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Curcumin is widely known for its antibacterial, antioxidant and anti inflammatory effects and has been reported to 

possess anticancerous activity as well. However, its medical application is limited because of poor bioavailability and 

rapid metabolism. In this study, we encapsulated curcumin in solid lipid nanoparticles and studied its anticancerous effect 

in Dalton’s Ascites Lymphoma (DAL) mice model. The physicochemical characteristics of curcumin solid lipid 

nanoparticles (CUR-SLN) were assessed and the anticancer efficacy was determined by in vivo studies. The curcumin 

solid lipid nanoparticles were synthesized by solvent emulsification evaporation method with particle size less than 

100 nm. Antitumor effect of nanocurcumin (50 mg/kg) and curcumin (100 mg/kg) was evaluated in Dalton’s Ascites 

Lymphoma bearing mice. Pathological and immunohistochemical parameters were studied. Mean survival time and 

percentage increase in lifespan were assessed. Nanocurcumin group showed more significant influence in reducing 

tumor volume and weight, inducing apoptosis, reducing angiogenesis and invasion restoring antioxidant parameters and 

increased mean survival time. Curcumin and nanocurcumin inhibited the activation of nuclear factor-kappa B (Nf-kB), 
and thereby proved the pathway by which it induced anti-angiogenic and anti-invasive property. 
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Turmeric 

Cancer, a multifactorial, multistep disease of genome 

characterized by alteration in gene expression ranks as 

a leading cause of death now a day. The global cancer 

burden is expected to be 28.3 million by 2040, about 

40% rise from 2020. Lymphoma heterogeneous group 

of disorder constitute 3% of all malignancies
1
. Non-

Hodgkin’s Lymphoma is responsible for 80,470 new 

cases and 20,250 deaths in US 2022
2
. In India, the 

incidence rate is estimated to be 3.5 and 3.6/100000 

for men and women, respectively
1
. Even though it is 

considered to be one of the most chemotherapy 

sensitive neoplasms, prognosis is often variable. Most 

of the anticancer drugs used currently lack specificity, 

leading to systemic toxicity and adverse effects
3
. 

Dietary phytochemicals have gained importance in 

recent years in cancer chemotherapy. Dietary 

polyphenols have been found to possess potential 

preventive as well as therapeutic effects by interfering 

with initiation, promotion and progression of cancer.  

Curcumin is a natural polyphenolic compound 

obtained from Curcuma longa L. been shown to inhibit 

initiation, progression and metastasis of cancers
4,5

. 

Besides its anticancerous property curcumin possess 

anti-inflammatory and antioxidant effects
6
. Curcumin 

exerts its anticancerous effect by acting through 

various signaling pathways, inhibiting cell 

proliferation, downregulating various transcription 

factors Nuclear factor-kappa B (Nf-kB), activator 

protein-1(AP-1), and Early growth response factor-1 

(Egr-1), invasion, angiogenesis (Vascular endothelial 

growth factor) metastasis, induction of apoptosis and 

inflammation (TNF, COX2 and IL-1)
4,7

. However, 

curcumin has low aqueous solubility and rapid 

systemic elimination which limits its bioavailability. 

Hence, there is an urgent need for developing 

formulations which can improve its clinical efficacy.  

Previous studies have demonstrated that 

nanoparticle encapsulation can improve the oral 

bioavailability of curcumin
8
. Nanocarriers are 

frequently investigated as a potential tumor targeting 

vehicles because of their ability to accumulate in the 
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tumor sites because of leaky microvasculature
3
.  

Solid lipid nanocarriers combine advantages and 

avoid the disadvantages of other colloidal carriers like 

controlled drug release and drug targeting, increased 

drug stability, incorporation of lipophilic and 

hydrophilic drugs, no toxicity of carrier and suitable 

for large scale production and sterilization
9
 . In this 

context, here, we encapsulated curcumin in solid lipid 

nanocarriers, and explored the antitumor activity of 

‘curcumin loaded solid lipid nanoparticles (CUR-

SLN)’ using Dalton’s Ascites Lymphoma (DAL) cells 

by in vivo methods. 
 

Materials and Methods 
 

Synthesis of curcumin solid lipid nanoparticles 

Curcumin (Sigma catalogue no: 1386, >65% assay 

10 g) obtained from M/s Sigma Aldrich, Glyceryl 

monostearate, lecithin soya, Tween 80 and 

chloroform were used for the synthesis of 

nanoparticles. CUR-SLN was prepared by solvent 

emulsification evaporation method
10

. Briefly, 100 mg 

glyceryl monostearate and 40 mg lecithin soya mixed 

in 1 mL chloroform which formed phase A, 12 mg 

curcumin was dissolved in 2 mL chloroform which 

constitute phase B. Phase A and B solutions were 

completely mixed to get a uniform miscible solution 

and it forms the organic phase. It was transferred to 

the aqueous phase containing 10 mL of surfactant 

solution (1.5% Tween 80). The resultant mixture was 

homogenized for 5 min followed by sonication for  

20 min (750 Watts at 75% amplitude). Finally, the 

solution was stirred with magnetic bead for 3 h at 

1000 rpm in dark room. This solution was converted 

to powder using lyophilizer and kept at room 

temperature (29°C). Blank SLN (B-SLN) was 

prepared without adding curcumin. 
 

Characterization of nanoparticles 
 

Particle size, Polydispersity index (PDI) and Zeta potential 

Particle size polydispersity index and zeta  

potential were measured using Zetasizer (ZEN3600, 

Malvern Instrument, UK) based on the nature of 

nanosuspension. The SLN suspensions were diluted in 

triple distilled water in 1:10 proportion for 

characterization of nanoparticles. About 500 µL of 

CUR-SLN suspension was diluted in 4500 µL of 

triple distilled water and ultrasonicated for 3 h before 

measuring the particle size. 
 

Scanning Electron Microscopy (SEM) 

The surface morphology of the raw curcumin and 

curcumin solid lipid nanoparticles was analyzed by 

SEM (FEI QUANTA FEG 200F, SAIF- IIT, Madras). 

Raw curcumin and lyophilized samples of CUR-SLN 

were sputter coated with gold and subjected to SEM 

analysis. The images were captured at 6000X 

magnification.  
 

Fourier transform infrared spectroscopy (FTIR) 

Curcumin, blank SLNPs and curcumin-SLNPs 

were crushed with potassium bromide (KBr) to get 

the pellets by applying a pressure of 300 kg/cm2. 

FTIR spectra of the above sample were obtained by 

averaging 32 interferograms with resolution of 2 cm
-1

 

in the range of 1000-4000 cm
-1

. 
 

In vivo study 
 

Maintenance of animals and induction of Dalton’s Lymphoma 

Male BALB/c mice (6 weeks) of 20-25 g procured 

from Biogen laboratory animal facility, Bangalore, 

India for in vivo study. Experimental animals were 

housed in sterile polypropylene cages and maintained 

under standard laboratory conditions (Temperature 

22±2°C, humidity 50±5% and 12 h dark/light cycle) 

and fed with standard laboratory animal pellet feed 

and water. They were allowed to acclimatize to the 

environment for 7 days prior to the experimental 

period. Randomization was done based on the body  

weight and animals were grouped in to four groups 

(Mean body weight variation < 20%). DAL cell lines 

were procured from Amala Cancer Research Center, 

Kerala, India. Ascites model was induced by 

inoculation of 1×10
6
 cells in 0.1 mL intraperitoneally. 

Solid model was developed by injecting the cells 

intramuscularly in the right thigh region. Routine 

clinical examination of all animals was performed 

throughout the experimental period. 
 

Experimental design 

Experimental animals were randomly divided in to 

two models I- Ascites model and II- solid model each 

having four groups with 12 animals each. 

Experimental design used in this study was approved 

by the Institutional Animal Ethics Committee, Madras 

Veterinary College, Chennai (Approval number 

04/SA/IAEC/2021). Six animals were kept as normal 

control group common to both ascites and solid 

model. Treatment with methotrexate, curcumin and 

curcumin-SLN were started from 24
th
 h of tumor 

induction and were continued for 15 days. The 

protocol was as follows. (Table 1)  

On 16
th
 day, six animals from each group were 

sacrificed. The remaining six animals in each group 

were left as such and continued with respective 
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1 

treatments and recorded mean survival time. 

Peritoneal fluid was collected for assessing the tumor 

volume. Peritoneal membrane and other visceral 

organs were collected for histopathological and 

immunohistochemical studies. In solid tumor model, 

after sacrificing the animals, the tumor volume was 

recorded and tumor sample was collected in 10%NBF 

with other visceral organs for histopathology and 

immunohistochemistry. 
 

Bodyweight 

Each mouse was weighed before the induction of 

tumor and just before the sacrifice to record the initial 

and final bodyweight. Increase in bodyweight was 

calculated based on the following formula. 

Increase in body wt. (in g) = Final body wt.  

Initial body wt . 
 

Tumor volume and weight 

In ascitic model, the whole ascitic fluid from each 

animal was collected using 22-gauge syringe and 

transferred in to a weighed graduated centrifuge tube 

and measured the volume and weight of ascitic fluid. 

In solid tumor model diameter of the excised tumor 

tissue was determined by vernier caliper and tumor 

volume was calculated by the following formula
11

: 

V= 4/3 ᴨr1
2 
×r2, where, r1 and r2 are radii of tumors 

at two different planes. 

Weight of the excised mass was also measured.  
 

Cytology of ascitic fluid 

Cytology samples were obtained by fine needle 

aspiration from ascitic abdomen. A drop of ascitic 

fluid smeared over clean, grease free microscopic 

slides and thin smears were made. The smears 

prepared were either air dried and stained with 

Leishman-Geimsa stain immediately. 
 

Histopathology 

Peritoneum, excised solid tumor samples and 

internal vital organs were used for histopathological 

studies. They were collected and fixed in 10 %NBF 

for 48 h and then processed, embedded in paraffin and 

4 to 5 µm thick sections were made. Tissue sections 

were stained using Hematoxylin and Eosin (H&E) and 

observed under the microscope (Olympus CX43)
 12

. 
 

Microvessel density (MVD) and diameter evaluation 

Neovessel formation in the peritoneal lining was 

observed and documented. Peritoneal tissue sections 

were processed for H&E stain and MVD/hpf was 

quantified manually
13

. Microvessel diameter (µm) 

was determined using Magvision Magcam software. 
 

Immunostaining 

Immunological detection of CD31 (Cluster of 

differentiation 31), MMP 9 (Matrix 

metalloproteinase-9) and COX-2 (Cyclooxygenase 2) 

antibodies were made in the formalin fixed sections of 

peritoneum. Air dried smears of ascitic fluid were 

taken in poly L lysine coated slides of the tumor 

control and treatment groups, and immunostaining for 

Nf-kB was performed using specific antibodies as per 

manufactures instructions. 
 

Mean survival time (MST) and percentage increase in lifespan 

(ILS) 

Six animals in each group of both the models were 

maintained with continuing respective treatment till 

survival. Mean survival period was recorded and 

expressed as mean survival time in days. The percent 

increase in lifespan was calculated as follows
14

. 
 

MST = Σ survival time (days) of each mouse in a 

group / Total number of mice 

 

ILS = [Mean survival time of treated group) / (Mean 

survival time of tumor control group)] ×100100 
 

Statistical analysis 

The data generated from different parameters of 

experimental study were subjected to one way 

analysis of variance (ANOVA), followed by the 

Duncan’s multiple range test and Kaplan Meier 

survival analysis was used for MST. Analysis was 

performed by using IBM SPSS software version 26 

Table 1 — Experimental design 

Groups No. of animals Treatment 

 Treat ment Mean survival time  

I 6 6 DAL control group. [DAL cells (1×106 cells) inoculated intraperitoneally and intramuscularly 

for ascites and solid model, respectively without treatment] 

II 6 6 DAL+Methotrexate. [Methotrexate (3.5mg/kg) in milli-q- water given orally from 24 h after 

inoculation of DAL, once a day throughout the experimental period in both models] 

III 6 6 DAL+Curcumin. [Curcumin at 100 mg/kg b.wt with corn oil given orally from 24 h of 

inoculation of DAL , once a day throughout the experimental period in both models] 

IV 6 6 DAL+Nanocurcumin. [Nanocurcumin at 100 mg/kg b.wt in milli-q- water given orally from 

24 h of inoculation of DAL, once a day throughout the experimental period in both models] 
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for windows. The difference among the groups were 

considered significant when P <0.05. 

 

Results 
 

Characterization of CUR-SLN 

The CUR-SLN showed the in mean particle size of 

91.1+7.5 nm, PDI of 0.367 and zeta potential of 37.6 

mv (Fig. 1 A-B). The optimized size of blank solid 

lipid nanoparticles (BSLN) was 106.7+34.9 nm, PDI 

was 0.319 and zeta potential was 40.8 mv (Fig. 1 C-

D). Scanning Electron Microscopy studies of CUR-

SLN revealed smooth surface morphology whereas 

curcumin revealed rough surface (Fig. 2). In Fourier 

transform infrared spectroscopy analysis spectrum of 

curcumin, Cur-SLN and Blank-SLN was shown in 

Fig. 3. FTIR spectra of curcumin revealed the 

characteristic peak at 3507 cm
-1

 of O-H and 2968 cm
-1

 

and 2880 cm
-1

 for C-H stretching vibration. In  

B-SLN, the characteristic peak was present at 3353 cm
-1
 

and 2967 cm
-1

 corresponding to O-H and C-H bond 

stretching. The CUR-SLN showed common peak with 

blank solid lipid nanoparticles at 3355 cm
-1

 and with 

curcumin at 2966 cm
-1

 and 2879 cm
-1

. 
  

In vivo antitumor effects 
 

Body weight 

A significant increase in body weight was observed 

in DAL induced control animals as compared to 

normal control animals. The methotrexate and 

curcumin treated group showed reduction in 

bodyweight gain. As compared to other treatment 

groups, the nanocurcumin group showed significant 

reduction in body weight gain (Fig. 4). 
 

Tumor volume and weight 

The methotrexate group showed decreased tumor 

volume as compared to the tumor control group. The 

tumor volume in curcumin and nanocurcumin group 

was significantly lower than methotrexate group. 

However, no significant difference in tumor weight 

was observed between methotrexate and curcumin 

group. In nanocurcumin group, it was found to be 

profoundly lower in tumor weight than other two 

treatment groups (Fig. 5).  
 

Cytology  

Cytology of the ascitic fluid from the treatment 

group showed features like cell shrinkage, membrane 

blebbing, cytoplasmic vacuolation, chromatin 

condensation and nuclear fragmentation. Percentage 

of apoptotic cells was higher in nanocurcumin  

group than in curcumin and methotrexate group  

(Fig. 6 A-D). 
 

Histopathology 

Histopathological examination of peritoneum and 

solid tumor showed that neoplastic cells were invading 

 
 

Fig. 1 — (A) Optimized particle size of curcumin solid lipid nanoparticle (CUR-SLN); (B) Zeta potential of CUR- SLN; (C) Optimized 

particle size of Blank SLN; and (D) Zeta potential of Blank SLN 
 

 
 

Fig. 2 — Scanning Electron Microscope imafe of (A) Curcumin showing rough surface; and (B) CUR-SLN showing smooth surface 
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Fig. 4 — Graph representing increase in body weight in different 

groups 
 

in to the underlying muscle layer in tumor control 

group with increased vascularity and leukocytic 

infiltration. In treatment group there was less invasion 

of neoplastic cells in to the adjacent muscle tissue and 

decreased number of blood vessels with the tumor 

tissue. Large areas of necrosis also observed. 

Numbers of apoptotic cells were more in treatment 

group and showed characteristic features like 

vacuolated cytoplasm, condensation of chromatin and 

fragmented nuclei (Fig. 6 E-L).  
 

Inhibiting angiogenesis 

Visible observation demonstrated the increased 

vascularity in tumor control group as compared to 

normal control animals. Treatment groups showed 

decreased vascularity. Measurement of Microvessel 

density on H&E sections and anti CD31 

immunostained sections increased significantly  

(P <0.05) in DAL control group (23.33±1.54) when 

compared to normal control groups (2.17±0.477). 

Treatment with nanocurcumin showed better 

reduction in MVD (6.00±0.577) than other groups. 

Diameter of microvessels also showed significant 

differences. Tumor control group revealed increased 

diameter (18.07±2.01 µm) and treatment groups 

showed significant (P <0.05) reduction in the micro 

vessel diameter. Nanocurcumin group showed better 

reduction in diameter (7.60±0.57 µm). 

 
 

Fig. 3 — Fourier-transform infrared spectroscopy (FTIR) (A) Blank-SLN; (B) Curcumin; and (C) CUR-SLN 
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Immunostaining 

Anti-invasive and anti-angiogenic effect were 

investigated by assessing the expression of CD31, 

MMP9, COX2 and Nf-kB markers. In tumor control 

group, the MMP9 and COX 2 showed intense 

cytoplasmic expression. In treatment groups, there were 

mild  to  moderate  expression  of  MMP9  and  COX 2.  

in DAL control group, there were numerous micro 
vessels of varying size and shape showed intense CD31 

immunoreactivity. In the treatment group, number of 
blood vessels and intensity of CD31 immunoreactivity 
were reduced. The immunoreactivity of Nf-kB was 
more in nucleus in tumor group and cytoplasmic in the 
treatment group (Fig. 7). 

 
 

Fig. 5 — Decrease in (A & B) tumor volume and weight in Ascites model; and (C & D) tumor volume and weight in solid tumor model 
 

 
 

Fig. 6 — (A) Cytology-Tumor control group-Pleomorphic lymphoblast. LG, Bar 10 µm; (B) Methotrexate Gp- Apoptotic cells. LG,  

Bar 5 µm; (C) Curcumin Gp- More apoptotic cells - Membrane blebbing and disruption. LG, Bar 10 µm; (D) Nanocurcumin Gp- 

Apoptotic cells-Membrane blebbing. LG, Bar 10 µm; (E) Ascites model: DAL control Gp- Peritoneal membrane- More invasion of tumor 

cells. H&E, Bar 20 µm; (F) Methotrexate Gp- Peritoneal membrane- Minimal invasion of tumor cells - H&E, Bar 20 µm; (G) Curcumin 

Gp- Peritoneal membrane-Less invasion of tumor cells. H&E, Bar 20 µm; (H) Nanocurcumin Gp- Peritoneal membrane- Less invasion of 

tumor cells. H&E, Bar 20 µm; (I) Solid model (SM): DAL control- Solid sheets of lymphoblast. H&E, Bar 10 µm; (J). Methotrexate Gp- 

Extensive necrosis and apoptosis. H&E, Bar 10 µm; (K) Curcumin Gp- Apoptotic cells- Nuclear vacuolations. H&E, Bar 5 µm; and (L) 

Nanocurcumin Gp- Decreased invasion of tumor cells. H&E, Bar 20 µm 
 



INDIAN J EXP BIOL, FEBRUARY 2023 

 

 

96 

Mean survival time 

Prolongation of lifespan is one of the important 

criteria to assess the anticancer activity of a drug. The 

MST in case of tumor control group was found to be 

20 and 32 days in ascites model and solid tumor 

model, respectively. Treatment groups showed 

significant increase in mean survival time (MST) and 

percentage increase in lifespan (ILS). Among the 

three treatment groups nanocurcumin group was 

found to be more effective with MST increased to 44 

and 49 days in ascites and solid model (Table 1 and 

Fig. 8). 
 

Discussion 

The use of plant-based products to treat cancer had 

gained importance in recent years owing to their 

ability to act on multiple signaling pathways. 

Curcumin is considered as a safe compound and has 

 
 

Fig. 7 — (A) Ascites model. Tumor control Gp-Peritoneum-IHC-CD31 Intense cytoplasmic expression in many blood vessels. Bar 20 

µm; (B) Methotrexate Gp-Peritoneum-IHC-CD31 Decreased cytoplasmic expression. Bar 10 µm; (C) Curcumin Gp- Peritoneum -IHC-

CD31 Decreased cytoplasmic expression. Bar 10µm; (D) Nanocurcumin Gp- Peritoneum IHC-CD31 Decreased cytoplasmic expression. 

Bar 10 µm; (E) DAL Gp- Peritoneum-IHC-MMP9 Intense cytoplasmic expression. Bar 10 µm; (F) Methotrexate Gp-Peritoneum-IHC-

MMP9-Mild cytoplasmic expression. Bar=10 µm; (G) Curcumin Gp- Peritoneum - IHC-MMP9- Mild cytoplasmic expression. Bar  

10 µm; (H) Nanocurcumin Gp-Peritoneum-IHC-MMP9-Mild cytoplasmic expression. Bar 5 µm; (I) COX2: DAL Gp- Peritoneum - 

Increased intense cytoplasmic expression- Bar 10 µm; (J) Methotrexate Gp- Peritoneum - IHC-COX2 -Mild cytoplasmic expression. Bar 

10 µm; (K) COX2: curcumin Gp- Peritoneum - Mild cytoplasmic expression. Bar 10 µm; (L) COX2: Nanocurcumin Gp- Peritoneum - 

Mild cytoplasmic expression. Bar 10 µm; (M) DAL Gp-ICC- Nf-kB - Intense nuclear expression. Bar 10 µm (N) Methotrexate Gp-ICC- 

Nf-kB - Intense cytoplasmic expression. Bar 5 µm; (O) curcumin Gp-ICC-Nf-kB- Intense cytoplasmic expression. Bar 10 µm; and (P) 

Nanocurcumin Gp-ICC- Nf-kB- Intense cytoplasmic expression. Bar 5 µm 
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been shown to control various signaling molecules at 

the molecular level. Thus, it can act on multiple 

cellular pathways
15

. Despite having potential  

health benefits physicochemical instability, low 

pharmacokinetics and bioavailability, poor bioactive 

absorption and rapid metabolism limit its clinical use. 

Integrating curcumin in to nanocarriers was found  

to be an appropriate choice to increase the 

bioavailability and solubility, long time circulation 

and retention in the body
16

. The bioavailability of free 

curcumin increased by 69.78 times when encapsulated 

in lipid nano constructs as well as there was 

controlled release of drug in which release extended 

up to 120 h instead of 24 h in free curcumin
17

. In the 

present study, curcumin was encapsulated in solid 

lipid nanoparticles by single solvent emulsification 

evaporation method in which glyceryl monostearate 

was used as the lipid source. The major advantage of 

this method of preparation as compared to other 

methods was that the thermal degradation of the drug 

can be avoided
18

. Previous studies have shown that 

curcumin have maximum solubility in glyceryl 

monostearate when panels of lipids are compared
17,19

. 
 

Particle size is an important parameter that has 

profound effect on treatment because of larger surface 

area, high drug loading capacity and controlled drug 

release. Nanoparticles of size less than 200 nm was 

found to persist in the circulation for longer time and 

accumulate in the tumor regions due to enhanced 

permeation effect
20

. Consistent to this in the present 

study, the particle size obtained was 91.1±7.5 nm for 

CUR-SLN an106.7±34.9nm for Blank-SLN. The PDI 

of the blank solid lipid nanoparticles was 0.319 and 

for curcumin SLN was 0.367. Poly dispersity index 

less than 0.3 indicate the lower aggregation of 

particles
21,22

. The storage stability of nanoparticles 

was found to be related to the zeta potential. Negative 

zeta potential value observed in this study (37.6 mv) 

favour enhanced permeation effect and can evade the 

identification by the phagocytic system as reported 

earlier
20

. FTIR analysis showed that curcumin solid 

lipid nanoparticles form peak at 3355 cm
-1

 indicating 

intermolecular stretching of OH group which was 

absent in curcumin which is a direct indication of 

formation of solid lipid nanocurcumin
17

. 
 

To prove the anticancerous effect in vivo studies 

were conducted in DAL induced ascites and solid 

tumor models. Danduga et al.
23

 suggested that 

curcumin at 100 mg/kg body wt. provide better anti-

cancerous effect than 50 mg/kg body wt. Kakkar et al.
24

 

evaluated the oral bioavailability of CUR-SLN and 

observed that at 50 mg/kg body wt. the bioavailability 

increased by 39 times as compared to free curcumin 

in same dose. Based on these previous reports, here, 

we compared the antitumor effect of CUR-SLN  

given at 50 mg/kg body wt. and curcumin at  

100 mg/kg body wt. The anticancer effect was 

assessed by using various parameters like 

bodyweight, tumor volume and weight, mean survival 

time and percentage increase in lifespan. In DAL 

induced animals there was an increase in the 

bodyweight, tumor volume and weight. It was an 

indication of cancer progression. Ascitic fluid is the 

nutritional source for the growth of cancer cells and 

rapid increase in the ascitic fluid with the tumour 

growth would be a means to meet the nutritional 

requirement of tumour cells
25

. Tumor cells can secrete 

the vascular permeability factors that promote 

 
 

Fig. 8 — Kaplan Meier curve for (A) ascites model; and (B) solid model 
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accumulation of ascitic fluid and may cause 

metastasis
26

. The increase in bodyweight might be due 

to accumulation of ascitic fluid
11

. In the treatment 

groups, there was a significant reduction in the ascitic 

fluid volume therefore the bodyweight gain was also 

found decreased which demonstrated the 

antiproliferative effect of curcumin and nanocurcumin 

in which later showed better effect. Reduction in 

tumour volume and tumour weight could be a direct 

cytotoxic effect on tumour cells or indirect local 

effect involving macrophage activation and vascular 

permeability inhibition. To investigate whether the 

inhibitory effect was local or systemic the effect was 

tested against solid tumor induced by DAL cell lines. 

We observed a significant reduction in tumor volume 

and weight in curcumin and nanocurcumin treated 

groups when compared to tumor control clearly 

indicated that the effect is systemic not only related to 

local effect
27

. The inhibitory effect of nanocurcumin 

was found to be comparable with the result produced 

by standard drug methotrexate. 
 

It is well known that cancer leads to alteration in 

cellular homeostasis and that disrupts balance 

between cell proliferation and apoptosis. Evasion of 

apoptosis is a hall mark of cancer. Ability to induce 

apoptosis is one of the important criteria for assessing 

the antitumor effect. Defect in the apoptotic cascade 

can lead to treatment failure and drug resistance
28

. 

Apoptosis or programmed cell death is 

morphologically characterized by cell shrinkage, 

cytoplasmic blebbing and chromatin condensation
29

. 

Cytology of the ascitic fluid showed similar 

morphological features indicates the apoptosis 

inducing property of curcumin. 
 

Angiogenesis is an integral part of tumor 

development and metastasis which include the 

development of new blood vessels from the existing 

vessels. Tumor development induces angiogenic 

response, an early event in tumor progression. Anti- 

angiogenic effect of nanocurcumin and curcumin was 

investigated in murine ascites lymphoma model. 

Microvessel density could be used as a surrogate 

measure of assessing angiogenesis in tumor models 

and could be correlated to the outcome of many 

tumors
30

. Intra-tumoral microvessel density was found 

to be related to regional or distant metastasis of the 

solid tumors and determination of angiogenesis helps 

in predicting the response to some forms of 

conventional anticancer therapy
31

. CD31 expression is 

used to assess microvessel density. Nagy et al.
32

 

reported an increase in cross sectional area of the 

peritoneal blood vessels along with increase in the 

number of microvessels. In vivo experiments in this 

study have shown that higher CD31 expression in 

tumor control group was associated with increased 

neovascularization, while the treatment groups 

showed reduced angiogenesis indicated by decrease in 

microvessel density, microvessel diameter and 

reduced expression of CD31. This demonstrates that 

curcumin and nanocurcumin act as inhibitor of 

angiogenesis to inhibit the tumor growth in vivo. 

Histopathological changes observed in the present 

study indicate the increased angiogenesis and vascular 

permeability contributing to the increased 

invasiveness of the tumor cells in to the underlying 

layers. Less invasiveness along with increased 

necrosis and apoptosis might be attributed to the anti-

angiogenic effect of curcumin and nanocurcumin
14

. 
 

In continuation, we checked the expression of pro- 

and angiogenic markers. Curcumin was found to 

regulate the activation of Nf-kB, transcription factor 

whose activation is associated with proliferation, 

invasion, angiogenesis and apoptosis. It plays a key 

role in the expression of various tumorigenic and pro 

angiogenic factors like IL-8, VEGF, MMP-9 and 

COX 2
33

. In the present study, we observed the 

cytoplasmic localization of Nf-kB in the treatment 

group and nuclear expression in tumor control group 

indicating that curcumin and nanocurcumin 

effectively blocked Nf-kB activation and its nuclear 

translocation
34

. The present study results showed that 

curcumin and nanocurcumin effectively diminished 

the expression of COX2 and MMP9 in DAL. These 

results were concurrent with the reports of 

Vigneswaran et al.
13

, Duan et al.
35

 and Lin et al.
33

. 

Overall, it shows that curcumin and nanocurcumin 

exert its antitumor effect by inhibiting angiogenesis 

by targeting Nf-kB and subsequent lowering of pro 

angiogenic factors like MMP9 and COX2 and thereby 

reducing the invasion. 
 

The reliable criteria for judging the value of 

anticancer drug are prolongation of life span
36

. In the 

present study, the mean survival time was 20 and 32 

days in ascites and solid tumor model, respectively 

and it was increased in the treatment groups. 

Nanocurcumin group showed more mean survival 

time as compared to curcumin and methotrexate 

group. Similarly, curcumin and nanocurcumin group 
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showed significant increase in percentage increase in 

lifespan as compared to control group. Thus, the 

present study result suggests that curcumin and 

nanocurcumin effectively inhibit the tumor cell 

multiplication in DAL induced mice, and thereby 

prolonged the lifespan of the animals
22

. 

 

Conclusion 

Results of the present study suggest that 

encapsulation of curcumin in solid lipid nanoparticles 

administered at 50 mg/kg effectively improved its 

therapeutic benefit of curcumin in the treatment of 

cancer by inhibiting angiogenesis by targeting Nf-kB 

pathway. 
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