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ABSTRACT

The aim of present work was to enhance the aqueous solubility and dissolution rate of the curcumin, a water
insoluble yellow colored phenolic pigment with good anti-inflammatory property obtained from dried rhizomes of
plant Cucrcuma longa. This paper presents physicochemical evaluations of curcumin and its molecular inclusion
complexes with a-cyclodextrin. Phase solubility studies revealed linear relationships (AL type) indicating 1:1 ratios
of curcumin and a-cyclodextrin. Based upon the stoichiometric ratio as obtained from phase solubility studies, solid
inclusion complexes were prepared by grinding, kneading and freeze drying methods and then investigated by
differential scanning calorimetry (DSC), infra red spectroscopy (IR) and X-ray diffractometry (XRD). All tested
curcumin complexes behaved as amorphous solid mixture in XRD and FT IR investigations. Prepared inclusion
complexes were compared with pure curcumin for their dissolution behavior. Dissolution study revealed 10.5%
release of curcumin at 1 hour and a maximum of 40.9% release was obtained by the end of 6 hours, which was due
to poor water solubility of curcumin. In contrast, curcumin complexes demonstrated faster and better release
behaviors. At least 3 fold increases in dissolution of all tested complexes were observed at one hour as compared to
pure curcumin, with a maximum increase of approximately 3.5 fold as shown by kneaded and freeze dried
complexes. At the end of 6 hours, approximately 60-65% release was observed from all inclusion complexes with a
maximum release of 65% exhibited by freeze dried complex. Cyclodextrin complexation of curcumin enhanced
dissolution of practically insoluble curcumin.

Keywords; Curcumin,a-cyclodextrin, inclusion complexes, solubility adidsolution.

INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) among the most widely used of all therapeutic agyefihey
are frequently prescribed for long-term treatmdmheumatic musculo-skeletal complaints. The madj@wback to
anti-inflammatory drug use is the occurrence oftrgastestinal side effects with majority of agen@urcumin, a
natural polyphenol obtaioned fro@urcuma longa (family. Zinziberaceae), has been used to reliéepain and
inflammation since ancient times in traditional teys [1-3]. It inhibits cyclooxygenase and lipoxygege [4-5],
platelet aggregation [6-8], neutrophils aggregati®h and reduces pro-inflammatory leukotriens sesth [10]
during inflammatory states.

Many pre-clinical trials [1-3, 11, 12] and clinicaials [13-18] have revealed that curcumin is safen upto a dose
level of 8.0 gm/kg but no successful formulatioraisilable on the market because of its poor biitetitity. Oral
absorption of curcumin is dissolution rate limitéde to very low aqueous solubility and rapid biosfarmation
leading to very low bioavailability [19-21]. Curcumis a weak base and p¥alues for three acid protons have been
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determined to be 7.8, 8.5 and 9.0 respectively.[&2lvas found unstable at basic pH and underggesohytic
decomposition even im vitro physiological condition along with photodecompiasis in solid as well as solution
form which further contribute in poor bioavailabjliof curcumin [23]. Effect ofi-cyclodextrin on the solubilityn
vitro andin vivo evaluations of the curcumin in solution has besgorted [24]. This paper presents the development
and evaluation of solid inclusion complexes of cunin with a-cyclodextrin.

MATERIALSAND METHODS

Curcumin was purchased from Loba chemicals (Bamglbrdia.).a-cylodextrin was purchased from S. D. Fine
Chemicals (India). All other compounds and solverssd in this study were of analytical reagent grad

Phase solubility studies

Excess amount of curcumin was placed in separabem@oolored bottles containing 0-20 mM aqueoustsnia of
a-cyclodextrin. Suspensions were stirred continuptl five days, filtered using 0.45 micron membediiter and
then analyzed spectrophotometrically at,a,0f 428 nm by using aqueous solutions of cyclodexds blank [25].

Preparation of inclusion complexes
The inclusion complexes of curcumin withicyclodextrin were prepared in a 1:1 molar raticcdzh on phase
solubility studies by various methods such as gaysnixing, kneading and freeze drying.

Physical mixture
A physical mixture was prepared by gentle mixingasturately weighed equimolar quantities of curcuiand
cyclodextrin for 5 minutes in a clean dry glasstigesnd mortar.

Kneading

Equimolar quantities of curcumin and cyclodextrinsmvetted by ethanol and triturated for 30 miniurtea clean
dry glass pestle and mortar to get a paste liksistancy. Trituration was continued until the prodstarted drying
on the walls of mortar. The products were furthéediin the hot air oven at G for 30 minutes, powdered, passed
through 100-mesh sieve and stored in a dessicator.

Freeze-drying

Accurately weighed quantities of curcumin and cglelirin were dissolved in distilled water with aahmamount
of ammonia (27%) to aid dissolution of curcumin @odicated for 15 min to get clear solutions. Thlet®ons were
frozen in ultra freezer by keeping over night arebte-dried over 8 hours in a Lyph-lock 6 apparéta®conco).
The resulting amorphous products were powderedassgmortar, passed through 100-mesh sieve anedstora
dessicator.

Physicochemical Characterization of the solid complexes

X-ray diffraction of solid complexes

X-ray diffraction of curcumin and their inclusiolmmplexes withu-cyclodextrin were studied by using continuous
scanning on X-Ray diffractrometer (PW 1830, Phdllipapan). The X-RD traces of pure curcumin, playsixture
and inclusion complexes were compared with regargdak position and relative intensity, peak shiftand
presence or lack of peaks in certain regions 6f#ues. Run conditions are given in the Table I.

Tablel. Conditionsused in X-ray differactrometry

Parameters Unit
Generator tension 30 (kV)
Generator currenf  25(mA)

Start angle (°@) 5.0

End angle (°8) 50

Step size (°@) 0.020
Time per step 1.000 (s)
Type of scan Continuous

Differential scanning calorimetry (DSC)

Differential scanning calorimetryf the pure curcumiry-cyclodextrin and prepared inclusion complex ofcoumin
was performed using Perkin ElImer Pyris 6 DSC. Samphuivalent to 1 mg of curcumin were accuratedighed
and crimped in the aluminium pans (Perkin EImemyabpallets. All the samples were then scannedrdit to the
specifications listed in the Table II.
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Tablell. Conditionsused in differential calorimetry.

Parameters Unit

Sample size Equivalent to 1 mg of curcumin
Temperature rang¢  50-400

Heating rate 16C/min

Atmosphere Inert nitrogen gas

Flow of gas 20 ml/min

Fourier Transform Infra Red spectroscopy (FT-IR)

The FT-IR spectra of curcumin;cyclodextrin and inclusion complex of curcunvirere recorded on the Win-IRrez
(Bio-Rad) using the potassium bromide (KBr) disthtgque. Sample was mixed with potassium bromide éiean
glass pestle and mortar and compressed to get.pgtianning was performed after base line correciiiting a
wave number range of 5000-500tm
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Fig 1: Compar ative phase solubility diagrams of curcumin- a-cyclodextrins systems

Dissolution rate profile of the solid complexes

Dissolution of pure curcumin (20 mg) and inclusioomplexes (equivalent to 20 mg curcumin) were studi
according to USP XII method with the apparatusnl900 ml of SGF without pepsin containing 1% SLt8a +
5°C and at a rotational speed of 75 rpm.

RESULTS

Phase solubility study
Phase solubility diagrams of curcumin with cyclogiexwere found to be linear (Atype) indicating 1:1 ratio

(Figure 1).

X-Ray diffraction of solid complexes

X-ray diffractogram of curcumin showed various peait different angles with most intense one at ragieaof
17.68° (100%) followed by 17.62° (92%) and 9.22098 respectively, revealing the crystalline natoireurcumin.
X-ray diffractogram ofw-CD showed the peaks at 10.2° (100%), 14.7° (653d)22° (91%) respectively, revealing
the crystalline nature ofi-cyclodextrin whereas inclusion complex of curcusminyclodextrin showed no
significant peak suggesting formation of amorphooipound. A comparative X-ray differactograms afcomin
and inclusion complexes are shown in the Figure 2.
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Figure 2: Comparative X-ray differactograms of curcumin and incluson complexes
a)curcumin, b) a-CD, c) curcumin-a-CD PM, d) curcumin-o-CD Kneaded, €) curcumin-o-CD Freeze dried
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Figure 3: Comparative FT-IR spectra of curcumin and inclusion complexes
a)curcumin, b) a-CD, c) curcumin-a-CD PM, d) curcumin-o-CD Kneaded, €) curcumin-o-CD Freeze dried

FT-IR spectral analysis

Curcumin has a carbonyl-stretching band at 1629 and —OH band at 3511 &imtherefore, FT-IR could be used
to detect guest interactions. The carbonyl-stretghégion of IR spectra of curcumin and its différeystems with
a-CD are presented in Fig. 3. The IR spectra ofagektrin showed the peaks corresponding to thermand
position of functional groups present. The specfrall curcumin-CD binary products did not show npeaks

4
Scholar Research Library



Mohammad Javed Ansari et al Der Pharmacia Lettre, 2014, 6 (6):1-7

indicating that no chemical bonds were createchenformed compounds. Though, IR C=0 stretching baag
instead highly diminished, broader and shifted awdr frequencies in all spectral patterns of curicu@Ds
products suggesting the inclusion of the drug endjxclodextrin cavity.

Differential Scanning Calorimetry (DSC)

The thermal curve of pure curcumin was typical ofystalline anhydrous substance with a sharp &edotic peak

at 176C corresponding to the melting point of the druge DSC curve ofi-cyclodextrin showed the liberation of
crystal water as an endothermal effect peaked legtv@®-150°C, followed by a peak at 288°C correspuntb
melting point ofa-cyclodextrin. The complete disappearance of thug émdothermal effect was observed with all
curcumine. cyclodextrin complex suggesting inclusion of theugd and formation of amorphous compounds.
Comparative DSC thermo grams of curcumin and inctusomplexes are shown in the Figure 4.
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Figure 4: Compar ative DSC ther mo grams of curcumin and inclusion complexes
a)curcumin, b) a-CD, ¢) curcumin-a-CD PM, d) curcumin-a-CD Kneaded, €) curcumin-a-CD Freeze dried

Dissolution rate profile of the solid complexes

Dissolution performed in 0.1 N HCL gave only 20-3® release at the end of 6 hours suggesting thaéreit
curcumin is tightly bound to cyclodextrin or dissttbn media was saturated. A preliminary study wWesefore
done to get a suitable dissolution media. A statitin of curcumin in methanol (10 pg/ml) was paegd, diluted
with only distilled water and distilled water coimimg 30% alcohol, 1% SLS, 0.1% tween 20 and 0.h8#eh 80
separately and analyzed spectrophotometricallynag#tie similar blank solutions at 430 nm. Baseg@timinary
study, 1% SLS was used as the co-solvent that eaglfto be compatible with dissolution media asmeraction
was seen in the UV scans study. Standard plot miuctin in SGF without pepsin with 1% (w/v) SLS (Regsion
equation Y=0.1744X, Correlation coefficienf.F0.9911) was then prepared for the calculatiomlisolution at
different time intervals. Dissolution study reveht®0.5% release of curcumin at 1 hour and a maxirafid0.9%
release was obtained by the end of 6 hours, whiab @ue to poor water solubility of curcumin. In wast,
curcumin complexes demonstrated faster and betease behaviors. At least 3 fold increases irptliisn of all
tested complexes were observed at one hour as cechga pure curcumin, with a maximum increase of
approximately 3.5 fold as shown by kneaded andzéekied complexes. At the end of 6 hours, appraiaty 60-
65% release was observed from all inclusion congdaxith a maximum release of 65% exhibited by feedded
complex. A comparative dissolution profile is givierthe Figure 5.
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Fig 5: Release profile of curcumin and curcumin-e-CD complexesin SGF without pepsin with 1% (w/v) of SLS
DISCUSSION

Curcumin is one of the most widely studied herbalgd. A lot of publications are available which eov
pharmacological activity of curcumin ranging fromtisinflammatory to antibacterial to anti cancedanti AIDS,
neuroprotective and cardioprotective. In spitextensive researches on this miraculous drugstilisbeyond the
market as a result of poor inherent physicochempraperties like water insolubility, photo-instatyil and
hydrolysis. Absorption and tissue distribution efraumin in albino rats revealed that curcumin istlpa(about
60%) absorbed and percentage of curcumin absodredimed constant regardless of the dose admirds{2fs.
After oral administration of 400 mg of curcuminreds, about 90% of the dose was present in theastorand smalll
intestine at the end of 30 min [26]. It was alsarfd that whatever dose was being absorbed undemgeyntapid
biotransformation [27]. Following an oral dose ) curcumin, about 90% dose was excreted via faged<s/% in
the urine in 72 hours [28]. After an oral dose 0frBg of curcumin to rat, about 99% radioactivitysvexcreted in
faeces over 72 hours [29].

Previously preparation of curcumin alpha cyclodextmclusion complex by pulverization method folledvby itsin
vitro andin vivo evaluations has been reported [24]. In this ptojee prepared curcumin alpha cyclodextrin
inclusion complex by different methods that folloplsysicochemical characterization using variousnépues and
comparative evaluation of their dissolution behaxidrepared solid inclusion complexes showed mimigiresults
with approximately 3-3.5 folds increase in disswlatof practically insoluble curcumin.

CONCLUSION

Theresults obtained in the present investigation eyeificant from the point of view that curcumin-Giamplexes
have much better dissolution, which can be furthgrlored for industrial purposes. Inclusion complesmation
resulted in amorphous compounds with improved slitytand dissolution of curcumin. Freeze dried qoexes
have greater solubility than kneading one but ihisgch costlier than the later.
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