC trace for cimetidine showed a sharp melting

endothermic peak at about 142 �C with a linear onset

temperature of about 140 �C as shown in Fig. 4. The DSC

traces for grewia gum show no peaks. The physical mixture

of the gum with cimetidine showed no shift in the melting

endotherm for cimetidine.

FT-IR screening of grewia gum–standard excipient

interactions

The FT-IR spectra of lactose monohydrate, colloidal sili-

con dioxide, and grewia gum were compared with the

physical mixtures (1:1) of grewia gum and lactose
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mixture (1:1)
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monohydrate, or colloidal silicon dioxide in Fig. 5. The

absorption bands for lactose monohydrate were observed at

3600–3200 cm-1 which characterized the stretching

vibrations of C–O–H bonds of lactose alcohol groups

existing either free or bonded [28]. Two sharp bands at

3000–2800 cm-1 have been assigned to the stretching

vibrations of two types of C–H bonds [29]: those that were

within the constituents of lactose (glucose and galactose

units), and those of the methyl alcohol function outside the

glucose and galactose units. The stretching vibrations of

water from crystallization of OH bonds and of water

adsorbed to the surface of the lactose under analysis are a

weak peak visible at 1600–1700 cm-1 [28]. The bands

observed at 1500–1200 cm-1 also characterize the bending

vibrations of C–H bonds [29]. All bands occurring between

1040 and 1160 cm-1 have been attributed to the asym-

metrical stretching vibrations of C–O–C ether unit bonds
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Table 1 Assignment of FT-IR absorption bands for cimetidine

Wave number/cm-1 Functional groups Intensity

3226–3147 v(N–H) Broad, strong

2187 v(C:N) Medium, strong

1622 v(C=N) Broad, strong

1586 vasym(C=N–C=C) Medium, strong

1506 r(N–SH) Medium

1456 vsym(C=N–C=C) Strong

697–668 v(C–S) Broad, strong

200 E. I. Nep, B. R. Conway

123



(glucose and galactose) [29]. From 730 to 960 cm-1

vibrations of the entire lactose molecule appeared. These

bands are observed in all sugars [28]. A physical mixture of

lactose and grewia gum (Fig. 5) gave absorption peaks

which are a summation of the absorption bands from

individual excipients.

Colloidal silicon dioxide (Aerosil 200�) showed a

prominent characteristic peak at 1110 cm-1 (Fig. 5) due to

Si–O linkage (15). The absorption band at

3600–3200 cm-1 may be due to OH stretching vibrations

from moisture adsorbed on the surface of the excipient. A

physical mixture of the excipient with grewia gum gave a

resultant absorption band that is a summation of the indi-

vidual absorption bands of the two excipients.

The FT-IR spectra for magnesium stearate, microcrys-

talline cellulose, grewia gum, and their physical mixtures

(1:1) are shown in Fig. 6. The twin peaks at 1577 and

1466 cm-1 in magnesium stearate are attributed to asym-

metric carboxylate (COO-) stretching vibration and sym-

metric carboxylate stretching vibration, respectively, whilst

the peaks at 2917 and 2850 cm-1 are attributed to the C–

H stretching vibration [30]. The broad band at about

3452 cm-1 is due to OH stretching vibrations of the

associated water molecule. The physical mixture of mag-

nesium stearate with grewia gum (1:1) showed the char-

acteristic absorption peaks of magnesium stearate and

grewia gum and appears to be a summation of the indi-

vidual absorption peaks. The pure microcrystalline
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cellulose spectrum shows several bands characteristic of

cellulose structure, 3400 cm-1 [hydroxyl (OH) stretching

vibrations], 2900 cm-1 (CH stretching), 1432 cm-1 (CH2

stretching), and 1140–1400 cm-1 (CH, CH2, and C–

O stretching). The peak at 1640 cm-1 is attributed to the

presence of water [31]. Physical mixture of the micro-

crystalline cellulose with grewia gum (1:1) showed no

evidence of interaction. The spectrum of the mixture is

only a summation of the absorption bands from the indi-

vidual components.

DSC screening of grewia gum–standard excipient

interactions

The DSC endotherm for lactose monohydrate showed a

strong dehydration endotherm with a peak maximum

temperature of about 145.7 �C, followed by the lactose

melting point endotherm with an onset of about 213 �C and

peak of 218.2 �C (Fig. 7). A physical mixture of grewia

gum with lactose monohydrate (Fig. 7) showed little effect

on the melting point onset and peak temperatures.

The DSC traces of magnesium stearate showed two

endothermic events occurring at about 80–110 �C and a

second at 110–130 �C (Fig. 8). The DSC scans of grewia

gum and colloidal silicon dioxide or microcrystalline cel-

lulose (fig not shown), show no melting point peaks. The

observed trace of the physical mixtures of grewia gum with

colloidal silicon dioxide or microcrystalline cellulose rep-

resent a summation of the data from the individual com-

ponents of the physical mixture and did not result in any

endothermic event outside that shown by the individual

excipients.
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Discussion

Grewia gum–API interactions

The results indicate that both cimetidine and ibuprofen

maintained the crystal morphology and the melting

endotherm was still visible when combined with grewia

gum. The disappearance of the melting point endotherm

is an indication of conversion of a crystalline material to

an amorphous form [32, 33]. The physical mixing of

grewia gum with ibuprofen or cimetidine did not inter-

fere with the nature of the materials and indicated that

no interactions occur between grewia gum and cimeti-

dine, or ibuprofen. It has been reported that even min-

iscule amounts of impurity in a material will affect the

colligative properties of that material [9]. The depression

of the temperature at maximum peak height might

therefore be expected. The linear melting point onset of

cimetidine or ibuprofen remained the same even in the

presence of grewia gum (Figs. 2, 4).

The FT-IR results also confirm that no interactions

occurred between grewia gum and cimetidine, or ibu-

profen. It has been reported that any interaction with

ibuprofen primarily interferes with the position or

intensity of the FT-IR absorption peaks at 1710 and

2955 cm-1 which are caused by the carbonyl stretching

vibration and the hydroxyl stretching vibration, respec-

tively [25, 26]. The results show that both peaks

including the fingerprint region of the individual com-

ponents of the physical mixture were not affected. The

FT-IR spectra of the physical mixtures are a summation

of the characteristic traces obtained with the individual

components of the physical mixtures and indicate that

there was no chemical interaction of the drug with

polymer in physical mixes [20].

Grewia gum–standard excipient interactions

Lactose monohydrate has a linear onset temperature of

213 �C. The strong endothermic peak maximum of about

145.7 �C is due to dehydration of the water molecule

associated with the lactose monohydrate [18]. A physical

mixture of grewia gum with lactose monohydrate (Fig. 7)

showed little effect on the melting point onset and peak

temperatures. This result agrees with the FT-IR analysis

which indicated that no interactions occur between grewia

gum and lactose monohydrate.

Colloidal silicon dioxide (Aerosil 200�) is an anhydrous

form of silicon dioxide with a melting point of 1610 �C

[18] which is beyond the range for this experiment.

Microcrystalline cellulose is made of microcrystals each

containing a chain of over 200 glucose molecules [34]. The

microcrystals are hinged together and surrounded by

amorphous cellulose to form cellulose microfibril. Conse-

quently both materials showed no endothermic peaks. The

resultant trace after physical mixing with grewia gum was a

summation of the individual traces. This indicates that no

interaction occurred between grewia gum and colloidal

silicon dioxide or microcrystalline cellulose (fig not

shown).

The DSC traces of magnesium stearate showed two

endothermic events occurring at about 80–110 �C and a

second at 110–130 �C (Fig. 8). The first event is attribut-

able to loss of water from the hydrated state of the mag-

nesium stearate, whilst the second event suggests that

melting of the material occurred at this point [10]. What

appears to be a third endotherm at 147 �C may be attrib-

utable to onset of degradation of the material. After mixing

the magnesium stearate with grewia gum (Fig. 8), the peak

at 147 �C disappeared and does suggest a suppression of

the degradation of magnesium stearate. This observation

11.91

10

8

6

4

2

0

–0.8078
51.7 60 80 100 120 140 160 180 200.1

Temperature/°C
H

ea
t f

lo
w

 e
nd

o 
up

/m
W

Grewia–Magnesium strearate physical mix

Magnesium strearate

Grewia

Fig. 8 DSC traces of

magnesium stearate and

physical mixture of grewia/

magnesium stearate at 10 �C/

min under nitrogen atmosphere

Preformulation studies on grewia gum 203

123



does not agree with the FT-IR analysis which showed no

obvious interactions between grewia gum and magnesium

stearate. This variation may be attributable to the different

temperatures used for analysis by the two techniques.

Interactions with magnesium stearate are frequently

reported [4]. Such interactions do not, however, always

translate to an incompatibility [9].

Conclusions

Grewia gum does not interact with the APIs used in this

study (cimetidine and ibuprofen) and may be a useful

excipient in pharmaceutical formulation. Both DSC and

FT-IR evaluation of the interaction between physical

mixtures of grewia polysaccharide gum and other excipi-

ents used in the formulation of the tablets revealed no

interaction between grewia gum and microcrystalline cel-

lulose, colloidal silicon dioxide, or lactose monohydrate.

There is evidence to suggest that grewia gum may

interact with magnesium stearate. This result was, how-

ever, not supported by the FT-IR analysis. Although, it is

accepted that any changes in the DSC traces may be as a

result of an interaction, such changes are not always due to

incompatibilities [9, 21]. For industrial extrapolation,

however, it may be necessary to consider an alternative to

magnesium stearate as a lubricant in the formulation of

dosage forms containing grewia gum as excipient.

Acknowledgements Financial support for this work was provided

by the Commonwealth Scholarship Commission and Aston Univer-

sity, Birmingham, UK.

References

1. Wang Q, Cui SW. Understanding the physical properties of food

polysaccharides. In: Cui SW, editor. Food carbohydrates: chem-

istry, physical properties, and applications. Boca Raton: Taylor &

Francis; 2005. p. 162–214.

2. Bruni G, Berbenni V, Milanese C, Gorella A, Marini A. Drug–

excipient compatibility studies on binary and ternary mixtures by

physicochemical techniques. J Therm Anal Calorim. 2010;

102(1):193–201.

3. Peres-Filho MJ, Gaeti MPN, Olaveira SR, Marceto RN, Lima

EM. Thermoanalytical investigation of olanzapine compatibility

with excipients used in solid oral dosage forms. J Therm Anal

Calorim. 2010;104(1):255–60.

4. Brown ME, Antunes EM, Glass BD, Lebete M, Walker RB. DSC

screening of potential prochloperazine–excipient interactions in

preformulation studies. J Therm Anal Calorim. 1999;56:1317–22.

5. Neto HS, Novak Cs, Matos JR. Thermal analysis and compati-

bility studies of prednicarbate with excipients used in semi-solid

pharmaceutical form. J Therm Anal Calorim. 2009;97:367–74.

6. Filho ROC, Franco PIBM, Conceicao EC, Leles MIG. Stability

studies on nifedipine tablets using thermogravimetry and differ-

ential scanning calorimetry. J Therm Anal Calorim. 2009;97:

343–7.

7. Freire FD, Aragao CFS, Flavio Assioly de Limas Moua T, Raffin

FN. Compatibility study between chlorpropamide and excipients in

their physical mixtures. J Therm Anal Calorim. 2009;97:355–7.

8. Aigner Z, Heinrich R, Sipos E, Forkas G, Ciurba A, Berkesi O,

Szabo-Ravez P. Compatibility studies of aceclofenac with retard

tablet excipients by means of thermal and FTIR spectroscopic

methods. J Therm Anal Calorim. 2011;104(1):265–71.

9. Gaisford S, O’Neil MAA. Role of calorimetry in preformulation

studies. In: Gaisford S, editor. Pharmaceutical isothermal calo-

rimetry. New York: Informa Healthcare Inc.; 2006:177–215

10. Sousa e Silva JP, Sousa Lobo JM. Compatibility studies between

Nevicapine, a novel COMT inhibitor, and excipients using

stepwise isothermal high sensitivity DSC method. J Therm Anal

Calorim. 2010;102(1):317–21.

11. Okafor IS, Chukwu A, Udeala K. Some physicochemical prop-

erties of grewia gum. Nig J Polym Sci Technol. 2001;2(1):161–7.

12. Nep EI, Conway BR. Characterization of grewia gum, a potential

pharmaceutical excipient. J Excip Food Chem. 2010;1(1):30–40.

13. Okafor IS. The rheological properties of grewia gum. Nig J

Polym Sci Technol. 2001;2(1):169–76.

14. Nep EI, Okafor IS. Evaluation of the bioadhesive property of

grewia gum in indomethacin tablet formulation in pig gastric

mucus. J Pharm Bioresour. 2006;3(2):62–9.

15. Emeje M, Isimi C, Kunle O. Effect of grewia gum on the

mechanical properties of paracetamol tablet formulations. Afr J

Pharm Pharmacol. 2008;2(1):001–6.

16. Muazu J, Musa H, Musa KY. Compression, mechanical and

release properties of paracetamol tablet containing acid treated

grewia gum. J Pharm Sci Technol. 2009;1(2):74–9.

17. Okafor IS, Chukwu A. The mechanical properties of aqueous

based grewia gum films. Nig J Polym Sci Technol. 2004;4(1):

305–9.

18. Tita B, Fulias A, Szabadai Z, Rusu G, Bandur G, Tita D. Com-

patibility study between ibuprofen and excipients in their physi-

cal mixtures. doi:10.1007/s10973-010-1188-8.

19. Bernadi LS, Oliveira PR, Murakami FS, Silva MAS, Borgmann

SHM, Cardoso SG. Characterization of venlafaxine hydrochlo-

ride and compatibility studies with pharmaceutical excipients.

J Therm Anal Calorim. 2009;97(2):729–33.

20. Silverstein RM, Bassler GC, Morril TC. Spectrometric identifica-

tion of organic compounds. New York: Wiley; 1991. p. 91–131.

21. Nunes RS, Semaan FS, Riga AT, Cavalheiro ETG. Thermal

behaviour of verapamil hydrochloride and its association with

excipients. J Therm Anal Calorim. 2009;97(1):349–53.

22. Figueiro SD, Goes JC, Moreira RA, Sombra ASB. On the

physicochemical and dielectric properties of glutaraldehyde

cross-linked galactomannan–collagen films. Carbohydr Polym.

2004;56:313–20.

23. Filippove MP. Practical infrared spectroscopy of pectic sub-

stances. Food Hydrocolloids. 1992;6:115–42.

24. Xiaodong M, Marek P. Intrinsic viscosities and Huggins con-

stants of guar gum in alkali metal chloride solutions. Carbohydr

Polym. 2007;70:15–24.

25. Wu C, McGinity JW. Influence of ibuprofen as a solid-state

plasticizer in Eudragit� RS 30 D on the physicochemical prop-

erties of coated beads. AAPS PharmSciTech. 2001;2:1–9.

26. Maheshwari M, Ketkar AR, Chauhan B, Patil VB, Paradkar AR.

Preparation and characterization of ibuprofen–cetyl alcohol beads

by melt solidification technique: effect of variables. Int J Pharm.

2003;261:57–67.

27. Onoa GB, Moreno V, Freisingerb E, Lippert B. Pd(II)- and

Pt(II)–cimetidine complexes. Crystal structure of trans-[Pt(N,

S-cimetidine)]Cl2�12H2O. J Inorg Biochem. 2002;89:237–47.

28. Otsuka M, Ohtani H, Kaneniwa N, Higuchi S. Isomerization of

lactose in solid-state by mechanical stress during grinding.

J Pharm Pharmacol. 1991;43:148–53.

204 E. I. Nep, B. R. Conway

123

http://dx.doi.org/10.1007/s10973-010-1188-8


29. Drapier-Beche N, Fanni J, Parmentier M. Physical and chemical

properties of molecular compounds of lactose. J Dairy Sci. 1999;82:

2558–63.

30. Ng WF, Wong MH, Cheng FT. Stearic acid coating on magne-

sium for enhancing corrosion resistance in Hanks’ solution. Surf

Coat Technol. 2010;204:1823–30.

31. Spoljaric S, Genovese A, Shanks RA. Polypropylene microcrys-

talline cellulose composites with enhanced compatibility and

properties. Composites. 2009;Part A 40:791–9.

32. Makhija SN, Vavia PR. Once daily sustained release tablets of

venlafaxine, a novel antidepressant. Eur J Pharm Biopharm.

2002;54:9–15.

33. Bruni G, Milanese C, Berbenni V, Sartor F, Villa M, Marini A.

Crystalline and amorphous phases of a new drug. J Therm Anal

Calorim. 2009;102(1):297–303.

34. Pinto MF, Afonso de Macedo E, Santos de Souza F, Macedo RO.

Thermal compatibility studies of nitroimidazoles and excipients.

J Therm Anal Calorim. 2010;102(1):323–9.

Preformulation studies on grewia gum 205

123


	Preformulation studies on grewia gum as a formulation excipient
	Abstract
	Introduction
	Materials and methods
	Materials
	FT-IR spectroscopic analysis
	DSC analysis

	Results
	FT-IR screening of grewia gum--ibuprofen interactions
	DSC screening of grewia gum--ibuprofen interactions
	FT-IR screening of grewia gum--cimetidine interactions
	DSC screening of grewia gum--cimetidine interactions
	FT-IR screening of grewia gum--standard excipient interactions
	DSC screening of grewia gum--standard excipient interactions

	Discussion
	Grewia gum--API interactions
	Grewia gum--standard excipient interactions

	Conclusions
	Acknowledgements
	References


