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Apoptosis of testis tissue by drug metosartan 

through activation of intrinsic pathway by the 
release of Cyt C from mitochondria 

 
Eswari Beeram and Thyagaraju Kedam 
 
Abstract 
Drug metosartan the combination of both metoprolol and telmisartan has proved effective in the 
treatment of hypertension but the present study deals with the invivo effects of metosartan on testis 
tissue. It causes release of cytc from mitochondria in both fresh and treated invivo tissue but the marked 
effect was seen in invivo treated tissue and mitochondrial viability comparision in both drug treated and 
RNaseA+ drug treated tissue. DNA fragmentation in both RNaseA + drug treated tissue was markedly 
shown. The combined effects of drug and RNaseA has shown that the apoptosis occurs through extrinsic 
pathway in testis as DNA is fragmented which is the main cause of apoptosis. 
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Introduction 
Mitochondria plays a major role in most of the cellular process namely redox maintainance, 
energy metabolism, ion balance and apoptosis. Apoptosis should be clearly distinguished from 
the another cellular death process namely necrosis. In case of necrosis the mitochondria lyse 
where as in case of apoptosis the cells shrink with intact cellular organelles and also 
mitochondria [1, 2]. Cyt C and AIF (Apoptosis Inducing factor) are the two major proteins 
release from the mitochondrial membrane but the present study focus on Cyt C. 
Cyt C is a 12.3 Kda protein involved in the electron transport between complex III and 
complexIV in mitochondria. The precursor protein of Cyt C the apocytochrome C was 
synthesised in cytoplasm on free ribosomes and gets inserted in to mitochondrial membrane 
through non receptor mediated process. 
The mechanism of activation of apoptosis through Cyt C was clearly known now. The 
apoptosome Apaf known to contain the CARD domain [3] (Caspase Recruitment Domain) at 
N- terminal which is shared by caspases and ced-4 and WD-40 repeats at C-terminal regions. 
The process starts by binding of ATP or dATP to the walker boxes present in ced 4 and cyt c 
binds to WD-40 domains which exposes the CARD region of the Apaf. The Apaf doesn’t have 
the proteolytic activity so the caspase undergoes autocatalysis. Caspase 9 causes cleavage of 
caspase -3 which causes cleavage of caspase -6, DNA fragmentation factor [4] and poly (ADP-
Ribose) polymerase leading to nuclear lamin cleavage and DNA fragmentation leading to the 
other changes in apoptosis [5]. 
So, Cyt C release is a irreversible damage to the cell which is mediated in the form of the cell 
death and present study deals with the effect of drug metosartan through cyt C and RNase A. 
Figure: 1 
 
Material and Methods 
Experimental design for in vivo studies 
3 animals each were taken as a group for control, drug treated of 100µl and both RNaseA+ 
drug of 100 µl treated given through oral gavage for one day and the animals were sacrificed 
and the following assays were performed. 
 
Agarose gel electrophoresis 
1% agarose gel was prepared and the sample was loaded and run on the TAE buffer at 50V for 
first 1/2hr and at 100V for the rest of the time period. After the run the gel was observed under 
UV trans illuminator and observed for DNA fragmentation. 
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Fig 1: Mitochondria viability and apoptosis in testis and sperm through release of Cyt C. Fig 1A shows that in 
the drug treated one the mitochondria is viable for up to 30min where a incase of sperm the viability was 
reduced to 0%. Where as in case of both drug and RNaseA treated one the viability of mitochondria from testis 
was reduced to 60% and incase of sperm it was as such. Fig 1B is the fresh mitochondria isolated from the testis 
and tested for release of Cyt C through UV – Visible spectrophotometer. Fig 1C shows the treated testis tissue 
for release of cyt c and fig 1D shows the release of Cyt C from mitochondria without any treatment. 

 
Figure 2 
 

 
 

Fig 2: Apoptosis in sperm through release of Cyt C from mitochondria. Fig2A shows the fresh tissue serving 
as control and the release of Cyt C from the mitochondria is minimal whereas the fig 2B and 2C shows the 
release of cyt C from the mitochondria of sperm with and without treatment. 
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Isolation of testicular mitochondria 
Testicular mitochondria was isolated by Gazzotti et al. (1979) 
[12]. Following sacrificing the animal testes was collected, 
decapsulated and minced in the isolated medium containing 
250 mM sucrose, 0.2 mM EGTA, 0.1 mM EDTA, 5 mM 
HEPES KOH (pH 7.4) and 0.1% defatted BSA. The minced 
tissue was homogenised and centrifuged at 2500rpm for 
10min and the supernatant was recentrifuged at 10,000 rpm 
for 10 min. The pellet obtained was resuspended and 
recentrifuged for twice at 10,000 rpm omitting the EDTA, 
EGTA and defatted BSA in the washing medium. 
 
Assessment of mitochondrial viability 
The protocol was taken from M. Ghazi-khansari et al. (2006) 
[13]. 1ml of isolated mitochondrial suspension was added to 
1ml of janus green of concentration 1PPM and the sample 
was measured with in 40min at607nm for every 10min via 
UV- visible spectroscopy and the blank was measured in the 
same way without any mitochondrial suspension. 
 
Release of cyt c from the mitochondria 
The protocol was taken from Robert Eskes et al., (1998) [14]. 
Mitochondria were incubated for 1 hr in MS buffer (210 mM 
mannitol, 70mM sucrose, 10 mM Hepes-NaOH, pH 7.4, 0.5 
mM EGTA, 5 mM succinate, 5 mM Sodium azide). The 
reaction mixtures were centrifuged at 10,000 rpmfor 10 min at 
40C and the spectrum of supernatant was recorded from 390 
to 600nm. 
 
Isolation of DNA 
The protocol was from John R. Hofstetter et al; (1997) [15]. 
Testis was collected after sacrificing the animal and 
homogenised with the lysis buffer containing 50 mM Tris-Cl, 
pH 8.0, 100 mM EDTA, 0.125% SDS and 0.8mg/ml of 
EGTA and 1ml of lysis buffer was added to the homogenate 
again to increase the yield and incubated over night at 550c 
and centrifuged at 2000 rpm for 10 min after the addition of 
phenol: chloroform: isoamyl alcohol (25:24:1) and the 
aqueous phase was collected and washed with mixture of pci 
1ml and chloroform 3ml. Aqueous phase was collected and 
the DNA was precipitated by chilled ethanol pelleted and 
dissolved in the water and stored in deep freezer up to reuse. 
 
Results 
Figure 1A shows the graph of mitochondrial viability on time 
scale in both testis and sperm on invivo treatment with drug 
metosartan and both drug and RNase A. The mitochondria of 
testis which is drug treated remained viable for up to 30min 
where as 0% viability in case of sperm after isolation itself. 
So, it is not clear whether it is due to increased mitochondrial 
synthesis or due to high activity induction by the drug. Incase 
of both drug and RNaseA treated animals showed decrease in 
viability by 60% of mitochondria isolated from testis whereas 
incase of sperm it remains unchanged. 
Figure 1 B shows the release of cyt C from mitochondria in 
little amount whereas 1C and 1D shows the treated 
mitochondria to release Cyt C and untreated mitochondria 
which indicates the apoptosis through release of cyt C from 
mitochondria by the activation of caspase 9 through Apaf. 
Oxidised cytC gives absorption peak at 410nm [6] the soret 
band which is characteristic to heme containing porphyrins 
whereas reduced cyt C gives peak at 550nm [7]. From the 
previous studies it was known that cyt C is released in to the 
cytosol mostly in oxidised form [8, 9] and also the reduced 
form of cyt C [9] blocks the apoptosis and oxidised form of 

cytC activates apoptosome whereas the reduced form cannot 
but replacing the fe of cytC with reduced inactive metals 
doesn’t require the oxidation state to induce apoptosis [9]. 
From this study we can conclude that the drug metosartan 
causes release of oxidised cytC from the mitochondria and the 
reduced cytC has given negative peak which indicates that the 
cyt C was totally oxidised and triggering apoptosis. 
Figure 2 is same as that of fig 1B, 1C and 1D except that 
instead of testis sperm mitochondria was isolated and fixed. 
Figure 3A and 3B shows the arrest of apoptosis by RNase A 
through preventing the release of Cyt C and also induction of 
P21 Waf1/cip-1 which is a cyclin dependent kinase inhibitor 1 
known to inhibit both P53 dependent and independent 
apoptosis [10] and known to prevent tumorigenic activity and 
inhibiting JNK inactivation [11]. but figure 4 shows the DNA 
fragmentation which indicates apoptosis through extrinsic 
pathway. 
 
Figure 3 
 

 
 

Fig 3: Arrest of release of Cyt C and apoptosis in both drug and 
RNase A treated invivo. Fig3A and fig3B shows the arrest of cyt C 
release from mitochondria in testis and sperm. The RNaseA causes 
the inhibition of apoptosis through p21 waf1/cip1 the cyclin 
dependent kinase inhibitor activation and inhibition of JNK. Causing 
the G2 phase cell cycle arrest leading to antitumorigenic effect. 
 

 
 

Fig 4: Agarose gel electrophoresis of the sample after DNA isolation 
from the testis of animal group treated invivo with RNaseA + drug 
100mcl each showed DNA fragmentation which is clearly known as 
that the tissue is undergoing apoptosis which is may be through 
extrinsic pathway. 
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Discussion 
Apoptosis is one of the major defect seen with the drug 
metosartan as there is also previous results of telmisartan that 
induced apoptosis in urinary bladder which has to be rectified. 
By the results of present study confirmed that the apoptosis of 
testis tissue is mediated through release of cyt C from 
mitochondria and treatment of tissue with R Nase A along 
with drug lead to the arrest of intrinsic pathway but the 
agarose gel electrophoresis showed the DNA fragmentation 
which is the indicative of apoptosis lead to conclusion that it 
activated the extrinsic pathway of apoptosis. As previous 
studies of eswari beeram et al. showed that the drug 
allosterically inhibits the enzyme so there will be slow release 
of drug from the enzyme therefore reducing the adverse 
effects of the drug. Further it was confirmed by the high 
viability of the mitochondria in drug treated group which 
indicates its dependence in apoptosis of testis tissue where as 
in RNase + drug treated group the viability got reduced in 
testis. 
 
Conclusion 
Drug metosartan induces apoptosis in testis tissue through 
release of cyt C from the mitochondria whereas the RNaseA 
inhibits the apoptosis through P21 waf1/cip1activation and 
JNK inactivation. 
 
Acknowledgement 
Funding from the CSIR-UGC is greatly acknowledged. 
Competing financial interest: 
The author doesn’t have any competing financial interest.  
 
References 
1. Kerr JFR, Wyllie AH, Currie AR, Br. J. Cancer. 1972; 

26:239-257. 
2. Kerr JFR, Harmon B, Searle J. J. Cell. Sci. 1974; 14:571-

585. 
3. Hofmann K, Bucher P, Tschopp J. Trends Biochem. Sci. 

1997; 257:155-156. 
4. Liu X, Zou H, Slaughter C, Wang X. Cell. 1997; 89:175-

184 
5. Alnemri ES. J. Cell Biochem. 1997; 64:33-42. 
6. Florence Appaix, Marie-Nathalie Minatchy, Catherine 

Riva-Lavieille, Jose Olivares, Bruno Antonsson, Valdur 
Saks A. Rapid spectrophotometric method for 
quantitation of cytochrome c release from isolated 
mitochondria or permeabilized cells revisited Biochimica 
et Biophysica Acta. 2000; 1457:175-181. 

7. Veronica Hollis S, Miriam Palacios-Callender, Roger 
Springett J, David Delpy T, Salvador Moncada. 
Monitoring cytochrome redox changes in the 
mitochondria of intact cells using multi-wavelength 
visible light spectroscopy Biochimica et Biophysica Acta. 
2003; 1607:191-202. 

8. Pedram Ghafourifar, Sabine Klein D, Olivier Schucht, 
Ursula Schenk, Martin Pruschy, Sonia Rocha. Ceramide 
Induces Cytochrome c Release from Isolated 
Mitochondria. 1999; 274(10):6080-6084. 

9. Guy Brown C, Vilmante Borutaite. Regulation of 
apoptosis by the redox state of cytochrome c. Biochimica 
et Biophysica Acta. 2008; 1777:877-881. 

10. Andrei Gartel L, Angela L. Tyner The Role of the 
Cyclin-dependent Kinase Inhibitor p21 in Apoptosis 
Molecular Cancer Therapeutics. 2002; 1:639-649. 

11. Jessica Castro, Marc Ribó, Susanna Navarro, Maria 
Victòria Nogués, Maria Vilanova, Antoni Benito. A 

human ribonuclease induces apoptosis associated with 
p21WAF1/CIP1 induction and JNK inactivation; BMC 
Cancer. 2011; 11:9. 

12. Gazzotti P, Malmstron K, Crompton M. Preparation and 
assay of animal mitochondria and submitochondrial 
Vesicles in: membrane biochemistry: a laboratory manual 
on Transport and bioenergetics (carafoli, e. And semenza, 
g., eds.), Springer-Verlag, New York. 1979, 62-69. 

13. Ghazi-Khansari M, Mohammadi-Bardbori, Hosseini M-J. 
Using janus green b to study paraquat Toxicity in rat liver 
mitochondria Role of ace inhibitors (thiol and nonthiol 
Acei) Ann. N.Y. Acad. Sci. 2006; 1090:98-107. 

14. Robert Eskes, Bruno Antonsson, Astrid Osen-Sand, 
Sylvie Montessuit, Christoph Richter, Rémy Sadoul. 
Anthony Nichols, and Jean-Claude Martinou Bax-
induced Cytochrome C Release from Mitochondria Is 
Independent of the Permeability Transition Pore but 
Highly Dependent on Mg21 Ions The Journal of Cell 
Biology. 1998; 143(1):217-224. 

15. John Hofstetter R, Aiwu Zhang, Aimee Mayeda R, Tim 
Guscar, John Nurnberger I Jr, Debomoy Lahiri K. 
Genomic DNA from Mice: A Comparison of Recovery 
Methods and Tissue Sources Biochemical and Molecular 
Medicine. 1997; 62:197-202. 


