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Objective: Investigation of possible effects of Silybum marianum extract (SME) on adenosine 
deaminase (ADA) activity in cancerous and noncancerous human gastric and colon tissues 
to obtain information about possible mechanism of anticancer action of S. marianum. 
Materials and Methods: Cancerous and noncancerous human gastric and colon tissues removed 
from patients by surgical operations were used in the studies. The extract was prepared in distilled 
water. Before and after treatment with the extract, ADA activities in the samples were measured. 
Results: ADA activity was found to be lowered significantly in cancerous gastric tissues but not in 
noncancerous gastric tissues after treatment with the SME. In the colon tissues, ADA activities were 
however found to increase after the treatment of SME. Conclusion: Our results suggest that the 
aqueous extract from S. marianum inhibits ADA activity in cancerous gastric tissues significantly. 
It is suggested that in addition to other proposed mechanisms, accumulated adenosine due to the 
inhibition of ADA might also play a part in the anticancer properties of the S. marianum.
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INTRODUCTION

Cancer is a leading health problem worldwide. Plants have 
long been used in the treatment of  cancer,[1] and the search 
on this subject was started in late 1960s.[2]

Silybum marianum is a traditional plant,[3] used for 
several purposes like hepatoprotectant during and after 
chemotherapy, or potentiating chemotherapy and radiation 
therapy as an adjunctive treatment as well as to treat liver 
and biliary disorders.[4] S. marianum seed is highly enriched in 
silymarin, a complex mixture of  polyphenolic molecules.[5] 
S. marianum’s active ingredients were investigated for the 
prevention and treatment of  cancer and it has been observed 
that they have anticarcinogenic effects for cancers of  the 
colon, breast, prostate, bladder, and skin.[6‑12]

Adenosine deaminase (ADA) is an enzyme (EC 3.5.4.4) 
of  purine metabolism. It catalyzes the breakdown of  

adenosine to inosine in the tissues. ADA is present almost 
in all mammalian cells. Although its full physiological 
role is not completely understood, its primary function 
in human beings is proposed to play part in the immune 
system.[13,14] ADA may also function in the epithelial 
cell differentiation, neurotransmission, and gestation 
maintenance.[13‑15] It has also been proposed that in 
addition to its role in adenosine breakdown, ADA 
stimulates release of  excitatory amino acids and catalyzes 
the coupling reactions of  A1 adenosine receptors and 
heterotrimeric G proteins.[13,14]

As discussed briefly above, although some mechanisms 
are supposed for the action of  S. marianum in the 
cancer, it is obvious that in addition to known 
mechanisms, there should be some others unknown 
in detail yet. Therefore, it is clear that further studies 
are needed. As to the subject, investigation of  the 
effects of  aqueous extract from S. marianum on ADA 
activity in cancerous and noncancerous human tissues 
might give useful results since ADA is a key enzyme 
in purine nucleotide metabolism, thereby in cancer 
process.

P H C O G  M A G . O R I G I N A L  A R T I C L E

A B S T R A C T
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MATERIALS AND METHODS

Twenty‑two cancerous gastric tissues and 22 noncancerous 
adjacent gastric tissues were obtained from patients with 
gastric cancer by surgical operation. Eleven cancer and 
11 noncancer colon tissues were similarly obtained from 
patients with colon cancer. The protocol was approved 
by local Ethics Committee. All subjects volunteered for 
the trial and written consent was obtained according to 
the Declaration of  Helsinki. Tissues were first cleaned by 
saline solution and stored at −80°C until analysis. In the 
analysis process, they were first homogenized in saline 
solution (20%, w/v). After homogenization, samples were 
centrifuged at 5000 rpm for 30 min to remove debris and to 
obtain clear supernatant fraction. Analyses were performed 
in this fraction.[16]

The extracts were prepared by soaking ground powder 
(S. marianum) into the distilled water at the concentration 
of  10% (w/v) and waiting for 24 h at room temperature 
by continuously rotating. After the debris was removed, 
supernatants were centrifuged at 10,000 rpm for 20 min 
and upper clear part was removed to be used in the assays. 
In the assays performed with the extracts, supernatants 
were incubated with the extracts at the ratio of  1/1 (v/v) 
for one h before ADA activity measurement.

Protein concentrations of  the tissues were measured by 
Lowry et al. method[17] and ADA activity was measured by 
the method of  Guisti.[18]

Data were analyzed by using statistical software and 
presented as Mean ± Standard deviation. The distribution of  
the variables was analyzed with the Kolmogorov‑Smirnov 
test. Due to nonparametric values, Mann–Whitney U‑test 
was used. P < 0.05 was considered as statistically significant.

RESULTS

As we could be inferred from Table 1, S. marianum 
extract (SME) significantly inhibits ADA enzyme activity in 
cancerous gastric tissues. In the colon tissues, ADA activities 
were however found to increase after the treatment with SME.

Furthermore, ADA enzyme activities were found to be higher 
in gastric tissues compared with colon tissues. There were 
however no significant differences between enzyme activities 
of  cancerous and noncancerous samples of  both tissues.

DISCUSSION

It has long been searched for selective anticancer agents 
without the side effects having potential to target 

“cancer‑specific” molecules to eliminate only cancer 
cells.[19,20] For this purpose, many drugs have been 
synthesized, from natural sources or through structural 
modification of  natural products.[21] One of  these natural 
products is S. marianum. It has some functional constituents 
with anticancer potential as well as to treat some other 
disorders.[4] Of  them, silymarin, which is a mixture 
composed of  silibinin, a flavanone from S. marianum and 
flavonolignan have drawn special antitumor activity.[9,11,22,23] 
These effects have been shown through in vitro and in vivo 
animal studies.

A previous experiment showed that oral consumption 
of  silibinin inhibited the development and growth of  
primary lung tumors. It also leads to a decrease in cell 
proliferation and inhibits angiogenesis in mice.[24] In a study, 
it has been established that silibinin inhibited advanced 
human prostate carcinoma growth in an in vivo human 
prostate cancer model through IGFBP‑3 induction.[9] In 
addition, a protective effect of  silibinin has been shown 
on ultraviolet B‑induced skin carcinogenesis in mice, 
which occurs through inhibition of  DNA synthesis and 
cell proliferation and induction of  apoptosis.[23] In another 
study, it has been reported that dietary administration 
of  silymarin significantly suppressed the development 
of  azoxymethane‑induced rat colonic carcinoma by 
modulation of  cell growth and induction of  the phase II 
enzymes quinone reductase and glutathione S‑transferase 
in the liver and large intestine, and reduced the levels of  
β‑glucuronidase and prostaglandins 2 in the colorectal 
mucosa.[11]

In a study, Ri et al. reported that ADA is involved in the 
regulatory system of  gastric cancer risk.[25]

Therefore, it seemed valuable to us to investigate 
possible effects of  SME on some critical components 
having function in the living cells in the body. In this 
regard, ADA is of  importance since it is a key enzyme 

Table 1: Mean±SD values of adenosine deaminase 
enzyme activities (IU/mg protein) in the tissues 
incubated with and without SME
Groups Group A 

(without extract)
Group B 

(with extract)
I-Noncancerous 
colon tissues (n=11)

5.53±3.32 9.69±7.63

II-Cancerous colon 
tissues (n=11)

5.30±3.46 9.32±5.26a

III-Noncancerous 
gastric tissues (n=22)

11.19±9.57 10.02±6.20

IV-Cancerous gastric 
tissues (n=22)

11.45±8.57 6.28±5.10b

aSignificantly higher than Group II‑A (P=0.04); bSignificantly lower than Group 
IV‑A (P=0.027). SD: Standard deviation; SME: Silybum marianum extract
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in the purine metabolism, inhibition of  which may give 
a selective advantage to combat with cancer. Therefore, 
investigation of  possible effects of  some natural foods 
may give useful information about their anticancer 
potential mechanisms. From a scientific perspective, the 
use of  ADA inhibitors is important in the understanding 
the mechanism of  action of  such metabolites and analogs 
from natural sources. These inhibitors have also enabled 
us to understand the regulatory processes associated 
with immunodeficiency that is characterized by lack of  
ADA, and to understand the maturation of  the immune 
response.[26]

As observed in the present study, aqueous extract of  
S. marianum inhibits ADA activity in cancerous gastric 
tissue significantly but does not affect the enzyme activity 
in adjacent gastric tissue. We think that this might give 
a selective advantage for the cancerous gastric tissues to 
combat cancer process. Unfortunately, we have observed 
no inhibition in the ADA activities of  colon tissues. On 
the contrast, we observed some activation in the ADA 
activities of  colon tissues after treatment with the extract. 
Whether or not this result is of  importance with regard 
to the cancer process in colon tissue is unknown by us 
yet. Similarly, the reason and mechanism of  the different 
effects created by SME on the ADA enzymes in the 
gastric and colon tissues are not clear at the moment. 
This subject also seems open for further researches.

CONCLUSION

The results of  this study demonstrate that further studies 
are needed to obtain clear information about the action of  
S. marianum in the cancer process in general.

REFERENCES

1. Cragg GM, Newman DJ. Plants as a source of anti-cancer 
agents. J Ethnopharmacol 2005;100:72-9.

2. Srivastava V, Negi AS, Kumar JK, Gupta MM, Khanuja SP. 
Plant-based anticancer molecules: A chemical and biological 
profile	 of	 some	 important	 leads.	 Bioorg	 Med	 Chem	
2005;13:5892-908.

3.	 Sarris	 J,	 McIntyre	 E,	 Camfield	 DA.	 Plant‑based	 medicines	
for anxiety disorders, part 2: A review of clinical studies with 
supporting preclinical evidence. CNS Drugs 2013;27:301-19.

4. Greenlee H, Abascal K, Yarnell E, Ladas E. Clinical applications 
of Silybum marianum in oncology. Integr Cancer Ther 
2007;6:158-65.

5. Kroll DJ, Shaw HS, Oberlies NH. Milk thistle nomenclature: 
Why it matters in cancer research and pharmacokinetic studies. 
Integr Cancer Ther 2007;6:110-9.

6. Zi X, Feyes DK, Agarwal R. Anticarcinogenic effect of a 
flavonoid	 antioxidant,	 silymarin,	 in	 human	 breast	 cancer	 cells	

MDA-MB 468: Induction of G1 arrest through an increase 
in Cip1/p21 concomitant with a decrease in kinase activity of 
cyclin-dependent kinases and associated cyclins. Clin Cancer 
Res 1998;4:1055-64.

7. Vinh PQ, Sugie S, Tanaka T, Hara A, Yamada Y, Katayama M, 
et al.	 Chemopreventive	 effects	 of	 a	 flavonoid	 antioxidant	
silymarin on N-butyl-N-(4-hydroxybutyl) nitrosamine-induced 
urinary bladder carcinogenesis in male ICR mice. Jpn J Cancer 
Res 2002;93:42-9.

8. Tyagi AK, Singh RP, Agarwal C, Chan DC, Agarwal R. Silibinin 
strongly synergizes human prostate carcinoma DU145 cells 
to doxorubicin-induced growth Inhibition, G2-M arrest, and 
apoptosis. Clin Cancer Res 2002;8:3512-9.

9. Singh RP, Dhanalakshmi S, Tyagi AK, Chan DC, Agarwal C, 
Agarwal R. Dietary feeding of silibinin inhibits advance human 
prostate carcinoma growth in athymic nude mice and increases 
plasma insulin-like growth factor-binding protein-3 levels. 
Cancer Res 2002;62:3063-9.

10. Lahiri-Chatterjee M, Katiyar SK, Mohan RR, Agarwal R. 
A	 flavonoid	 antioxidant,	 silymarin,	 affords	 exceptionally	 high	
protection against tumor promotion in the SENCAR mouse skin 
tumorigenesis model. Cancer Res 1999;59:622-32.

11. Kohno H, Tanaka T, Kawabata K, Hirose Y, Sugie S, Tsuda H, 
et al. Silymarin, a naturally occurring polyphenolic antioxidant 
flavonoid,	inhibits	azoxymethane‑induced	colon	carcinogenesis	
in male F344 rats. Int J Cancer 2002;101:461-8.

12.	 Katiyar	SK.	Treatment	of	silymarin,	a	plant	flavonoid,	prevents	
ultraviolet light-induced immune suppression and oxidative 
stress in mouse skin. Int J Oncol 2002;21:1213-22.

13. Cristalli G, Costanzi S, Lambertucci C, Lupidi G, Vittori S, 
Volpini R, et al. Adenosine deaminase: Functional 
implications and different classes of inhibitors. Med Res Rev 
2001;21:105-28.

14. Wilson DK, Rudolph FB, Quiocho FA. Atomic structure of 
adenosine deaminase complexed with a transition-state analog: 
Understanding	 catalysis	 and	 immunodeficiency	 mutations.	
Science 1991;252:1278-84.

15. Aghaei M, Karami-Tehrani F, Salami S, Atri M. Adenosine 
deaminase activity in the serum and malignant tumors of 
breast cancer: The assessment of isoenzyme ADA1 and ADA2 
activities. Clin Biochem 2005;38:887-91.

16. Durak I, Biri H, Erguder IB, Devrim E, Senocak C, Avci A. Effects 
of garlic and black grape extracts on the activity of adenosine 
deaminase from cancerous and noncancerous human urinary 
bladder tissues. Med Chem Res 2007;16:259-65.

17. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem 
1951;193:265-75.

18. Guisti G. Enzyme activities. Methods of Enzymatic Analysis. 
Weinheim Bergest: Verlag Chemia; 1974. p. 1087-91.

19. Sawyers C. Targeted cancer therapy. Nature 2004;432:294-7.
20. Zimmermann GR, Lehár J, Keith CT. Multi-target therapeutics: 

When the whole is greater than the sum of the parts. Drug 
Discov Today 2007;12:34-42.

21. Chabner BA, Roberts TG Jr. Timeline: Chemotherapy and the 
war on cancer. Nat Rev Cancer 2005;5:65-72.

22. Wellington K, Jarvis B. Silymarin: A review of its clinical 
properties in the management of hepatic disorders. BioDrugs 
2001;15:465-89.

23. Mallikarjuna G, Dhanalakshmi S, Singh RP, Agarwal C, 
Agarwal R. Silibinin protects against photocarcinogenesis via 
modulation of cell cycle regulators, mitogen-activated protein 
kinases, and Akt signaling. Cancer Res 2004;64:6349-56.



Öztürk, et al.: Silybum marianum inhibits adenosine deaminase in gastric cancer

146 Pharmacognosy Magazine | January-March 2015 | Vol 11 | Issue 41

24. Singh RP, Deep G, Chittezhath M, Kaur M, Dwyer-Nield LD, 
Malkinson AM, et al. Effect of silibinin on the growth and 
progression of primary lung tumors in mice. J Natl Cancer Inst 
2006;98:846-55.

25. Ri G, Ohno S, Furutani M, Furutani Y, Tsukahara T, Hagita N, et al. An 
indication for correlation between the serum ADA level and gastric 
cancer risk. Anticancer Res 2010;30:2347-9.

26. Glazer RI. Adenosine deaminase inhibitors: Their role in 

Cite this article as: Öztürk	B,	Kocaoglu	EH,	Durak	ZE.	Effects	of	aqueous	
extract from Silybum marianum on adenosine deaminase activity in cancerous 
and noncancerous human gastric and colon tissues. Phcog Mag 2015;11:143-6.

Source of Support: Nil, Conflict of Interest: None declared.

chemotherapy and immunosuppression. Cancer Chemother 
Pharmacol 1980;4:227-35.


