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Background: Curcumin has a variety of pharmacological effects. However, poor water 

 solubility and low oral bioavailability limit its clinical utility. A delivery system for nanostruc-

tured lipid carriers has been reported to be a promising approach to enhancing the oral absorp-

tion of curcumin. The aim of the present study was to investigate the pharmacokinetics, tissue 

distribution, and relative bioavailability of curcumin in rats after a single intragastric dose of a 

nanostructured lipid curcumin carrier formulation.

Methods: Nanostructured lipid curcumin carriers were prepared using the ethanol dripping 

method and characterized in terms of the particle size, polydispersity index, zeta potential, 

differential scanning calorimetry, drug-loading capacity, encapsulation efficiency, and in vitro 

release. The pharmacokinetics and tissue distribution of nanostructured lipid curcumin carriers 

and curcumin suspension were compared after intragastric administration.

Results: Nanostructured lipid curcumin carriers showed a significantly higher peak plasma 

concentration (564.94 ± 14.98 ng/mL versus 279.43 ± 7.21 ng/mL, P  0.01), a shorter time 

taken to reach peak plasma concentration (0.5 ± 0.01 hour versus 1.0 ± 0.12 hour, P  0.01), and 

a greater AUC
0–∞ (820.36 ± 25.11 mg × hour/L versus 344.11 ± 10.01 mg × hour/L, P  0.05) 

compared with curcumin suspension. In the tissue distribution studies, curcumin could be 

detected in the spleen, heart, liver, kidneys, lungs, and brain. Following intragastric administra-

tion of the nanostructured lipid curcumin carrier formulation, tissue concentrations of curcumin 

also increased, especially in the brain. The nanostructured lipid curcumin carrier formulation 

improved the ability of curcumin to cross the blood–brain barrier, with an 11.93-fold increase 

in the area under the curve achieved in the brain when compared with curcumin suspension.

Conclusion: The nanostructured lipid carrier formulation significantly improved the oral 

bioavailability of curcumin and represents a promising method for its oral delivery.

Keywords: curcumin, oral bioavailability, tissue distribution

Introduction
Curcumin, a yellow-colored phenolic substance derived from the rhizome of the spice 

herb Curcuma longa, widely known as turmeric, has a broad spectrum of biological and 

pharmacological activity. Clinical trials have shown that curcumin has antioxidant,1–3 

antiinflammatory,4,5 antibacterial,6 antifungal,7–9 and anticarcinogenic activity.10–14 

Further, the cardioprotective and neuroprotective effects of curcumin are also well 

documented.15–17 The most compelling and key rationale for the therapeutic use of cur-

cumin is its good safety profile. To date, no studies in either animals or humans have 

demonstrated any toxicity associated with the use of curcumin, even at high doses.18,19 

Unfortunately, the potential use of curcumin is severely limited by its poor water solubility 
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and short biological half-life, which results in low bioavail-

ability irrespective of the route of administration.20–22

Several approaches have been investigated to increase 

the oral bioavailability of curcumin, including nanoparticles, 

liposomes, micelles, and phospholipid complexes.20 Solid 

lipid nanoparticles have received particular attention because 

they consist of biocompatible lipids with high drug encapsu-

lation efficiency (EE), enhanced intestinal permeability, and 

good oral bioavailability.23 However, solid lipid curcumin 

nanoparticles offered no improvements over standard cur-

cumin when tested in vitro.24 Nanostructured lipid carriers 

are the second generation of solid lipid nanoparticles and are 

composed of a binary mixture of solid lipids and a spatially 

different liquid lipid as a carrier.25 Nanostructured lipid carri-

ers are a novel lipid formulation that offers the advantages of 

improved drug-loading capacity (LC) and release properties. 

Furthermore, nanostructured lipid carriers can be prepared 

for multiple routes of administration, including oral, intra-

venous, pulmonary, and transdermal formulations.25 To date, 

intragastric administration of a nanostructured curcumin lipid 

carrier (CUR-NLC) formulation has not been described.

Recently, we prepared CUR-NLCs by an ethanol dripping 

method. The aim of this study was to describe the pharma-

cokinetics, tissue distribution, and relative bioavailability of 

curcumin in rats after single-dose intragastric administration 

of a CUR-NLC formulation in comparison with curcumin 

suspension.

Materials and methods
Chemicals and reagent
Standard curcumin and emodin (as the internal standard) were 

purchased from Fluka (Sigma-Aldrich, Buchs, Switzerland). 

Poloxamer 188 was purchased from Chemie (Sigma-Aldrich 

Chemie, Munich, Germany) and glyceryl monostearate was 

purchased from Tokyo Chemical Industry Co, Ltd (Tokyo, 

Japan). Soy lecithin was purchased from Shanghai Taiwei 

Medical Group Co, Ltd (Shanghai, China). Medium chain 

triglycerides (Lexol®) were sourced from Zhejiang WuMei 

Chemical Products Co, Ltd (Zhejiang, China). Methanol 

and acetonitrile (chromatographic grade) were obtained 

from Fisher Scientific Inc (Waltham, MA). Water for high-

performance liquid chromatography (HPLC) was double-

distilled. All other chemicals and reagents were of analytical 

grade and were used without further purification.

Animals
Healthy Sprague-Dawley rats weighing 190–220 g were 

purchased from the Animal Institution, Zhongnan Hospital, 

Wuhan University. The rats were housed under standard 

 conditions, and provided with fresh water and a commercial 

diet ad libitum. The animal tests were performed in accor-

dance with the Guide for the Care and Use of Laboratory 

Animals of the National Research Council. All animal 

experiments were approved by the local animal ethics 

committee.

Preparation of CUR-NLCs
Nanostructured lipid carriers, empty or loaded with curcumin, 

were prepared using an ethanol dripping method.26 Briefly, 

an aqueous surfactant solution consisting of 1% (w/w) 

 Poloxamer 188 was prepared and heated to 75°C prior 

to addition of the lipid phase. To prepare the lipid phase, 

the selected solid and liquid lipid mixture was heated to 

5°C–10°C above its melting point. An ethanolic solution 

of soy lecithin (0.64 mmol) was added under stirring to the 

melted lipid (1.18 mmol). For obtaining drug-loaded nano-

particles, curcumin (0.32 mmol) was added under mechani-

cal stirring. To obtain nanostructured lipid carriers, the 

ethanol solution containing lipid, lecithin, and curcumin was 

dripped into an aqueous surfactant solution with high-speed 

homogenization (A200-18G-S; Shanghai Angyi Instruments, 

Shanghai, China) at 10,000 rpm for 15 minutes. The ratio of 

the ethanolic lipid phase to the aqueous phase was 1:3 (v/v) 

in the final suspension. The suspension was then dispersed in 

cold twice-distilled water (100 mL at 2°C–3°C) c ontaining 

5% (w/w) sucrose under continuous magnetic stirring at 

1000 rpm for 30 minutes. Successively, the nanostructured 

lipid carriers were submitted to exhaustive dialysis using a 

Visking 18/32 membrane (molecular cutoff 12,000–14,000 

Da), freeze-dried by a lyophilizer (Alpha 1–4; Martin 

Christ, Osterode am Harz, Germany) and stored at -20°C 

in a freezer. The dry powder was kept at room temperature 

for successive characterization. Ethanol was completely 

removed from the nanoparticles during purification.

Characterization of nanostructured  
lipid carriers
The mean particle size, polydispersity index, and zeta poten-

tial of the nanostructured lipid carriers were determined 

by dynamic light scattering using a nanoparticle analysis 

instrument (Delsa™; Beckman Coulter, Fullerton, CA). 

Morphological examination of the nanostructured lipid carri-

ers was performed using a transmission electron microscope 

(Hitachi Ltd, Tokyo, Japan).

Differential scanning calorimetry experiments can be 

used to determine thermodynamic variations related to 
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 morphological changes as a result of melting points and 

 melting enthalpies varying with lipid modification. In the 

present study, crystalline state evaluation of blank nanostruc-

tured lipid carriers, curcumin, CUR-NLCs, and a physical 

mixture of blank nanostructured lipid carriers and curcumin 

(with same ratio as that of the CUR-NLCs) was conducted 

using a differential scanning calorimeter (Diamond; 

PerkinElmer Instruments, Boston, MA). A heating rate of 

10°C per minute was used, and the temperature range was 

50°C–220°C. According to our previous work, no melting 

peak is detected in the range of 30°C–50°C.

LC% and EE% were determined by HPLC.27 Briefly, the 

CUR-NLC suspensions were first dissolved and diluted with 

anhydrous methanol. The suspensions were then centrifuged 

at 11,000 rpm for 15 minutes, after which the supernatant 

was determined by the HPLC method and the total amount of 

curcumin in the lipid nanoparticles was calculated. To deter-

mine the amount of curcumin contained in the nanostructured 

lipid carriers, equal volumes of the CUR-NLC formulation 

were accurately dispensed into a 0.9% NaCl solution at a 

ratio of 5:1 (v/v) to salt out the nonincorporated drug, and the 

suspensions were centrifuged at 18,000 rpm for 30 minutes. 

The upper portions of the suspensions were then diluted with 

anhydrous methanol, sonicated, and centrifuged at 11,000 rpm 

for 15 minutes. Finally, the supernatant was analyzed under the 

same HPLC conditions. For sample analysis, chromatography 

was performed using a Waters Alliance HPLC 2695 series 

(Waters Technologies, Milford, MA) with separation on a 

Thermo Hypersil ODS C18 Column (250 mm × 4.6 mm, 

5 µm; Hypersil, Thermo Scientific, Waltham, MA). The 

mobile phase consisted of acetonitrile and water (58:42, 

v/v) at a flow rate of 1 mL per minute. The run time for the 

analysis was 10 minutes and the detection wavelength was set 

at 423 nm. The sample injection volume was 20 µL and the 

column temperature was maintained at 30°C. The EE% and 

LC% of the CUR-NLCs were calculated as follows:

EE% =  Amount of Curcumin Encapsulated in 
Nanostructured Lipid Carriers/Total Amount  
of Curcumin in Lipid Nanoparticles × 100%.

LC% =  Amount of Curcumin Encapsulated in 
Nanostructured Lipid Carriers/Total Amount  
of Nanostructured Lipid Carriers × 100%.

In vitro release study of DXMA-NLCs
The dialysis membrane method was used to investigate 

the in vitro release of curcumin from the CUR-NLC 

formulation. First, 2 mL of CUR-NLC solution (equivalent to 

1.5 mg of curcumin) was transferred into dialysis bags with 

a molecular cutoff of 3.5 kDa. The bags were suspended in 

250 mL of pH 6.8 phosphate buffer (containing ethanol 15% 

v/v) maintained at 37°C ± 0.5°C in a shaking water bath at 

100 rpm. At designated time intervals, 1 mL samples of the 

dialysis medium were taken for measurement of curcumin by 

HPLC, and the same volume of fresh medium was then added. 

The release experiments were performed in triplicate.

Pharmacokinetics and tissue distribution 
studies of CUR-NLCs
Sprague-Dawley rats received a single intragastric dose of 

the CUR-NLC formulation or curcumin suspension con-

taining an equivalent curcumin dose of 80 mg/kg. The rats 

were sacrificed at predetermined time points (15, 30, and 

45 minutes, and at 1, 2, 4, 6, 8, 12, and 24 hours) after dosing 

(five mice were sacrificed at each time point). Blood samples 

were collected from the orbital plexus into heparin-treated 

(10 µL, 500 IU/mL) tubes and immediately centrifuged at 

3000 rpm for 15 minutes at 4°C. Tissue samples from the 

heart, lung, liver, spleen, kidney, and brain were collected, 

washed, weighed, and homogenized. All of the samples were 

stored at -80°C until later analysis.

Curcumin concentrations in plasma and tissues were deter-

mined by HPLC assay. Plasma or tissue homogenates (300 µL) 

were mixed with 10 µL of emodin (20 µg/mL) as the internal 

standard. The mixture was vortexed with 3 mL of acetic ether 

and centrifuged at 4000 rpm for 10 minutes to precipitate the 

proteins. The supernatant was collected into clean test tubes and 

evaporated under a stream of nitrogen at 45°C. The residues 

were dissolved in 100 µL of mobile phase, and 20 µL aliquots 

were injected into the HPLC system as described above.

Pharmacokinetics and statistical analysis
Pharmacokinetic analysis was carried out using 3P97 phar-

macokinetic software (Chinese Pharmacological Association, 

Beijing, China). The statistical significance of differences in 

pharmacokinetic parameters between the treatment groups 

was determined with the Student’s t-test using the Statistical 

Package for Social Sciences version 12.0 (IBM Corporation, 

Armonk, NY). Statistical significance was defined to be 

P  0.05 or P  0.01.

Results and discussion
Preparation and characterization  
of CUR-NLCs
CUR-NLCs were prepared successfully by the etha-

nol dripping method, and their properties are shown in 
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Figure 1 Transmission electron microscopy of CUR-NLCs. 
Note: Magnification: 2500×.
Abbreviation: CUR-NLCs, curcumin nanostructured lipid carriers.
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Figure 2 In vitro release profiles of curcumin from CUR-NLCs and curcumin 
suspension. 
Notes: Mean ± SD, n = 3.
Abbreviation: CUR-NLCs, curcumin nanostructured lipid carriers.

Table 1 Properties of the CUR-NLCs

Sample Particle size (nm) PI Zeta potential (mV) EE (%) LC (%)

CUR-NLCs 129 ± 15.5 -27.8 ± 5.9 0.257 ± 0.079 95.98 ± 0.63 4.21 ± 0.07

Notes: Mean ± SD, n = 3.
Abbreviations: CUR-NLCs, curcumin nanostructured lipid carriers; PI, polydispersity index; EE, encapsulation efficiency of CUR-NLCs; LC, drug-loading capacity of  
CUR-NLCs.

Table 1. The mean particle size, polydispersity index, zeta 

potential, EE, and LC of CUR-NLCs were 129 ± 15.5 nm, 

-27.8 ± 5.9 mV, 0.257 ± 0.079, 95.98% ± 0.63%, and 

4.21% ± 0.07%,  respectively. The morphology of the 

 CUR-NLCs recorded by transmission electron microscopy 

was spherical (Figure 1) and the particle size (200 nm) was 

similar to that determined by dynamic light scattering. The 

in vitro release study showed sustained release of curcumin 

from the CUR-NLC formulation compared with the free 

curcumin suspension (Figure 2). While more than 90% of the 

free curcumin was found in the release medium after approxi-

mately 24 hours, the CUR-NLC formulation released less 

than 10% of its curcumin content after 1 hour and more than 

30% after 24 hours. Differential scanning calorimetry was 

used to investigate the melting and crystallization behavior of 

the lipid materials, ie, to detect whether these characteristics 

were changed by formulation as CUR-NLCs. As shown in 

Figure 3A, the melting process for the blank nanostructured 

lipid carriers took place with maximum peaks at 55.53°C and 

132.54°C, respectively. Similarly, drug-loaded nanostructured 

lipid carriers showed melting points at 56.19°C and 134.67°C 

(Figure 3B). In  addition, the physical mixture showed melting 

points at 55.20°C and 136.62°C (Figure 3C). Curcumin alone 

showed a peak at 177.89°C, as seen in Figure 3D. The results 

were obtained after one day of storage. Compared with blank 

nanostructured lipid carriers, the drug-loaded nanostructured 

lipid carriers showed slower recrystallization and disturbance 

of crystalline order which might influence the loading 

capacity. There was no melting peak for curcumin observed 

in the differential scanning calorimetry thermograms for the 

physical mixture and the drug-loaded nanostructured lipid 

carriers. This absence may be explained by the low amount 

of curcumin (4.21% ± 0.07%) in the CUR-NLC formulation. 

From this result, it can be concluded that there was no impor-

tant difference in this regard between the blank nanostructured 

lipid carriers, the drug-loaded nanostructured lipid carriers, 

and the physical mixture. A possible explanation may be that 

loading of a small amount of drug into the nanostructured 

lipid carriers did not change the melting point significantly. 

Similar results have been reported elsewhere.27,28

Pharmacokinetic study and bioavailability
Analytical methods for determination of curcumin in plasma 

are well established.29 The limit of quantification in plasma 

for curcumin measurement is 10 ng/mL. The calibration 

curve over the range of 0.01–3.2 µg/mL for plasma had good 

linearity (R2 = 0.9996). Intraday and interday accuracy preci-

sion was 2.7% and 3.3%, respectively. Recovery of curcumin 

in plasma was 98.6%.

The plasma concentration time profiles and corresponding 

pharmacokinetic parameters for curcumin and CUR-NLCs 

are shown in Figure 4 and Table 2. The pharmacokinetics 
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of curcumin and CUR-NLCs fit a two-compartment model. 

As shown in Table 2, the pharmacokinetic parameters of the 

CUR-NLC solution in rats were markedly different from 

those of the curcumin suspension. The peak plasma concen-

tration for CUR-NLCs was 2.02 times higher than the value 

for curcumin suspension. CUR-NLCs demonstrated a more 

rapid distribution phase (t
1/2

α = 0.77 ± 0.13 hours) compared 

with curcumin suspension (t
1/2

α = 1.19 ± 0.27 hours). In con-

trast, the elimination phase (t
1/2

β) for the CUR-NLC formula-

tion was longer (t
1/2

β = 20.62 ± 1.91 hours) compared with the 

curcumin suspension (t
1/2

β = 6.47 ± 0.95 hours). The CUR-

NLC formulation showed a higher AUC
0–∞ (2.38-fold) and 

mean residence time (2.32-fold) compared with the curcumin 

solution. Based on these data, the CUR-NLC formulation 

was found to improve the oral bioavailability of curcumin. 

Curcumin was still measurable in rat plasma 24 hours after 

administration of the CUR-NLC formulation, but only up to 

8 hours after administration of curcumin  suspension. These 

results show that incorporation of curcumin into nano-

structured lipid carriers resulted in increased absorption of 

curcumin on intragastric administration. It has been reported 

that the physicochemical environment of the gastrointestinal 

tract and intestinal epithelium acts as a barrier to curcumin 

absorption following oral administration.30,31 The nanostruc-

tured lipid carrier-modified curcumin formulation may enable 

bioadhesion at the wall of the gastrointestinal tract, thereby 

promoting absorption by increasing the duration of contact 

with the gastrointestinal surface. Furthermore, it has been 

reported that nanostructured lipid carriers are stable in the 

gastric environment,32,33 and after adhesion to the gut wall, 
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Table 2 Pharmacokinetic parameters in rats after intragastric 
administration of CUR and CUR-NLCs (n = 5)

Parameters CUR CUR-NLCs

α/h-1 0.58 ± 0.11 0.90 ± 0.14

β/h-1 0.11 ± 0.02 0.03 ± 0.01b

Vc, L ⋅ g-1 0.83 ± 0.12 0.40 ± 0.10

t1/2α, hours 1.19 ± 0.27 0.77 ± 0.13

t1/2β, hours 6.47 ± 0.95 20.62 ± 1.91b

AUC0–∞, mg ⋅ h ⋅ L-1 344.11 ± 10.01 820.36 ± 25.11a

CL(s), L ⋅ g-1 ⋅ h-1 0.23 ± 0.07 0.10 ± 0.01a

MRT, hours 2.94 ± 0.82 5.69 ± 0.91a

Notes: aP  0.05 vs CUR; bP  0.01 vs curcumin.
Abbreviations: CUR, curcumin suspension intragastric administration; CUR-
NLCs, curcumin nanostructured lipid carriers intragastric administration; AUC, area 
under concentration curve; CL, total plasma clearance; MRT, mean residence time; 
t1/2α, distribution half-life; t1/2β, elimination half-life.
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after intragastric administration in rats.
Notes: Data are mean ± standard deviation, n = 3.
Abbreviation: CUR-NLCs, curcumin nanostructured lipid carriers.

Figure 3 Differential scanning calorimetry (DSC) of blank NLCs (A), CUR-NLCs (B), physical mixture of blank NLCs and curcumin (C), and curcumin (D).
Abbreviation: NLCs, nanostructured lipid carriers.
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the drug is released at its site of absorption. Therefore, the 

enhanced bioavailability of the CUR-NLC formulation might 

be attributable to uptake of nanoparticles via the gastroin-

testinal tract, increased permeability because of surfactants, 

and decreased degradation and clearance.31

Tissue distribution study
An analytical method for measuring curcumin levels in tissue 

homogenates (liver, heart, spleen, lung, kidney, brain) has 

been reported previously.29 The limit of quantification in tis-

sue for curcumin measurement was 50 ng/mL. The calibration 
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Figure 5 Tissue distribution curves of curcumin and CUR-NLCs after 80 mg curcumin/kg intragastric administration in rats.
Notes: Data are mean ± standard deviation, n = 3.
Abbreviation: CUR-NLCs, curcumin nanostructured lipid carriers.
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Table 3 Pharmacokinetic parameters of curcumin and CUR-
NLCs in rat organs following intragastric administration

Organs Cmax (µg/g) AUC (hµg/g) MRT (h)

Liver
 CUR 1.98 ± 0.04 1.83 ± 0.05 1.86 ± 0.02
 CUR-NLCs 4.59 ± 0.10a 3.22 ± 0.04a 2.12 ± 0.01
Heart
 CUR 3.50 ± 0.19a 4.77 ± 0.02 1.98 ± 0.12
 CUR-NLCs 2.16 ± 0.13 5.14 ± 0.13 3.43 ± 0.01a

Spleen
 CUR 1.94 ± 0.26 3.44 ± 0.09 3.56 ± 0.04
 CUR-NLCs 4.70 ± 0.14 10.73 ± 0.17a 5.10 ± 0.08a

Lung
 CUR 2.99 ± 0.01 3.04 ± 0.02 2.12 ± 0.11
 CUR-NLCs 5.39 ± 0.17a 7.04 ± 0.11a 5.11 ± 0.07a

Kidney
 CUR 3.59 ± 0.10 4.10 ± 0.19 9.84 ± 0.19
 CUR-NLCs 5.69 ± 0.01 5.16 ± 0.26 9.97 ± 0.26
Brain
 CUR 0.11 ± 0.00 0.25 ± 0.01 2.77 ± 0.15
 CUR-NLCs 0.51 ± 0.06b 3.03 ± 0.04b 9.56 ± 0.32b

Notes: aP  0.05 vs CUR; bP  0.01 vs curcumin.
Abbreviations: CUR, curcumin suspension intragastric administration; CUR-
NLCs, curcumin nanostructured lipid carriers intragastric administration; Cmax, 
maximum tissue concentration of curcumin; AUC, area under concentration curve; 
MRT, mean residence time.

curve over the range of 0.05–3.2 µg/mL for tissue homoge-

nate had good linearity (R2 was 0.9994–0.9998). Intraday and 

interday accuracy precision was 2.7%–4.1% and 3.3%–4.7%, 

respectively. The recovery of curcumin in the tissue homo-

genates was 96.4%–98.6%.

The mean concentration-time curve (AUC) and cor-

responding pharmacokinetic parameters for curcumin and 

CUR-NLCs in rat organs for the two formulations are shown 

in Figure 5 and Table 3. After intragastric administration, 

curcumin and CUR-NLCs were distributed widely and 

could be detected in the heart, liver, spleen, lung, kidney, 

and brain tissue. As shown in Figure 5, in rats treated with 

the CUR-NLC solution, the peak plasma concentration in 

all tissues collected, except for the heart and brain, occurred 

at 30 minutes to 1 hour after treatment, and the peak plasma 

concentration occurred at 2 hours in the heart and brain. The 

peak plasma concentration in each specimen of rat tissue 

was increased using the nanoformulation, although this did 

not occur in kidney and heart tissue. In the present study, 

the peak plasma concentrations in the brain, liver, spleen, 

lung, heart, and kidney after administration of CUR-NLCs 

and curcumin suspension were 4.91, 2.32, 2.41, 1.80, 

0.62, and 0.96,  respectively. After  administration of the 

curcumin  suspension, the AUC
0–∞ values were ranked as 

follows: heart  kidney  spleen  lung  liver  brain. 

However, after administration of CUR-NLCs, the AUC
0–∞ 

values were ranked as spleen  lung  kidney  heart  

liver  brain. The AUC values in the brain, liver, heart, 

spleen, kidney, and lung of the two formulations were 11.93, 

1.75, 1.08, 3.12, 1.26, and 2.32, respectively. From the 

increased AUC and mean residence time of curcumin, we 

conclude that our nanoformulation can increase curcumin 

levels significantly in these organs because of the increased 

AUC and mean residence time of curcumin. This indicates 

that CUR-NLCs may be more efficiently distributed to the 

organs than curcumin alone, and this might be attributed to 

uptake of the nanoparticles from the gastrointestinal tract 

and translocation to organs. The extent of biodistribution 

of particulate drug carriers is greatly influenced by their 

size, surface characteristics, and opsonization processes. 

It has been reported that opsonins can get adsorbed onto 

the nanoparticle surface and promote particle recognition 

by organs of the reticuloendothelial system, including the 

spleen, lung, liver, and kidney.26

High curcumin concentrations in various tissues are 

essential for curcumin to have pharmacological activity. It 

is noteworthy in this study that the AUC
0–∞ in the brain was 

11.93. In recent studies, curcumin has shown substantial 

neuroprotective ability due to its antioxidant properties. It is 

well known that increasing the concentration of curcumin in 

the brain favors a protective effect in diseases of the brain. 

Curcumin was measurable in our brain homogenates for up 

to 24 hours after dosing in the CUR-NLC group, while the 

concentration was negligible in the curcumin suspension 

group. This indicates that CUR-NLCs can easily pass through 

the blood–brain barrier into brain tissue, which is essential 

for its neuroprotective effects.

According to our tissue distribution results, CUR-NLCs 

are rapidly absorbed, as evidenced by the shorter time taken 

to reach peak plasma concentration for the CUR-NLC for-

mulation than for curcumin suspension. As a nanoformula-

tion, the concentration and retention time for curcumin in 

the organs studied was significantly increased. Of all six 

tissues collected, the ratios of peak plasma concentration 

and AUC
0–∞ of the two formulations were the largest in the 

brain. For these reasons, the CUR-NLC formulation might 

be more effective than conventional curcumin for treating 

certain diseases of the brain. Further research is being carried 

out to investigate this.

Conclusion
In this study, curcumin, a poorly water-soluble drug, was 

incorporated in a nanostructured lipid carrier by the ethanol 
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dripping method. Our research has shown that  nanostructured 

lipid carriers can be exploited in order to enhance the incor-

poration of a poorly soluble drug. We demonstrated that 

curcumin and CUR-NLCs were distributed to the brain, 

heart, spleen, lung, liver, and kidney following intragastric 

administration. CUR-NLCs significantly raised the AUC and 

mean residence time of curcumin in all these organs, espe-

cially in the brain. Our results suggest that nanostructured 

lipid carriers are a promising delivery system for enhancing 

the oral absorption of poorly water-soluble drugs, including 

curcumin.
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