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Apoptosis Detection
Programmed Cell Death
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Apoptosis Detection
Kits

CYTOC-OX1 Cytochrome c Oxidase Assay Kit For the determination of cytochrome c oxidase activity in mitochondrial soluble and membrane 
Sufficient for 100 tests bound samples. Cytochrome c oxidase [EC 1.9.3.1.] is present in mitochondria of the more 

highly developed cells and in the cytoplasmic membrane of bacteria. This enzyme provides
energy for the cell by coupling electron transport through the cytochrome chain with the
process of oxidative phosphorylation. Cytochrome c oxidase is located on the inner mito-
chondrial membrane that divides the mitochondrial matrix from the intermembrane space
and traditionally it has been used as a marker for this membrane. The colorimetric assay
measures the decrease in absorbance of ferrocytochrome c caused by its oxidation to
ferricytochrome c by cytochrome c oxidase. 

PCR Primer Sets

APO-PCR Apoptosis PCR Bax/Bcl-2 The kit is useful for studying the progress of apoptosis and the evaluation of potential 
Multiplex Primer Sets apoptosis inducers. 
Sufficient for 50 (50 ml) PCR reactions Bcl-2 is a member of a large gene family encoding proteins that can either inhibit (e.g. Bcl-2, 

Bcl-XL) or promote (e.g. Bax, Bcl-XS, Bak) apoptosis. Bcl-2 inhibits apoptosis by preventing
the release of apoptosis inducing factor (AIF) and cytochrome c from the mitochondria. If
the Bcl-2 level is higher than the Bax level, apoptosis will be inhibited. The ratio of Bcl-2 
to Bax in the cell can determine whether or not the cell initiates apoptosis or survives.
Some cancer cells such as melanoma overexpress Bcl-2 preventing apoptosis and allowing
malignant growth to continue.
The kit contains primer sets for the detection of Bax and Bcl reverse transcribed from mRNA
from rat, mouse or human tissues or cell lines (reverse transcriptase and thermostable 
DNA polymerase not included). A primer set for a “housekeeping” gene, GAPDH, as an
internal control is included in the kit. These primer sets are optimized for the simultaneous
amplification, detection and comparison of Bax and Bcl-2 mRNA levels. The sizes of the
amplified products are 487bp for Bax, 127bp for Bcl-2 and 349bp for GAPDH.
Features and Benefits:
• Simultaneous RT-PCR amplification and detection of Bax and Bcl-2 mRNA levels.
• Includes primers for the GAPDH gene as an internal control for comparison of Bax and

Bcl-2 mRNA levels to allow for semiquantitative evaluation of Bax and Bcl-2.
• Functions with Taq DNA polymerase, AccuTaq™ LA DNA polymerase, REDTaq™ DNA

polymerase, and equivalent DNA polymerases.
• Primer solutions contain both sense and anti-sense primers of the specific gene for

convenience.
• The primers work with cDNA reverse transcribed from RNA (mRNA and total RNA)

extracted from cells and tissues using various extraction methods.
• Works in one step RT-PCR procedures.
• Genomic DNA contamination in the RNA will not be amplified.

Apoptosis PCR Primer Sets Synthetic oligonucleotide primers for RT-PCR analysis of mRNA expression. Amplifies reverse-
Sufficient for 50 reactions transcript mRNAs from human, mouse and rat sources. Set includes an upstream and 

downstream oligonucleotide.

B 3055 Bad PCR Primer Set
B 3180 Bak PCR Primer Set
B 8304 Bax PCR Primer Set
B 9179 Bcl-2 PCR Primer Set
F 8425 Fas PCR Primer Set
F 8300 Fas-Ligand PCR Primer Set

L
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Apoptosis

Programmed cell death (PCD), or apoptosis, can be triggered by a wide
range of stimuli, including cell surface receptors like Fas or tumor necrosis
factor receptor 1 (TNFR1). It constitutes a system for the removal of
unnecessary, aged, or damaged cells that are regulated by the interplay
of proapoptotic and antiapoptotic proteins of the Bcl-2 family. The
proapoptotic proteins Bax, Bad, Bid, Bik, and Bim contain an a-helical
BH3 death domain that fits the hydrophobic BH3 binding pocket on the
antiapoptotic proteins Bcl-2 and Bcl-XL, forming heterodimers that block
the survival-promoting activity of Bcl-2 and Bcl-XL. Thus, the relative
abundance of proapoptotic and antiapoptotic proteins determines the
susceptibility of the cell to programmed death. The proapoptotic pro-
teins act at the surface of the mitochondrial membrane to decrease
the mitochondrial transmembrane potential and promote leakage of

cytochrome c. In the presence of dATP, cytochrome c complexes with and
activates Apaf-1. Activated Apaf-1 binds to downstream caspases, such
as procaspase-9, and processes them into proteolytically active forms.
This begins a caspase cascade resulting in apoptosis. Smac/Diablo is
released from the mitochondria and blocks IAP proteins which normally
interact with caspase-9 to inhibit apoptosis. The lower panel shows the
conserved apoptotic pathway in C. elegans. CED-3 encodes a caspase
whose function is facilitated by CED-4, which is highly similar to Apaf-1.
CED-4 function is blocked by CED-9, which protects cells against apop-
tosis and is similar to the human antiapoptotic protein Bcl-2. CED-9
activity is inhibited by EGL-1, which is similar to the proapoptotic Bcl-2
family members.

Rat liver        Rat skeletal muscle    Rat heart muscle
Tissue

Integrity of mitochondria prepared from rat tissues
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Cytochrome c Oxidase activity is measured in
the presence and absence of the detergent 
1 mM n-dodecyl maltoside. The ratio of the
two activities provides a measure of the integrity
of the outer mitochondrial membrane.
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Apoptosis Detection
Reagents

T 4427 Terminal Transferase TdT is a primer-dependent polymerase that catalyzes the addition of deoxynucleotides to 
From calf thymus the 3’-OH terminus of DNA molecules with the release of inorganic phosphate. TdT reacts 
(Terminal Deoxynucleotidyl preferentially with either single-stranded DNA molecules or double-stranded-DNA with 3’ 
Transferase: TdT) overhangs, but procedures have been developed to label blunt ends or 3’-recessive ends. 
≥5,000 units/mL In a reaction mixture, the divalent ion (Co2+, Mn2+, Mg2+) will influence purine and pyri-
Buffered aqueous glycerol solution midine polymerization rate. Activities of TdT are also affected by the bases (dATP, dCTP, 

dGTP and dTTP) present. Each reaction mixture needs to be optimized. The enzyme is 
commonly used to add complementary homopolymer tails to vector and insert DNA for 
construction of recombinant DNA in vitro.

T 6137 Trioxsalen Photochemical crosslinker of DNA has been used as a probe for nucleic acid structure and 
(TMP), Minimum 98% (HPLC) function. Trioxsalen has also been used to crosslink DNA onto mica surfaces.

Apoptosis Inducers
Apoptosis Inducers

N-Acetyl-L-cysteine Antioxidant and mucolytic agent. Reported to prevent apoptosis in neuronal cells but to 
(LNAC; NAC) induce apoptosis in smooth muscle cells. Inhibits HIV replication. May serve as a substrate 

A 7250 Minimum 99% (TLC) for microsomal glutathione transferase.

A 9165 Cell Culture Tested

A 7191 N-Acetyl-D-sphingosine Cell-permeable, biologically active ceramide. Induces differentiation and apoptosis in cells 
semisynthetic and has been shown to activate protein phosphatases. 
(C2 ceramide; Acetyl ceramide)
Approx. 98% (TLC)

Actinomycin D An anti-neoplastic antibiotic that inhibits cell proliferation by forming a stable complex with 
From Streptomyces sp. DNA and blocks the movement of RNA polymerase that interferes with DNA-dependent 

A 1410 Approx. 98% (HPLC) RNA synthesis. Induces apoptosis. Potent anti-tumor agent. 

A 9415 > 95%, Cell Culture Tested

A 6885 Adenosine 3’,5’-cyclic Naturally-occurring activator of cyclic-AMP-dependent protein kinase (PKA). cAMP is an 
monophosphate important second messenger that is linked in many systems to neurotransmitter- or hormone-
sodium salt monohydrate induced receptor stimulation. The cAMP/PKA signaling pathway has been shown to inhibit 
(3’,5’-Cyclic AMP sodium salt; cell proliferation, induce differentiation and lead to apoptosis.
cAMP-Na)
Approx. 98% (HPLC)

P 8765 Ammonium Prevents induction of nitric oxide synthetase by inhibiting translation of NOS mRNA; induces 
pyrrolidinedithiocarbamate apoptosis in rat smooth muscle cells and inhibits apoptosis in leukemia HL-60 cells.
(PDTC; PDC; APDC)
Approx. 99%

A 9789 Anisomycin Antibiotic that inhibits protein synthesis. Acts by inhibiting peptidyl transferase activity 
From Streptomyces griseolus in eukaryote ribosomes. Reported to induce apoptosis in a variety of cells including 
(2-[(4-Methoxyphenyl)methyl]- promyelocytic leukemia cells, Jurkat cells, ventricular myocytes, and colon adenocarcinoma 
3,4-pyrrolidinediol 3-acetate; cells. Initiates intracellular signals and immediate early gene induction. Antiprotozoal agent.
Flagecidin;) 
Approx. 97% (TLC)

A 8674 Antimycin A Inhibitor of electron transfer at complex III. Induces apoptosis.
From Streptomyces sp.

Arachidonic acid An unsaturated w6 fatty acid constituent of the phospholipids of cell membranes. AA and 
(AA; cis,cis,cis,cis-5,8,11,14- its metabolites play important roles in a variety of biological processes, including signal 
Eicosatetraenoic acid; Eicosa- transduction, smooth muscle contraction, chemotaxis, cell proliferation and differentiation, 
5Z,8Z,11Z,14Z-tetraenoic acid) and apoptosis. AA has been demonstrated to bind to the a subunit of G protein and inhibit 

A 9673 Approx. 99% (capillary GC) Oil the activity of Ras GTPase-activating proteins (GAPs). 

A 8798 Arachidonic acid sodium salt
Approx. 99% (capillary GC)

A 0580 Arachidonylethanolamide An arachidonic acid derivative that appears to be an endogenous ligand for the cannabinoid 
(AEA; Arachidonic acid receptor and for the vanilloid receptor, VR1. It Inhibits calcium currents in neuroblastomas 
N-(hydroxyethyl)amide; and neurons. Shown to activate the MAP kinase signaling pathway. Inhibits proliferation 
Anandamide) and induces apoptosis of lymphocytes and human breast cancer cells.
Approx. 98% (TLC) Oil

B 1793 Bafilomycin A1 A specific inhibitor of vacuolar type H+-ATPase (V-ATPase) in animal cells, plant cells and 
From Streptomyces griseus microorganisms. Induces apoptosis in PC12 cells and the human pancreatic cancer cell line, 
Minimum 90% (HPLC) Capan-1.
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Apoptosis Detection
Reagents

A 6014 Acridine orange Used as a fluorescent stain for nucleic acids in agarose and polyacrylamide gels. Acridine 
hemi-(zinc chloride) salt orange at a concentration of 120 mM will detect purified DNA in gels with a sensitivity of 
(3,6-Bis(dimethylamino)acridine 25-50 ng per band. It has also been used extensively for cell staining of DNA in apoptosis 
hydrochloride zinc chloride double salt) studies.

A 9400 7-Aminoactinomycin D Fluorescent DNA stain.
(7-AAD)
Approx. 97% (HPLC)

Annexin V Annexins bind phospholipids in the presence of calcium. The cellular changes involved in 
(PAP-1; Calphosbindin I; Lipocortin V) the apoptotic process include loss of phospholipid asymmetry during the early stages. This 
From human placenta phenomenon is universal and is not limited to stimulus or to mammalian cells, but also occurs

in insect and plant cells. At the onset of apoptosis, phosphatidylserine becomes translocated
to the external surface of the cell membrane. Since the movement of phosphatidylserine
from the internal membrane surface to the external surface is an early indicator of apoptosis,
annexin V and its conjugates that interact strongly and specifically with phosphatidylserine
may be used to detect apoptosis. Annexin V conjugates can be used to detect apoptotic
cells significantly earlier than DNA-based assays. 

A 9460 Annexin V Unconjugated protein.

A 7810 Annexin V Biotin Conjugate Can be used for detection of apoptotic cells in conjunction with streptavidin, ExtrAvidin®

and avidin coupled to alkaline phosphatase, peroxidase, FITC or other labels.

A 4963 Annexin V Cy3.18 Conjugate For detection of apoptotic cells by fluorescence microscopy.

A 9210 Annexin V FITC Conjugate For detection of apoptotic cells by flow cytometry or fluorescence microscopy.

D 5189 L-Asp-Asp-Rhodamine Substrate for detection of intracellular caspase activation by flow cytometry after apoptosis 
trifluoroacetate salt induction in intact hematopoietic cell lines.
((L-Asp)2 Rhodamine 110-TFA)
Minimum 98%

Bisbenzimide H 33258 Membrane-permeable, fluorescent DNA stain with low cytotoxicity that intercalates in A-T 
(HOE 33258; Hoechst 33258) regions of DNA. Useful for staining DNA, chromosomes and nuclei. May be used for fluo-

rescence microscopy or flow cytometry. Excitation max. = 346 nm, Emission max. = 460 nm

B 2883 Minimum 98% (TLC)

B 1155 Minimum 98% (TLC)
Cell Culture Tested

B 2261 Bisbenzimide H 33342 Fluorescent DNA stain with low cytotoxicity that intercalates in A-T regions of DNA. Useful 
(Hoechst 33342; HOE 33342; for staining DNA, chromosomes and nuclei. May be used for fluorescence microscopy or 
bisBenzimide) flow cytometry. Excitation max. = 346 nm, Emission max. = 460 nm.
Minimum 95% (TLC)

C 2659 Chromomycin A3 An antibiotic exhibiting anti-bacterial, anti-fungal and anti-tumor activities. Serves as a 
From Streptomyces griseus fluorescent DNA stain. Useful for the detection of protamine deficiency in sperm chromatin. 
Minimum 95% (HPLC) The compound blocks macromolecule synthesis by a specific, reversible interaction with 

DNA in the presence of bivalent metal ions. Binding to DNA minor groove mediates an 
efficient competitive inhibition of DNA gyrase and significantly affects topoisomerase II activity.

4’,6-Diamidino-2-phenylindole Cell permeable fluorescent minor groove-binding probe for DNA. Binds to the minor 
dihydrochloride groove of double-stranded DNA (preferentially to AT rich DNA), forming a stable complex 
(DAPI dihydrochloride hydrate) which fluoresces approximately 20 times greater than DAPI alone. DAPI is several times 

more sensitive than ethidium bromide for staining DNA in agarose gels. It may be used for 
D 9542 Minimum 98% (TLC) photofootprinting DNA, to detect annealed probes in blotting applications by specifically 

for molecular biology visualizing the double-stranded complex, and to study the changes in DNA and analyze DNA 
content during apoptosis using flow cytometry. DAPI staining has also been shown to be 

D 8417 Minimum 98% (TLC) a sensitive and specific detection method for mycoplasma.
Cell Culture Tested

E 8751 Ethidium bromide Ethidium bromide is a nucleic acid intercalating agent and frameshift mutagen. It can also 
(Homidium bromide; EtBr) be used in conjunction with acridine orange to differentiate between viable, apoptotic and 
Approx. 95% (HPLC) necrotic cells.

P 4170 Propidium iodide Fluorescent stain for nucleic acids. Cell membrane integrity excludes propidium iodide from 
Minimum 95% (HPLC) staining viable and apoptotic cells. Propidium iodide may be used in flow cytometry to 

evaluate cell viability when used with other dyes that stain viable cells or cells that are 
early in the apoptotic process.
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Biochemical studies have characterized apoptosis and several mechanisms
have been identified in mammalian cells for induction of apoptosis.
These mechanisms include factors that lead to perturbation of the
mitochondria leading to leakage of cytochrome c or factors that directly
activate members of the death receptor family. Fas is a member of the
tumor necrosis factor (TNF) receptor superfamily, a family of trans-
membrane receptors that include neurotrophin receptor (p75NTR),
TNF-R1, and a variety of other cell surface receptors. Fas Ligand (Fas L)
transmits signals to Fas on a target cell by inducing trimerization of
Fas. Activation of Fas causes the recruitment of Fas-associated protein
with death domain (FADD) via interactions between the death domain
of Fas and FADD and is followed by pro-caspase-8 binding to FADD via
interactions between the death effector domains (DED) of FADD and
pro-caspase-8 leading to the activation of caspase-8. Activation of
caspase-8 leads to the activation of other caspases, in effect beginning 
a caspase cascade that ultimately leads to apoptosis. Caspase-8 activa-
tion can also activate Bid, leading to activation of the apoptotic program.
Fas-induced apoptosis can be effectively blocked at several stages by
either FLICE-inhibitory protein (FLIP), by Bcl-2, or by the cytokine
response modifier A (CrmA). In addition, activation of caspase 3 by
caspase 9 can be blocked by inhibitor of apoptosis proteins (IAPs).

Moreover, the protein kinase, Akt, can be activated by various growth
factors and its activity can be blocked by PTEN. Akt functions to promote
cell survival through two distinct pathways: Akt inhibits apoptosis by
phosphorylating the Bcl-2 family member Bad, which then interacts
with 14-3-3 and dissociates from Bcl-XL allowing for cell survival alter-
natively, Akt activates IKK-� that ultimately leads to NF-� B activation
and cell survival. Proapoptotic Bcl-2 family members, such as Bax and
Bak can promote mitochondrial permeability, while Bcl-2 can inhibit
their effects. Upon mitochondrial permeability, apoptogenic factors are
released from the mitochondrial inter-membrane space and leak into
the cytosol. One factor is cytochrome c, induces the liberation of pro-
tease activators (caspases) that ultimately lead to apoptosis through
nuclear damage (DNA fragmentation, DNA mutations). In addition,
Smac/Diablo is released and can block IAP inhibition of capsase activity.
Mitochondrial permeability is also related to the increased generation
of reactive oxygen species (ROS), which plays a role in the degradation
phase of apoptosis (i.e. plasma membrane alterations). 
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