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Abstract 

Background and aim: Organogermanium (Ge) complexes are used as 

dietary supplement. Studies revealed that Ge complexes exhibited 

analgesic, anti-inflammatory, antioxidant, immune-modulating, 

antiviral, and anticancer activity. Ascorbic acid is an essential vitamin 

for human body it is well known with its antioxidant activity. High 

doses of ascorbic acid showed anticancer activity in different cancer 

cells. The aim was to determine the antitumor effect of 

organogermanium complexes, in vitro and in vivo. 

Methods: The effect of 12 Ge complexes was tested on HEPG2 cell 

line, the inhibitory concentration 50 (IC50%) was calculated for each 

of the complexes. The best 4 complexes, with least IC50, were used for 

further studies. For the in vivo experiments, 2 complexes were chosen 

and tested on mice bearing Ehrlich ascites carcinoma. Their effect on 

EAC and the immune response interleukin 2 (IL-2) and interleukin 6 

(IL-6) were compared to that of doxorubicin. 

Results: The results were compared to doxorubicin as positive control. 

The four complexes were tested alone or combined with high dose of 

ascorbic acid. The results showed a strong antitumor activity of the  

Ge-complexes. IC50 values were less than that of doxorubicin, 

indicating a stronger inhibition of tumor growth. Furthermore, a 

significant decrease was observed in the proliferation marker Ki67, and 

the anti-apoptotic marker bcl-2, together with an increase in the 

apoptotic marker caspase3. The combination with ascorbic acid 
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increased the activity of some complexes acting in synergetic way. The 

in vivo results revealed an increase in the survival rate of mice treated 

with the complexes than the untreated group. When compared to 

doxorubicin; the positive control, the complexes showed a comparable 

effect on mice survival, ascites volume, and number of dead cells; 

whether alone or combined with vitamin C. Furthermore, a decrease in 

IL-2 and IL-6 levels was observed, indicating a decrease in cancer 

progression. 

Conclusion: The present results showed the potential anticancer 

activity of germanium complexes, however, their effect on the whole 

body compared to the well-known doxorubicin needs further 

investigations. 



1-Review 

1 

 

1-Review 

1.1.Cancer 

1.1.1.Definition  

Cancer is a general term for a group of diseases that affect any 

part of the body. It is the uncontrolled growth and spread of 

abnormal cells with the ability to invade or spread to other parts 

of the body. This process is known as metastasizing. Metastases 

are a major cause of death from cancer(WHO, 2018). 

The basic abnormality resulting in the development of cancer is 

the continual unregulated proliferation of cancer cells and the lack 

of responding appropriately to the signals that control normal cell 

behavior. Cancer cells grow and divide in an uncontrolled 

manner, invading normal tissues and organs and eventually 

spreading throughout the body. The loss of growth control by 

cancer cells is the result of abnormalities accumulating in 

multiple cells, which affect the cell behavior, an important aspect  

that distinguish cancer cells from their normal 

counterparts (Cooper & Hausman, 2016). 

1.1.2. Classification 

Cancers are classified according to the type of cell from which 

they arise, there are more than 100 distinct types of cancer that 


