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ABSTRACT 
 

Objective: To investigate the anti-tumor effect of curcumin on human cervical carcinoma HeLa cells in vitro and 
in vivo.  Methods: (1) Human cervical carcinoma cell line HeLa was cultured in vitro. HeLa cells were treated with 
5-50 μmol/L curcumin for 24. 48, 72 h and the growth inhibition rates of HeLa cells were measured by MTT method. 
Cell apoptosis was inspected by electron microscopy and flow cytometry (FCM). (2) A transplanted tumor model by 
injecting HeLa cells into subcutaneous tissue of BABL/C mice was established and its growth curve was measured. 30 
BABL/C mice with tumors were divided into 2 groups at random and 0.2 ml saline or 0.2 ml 250 μmol/L curcumin was 
injected into abdominal cavity respectively once everyday and lasted for ten days. The changes of tumor volume were 
measured continuously and tumor inhibition rate was calculated. At last the expressions of caspase-3 and bax protein 
in transplanted tumors were detected by immunohistochemistry.  Results: (1) Curcumin inhibited the proliferation of 
Lela cells on a dose-depending manner. Apoptosis of cells could be observed by FCM. Partial cells presented the 
characteristic morphological changes of apoptosis under electron microseope. (2) When 1×107 HeLa cells were 
inoculated for each mouse, 100% of the mice developed growing tumors after seven days. An inhibition effect was 
observed in treatment group, and the inhibition rate of curcumin was 74.33%. The expressions of caspase-3 and bax in 
the transplanted tumors were increased in curcumin group.  Conclusion: Curcumin is effective as an anti-cancer drug 
not only in vitro but also in vivo. 
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Curcumin, a deferuloymethane, is a major active 
component of the food flavor turmeric (Curcuma 
Longa). Because of its stable colour and luster and 
low toxicity, curcumin has been widely used as food 
additive and coloring agent. Recently, it has been 
reported to possess anti-inflammatory, antioxidation 
and antiviral activities. Now, attention has been 
focused on its antitumor activity[1, 2]. In vitro 
curcumin was found to induce apoptosis of a wide 
variety of tumor cells including mice sarcoma S180 
cells, human colon carcinoma HT-29 cells, human 
renal carcinoma 293 cells, human liver carcinoma 
HepG2 cells etc[3]. In our previous study, we have 
some primary results in the effect of curcumin on 
human cervical carcinoma[4]. In this study, we further 
investigated the anti-tumor effect of curcumin on 
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HeLa cells, both in vitro and in vivo. 
 
 

MATERIALS AND METHODS 
 
Materials 
 

HeLa cell line was supplied by the department of 
pathophysiology of Chongqing Medical University. 
Curcumin and 3-(4, 5-demethy-2-thiazolyl)-2, 5- 
dephenyl-2h-tetrazolium-bromid (MTT) were 
obtained from Sigma (St Louis, Mo, USA). 
RPMI-1640 and fetal bovine serum (FBS) were from 
Hyclone. The mouse monoclonal anti-Bax and 
anti-Caspase-3 antibodies were purchased from 
Fuzhou Maixin Biotechnology Co. (China). 
 
MTT Assay 
 

Cell growth was measured by a modified MTT 
assay. About 1×105 cells/well were plated in 96-well 
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microplates and incubated overnight. Cells were then 
treated with 5, 10, 25 and 50 μmol/L curcumin for 24, 
48 and 72 h. Then 20 μl stock MTT was added to each 
well and the cells were further incubated at 37°C for 4 
h. The supernatant was removed and 200 μl DMSO in 
isopropanol was added to each well to solubilize the 
formazan product. The absorbance at wavelength of 
570 nm was measured by a micro ELISA reader 
(Sigma). The negative control well contained medium 
only. The ratios of the absorbances of treated cells 
relative to those of the control wells were calculated 
and expressed as percentage of growth inhibition. 
 
Flow Cytometry 
 
 The induction of apoptosis was analyzed by using 
the Annexin V-PE Apoptosis Detection Kit I 
according to the manufacturer’s instructions[5]. Briefly, 
cells were inoculated at a cell density of 1.0×105 
cells/ml, treated with 5, 10, 25 and 50 μmol/L 
curcumin and cultured for 48 h. After cultivation, 
these cells were washed twice with ice-cold 
phosphate-buffered saline (PBS) and then 
resuspended in a binding buffer [10 mmol/l 
HEPES/NaOH (pH 7.4), 140 mmol/L NaCl, 2.5 
mmol/L CaCl2] at a cell density of 1.0×106 cells/ml. 
The cell suspension (100 μl) was transferred to a 5-ml 
culture tube to which 5 μl of annexin V-PE and 5 μl of 
7-AAD were added as fluorescent dyes. After 
incubation for 15 min at 25°C in the dark, 400 μl of 
binding buffer was added to the solution. Flow 
cytometry analysis was performed within 1 h 
according to the manufacturer’s instructions. 
 
Electron Microscopy 
 
 Cells were planted in 50 ml plastic culture flask 
and incubated in the absence or presence of 25 
μmol/L curcumin at 37°C in 5% CO2 for 48 h. Cells 
were collected into 1.5 ml Ep tubes and fixed with 
2.5% paraformaldehyde for 5 min. Sections were 
prepared and photographed under Hitach 600 electron 
microscopy (Japan).  
 
Animal Experiment 
 
 Five-week-old female normal BALB/c mice, 
purchased from our university, were used in this study 
and maintained under extremely clean conditions. To 
establish tumors in the BALB/c mice, HeLa cells were 
subcutaneously injected into the mid-dorsal region of 
the mice at a cell density of 1×107 cells suspended in 
100 μl of PBS. Tumors were allowed to grow until the 
tumor volume was increased to approximately 0.2 cm3. 
After tumor growth, the mice were injected with 250 

μmol/L of curcumin in 200 μl PBS or the same 
volume of PBS via abdominal cavity once everyday 
and lasted for ten days. The changes of tumor volume 
were measured continuously and tumor inhibition rate 
of curcumin was calculated. Tumor inhibition rate 
(IR)=(average weight of control group-average weight 
of curcumin group)/average weight of control 
group×100%. IR<30 was considered ineffective, 
while IR≥30 was considered effective[6, 7]. 
 
Immunohistochemistry 
 
 The tumor tissues were fixed with 10% 
paraformaldehyde at room temperature for 24 h. The 
paraffin-embedded specimens were cut into sections 
with a thickness of 5 μm. The detection procedure 
was done as described in Kit protocol[8]. PBS instead 
of the first antibodies was used in the negative control. 
The Bax and Caspase-3 positive cells were defined 
when there was an aggregation of brown particles in 
the cytoplasm of the tumor cells. And the rate of the 
positive expressions = (the positive cells/500 tumor 
cells) × 100%. 
 
Statistical Analysis 
 

The data were mean values of at least three 
different experiments and expressed as x±s. The 
student’s t-test was used to compare data. P<0.058 
was considered to be statistically significant. 
 
 

RESULTS 
 

Effects of Curcumin on Cell Proliferation 
 
 The effects of curcumin on growth of HeLa cells 
are shown in Fig. 1. It was showed that cells of 
control group growth actively. Compared with control 
group, the growth of cells treated with different 
concentrations of curcumin was inhibited 
significantly in a concentration and time-dependent 
manner. After 72 h, inhibition rate was in the range of 
11%-45.8%. Statistical analysis showed that the 
differences between samples with different treatment 
times were very significant (P<0.01). Compared with 
the control group, the differences of the groups of 5 
and 10 μmol/L were significant (P<0.05) and between 
the groups of 25 μmol/L and 50 μmol/L were very 
significant (P<0.01). 
 
Apoptosis of HeLa Cells Induced by Curcumin 
 
 Flow cytometry analysis of the apoptosis induced 
by curcumin was carried out by performing annexin 



34                                         www.springerlink.com /Chinese Journal of Cancer Research 19(1):32-36, 2007 

V-PE and 7-AAD staining. As shown in Fig. 2, the 
annexin V-PE+/7-AAD cell population (lower right 
quadrant) was markedly increased from 2.82% to 
12.37% by curcumin treatment. The lower right 
quadrant represents the early stage of apoptosis. This 
result suggests that curcumin induces apoptosis. 
 
Morphologic Changes of HeLa Cells Induced by 
Curcumin  
 
 By electron microscopy, we observed that in the 
control group, no apoptotic cell was found. However, 
in 25 μmol/L curcumin group, many apoptotic cells 
could be found which showed smaller size, dense 
cytoplasm and aggregated chromatin which 
distributed peripherally under the nuclear membrane 

with well-delimited dense masses of various shapes 
and sizes (Fig. 3). 
 
  

 
 
 
 
 
 
 
 
 
 
Fig. 1. The inhibitory effects of curcumin at different 

concentrations on HeLa cells growth 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig. 2. Apoptosis rate of curcumin-treated HeLa cells by FCM    

 
 
Anti-tumor Effect of Curcumin In Vivo 
 
 We examined the effects of curcumin on the 
growth of subcutaneous HeLa tumors. As indicated in 
Tab. 1 and 2, the growth of the tumors in BALB/c 
mice injected with curcumin via abdominal cavity was 
significantly delayed when compared with those of 
the control mice injected with PBS. No death of mice 
caused by curcumin injection was observed. 

Tab. 1.  Body    weight   of BALB/C mice before 
and after treatment 

 
Group n Control (x±s) Curcumin (x±s)
Weight before 

treatment (g) 15 21.55±1.037 21.85±1.306 

Weight after 
treatment (g) 15 23.07±1.056* 21.18±1.042**

Compared with the weight before treatment, *P<0.05, **P>0.05 
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Effects of Curcumin on the Expressions of Bax and 
Caspase-3 
 
 Treated with 25 μmol/L curcumin for 48 h, the 
expressions of Bax and Caspase-3 increased. The 
difference of expression rates between control group 
and curcumin group was significant (P<0.05) (Fig. 4, 
5). 

 
DISCUSSION 

 
 The search for new chemopreventive and 
antitumor agents that are more effective and less toxic 
has kindled great interest in phytochemicals. 
Curcumin is one such compound, which has been 
shown to inhibit the growth of a wide variety of tumor 
cells[9-12]. But the mechanism is not clear yet. It has 
been reported that curcumin can inhibit the 
proliferation of tumor cells and induce apoptosis 

through multiple pathways and tumor-related 
factors[13]. In our previous report, we have analyzed 
the effects of curcumin on proliferation and apoptosis 
in vitro.  
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 3. Morphologic changes of curcumin-treated HeLa 

cells by EM (× 12000) 
 

 
 
 
 
 
 
 
 
 

 
 

        A: Control group                              B: Curcumin-treated group 

Fig. 4. The expression of Caspase-3 in transplanted tumor DAB × 400 
 
 
 
 
 
 
 
 
 
 
 
 

 A: Curcumin-treated group                      B: Control group 

Fig. 5. The expression of Bax in transplanted tumor DAB × 400 
 

Tab. 2. Inhibition rates of transplantation tumor after injection of curcumin 
 

Group n Tumor volume (mm3, x±s) Average weight of tumor (g, x±s) IR 
Control 15 350±34.95 1.50±0.23 --- 
Curcumin 15 53±8.52 0.39±0.06 74.33 
Compared with the control: P<0.05 
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 The major purpose of this study was the 
evaluation of the anti-cancer effect of curcumin in 
vivo. Before the in vivo investigation, we began the 
study by examining the in vitro cytotoxic effect of 
curcumin on HeLa cells. Curcumin was observed to 
induce cell death in HeLa cells in a dose-dependent 
manner. The morphological changes of apoptosis were 
observed under electron microscope. Obvious 
apoptosis of cells could be observed by FCM. These 
findings suggested that the model of the cell death 
induced by curcumin is via the apoptosis pathway. 
 Curcumin also showed the anti-tumor effects on 
HeLa tumors established in BALB/c mice, 
demonstrating that the effect of curcumin is manifest 
not only in vitro but also in vivo. The cell death 
induced by curcumin in the HeLa tumors in vivo was 
also due to apoptosis, as demonstrated by the 
expression of apoptosis related proteins such as Bax 
and Caspase-3. 
 In addition, the administration of curcumin daily 
did not cause death in the mice. This means that the 
side-effects of curcumin such as anaphylactic shock 
may not be so serious. These desirable properties 
suggest that curcumin has the potential to be a novel 
drug for cancer therapy. 

 
 

REFERENCES 
 

[1] Inano H, Onoda M, Inafuku N, et al. Potent preventive 
action of curcumin on radiation-induced initiation of 
mammary tumorigenesis in rats [J].  Carcinogenesis 
2000; 21:1835-41. 

[2] Thangapazham RL, Sharma A, Maheshwari RK. 
Multiple molecular targets in cancer chemoprevention 
by curcumin [J].  AAPS J  2006; 8:E443-9. 

[3] Jiang MC, Yang Yen HF, Yen JJ, et al. Curcumin 
induced apoptosis in immortalized NIH3T3 and 
malignant cancer cell lines [J].  Nutr Cancer  1996; 
26:111-20. 

[4] Zhao J, Zhao Y. Effects of curcumin on proliferation 

and apoptosis of human cervical carcinoma HeLa cells 
in vitro [J].  Chin J Cancer Res  2004; 16:225-8. 

[5] Tronov VA, Kramarenko II, Kozlova AD, et al. 
Sensitivity o human lymphocytes to genotoxic effect 
of n-methyl-n-nitrosourea: possible relation to 
gynecological cancers [J].  Exp Oncol  2006; 
28:314-8. 

[6] Kurdow R, et al. Ganciclovir prodrug therapy is 
effective in a murine xenotransplant model of human 
lung cancer [J].  Ann Thorac Surg  2002; 
73:905-10. 

[7] Kokura S, Yoshida N, Ishikawa T, et al. Interleukin-10 
plasmid DNA inhibits subcutaneous tumor growth of 
colon 26 adenocarcinoma in mice [J].  Cancer Lett  
2005; 218:171-9.  2003; 66:273-80. 

[8] Stark AM, Pfannenschmidt S, Tscheslog H, et al. 
Reduced mRNA and protein expression of BCL-2 
versus decreased mRNA and increased protein 
expression of BAX in breast cancer brain metastases: 
a real-time PCR and immunohistochemical evaluation 
[J].  Mol Cancer Ther  2006; 5:2563.  

[9] Ohori H, Yamakoshi H, Tomizawa M, et al. Synthesis 
and biological analysis of new curcumin analogues 
bearing an enhanced potential for the medicinal 
treatment of cancer [J].  Mol Cancer Ther  2006; 
5:2563-71. 

[10] Zambre AP, Kulkarni VM, Padhye S, et al. Novel 
curcumin analogs targeting TNF-induced NF-kappaB 
activation an proliferation in human leukemic KBM -5 
cells [J].  Bioorg Med Chem  2006; 14:7196-204. 

[11] Lin L, Shi Q, Nyarko AK, et al. Antitumor agents. 250. 
Design and synthesis of new curcumin analogues as 
potential anti-prostate cancer agents [J].  J Med 
Chem  2006; 49:3963-72. 

[12] Lin L, Shi Q, Su CY, et al. Antitumor agents 247. New 
4-ethoxycarbonylethy1 curcumin analogs as potential 
antiandrogenic agents [J].  Bioorg Med Chem  2006; 
14:2527-34. 

[13] Lin JK, Lin-shian SY. Mechanisms of cancer 
chemoprevention by curcumin [J].  Proc Natl Sci 
Counc Repub China B  2001; 25:59-66. 

 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


