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ABSTRACT: Curcumin, a hydrophobic polyphenolic compound derived 

from the rhizome of the herb Curcuma longa, possesses a wide range of 

biological applications including anti-cancer. Nanocurcumin particles 

were prepared by top-down method as its can improve hydrophilic and 

increase bioavailability. As a result, curcumin concentration was yielded 

up to 10% (w/w), and the particle size was defined less than 1,000 nm in 

diameter. The particles were characterized by scanning electron 

microscope (SEM), transmission electron microscope (TEM), dynamic 

laser light scattering (DLS), and X-ray diffraction (XRD). The acute oral 

toxicity was done with a dose up to 500 mg per kg of body weight and no 

dead mice were found indicating the nanocurcumin particles are safe for 

long-term use. The model of hepatic fibrosis mice was induced by 

intraperitoneal (i.p) injection of 0.8 mL of carbon tetrachloride (CCl4) in 

olive oil (1:3 v/v) per kg of body weight. Nanocurcumin particles (15 

mg/kg of body weight) were orally administered to hepatic fibrosismouse 

model in 4 weeks to evaluate the therapeutic potential in comparison to 

other groups. The results indicate that nanocurcumin have significant 

effects on reducing levels of serum alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) in CCl4-induced hepatic fibrosis mice. 

Histological examination shows that hepaticfibrotic livers of mice treated 

with nanocurcumin particles were recovered after 4 weeks. 

INTRODUCTION: According to the National 

Nanotechnology Initiative (2006), “Nanotechnology 

is the understanding and control of matter at 

dimensions of roughly 1-100 nm 
1
”. However, this 

definition of nanoparticle size was established for 

chemistry, physics and electronics; in the fields of 

nano food and herb research, the particle size of 

interest is 1–1,000 nm. 
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Nanotechnology is a multidisciplinary scientific 

undertaking, involves creation and utilization of 

materials, devices, or systems on the nanometer 

scale. Nanoparticles represent a promising drug 

delivery system of controlled and targeted release.  

On the other hand, polymeric nanoparticles offer 

some specific advantages over liposome. For 

instance, they help to increase the stability of 

drugs/proteins and possess useful controlled 

release properties 
2
.  

Nanoparticles are easier to pass through cell 

membranes in organisms and get interacted rapidly 

with biological systems 
3
.  
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Curcumin (molecular formula C21H20O6), a natural 

substance, has been traditionally used for 

enhancing anti-inflammatory 
6
, antimicrobial 

7
 and 

anti-cancer properties 
8
.   

It is an active constituent of the perennial herb 

Curcuma longa (C. longa). Curcumin consists of 

three principal yellow pigmented components: the 

coloring principle (1E, 6E)-1, 7-bis-(4-hydroxy-3-

methoxyphenyl)-hepta-1, 6-diene-3, 5-dione and its 

desmethoxy- and bis-desmethoxy-derivatives. 

Regarding the therapeutic effects of curcumin in 

the human body, it is unlikely that substantial 

concentrations of curcumin occur in the body after 

ingestion at doses up to 12,000 mg/person 
9
, 

equivalent to 200 mg per kg of body weight for a 

60 kg person. Major reasons contributing to the 

low plasma and tissue levels of curcumin appear to 

be due to poor absorption, intestinal metabolism, 

hepatic metabolism and rapid systemic clearance 
10

. 

Nanocurcumin has been scientifically proven to 

provide an opportunity to expand the clinical 

repertoire of this efficacious agent by enabling 

easier aqueous dispersion. Thus, this study aimed 

to prepare nanocurcumin particles with the size 

ranging from 500 to 1,000 nm by top-down 

method. The biological activities of nanocurcumin 

were assayed in CCl4-induced hepatic fibrosis 

mice. 

MATERIALS AND METHODS: 

Materials: Curcumin (purity > 95%) pure was 

kindly supplied from Friendship Company (Hai Ba 

Trung, Ha Noi). Polyethylene glycol, M.W. 6000 

was obtained from HiMedia, Ltd., Mumbai, India. 

Absolute ethanol and glycerol were obtained from 

BDH Prolabo. 

Preparation of nanocurcumin particles: The 

nanocurcumin particles were prepared by top-down 

method. Absolute ethanol and glycerol was added 

to 100-mL beaker containing curcumin powder. 

The mixture was dispersed by a mixer mill 

machine (Retsch Mixer mills MM200, Germany) 

at 20 Hz for 2 hours. The mixture was then added 

drop-wise into water phase containing PEG 6000 

and stirred at 350 rpm, room temperature and 

continued shaking for another 2 hours. The mixture 

was centrifuged at 9,000 rpm for 30 minutes to 

remove supernatant and obtain nanocurcumin paste 

aggregating at the bottom. Finally, it was re-

dissolved in water (Figure 1). 

 
FIGURE 1: PROCEDURE FOR THE PREPARATION OF NANOCURCUMIN BY TOP-DOWN METHOD 

Experimental animals: The Swiss mice (16 – 

28g) were obtained from Pasteur Institute of Ho 

Chi Minh City and kept in an environmentally 

controlled room (23 ± 2
o
C, 55 ± 10% humidity) 

with a 12h light/ dark cycle and allowed free 

access to food and water.     

Establishment of CCl4-induced hepatic fibrosis 

mouse model and grouping animals: 

Experiments were performed on male Swiss mice 

(30.09 ± 0.27 g), housed in stainless steel cages. 

The model of hepatic fibrosis mice was induced by 

intraperitoneal (i.p) injection of 0.8 mL of carbon 

tetrachloride (CCl4) in olive oil (1:3 v/v) per kg of 
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body weight
11,12

. The mice were divided into five 

groups of eight mice per group which received 

different treatments as described below: 

Group 1: Olive oil (0.8 mL per kg of body weight 

i.p. for 2 weeks) 

Group 2: Olive oil + nanocurcumin (15 mg per kg 

of body weight orally for 4 weeks) 

Group 3: CCl4 + curcumin (15 mg per kg of body 

weight orally for 4 weeks) 

Group 4: CCl4 + 1X Phosphate buffered saline (0.8 

mL per kg of body weight orally for 4 weeks)   

Group 5: CCl4+ nanocurcumin (15 mg per kg of 

body weight orally for 4 weeks) 

The curcumin dose was selected based on previous 

studies, in which a dose of 15 mg per kg of body 

weight was effective against the hepatic fibrosis 
13, 

14
.  

Serum assays: All serum samples were collected 

and stored at 0
o
C until use. Levels of serum 

aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) were determined at Hoa 

Hao Hospital of Ho Chi Minh City using an 

automatic biochemical analyzer (Olympus AU 

2700, Japan). 

 

Histological examination: The harvested liver 

tissues were fixed in 10% formaldehyde 
11

 and 

stained with haematoxylin and Eosin (H&E) and 

Masson’s Trichrome 
15

 according to standard 

procedures provided by Nhi Dong 1 Hospital of Ho 

Chi Minh City. The samples were observed under a 

microscope Olympus BX51 (U25ND6 – Japan). 

RESULTS AND DISCUSSION: 

Evaluation of nanocurcumin particles: The 

nanocurcumin particle sizes were analyzed and the 

distribution of nanoparticles was examined by the 

techniques of SEM, TEM, DLS, and X-Ray. As a 

result, the diameters of the nanocurcumin particles 

were measured under 1000 nm (Figure 2C). 

However, the SEM image showed the formation of 

particles with the size around 150-200 nm and with 

spherical to oval shape (Figure 2A, B). Besides, 

TEM image of the aqueous dispersion showed the 

smaller particle size ranging from 20-150 nm. This 

result confirmed large particles were covered by 

small particles (Figure 2B). Meanwhile, Figure 2D 

presented the graphs of curcumin and 

nanocurcumin particles indicating that the 

nanocurcumin particles were successfully 

produced. The result of X-Ray Diffraction (XRD) 

D8 ADVANCE type (BRUKER-AXS Germany, 

2007) showed that both of these produced identical 

pattern of standard peaks, strongly confirmed that 

both nanocurcumin and curcumin had the identical 

chemical structure. 

 
FIGURE 2: (A) NANOPARTICLE SIZE CHARACTERIZATION USING SCANNING ELECTRON MICROSCOPY 

(SEM), (B) TRANSMISSION ELECTRON MICROSCOPY (TEM). The TEM image showed particles with spherical 

morphology and a size of 500 nm, comparable to the dynamic laser light scattering (DLS) results. (C) DLS image of the 
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nanoparticles confirmed a narrow size distribution and (D) XRD graph showing the crystalline state of bare curcumin and 

nanocurcumin 

Testing the acute oral toxicity: The body weight 

of mice increased slightly (Table 1), mice were 

orally administrated with a dose up to 500 mg of 

nanocurcumin per kg of body weight and no dead 

mice were observed during the experiment. These 

results support the safe of nanocurcumin for long-

term oral consumption. Throughout the study, no 

unusual behavior or differences between groups 

were observed, including hard breathing, moving 

difficulties, hunching or unusual interactions with 

caged mates. 

TABLE 1: BODY WEIGHT AND MORTALITY DURING THE 48 HOURS OF THE ACUTE ORAL TOXICITY 

TEST WITH NANOCURCUMIN FROM 25 TO 500 MG PER KGOF BODY WEIGHT. DATA ARE MEAN ± SE 

VALUES 

Dose (mg/kg) Sex Initial body weight (g) Final body weight (g) Mortality (dead/ treated) 

Control (no treatment) 
Male 

Female 

19.57 ± 1.63 

19.76 ± 0.51 

21.58 ± 1.63 

20.07 ± 0.47 

0/6 

0/6 

25 
Male 

Female 

19.72 ± 0.96 

19.57 ± 0.50 

21.65 ± 0.81 

20.28 ± 0.56 

0/6 

0/6 

50 
Male 

Female 

19.92 ± 0.61 

20.18 ± 0.46 

22.81 ± 0.79 

20.37 ± 0.53 

0/6 

0/6 

75 
Male 

Female 

21.40 ± 0.83 

19.81 ± 0.33 

20.67 ± 0.47 

19.91 ± 0.41 

0/6 

0/6 

100 
Male 

Female 

18.33 ± 0.73 

20.27 ± 0.40 

20.89 ± 0.90 

20.51 ± 0.39 

0/6 

0/6 

200 
Male 

Female 

19.45 ± 0.72 

19.48 ± 0.38 

20.34 ± 0.49 

19.90 ± 0.43 

0/6 

0/6 

300 
Male 

Female 

20.77 ± 0.95 

20.42 ± 0.24 

22.40 ± 0.84 

20.49 ± 0.25 

0/6 

0/6 

400 
Male 

Female 

18.89 ± 0.34 

20.02 ± 0.32 

20.22 ± 0.61 

20.35 ± 0.37 

0/6 

0/6 

500 
Male 

Female 

19.11 ± 0.90 

20.45 ± 0.40 

20.19 ± 1.26 

20.59 ± 0.30 

0/6 

0/6 

 

Establishment of CCl4-induced hepatic fibrosis 

mouse model: The mice administered of CCl4 in 2 

weeks showed extremely high serum levels of 

aspartate aminotransferase (AST) (2,653.6 U/L) 

and alanine aminotransferase (ALT) (3,957.8 U/L), 

both of which are biological markers of 

hepatocellular damage as compared to those of 

mice administered vehicle (olive oil) alone and 

normal mice (Figure 3(D & E). Prolonged CCl4 

treatment induced the formation of necrotic areas 

in the livers, with significantly enhanced 

infiltration of inflammatory cells into areas 

surrounding the centrilobular veins of the livers.  

The tiny nodules appeared on the surface of liver 

cells (Figure 3A) in the CCl4-injected group. The 

surface of livers looked rough and lost smoothness 

in comparison to that of olive oil group and normal 

group. The livers of the CCl4-injected group were 

stained with H&E. At the initial stage, hepatic 

fibrosis might develop within or around portal 

tracts (portal or periportal fibrosis) or around the 

central vein, or fibrous tissue might be deposited 

directly within the sinusoids around single or 

multiple hepatocytes (pericellular fibrosis). With 

time, fibrous strands linked regions of the liver 

(portal to portal, portal to central, central to 

central), a process called bridging fibrosis in zone 

1 of Figure 3B. Besides, accumulation of fat 

droplets within hepatocytes was known as steatosis 

(zone 7 of Figure 3C). Hepatocytes were swelling 

and necrosis in the zone 2 of Figure 3B. Necrosis 

referred to dead cell that, under the microscope, 

appeared as a mass of formless debris with no 

nuclei present. 

Fibrous tissue was stained blue by the Masson’s 

Trichrome stain (zone 6 of Figure 3C). Fibrous 

tissue was formed in response to inflammation or 

direct toxic insult to the liver. Deposition of 

collagen had lasting consequences on hepatic 

patterns of blood flow and perfusion of 

hepatocytes. In the normal group, the harvested 

liver cells were smooth. Liver tissue from normal 
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group was found to contain some damage of liver 

cells and centrilobular congestion with no 

infiltration of inflammatory cells. The histological 

structure of mouse livers from normal group was 

examined within a normal limitation (zone 9 of 

Figure 3C) but presented some clump of 

lymphocytes (zone 5 of Figure 3B). In the olive 

oil-treated group, mice were steatosis mild. The 

hepatic cells were stained and observed under the 

microscopy to appear a hepatic dysfunction 

without overting necrosis. There were some 

injuries surrounding the portal tracts of the liver 

(zone 3 of Figure 3B and zone 8 of Figure 3C) but 

no fibrosis. The portal tracts (zone 4 of Figure 3B) 

contained branches of the portal vein (PV), hepatic 

artery (HA), and the bile duct (BD) system. 

 
FIGURE 3: (A) THE LIVER OF MICE WAS 

HARVESTED, (B) HISTOLOGICAL EXAMINATION 

OF LIVER SECTIONS FROM NORMAL CONTROL, 

OLIVE OIL GROUP AND CCl4-TREATED MICE (H-E 

STAINING, ORIGINAL MAGNIFICATION 200X), (C) 

EVALUATION OF LIVER FIBROSIS BY MASSON’S 

TRICHROME STAINING (ORIGINAL 

MAGNIFICATION, 200X) AND (D, E) SERUM ALT 

AND AST LEVELS IN HEALTHY MICE, CCl4-

INDUCED HEPATIC FIBROSISMICEAND OLIVE 

OIL TREATED MICE (VEHICLE CONTROL). 

VALUES WITH THE SAME SYMBOL WITHIN EACH 

BAR ARE NOT SIGNIFICANTLY DIFFERENT AT 

THE 5% LEVEL OF PROBABILITY. 1. BRIDGE 

FIBROTIC, 2. NECROSIS, 3.THE INJURY CELLS 

AROUND PORTAL TRACTS, 4. PORTAL TRACTS, 5. 

LYMPHOCYTES, 6. FIBROUS TISSUE, 7. 

STEATOSIS, 8. THE INJURY CELLS, AND 9. THE 

NORMAL CELLS 

Effect of nanocurcumin on the CCl4-induced 

hepatic fibrosis mice: CCl4-induced hepatic 

fibrosis mice were then treated with nanocurcumin 

(15 mg per kg of body weight per day). After 4 

weeks of treatment, mice were examined through 

serum ALT and AST levels and staining H&E and 

Masson Trichome. On examinations, livers became 

pale and changed in shape. Its surface was not 

smooth and tiny yellow spots were found in the 

PBS group (Figure 4D) while tiny red spots 

occurred in the curcumin group (Figure 4E). 

Figures 4A, B and C were observed without 

significant difference in the appearance. The 

surface of livers was smooth after 4-week 

treatment with a dose of 15 mg of nanocurcumin 

per kg of body weight (Figure 4C). Besides, the 

control group injected with olive oil (Figure 4A) 

and the other group received olive oil + 15 mg of 

nanocurcumin per kg of body weight (Figure 4B) 

showed livers with a normal shape and red color. 

Olive oil-injected group treated by nanocurcumin 

with a dose of 15 mg per kg of body weight 

showed the livers into the recovery phase as can be 

seen from the H&E staining, but also some 

congestion around portal tracts (zone 1 of Figure 

5A). Serum ALT and AST levels had a trend to 

reduce after 4-week treatment with the values of 

45.82 and 98.67 U/L, respectively.      

 
FIGURE 4: THE LIVERS OF MICE WERE HARVESTED (A) OIIVE OIL + NANOCURCUMIN, (B) OLIVE OIL, 

(C) CCl4 + NANOCURCUMIN, (D) CCl4 + PBS, AND (E) CCl4 + CURCUMIN 

B 

C 
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FIGURE 5: THE RESULTS OF H&E STAIN (ORIGINAL MAGNIFICATION 200X): (A) OLIVE OIL + 

NANOCURCUMIN, (B) OLIVE OIL, (C) CCl4 + NANOCURCUMIN, (D) CCl4 + PBS AND (E) CCl4 + CURCUMIN. 1. 

CONGESTION, 2. INFLAMMATORY CELLS, 3. CELL’S CONTAINS 2 NUCLEUSES, 4. NECROSIS CELLS, 

5.THE GRANULOMATOUS INFLAMMATORY, AND 6. NECROSIS 

CCl4-induced hepatic fibrosis mice were orally 

treated by nanocurcumin showed significant 

decrease of serum ALT (Figure 6A) and AST 

(Figure 6B) levels from week 1 to week 4, 

notably, decreased sharply in week 3. The 

histological structure of the livers presented hepatic 

cells that contained two nuclei dispersedly (zone 3 

of Figure 5C). It confirmed that the livers had 

recovered and the serum ALT and AST levels 

returned to normal range. However, serum ALT 

and AST levels of CCl4-treated mice and received 

15 mg of curcumin per kg of body weight declined 

after 4 weeks with ALT and AST levels of 90.62 

and 140.92 U/L, respectively, higher than those of 

group received nanocurcumin (29.42 and 59.82 

U/L, respectively) (Figure 6A & B).  

Although the liver were recovering in the hepatic 

fibrotic mice treated by curcumin, the H&E 

staining showed the presence of the granulomatous 

inflammatory (zone 5 of Figure 5E) and hepatic 

necrosis (zone 6 of Figure 5E). An important 

feature of granulomas is whether or not they 

contain necrosis. Granulomatous inflammation 

means characterized by granulomas known as 

macrophages. Macrophages are responsible for 

cleaning up dead cells or substances that it 

perceives as foreigners but is unable to eliminate. 

Besides, the hepatic fibrosis mice treated with PBS 

were still necrosis cell (zone 4 of Figure 5D) 

dispersedly, and serum ALT and AST values were 

obtained with the highest values of 370.87 and 

472.07 U/L, respectively) in comparison to other 

groups (Figure 6A & B). 

 
A 

 
B 

FIGURE 6: (A, B) SERUM ALT AND AST LEVELS IN 

CONTROL MICE AND HEPATIC FIBROSIS MICE 

TREATED WITH NANOCURCUMIN, CURCUMIN 

AND PBS. VALUES WITH THE SAME SYMBOL 

WITHIN EACH BAR ARE NOT SIGNIFICANTLY 

DIFFERENT AT THE 5% LEVEL OF PROBABILITY 

(N = 7/GROUP) 

Results of serum ALT and AST levels from the 

olive oil-injected group received no treatment after 
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4 weeks fluctuated and reached a maximum value 

in week 3. Moreover, a result of H&E staining 

showed that there were inflammatory cells 

scattering everywhere (zone 2 of Figure 5B). In 

general, considering the whole trial, these results 

suggest that nanocurcumin particles certainly have 

effects on recovering damaged liver caused by 

CCl4 and suppression of fibrogenesis in the mouse 

model.  

CONCLUSION: Nanocurcumin particles were 

successfully prepared by the top-down method 

with the particle size under 1,000 nm. The 

concentration of nanocurcumin could be achieved 

up to 10% (w/w) in aqueous solution.  

Nanocurcumin can be safely consumed for a long 

time with a dose of up to 500 mg of nanocurcumin 

per kg of body weight. Our findings demonstrated 

that nanocurcumin particles were effectively 

against CCl4-induced hepatic fibrosis mice as 

compared to that of curcumin and PBS.  

The nanocurcumin might approach the targeted 

organs with the effective dose, thus reducing serum 

ALT and AST concentrations and enhancing cell 

division in response to inflammation or direct toxic 

insult to the liver. 

REFERENCES: 

1. Roco MC: National nanotechnology initiative-past, 

present, future. Handbook on nanoscience, engineering 

and technology. Edition 2, 2007: 3.1-3.26. 

2. Huang S, Chen JC, Hsu CW and Chang WH: Effects of 

nano calcium carbonate and nano calcium citrate on 

toxicity in ICR mice and on bone mineral density in an 

ovariectomized mice model. Nanotechnology 2009; 

20(37): 375102. 

3. Fuchs S: Gelatin Nanoparticles as a modern platform for 

drug delivery. Dissertation. Ludwig-Maximilians- 

Universität München 2010. 

4. Vila A, Sanchez A, Tobıo M, Calvo P and Alonso M: 

Design of biodegradable particles for protein delivery. 

Journal of Controlled Release 2002; 78(1): 15-24.  

5. Parashar UK, Saxena P and Srivastava A: Role of 

nanomaterials in biotechnology. Digest Journal of 

Nanomaterials and Biostructures 2008; 3: 81-87. 

6. 6Wang X, Jiang Y, Wang Y-W, Huang M-T, Ho C-T and 

Huang Q: Enhancing anti-inflammation activity of 

curcumin through O/W nanoemulsions. Food Chemistry 

2008; 108(2): 419-424. 

7. Vimala K, Mohan YM, Varaprasad K, Redd N, Ravindra 

S, Naidu NS, et al.: Fabrication of curcumin encapsulated 

chitosan-PVA silver nanocomposite films for improved 

antimicrobial activity. Journal of Biomaterials and 

Nanobiotechnology 2011; 2(1): 55-64. 

8. Yu H and Huang Q: Enhanced in vitro anti-cancer activity 

of curcumin encapsulated in hydrophobically modified 

starch. Food Chemistry 2010; 119(2): 669-674. 

9. Bhadra D, Basniwal RK, Buttar HS, Jain VK and Jain N: 

Curcumin Nanoparticles: Preparation, Characterization, 

and Antimicrobial Study. Journal of agricultural and food 

chemistry 2011; 59(5): 2056-2061. 

10. Anand P, Kunnumakkara AB, Newman RA and Aggarwal 

BB: Bioavailability of Curcumin: Problems and Promises. 

Molecular Pharmaceutics 2007; 4(6): 807-818. 

11. Mir A, Anjum F, Riaz N, Iqbal H, Wahedi HM, Khattak 

JZK, et al.: Carbon Tetrachloride (CCl4)-induced 

hepatotoxicity in rats: Curative role of Solanum nigrum. 

Journal of Medicinal Plants Research 2010; 4(23): 2525-

2532. 

12. Tu C-t, Yao Q-y, Xu B-l, Wang J-y, Zhou C-h and Zhang 

S-c: Protective effects of curcumin against hepatic fibrosis 

induced by carbon tetrachloride: Modulation of high-

mobility group box 1, Toll-like receptor 4 and 2 

expression. Food and Chemical Toxicology 2012; 50(9): 

3343-3351. 

13. El-Demerdash FM, Yousef MI and Radwan FME: 

Ameliorating effect of curcumin on sodium arsenite-

induced oxidative damage and lipid peroxidation in 

different rat organs. Food and Chemical Toxicology 2009; 

47(1): 249-254. 

14. Yousef MI, El-Demerdash FM and Radwan FME: Sodium 

arsenite induced biochemical perturbations in rats: 

Ameliorating effect of curcumin. Food and Chemical 

Toxicology 2008; 46(11): 506-3511. 

15. Fujii T, Fuchs BC, Yamada S, Lauwers GY, Kulu Y, 

Goodwin JM, et al.: Mouse model of carbon tetrachloride 

induced liver fibrosis: Histopathological changes and 

expression of CD133 and epidermal growth factor. BMC 

gastroenterology 2010; 10(1):79. 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are 

available on Google Playstore) 

 

How to cite this article: 

Son HL, Trang NTH, Do Sinh T and Anh MNT: Effect of Nanocurcumin particles prepared by top-down method on CCl4-

induced hepatic fibrosis mice. Int J Pharm Sci Res 2013; 4(12): 4542-48. doi: 10.13040/IJPSR. 0975-8232.4(12).4542-48 


