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ABSTRACT

Curcumin is a natural compound with significant anticancer
activity but due to its poor solubility and bioavailability, its
application is limited. The curcumin concentrations of curcumin
in patients, who had ingested 3.66 g curcumin orally, were 11.1
nmol/L and 1.3 pmol/L, respectively. In another study, patients
receiving oral dosing of 4 to 8 g curcumin reached peak plasma
concentrations of 0.41-1.75 pM, after 1-2h. To improve its
bioavailability, the complexes of the Curcumin is the best
method to improve the bioavailability of curcumin. The
complexes are prepared with Phospholipids, soya lecithin, egg
lecithin, chitosan and PEG 20000, etc. Some complexes are
prepared by the refluxed method under the condition of
temperature is not exceeding to 60°C for 4hrs with continuous
stirring and some are prepared by using the solvent evaporation
method. Complexation of bioactive compounds with
phospholipids showed promising results in enhancing the

bioavailability.
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INTRODUCTION

Curcumin, [1, 7-bis (4-hydroxyl-3-methoxyphenyl)-1, 6-heptadiene-3, 5-Dione], is the major
constituent extracted from the root of Curcuma longa Linn. Curcumin is a polyphenol that
has powerful antioxidants. Curcumin was found to prevent colon, skin, stomach, duodenum,
soft palate, tongue, sebaceous gland, and breast cancer. Curcumin could be considered a

promising effective and safe preventive agent for cancer®.

Although curcumin has been used widely as a therapeutic agent, however, the plasma and
target tissue concentrations of curcumin are low, probably due, at least partially, low
solubility, low permeability, and extensive conjugation metabolism (glucuronidation and

sulfation) and reduction pathways?.

Molecular weight of curcumin is 368.385g/mol and the Solubility in Water is 3.12mg/L at
25°C and 0.1mg/ml, in ethanol, 10mg/L in (DMSO) Dimethyl sulfoxide25mg/ml®.

Literature review of the preclinical and clinical pilot studies suggest that the curcumin
concentrations of curcumin in patients, who had ingested 3.66 g curcumin orally, were 11.1
nmol/L and 1.3 umol/L, respectively. In another study, patients receiving oral dosing of 4 to
8 g curcumin reached peak plasma concentrations of 0.41-1.75 uM, after 1-2 h. Increasing the
oral dosage of curcumin beyond that currently under examination is neither feasible nor
desirable. Hence, it is highly to find the new formulation of curcumin to improve its

bioasbsorption®.

Recently the complexation of bioactive compounds with phospholipids showed promising

results in enhancing the bioavailability because complexation of bioactive compounds.

Phospholipids increase the lipophilicity and therefore it is assumed to be highly permeable
through biologic membrane®.

Curcumin (bis-a, b-unsaturated b-diketone), commonly referred to as diferuloylmethane, is a
low molecular, a natural polyphenolic compound found in the turmeric rhizome turmeric
(curcumin longa). Due to its strong yellowish color, curcumin is primarily used as a food
coloring agent. It has a wide variety of activities including anti-inflammatory, antioxidant,

antiproliferative and antiangiogenic properties®.
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Curcumin low systemic bioavailability following oral dosing to limit the tissues that it can
reach at an efficacious concentration to exert a beneficial effect, the attainment of such levels
in the gastrointestinal tract, particularly the colon and rectum, has been demonstrated in both

animal and human®.

Unfortunately, the ingestion, biodistribution, metabolism, and elimination studies of
curcumin have indicated only slow ingestion, fast metabolism, and curcumin removal as
major explanations for low bioavailability. Numerous approaches have been employed to
improve the bioavailability of curcumin. Nanoparticle, liposome, micelle, and phospholipid
are the promising new formulation that seems to provide longer circulation, better

permeability, and metabolic resistance’.

Phospholipids play an important role in technology for drug delivery. It is an important
carrier for those drug molecules that require controlled and sustained in vivo release due to
faster body elimination. Lecithin/phosphatidylcholine (PC) and soya hydrogenated
Phosphatidylcholine is an important component of phospholipids in the cell membranes. Soya
lecithin and hydrogenated soya are voluntarily tuned to other nutrients and can improve their
absorption when co-administered. Several experiments have shown that phospholipid

complexation with phytoconstituents improves their bioavailability?®.

Figure No. 1: Photo of rhizomes of Curcuma longa Linn plant and chemical structure of

polyphenolic curcumin compound?.
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For ages in indigenous medicine, turmeric powder has been widely used to treat various
diseases including cough, diabetic ulcers, hepatic diseases, biliary disorders, rheumatism,

sinusitis, and anorexia®.

Turmeric boosts the total body muscle, expels air, enhances digestion, controls menstruation,

dissolves gallstones, and alleviates arthritis according to Ayurveda practices™®.

Curcumin was studied in the modern era because of its health benefits, i.e. anti-aging, wound

healing, and anticancer activities??.

Curcumin was discovered two hundred years ago by Vogel and Pelletier and was obtained as
a pure compound in 1842. Curcumin is light sensitive and nearly insoluble in water but can
dissolve in methanol, dimethylsulfoxide, acetone, and ethanol*®. Curcumin's chemical
structure was reported in 1910, whilst Lampe and Milobedeska described the synthesis in
1913. The pharmacological actions of curcumin have since been studied extensively. In 1949,
Schraufstatter and Bernt documented the antibacterial activity of curcumin, opening the door
for other research that concentrated on the numerous actions of curcumin, such as anti-
infective, anti-inflammatory, antioxidant, anti-coagulant, hypoglycaemic/anti-diabetic, anti-

mutagenic, anti-carcinogenic, immunomodulatory, and wound healing effects!*.
COMPLEXATIONS METHODS
Preparation of M2*-Curcumin Complex

Zinc sulfate (ZnSO4-7H20; 22%) was mechanically mixed with curcumin (M2 +: 1/1mol) in
mortar until homogeneous powder mixture was obtained. Then a solution of glycerol/water (1
:1v / v) was applied to the mixture accompanied by mechanical shaning at 25 precautions
before pasty combination was produced. Instead, after water evaporation, the pasty stock was
dried at room temperature at 50 uC. Washing with purified water also removed free glycerol.
Zn2 + curcumin pulverized complex was collected. Other complexes derived from another so

urce of ion sulfate were prepared using the same process °.
Preparation of curcumin—phospholipid complex

The complex was prepared with curcumin and HSPC at a molar ratio of 1:1. A weighed
amount of curcumin and HSPC were taken in a 100ml round bhottom flask and 20ml of

dichloromethane was added. The mixture was refluxed at a temperature not exceeding 60-C
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for 2h. The resultant clear solution was evaporated and 10ml of n-hexane was added to it with
continuous stirring. The curcumin—phospholipid complex was precipitated and the precipitate
was filtered and dried under vacuum to remove traces of solvents. The resultant complexes
(yield 88%, w/w) were kept in an amber-colored glass bottle, flushed with nitrogen, and

stored at room temperature®®.

Figure No. 2: Microscopic views of curcumin—-phospholipid complex with a

magnification of 400X. Curcumin was intercalated in the phospholipid layer.
Preparation of CPC (Curcumin phospholipid complex)

The complex was prepared using the solvent evaporation method. In brief, curcumin, and
phospholipid at a molar ratio of 1: 1 were weighed and then dissolved in 10 ml of absolute
ethanol. Keep continuous stirring until the mixture was dissolved for about 2 h. Lastly, a
transparent solution was formed after the resultant clear solution was evaporated for another
2 h. The semi-solid complex was dried under vacuum and stored at room temperature; the

CPC was obtained?,
Preparation of CSP (Soluplus solidified powder)

Weighed the curcumin, phospholipid, and Soluplus at a mass ratio of 1:2:6. Next, the curcumi
n and phospholipid in 10 ml anhydrous ethanol were dissolved and stirred until the mixture w
as fully dissolved for around 2 h. Next Soluplus was added to the mixture being prepared and
stirred until the mixture was completely dissolved. The solidified complex was then obtained

by steamed fresh rotation solvents, scraping the solid drying under vacuum for 24h?®,
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Figure No. 3: Scanning electron microscope photographs of pure curcumin (a), CPM
(b), CPC (c) and CSP (d). CPM, curcumin physical mixture; CPC, curcumin
phospholipid complex; CSP, curcumin phospholipid complex-Soluplus solidified

powder.
Preparation of CU-PC-C Complex (phosphatidylcholine)

CU and PC were collected in a circular bottom flask at a molar ratio of 1:1 and dissolved in d
ichloromethane at 20mL. This mixture was mixed on a magnetic stirrer at room temperature f
or 2h. Under vacuum, the solvent was evaporated using rotary evaporator at 30C. The resultin
g CU — PC C was washed with n-hexane, vacuum-dried and room temperature processed?’.

Preparation of CU-HSPC-C Complex (hydrogenated soya phosphatidylcholine)

CU and HSPC were taken at 1:1 molar ratio in a circular bottom jar and dissolved at 20mL.in
dichloromethane. At room temperature for 2h, this mixture was blended on a magnetic stirrer.
The solvent was evaporated under vacuum at 30C using rotary evaporator. The subsequent C

U-HSPC C washed with n-hexane, dried vacuum, and refined room temperature?’.
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Figure No. 4: SEM of CU-PC-C (A) and CU-HSPC-C complex (B).

Preparation of curcumin and Soya Lecithin complexes

The complex was prepared with curcumin and soya lecithin at a molar ratio of 1:2. Weighed

amount of curcumin and soya lecithin were taken into 500ml of round bottom flask and 50ml

of dichloromethane was added. The mixture was refluxed at a temperature not exceeding to

60°c for 4hrs with continuous stirring. The curcumin-soya lecithin was precipitated and the

precipitated was filtered with Buchner funnel and dried under vacuum oven for 24hrs to

remove the traces of solvents. The resultant complexes was kept in an amber collared glass

bottle, and stored at room temperature and Record the percentage yield*® ',
Ratios used in the formulation of Curcumin and lecithin soya complexes
15*368.385mg (mol con) of curcumin=5.525g

30*645.9mg (mol con) of soya lecithin= 19.317g

Theoretical weight= 5.525g+19.317g= 24.842g

Practical weight of complexes= 12.56g
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Figure No. 5: Prepared complexes of curcumin and soy lecithin

Preparation of curcumin and chitosan complexes

The complex was prepared with curcumin and chitosan at a molar ratio of 1:2. A weighed
amount of curcumin and chitosan were taken into 500ml of the round bottom flask and 50ml
of dichloromethane was added. The mixture was refluxed at a temperature not exceeding to
60°c for 4hrs with continuous stirring. The curcumin- chitosan was precipitated and the
precipitated was filtered with Buchner funnel and dried under vacuum oven for 24hrs to
remove the traces of solvents. The resultant complexes were kept in an amber collared glass

bottle, and stored at room temperature and Record the percentage yield *> %'
Ratios used in the formulation of Curcumin and chitosan complexes
15*368.385mg (mol con) of curcumin=5.525g

30*1526.5mg (mol con) of soya lecithin= 45.795¢

Theoretical weight= 5.525g+45.795¢g = 51.32g

Practical weight of complexes=51.01g
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Figure No. 6: Prepared complexes of curcumin and chitosan

Preparation of curcumin and egg lecithin complexes

The complex was prepared with curcumin and egg lecithin at a molar ratio of 1:2. A weighed
amount of curcumin and egg lecithin was taken into 500ml of the round bottom flask and
50ml of dichloromethane was added. The mixture was refluxed at a temperature not
exceeding to 60°c for 4hrs with continuous stirring. After 4hrs transfer, the solution into petri
dish dried and kept under vacuum oven for 24hrs to remove the traces of solvents. The
resultant complexes were kept in an amber collared glass bottle, and stored at room

temperature and Record the percentage yield > 17,

Ratios used in the formulation of Curcumin and egg lecithin
15*368.385mg (mol con) of curcumin=5.525g

30*815.2mg (mol con) of soya lecithin= 24.45¢g

Theoretical weight=5.525¢g+24.45g = 29.975¢

Practical weight of complexes= 29.79g
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Figure No. 7: Prepared complexes of curcumin and egg lecithin
Preparation of curcumin and PEG 20000 complexes

The complex was prepared with curcumin and PEG 20000 at a molar ratio of 1:8. A weighed
amount of curcumin and PEG 20000 were taken into 500ml of the round bottom flask and
50ml of dichloromethane was added. The mixture was refluxed at a temperature not
exceeding to 60°c for 4hrs with continuous stirring. The curcumin-PEG 20000 was
precipitated and the precipitated was filtered with Buchner funnel and dried under vacuum
oven for 24hrs to remove the traces of solvents. The resultant complexes were kept in an

amber collared glass bottle, and stored at room temperature and Record the percentage yield

15, 17_

Ratios used in the formulation of Curcumin and PEG 20000
5g of PEG 20000= 0.25g/mole

0.7367g of curcumin= 2g/mole

Theoretical weight= 5g+0.7367g = 5.7367g

Practical weight of complexes=5.60g
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Figure No. 8: Prepared complexes of curcumin and PEG 20000

CONCLUSION

The bioavailability of curcumin is a critical challenge for the treatment point of view. In this
review, we presented the complexation method of curcumin with Phospholipids, soya
lecithin, egg lecithin, chitosan and PEG 20000, etc. The complexes were prepared with
curcumin and phospholipids at a molar ratio of 1:2 and in the preparation of curcumin and
PEG 20000 the molar ratio is 1.8. A weighed amount of curcumin and phospholipids were
taken into 500ml of the round bottom flask and 50ml of dichloromethane was added. The
mixture was refluxed at a temperature not exceeding to 60°c for 4hrs with continuous stirring.
The curcumin- phospholipids were precipitated and the precipitated was filtered and dried
under vacuum oven for 24hrs to remove the traces of solvents. The resultant complexes were
kept in an amber collared glass bottle and stored at room temperature. According to point of

view, all the complexes are given good bioavailability of curcumin.
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