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1. Introduction 
Breast cancer is one of the leading causes of cancer and 
cancer death, which is the most common diagnosis among 
women who constitute 23% of all cancer cases and 14% of 
cancer deaths (1). Therefore, it is very important to continue 
to develop the diagnostic and treatment methods currently 
used and to identify new prognostic variables (2). Arginase, 
(L-arginine amidinohydrolase; E.C.3.5.3.1) catalyzes the 
hydrolysis of  L-arginine, urea and ornithine as the key 
enzyme (3) responsible for nitrogen metabolism (4). Nitric 
oxide synthase is the enzyme responsible for the catalysis of 
L-arginine, nitric oxide and L-citrulline oxidation (3).  

Arginase enzyme has two isoforms, AI and AII. AI 
(hepatic arginase) is a cytosolic enzyme and is involved in the 
liver. AII (extrahepatic arginase) was localized to the 
mitochondrial matrix. While AI is mainly related to urea 
synthesis and detoxification of ammonia, AII is thought to be 
related to biosynthetic functions such as ornithine, proline, 
glutamate synthesis (5). Arginase can induce nitric oxide 
synthase (NOS) activity (6) and plays a role in wound 
healing, immune response, tumor biology and inflammation 

regulation in conjunction with NOS (7). Serum arginase 
activity is low in healthy individuals (8). The arginase 
enzyme is a potent immune inhibitor and is present in the 
cytoplasm of cancer cells in a much larger amount than in 
normal cells (9). It was found that serum arginase level was 4 
times higher in breast cancer than healthy women in the 
preoperative period (10). Because of the polyamines, which 
are very important for cell proliferation, it is possible that 
high ornithine level due to increased arginase activity will 
lead to cancer development. Many different studies on serum 
and tissue arginase levels in various types of cancer indicate 
that arginase enzyme activity is related to cancer (8, 10). It 
was also stated that arginase enzyme activity might be an 
important determinant in breast cancer patients (11). Arginine 
is catalyzed by NOS and nitric oxide (NO) and citrullin are 
synthesized. Three types of NOS are mentioned: neuronal 
(nNOS or NOS1), inducible (iNOS or NOS2) and endothelial 
(eNOS or NOS3). eNOS and nNOS are thought to be 
constitutive (cNOS) (11). Numerous studies have shown that 
NO is associated with both tumor-inducing and tumor 
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suppressing functions. Today, the contradiction continues (2). 
In addition to that, NO and NO metabolites have been shown 
to have an inhibitory effect on tumor tissue metastasis and 
cell development (12). Curcumin is a yellow-colored 
hydrophobic polyphenol extracted from the Curcuma longa 
roots. Experimental studies show that curcumin inhibits breast 
cancer cell growth through the nuclear factor kappa B (NF- 
κB) signaling pathway and induces breast cancer apoptosis by 
regulating the expression of apoptosis-related genes (13, 14). 
The aim of this study is to investigate the effects of curcumin 
on serum and cancer tissue arginase enzyme activities, NO 
levels and tissue ornithine levels for the first time in this 
study. 

2. Materials and Methods 
2.1. Animals and tumor cells 
This study was performed in the Experimental Animal 
Breeding and Research Unit of the Trakya University upon 
approval by the local animal ethics committee. 43 male Balb / 
c mice with a mean weight of 25-30 grams (mean 27 grams) 
were used. Ehrlich ascites tumour cells which were derived 
from a spontaneous murine mammary adenocarcinoma were 
used obtaining the breast carcinoma (11). 

2.2. Experimental design  
In the eighth week, five groups were formed. The first group 
was healthy controls (Cont.). The other groups were breast 
cancer. To induce the formation of tumours, subcutaneous 
inoculation of Ehrlich ascites cells into the mice’s left 
footpath was performed. Tumor growth was visible, and mice 
had difficulty walking. 7 days after injection of Ehrlich acid 
cells, the thickness of the footpad was measured and assessed. 
Group 2 (tumor cont. 1) received 100 µl of ethyl alcohol 
orally 5 days prior to the injection of Ehrlich acid tumor, 
which continued for 23 days.  Group 3 (tumour cont. 2) One 
week after the injection of Ehrlich acid tumor, 100 µl of ethyl 
alcohol was given orally every other day for the whole 
experiment. Group 4 (Treatment 1), treatment was started 5 
days before the injection of Ehrlich acid tumor and 100 mg/kg 
curcumin dissolved in 100 μl of ethyl alcohol and 
administered orally over the course of the entire experiment. 
Group 5 (Treatment 2) treatment was started 1 week after the 
Ehrlich acid tumor was injected and 100 mg/kg curcumin 
dissolved in 100 μl of ethyl alcohol and administered orally 
over the course of the entire experiment. At the end of the 
experimental studies, the animals were sacrificed under 
anaesthesia. Serum and cancer tissue samples were stored at -
80 °C. Determination of Arginase enzyme activity in serum 
and cancer tissue Cancer tissue Arginase activity; The amount 
of urea produced as a result of the hydrolysis of arginine with 
arginase in the sample was determined by spectrophotometric 
determination with TDMU (Thiosemicarbazide-Diacetyl 
Monoxime Urea) method (15). Breast tissue ornithine Levels 
were measured colorimetrically with Chinard's Method (16). 
Breast tissue protein levels were determined by Lowry 
method (17). Serum arginase activity was determined by 

spectrophotometric determination with Munder method with 
some modifications (18). NO was measured 
spectrophotometrically using Cartos and Wakid method (19). 

2.3. Statistical analysis 
The statistical analysis of the data provided in our study was 
performed using STATISCA statistical program. The 
differences between arginase enzyme activity, ornithine and 
NO levels between tumor control and treatment groups were 
evaluated by Kruskal Wallis test and compared with Mann-
Whitney U test. In addition, correlations between the groups 
were evaluated using Spearman's rank correlation coefficient 
analysis. P values below 0.05 were accepted to be statistically 
significant.  

3. Results 
Serum means and standard deviation values arginase enzyme 
activities and NO levels as well as tissue arginase enzyme 
activities, ornithine and NO levels were shown in Table 1. 
Serum arginase enzyme activities were significantly higher in 
tumor groups than healthy control groups. When treatment 
groups and tumor groups were compared, serum NO levels 
were significantly increased in treatment groups. Although 
there was a decrease in the serum arginase enzyme activity 
after treatment, this decrease was not statistically significant. 
It was found that arginase enzyme activity decreased 
significantly with curcumin treatment in tumor tissue 
samples. As a result of curcumin treatment, both decreasing 
arginase activity and ornithine levels were significantly 
decreased. On the other hand, curcumin treatment increased 
NO levels significantly. The effects of curcumin on cancer, 
arginase enzyme activity, ornithine and NO levels were found 
to be more effective than cancer after curcumin (Fig. 1-5). 
Also, Spearman's rank correlation coefficient analysis was 
performed and a significant difference was found between 
tissue arginase enzyme activities and ornithine levels only in 
the third group. The p value was determined to be 0.047. 

 
Fig. 1. Serum arginase enzyme activity, *: p<0.05, ** : p<0.001 
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Fig. 2. Serum NO activity 

 

Fig. 3. Cancer tissue arginase enzyme activity 

 

Fig. 4. Cancer tissue ornithine activity 

 

Fig. 5. Cancer tissue NO activity 

Table 1. Arginase enzyme activity and NO levels of serum samples and arginase enzyme activity, ornithine and NO levels mean and standard 
deviation values of the tissue samples  

 Cont. 
(Group 1) 

Tumor cont. 1 
(Group 2) 

Tumor cont. 2 
(Group 3) 

Treatment  1 
(Group 4) 

Treatment 2 
(Group 5) 

Serum Arginase (U/L) 1.31±0.24 9.10±1.40c** 14.63±8.84c** 8.96±3.42 10.36±3.45 
Serum NO (mmol/L) 10.95±7.39 4.06±3.19a* 9.27±3.13 20.62±13.14b** 17.96±9.79 

Tissue Arginase (U/mg protein)  110.48±35.66 68.98±28.40 36.28±9.09d** 27.65±6.94e** 

Tissue Ornithine (µmol/mg protein)  0.074±0.018 0.056±0.031 0.053±0.079f* 0.056±0.026 

Tissue NO (µmol/mg protein)  0.99±0.65 1.57±0.39 2.36±1.17g* 1.52±0.63 
a: Comparison of serum NO levels between Group 1 and 2.             e: Comparison of tissue arginase levels between group 3 and 5.   
b: Comparison of serum NO levels between Group 2 and 4.             f: Comparison of ornithine levels between group 2 and 4.         
c: Comparison of serum arginase levels between Group 1, 2 and 3.  g: Comparison of tissue NO levels between group 2 and 4. 
d: Comparison of tissue arginase levels between group 2 and 4.        * : p<0.05, ** : p<0.001.                                                                                                                                                                          

                 

4. Discussion 
Curcumin may have a beneficial effect on cancer by inhibition 
of arginase enzyme. In addition to reducing arginase enzyme 
activity with curcumin, it is also possible to reduce ornithine 
levels, which are precursors of carcinogens and polyamines. 
The inclusion of NO in this mechanism and the demonstration 
that NO has anti-carcinogenic effect suggests that this system 
may be an important part of the non-carcinogenic curcumin 
mechanism. Both arginase and nitric oxide synthases enzymes 
competed for their common substrate; L-arginine. This 
relationship between the two enzymes represents one of the 
important factors in the regulation of NO production. Increased 
arginase activity may limit NO synthesis by reducing the 
availability of L-arginine for NOS (11). The arginase enzyme 
has a Vmax value at physiological pH, 1000 times more than 
the NOS enzyme Km value of arginase enzyme for L-arginine 

is 2-20 mM and it is 1-20 mM for NO (20, 21). Therefore, these 
two enzymes, even at low concentrations of L arginine are 
capable of using this substrate easily (5).  It is stated that NO 
and NO metabolites inhibit cell growth and metastases in tumor 
tissues, inhibit tumor growth at high concentrations of NO and 
induce apoptosis of tumor cells in this way (12, 21, 22). At the 
same time, there are studies suggesting that NO can be used as 
an agent with chemical sensitivity and immune sensitivity and 
may be effective in immunotherapy or chemotherapy in cancer 
treatment by showing a synergistic effect (23). Up on 
constridation of serum NO levels in our study, NO values were 
decreased significantly in the tumor groups compared to the 
healthy group. This result gives us a meaningful understanding 
of the relationship between NO and cancer. In patients with 
breast cancer, significantly increased tissue ornithine levels and 
serum arginase enzyme activities were observed. These finding  
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will result in increased polyamine biosynthesis. In several 
studies, this is introduced as the triggering the mechanism for 
cancer development (3, 10, 24). In addition to this case, the 
decrease in NO level, which has been reported to play a 
protective role in the development of cancer, due to increased 
arginase enzyme activity, can be shown as a complement to the 
mechanism on the development of cancer (3, 23). In this study, 
the decreased NO level in the group of cancer patients against 
increased arginase enzyme activity supports this theory. In 
recent years, studies on the anticarcinogenic properties of 
curcumin have increased. In animal models, curcumin has been 
shown to be a potent antioxidant, anti-inflammatory molecule. 
It has been shown that it fights agonist carcinogenic DNA 
damage and inhibits tumorigenesis (25). Curcumin is one of the 
molecules used in the treatment of various diseases as an ethnic 
drug. Especially, curcumin has been acknowledged as an 
effective anticancer agent that regulates multiple intracellular 
signaling pathways, including transcription factors (e.g., 
STAT3, NF-κB, and AP-1), receptors (e.g., IL-8, HER2, and 
CXCR4), kinases (e.g., EGFR, ERK, and JAK), cytokines (e.g., 
TNF, IL, and MIP), enzymes (e.g., MMP, iNOS, and GST), and 
growth factors (e.g., EGF, NGF, and HGF)  (13). Curcumin, 
p53, Ras, phosphatidylinositol-3-kinase, protein kinase B are 
targeted at numerous signaling pathways associated with cancer 
therapy and curcumin cell cycle regulation is closely related to 
PI3K / AKT / mTOR, a signaling pathway associated with 
cellular silence, proliferation, cancer and longevity. In addition, 
curcumin has been shown to cause anticancer effects by 
activating apoptotic pathways in cancer cells, inhibiting pre-
cancerous processes including inflammation, angiogenesis and 
metastasis (26, 27, 28). Another study reveals the anti-
metastatic and apoptosis-inducing potential of curcumin with 
increased Bax levels, decreased MMP-2, MMP-9 and Bcl-2 
levels in breast cancer cells and erlich acid tumor cells (29). 
While curcumin treatment applied to breast cancer animals was 
found to increase serum NO levels significantly, a decrease in 
the same rate was not detected on arginase enzyme activity. 
However, even increasing the NO levels of curcumin can be 
considered as a positive effect in preventing cancer formation. 
Therefore, curcumin is an anticarcinogenic agent the action 
mechanism(s) as outlined above, due to inhibitory effects an 
arginase enzyme stimulatory effect on NO, as well as it 
suppressive effects on ornithine and polyamine levels. There is 
no study investigating the effects of curcumin on arginase 
enzyme activity which is reported to be associated with cancer 
and increased in cancer patients.  In our study, interesting 
results were obtained in evaluating the effectiveness of time to 
start treatment of curcumin. Two different treatments were 
performed for this purpose. Although curcumin was 
administered to a group of animals (treatment group 1) before 
cancer cell injection, the second group (treatment group 2) was 
given curcumin after the cancer tissue was formed in the animal 
body. When these two groups were evaluated in terms of 
arginase enzyme activity, ornithine and NO levels; the  

 

curcumin intake was found to be much more effective before 
the cancer cell was given in the body. For this reason, 
curcumin, which is already used as a spice, can be considered 
as a factor that prevents the formation of cancer with daily 
diets. Unfortunately, we could not determine NOS levels in this 
study, and that was one of our study’s limitations. As a result, 
curcumin, which is shown as an anticarcinogenic agent, 
exhibits this effect by inhibiting serum and tissue arginase 
enzyme activity in breast cancer patients and shifting the 
pathway towards from NO formation. This positive effect of 
curcumin can be more clearly shown by the fact that it starts to 
take a long time before the formation of cancer. Curcumin, a 
promising agent in cancer treatment, should be supported by 
further studies and new parameters.  

Ethics Committee Approval  
Ethics committee approval was received for this study from the 
ethics committee of   Trakya University Animal Ethics 
Committee. 

Informed Consent: N/A. 

Conflict of Interest: No conflict of interest was declared by the 
authors. 

Funding: The authors declared that this study has received 
financial support from Trakya University Research Project 
(TUBAP). 

This study was published as a poster “Possible Protective Role 
of Curcumin in Breast Cancer” National Biochemistry 
Congress in 2009. 

References 
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global 

cancer statistics. Vol. 61, CA: A Cancer Journal for Clinicians. 
2011; 69–90.  

2. Salimian Rizi B, Achreja A, Nagrath D. Nitric Oxide: The 
Forgotten Child of Tumor Metabolism. Vol. 3, Trends in Cancer. 
2017.  

3. Erbas H, Aydogdu N, Usta U, Erten O. Protective role of carnitine 
in breast cancer via decreasing arginase activity and increasing 
nitric oxide. Cell Biol Int. 2007;31(11).  

4. Porembska Z, Luboiński G, Chrzanowska A, Mielczarek M, 
Magnuska J, Barańczyk-Kuźma A. Arginase in patients with breast 
cancer. Clin Chim Acta. 2003 Feb;328(1–2):105–11.  

5. Singh R, Pervin S, Karimi A, Cederbaum S, Chaudhuri G. Activity 
in human breast cancer cell lines: N(ω)-hydroxy-L-arginine 
selectively inhibits cell proliferation and induces apoptosis in 
MDA-MB-468 cells. Cancer Res. 2000;60(12):3305–12.  

6. Bansal V, Ochoa JB. Arginine availability, arginase, and the 
immune response. Vol. 6, Current Opinion in Clinical Nutrition 
and Metabolic Care. 2003; 223–8.  

7. Efron DT, Barbul A. Arginine and nutrition in renal disease. Vol. 
9, Journal of Renal Nutrition. 1999. p. 142–4.  

8. Porembska Z, Skwarek A, Mielczarek M, Barańczyk-Kuźma A. 
Serum arginase activity in postsurgical monitoring of patients with 
colorectal carcinoma. Cancer. 2002 Jun 1;94(11):2930–4.  

9. Leu S ‐Y, Wang S ‐R. Clinical significance of arginase in 



Kürkçü Kahraman et al. / J Exp 
Clin Med 

  

 40 

colorectal cancer. Cancer. 1992;70(4):733–6. 

10. Štraus B, Čepelak I, Festa G. Arginase, a new marker of mammary 
carcinoma. Clin Chim Acta. 1992 Sep 15;210(1–2):5–12. 

11. Erbaş H, Bal O, Çakır E. Effect of rosuvastatin on arginase enzyme 
activity and polyamine production in experimental breast cancer. 
Balkan Med J. 2015;32(1):89–95. 

12. Fukumura D, Kashiwagi S, Jain RK. The role of nitric oxide in 
tumour progression. Vol. 6, Nature Reviews Cancer. 2006; 521–34. 

13. Wang Y, Yu J, Cui R, Lin J, Ding X. Curcumin in Treating Breast 
Cancer: A Review. J Lab Autom. 2016;21(6):723–31.  

14. Banik U, Parasuraman S, Adhikary AK, Othman NH. Curcumin: 
The spicy modulator of breast carcinogenesis. J Exp Clin Cancer 
Res. 2017;36(1):1–16.  

15. Geyer JW, Dabich D. Rapid method for determination of arginase 
activity in tissue homogenates. Anal Biochem. 1971;39(2):412–7.  

16. Photometric estimation of proline and ornithine. [Internet]. [cited 
2020 Jun 22]. Available from: 
https://www.cabdirect.org/cabdirect/abstract/1953140123 

17.  Lowry Oh, Rosebrough Nj, Farr Al, Randall Rj. Protein 
measurement with the Folin phenol reagent. J Biol Chem. 1951 
Nov;193(1):265–75.  

18. Munder M, Eichmann K, Morán JM, Centeno F, Soler G, Modolell 
M. Th1/Th2-regulated expression of arginase isoforms in murine 
macrophages and dendritic cells. J Immunol [Internet]. 
1999;163(7):3771–7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/10490974 

19. Cortas NK, Wakid NW. Determination of inorganic nitrate in 
serum and urine by a kinetic cadmium-reduction method. Vol. 36, 
Clinical Chemistry. 1990. p. 1440–3.  

20. Griffith OW, Stuehr DJ. Nitric Oxide Synthases: Properties and 
Catalytic Mechanism. Annu Rev Physiol [Internet]. 1995 Oct 
[cited 2020 Jun 22];57(1):707–34. Available from: 

https://pubmed.ncbi.nlm.nih.gov/7539994/ 

21. Hofseth LJ, Hussain SP, Wogan GN, Harris CC. Nitric oxide in 
cancer and chemoprevention. Vol. 34, Free Radical Biology and 
Medicine. 2003; 955–68.  

22. Cui S, Reichner JS, Mateo RB, Albina JE. Activated Murine 
Macrophages Induce Apoptosis in Tumor Cells through Nitric 
Oxide-dependent or -independent Mechanisms. Cancer Res. 
1994;54(9):2462–7.  

23. Bonavida B, Khineche S, Huerta-Yepez S, Garbán H. Therapeutic 
potential of nitric oxide in cancer. Drug Resist Updat. 2006 
Jun;9(3):157–73.  

24. Caldwell RW, Rodriguez PC, Toque HA, Priya Narayanan S, 
Caldwell RB. Arginase: A multifaceted enzyme important in health 
and disease [Internet]. Vol. 98, Physiological Reviews. American 
Physiological Society; 2018 [cited 2020 Jun 22]; 641–65. 
Available from: https://pubmed.ncbi.nlm.nih.gov/29412048/ 

25. Lin JK, Lin-Shiau SY. Mechanisms of cancer chemoprevention by 
curcumin. Vol. 25, Proceedings of the National Science Council, 
Republic of China. Part B, Life sciences. 2001; 59–66.  

26. Mokbel K, Mokbel K. Chemoprevention of Breast Cancer With 
Vitamins and Micronutrients: A Concise Review. In Vivo 
(Brooklyn). 2019;33(4):983–97.  

27. Song X, Zhang M, Dai E, Luo Y. Molecular targets of curcumin in 
breast cancer (Review). Mol Med Rep. 2019;19(1):23–9.  

28. Tan BL, Norhaizan ME. Curcumin combination chemotherapy: 
The implication and efficacy in cancer. Molecules. 2019;24(14):1–
21.  

29. Kumari M, Purohit MP, Pahuja R, Patnaik S, Shukla Y, Kumar P, 
et al. Pro-inflammatory macrophage polarization enhances the anti-
cancer efficacy of self-assembled galactomannan nanoparticles 
entrapped with hydrazinocurcumin. Vol. 9, Drug Delivery and 
Translational Research. 2019; 1159–88.  

 
 

 


