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Abstract: Simple, sensitive and rapid techmiques were modified for detection of total genomic damage of DNA
(TGD-DNA), Electrophoretic pattern of RN A and molecular apoptosis. The techmques were applied in both cell
culture and solid tissues. In cell culture, the cells were lysated directly in the gel wells and mixed with loading
buffer. In solid tissues, 5-10 mg were squeezed and lysated in ependorf tubes, then 1 mg of lysated tissues was
loaded in the gel wells and mixed with loading buffer. This techmique elaborated the DNA damage as smear or
apoptotic bands. Detection of molecular apoptosis by gel electrophoresis was modified in owr laboratory,
where, salt out extraction method of DNA was applied using small amount of tissues (5-10 mg), squeezed by
blue tips and lysated quickly by lysing buffer. Mixture of loading mix was developed which has a great effect
on the stability and resolution of apoptotic bands. The developed techmque 1s very simple, fast and economic
to prepare DNA apoptotic ladder from liver, spleen and human leukocytes. Induction of apoptosis was done
chemically by methotraxate in liver, spleen and thymus of rats, or naturally by postmortem changes in liver of
rat and storage blood of human. Some factors were studied for stability and resolution of apoptotic ladder such
concentrations of SDS in lysing buffer, effects of temperatures, glycerol and owur loading mix. Concentration of
SDS has no effect on the intensity of apoptotic bands in extracted DNA, while in cell or tissue lysate, the
apoptotic bands appeared sharp at low concentrations of SDS (0.5-1%). After preparation of DNA and addition
of TE buffer the best temperature that keeps on the stability of DNA was 37°C. Owr loading mix and glycerol
protects apoptotic bands from degradation at room temperature or -20°C. The stability of home made apoptotic
ladder was stable for 6 month or more at room temperature
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INTRODUCTION

DNA technology 13 one of the most important
techniques in twenty-one centwy. Most of diseases are
accompanied with DNA damage or disturbance in gene
expression (Elizur et al, 2006; Ricci et al., 2007).
Techmques which permit the detection of DNA damage
are useful in studies of mutagenicity and carcinogenicity
of environmental pollution (Elhassaneen, 1996;
Hassab El-Nabi et al., 2001 ; Nassar et af., 2003; Liet al.,
2007). Double strand breakage (DSB) and single strand
breakage (SS5B) are the main types of DNA damage.
Several methods are employed to measure DSB. Amongst
of these methods, pulsed field gel electrophoresis (PFGE)
was occupied the central position (Schwartz and Cantor,
1984). But, factors including time-consuming (2 days), fine
chemicals and equipments required made this work is not

easy task. Recently, several protocols were developed in
our laboratory to modify this method through direct
lysing of the cells in the sample wells of agarose
electrophoresis gel (Hassab El-Nabi, 2000) or squeezing
and lysate of 5 mg of solid tissue in ependorf tube and
1 mg of lysate tissue loaded to the wells. The new
protocols saved the time to 2 h, efforts, equipment’s and
chemicals required etc. Our previous studies indicated
that these modified techniques were used successively
to evaluate the DNA damage and the mtensity of total
RNA m many toxicological and envirommental
applications (Hassab El-Nabi and Hagras, 2001;
El-Beshlawy et al., 2003).

Apoptosis 15 one of the most mnteresting biological
events which has received a great deal of attention for its
role in regulating morphogenesis during embryonic stages
of development and cellular tunover during post-natal life
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(Cohen and Duke, 1992; Raff, 1992; Williams and Smith,
1993). It has been thus associated with tissue
homeostasis and consequently mvolved in the
pathogenesis of a large number of diseases (Miscia et al.,
1997). Several techniques were developed for detection of
apoptosis. For example, molecular apoptosis detected by
gel electrophoresis 1s used to demonstrate the ladder
pattern of DNA (a hallmark of apoptosis) which is
generated by endonucleolytic cleavage of genomic DNA
into nucleosomal size DNA of approximately 180 bp long
(monomers) or oligonucleotides which are multiples of
180 bp (Wyllie, 1995). Many of set backs were coming
with this methods of apoptosis detection such the
complication of mucleic acid extraction protocol applied,
not easy to get the DNA ladder pattern required and its
high price and others made this techmique not popular.

With the above in mind, we reported here a sumple
and sensitive gel electrophoresis detection of DNA
damage and molecular apoptosis in both cell cultures and
solid tissues. Tn a very important application, this
technique has been used to explain the postulated
mechanism of apoptosis process in tissues at postmortem
intervals. Additionally, through induction of apoptosis
chemically or naturally by postmortem changes or storage
of blood, this investigation enables a production of home-
made DNA ladder in a trail to solve one of the most
important problems m pertaining to this kind of
techmques.

MATERIALS AND METHODS

Experimental models

Animals: Male albino rats of Sprague Dawley, weighing
140£27 g (males sex) were obtained from Helwan Research
Station, Vaccines Association, Ministry of Health and
Populations, Cairo, FEgypt
environmentally controlled ammal facility operating on
a 12 h dark/light cycle at 24-26°C. They were acclinated
for 1 week before experimentation. Toad, lizard, pigeon
and rabbit were obtamned by special arrangements
with the Minufiya University suppliers, Sebin El-Kom,

Eegypt.

were housed m an

Human blood: Blood samples required for leucocytes
cultures were withdrawn from volunteers recruited from
the Minufiya University Commuimty.

Apoptosis induction: Apoptosis in liver, spleen and the
thymus of male albino rats were detected after treatment
with methotrexate (Orien Pharma, vial 50 mg mL ™).
Apoptosis at different

also detected m rmat liver
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postmortem intervals. Also apoptosis was detected in
leukocytes of stored blood. For studying the effect of
methotrexate on DNA, a group of 6 rats were assigned to
three subgroups each of 2 rats. Subgroup (a): Animals of
these subgroup were considered as a control and injected
intraperitonealy (i.p.) with 0.1 mT distilled water. Subgroup
(b): Two animals were injected 1.p. with one dose of
methotrexate equivalent to 90 mg kg™ and sacrificed after
24 h. Subgroup (¢): Two animals were injected i.p. with
one dose of methotrexate 150 mg kg™ body weight and
sacrificed after 24 h. For study the effect of postmortem
mnterval on DNA, Two rats were sacrificed and liver was
excised and kept at 37°C. 0.01 g of liver were squeezed at
intervals of 0. 0, 3, 6, 9, 18 and 24 h and was lysed by
lysing buffer. For study the apoptotic activity of DNA in
stored human blood, 10 mL blood from healthy non-
smoker were classified to two parts each is 5 mL, human
leukocytes isolated from one part (fresh blood) and
second part after storage in refrigerator for 5 days.
Human leukocytes were lysed by lysing buffer and
incubated at 37°C overnight.

Methods: Total genomic damage of DNA m leukocytes
were detected according to Wlodek et al. (1991) and
modification by Hassab El-Nabi (2000). Electrophoretic
pattemn of nucleic acids for solid tissue were demonstrated
according to Hassab El-Nabi (2004). Human leukocytes
(2x10% were loaded in well. Eighteen micro-liter of lysing
buffer (50 mM NaCl, 1 mM Na,EDTA, 0.5% SDS, pH §.3)
was added on the cells for 30 min. Five microlitres from 6X
loading buffer was added on the lysis cells. DNA damage
or electrophoretic pattern of nucleic acids of solid tissue
was detected in lysate tissue (Hassab El-Nabi et al., 2001).
Where, a piece of 10 mg of each of the liver and spleen
was squeezed by blue tips and lysed with 200 pL lysing
buffer. After 1 h, 20 pL. was loaded on gel to detect DNA
damage. Electrophoresis was performed for 2 h at
50 volt using 1 X TBE buffer as running buffer. Gel was
photographed using a pelaroid camera while the DNA
was visualized using a 312 mm UV light under a
transilluminator.

Nucleic acids extraction and detection of apoptosis
in solid tissue and human leukocytes were done
according to salting out extraction method of Aljanabi and
Martinez (1997) and modification introduced by
Hassab FEl-Nabi (2004). Protein was precipitated by
saturated sol of NaCl (5 M). The method of extraction 1s
summarized as follows: In case of solid tissue, 10 mg of
liver was squeezed and lysed with 600 ul. of lysing
buffer. Also leucocytes (3x10* cells) was isolated from
blood according to Papaconstantinou et af. (2001) and
lysed with 600 pl. lysing buffer (50 mM NaCl, 1 mM Na,
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EDTA, 0.5% SDE, pH 8.3) and gently shacked The
muxture was tncubated overnight at 37°C then, 200 pL of
saturated NaCl was added to the samples, shacked gently
and centrifuged at 12,000 rpm for 10 min. The supernatant
was transferred to new eppendorf tubes and then DNA
precipitated by 600 pL cold isopropanol, The mix was
inverted several times till fine fibers appear and then
centrifuged for S min at 12,000 rpm. The supernatant 13
removed and the pellets were washed with 500 pL 70%
ethyl alcohol, centrifuged at 12,000 rpm for § min. After
centrifugation, the alcohol was decanted or tipped out
and the tubes blotted on Whatman paper or clean tissue,
till the pellets appeared to be dry. The pellets were
resuspendadin 50 uL or appropriate volume of TE buffer
(10 mN trs, 1 mM EDTA, pH 8) supplemented with 5%
glyceral. The resuspended DINA was incubated for
30-60 mun with loading mix (RNAse +1oading buffer) and
then & pg of DIVA was loaded directly into the gel-wells.
The concentration of DINA was measured at A, the
yield of DNA 1 liver was 550 ng mg~" fresh weight

Data analysis: Electrophoretic pattern of nucleic acids of
leukocytes and liver appeared as three main bands in gel,
RIVA arealocated at up 150 bp, nucleoprotein area located
at 300-350 bp and DA area located near the wells of gel
to nucleoprotein area. In case of apoptosis, apoptotic
DA bands appearad at 180-200 bp and its multiply. The
DA and RNA have orange color with ethidium bromide,
while, nucleoprotein has a purple color. When the gel
exposed to TV by UV -transiluminator for 5 min, the color
of nucleoprotein change from purple to white After
stamning the gel with commass blue the DNA and RNA
not stained, while, the nucleoprotein staned darkly with
blue color.

Apoptotic pattern of DNA appeared 1n gel as sharp
and thick bands, the length of each band about 20 bp. The
bands located at 180-200 bp (one edze located at 200 bp
and the opposite edge located at 180 bp) and its multiply.

RESULTS

Effect of methotrexate on electrophoretic pattern of
nucleic acids in liver and spleen of rat: Methotrexate
increased the intensity of RINA especially at 25 mg kg™
Alzo 1t induced DNA damage which appeared as a
apoptotic bands and located at 180 by with its multiply as
shown in Fig 1

Effect of methotrexate on DINA of liver, spleen and
thymus: Az shown in Fig. 2, methotrexate induced
apoptosts in liver, spleen and thymus of rat after 24 h of
treattnent. The intensity of apoptotic bands increased
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Fig. 1. Effect of methotrexate on electrophoretic pattern
of nucleic acids in liver and spleen of rat. Lane 1,
untreated liver cells, lane 2, liver treated with
90 mg kg~ ' methotrexate, lane 3, liver treated with
150 mg kg~ methotrexate, lane 4, untreated spleen
cells; lane 5, spleen treated with 90 mg kg™
meth otrex ate, 6, spleen treated with

150 mg kg~' methotrexate, lane 7, standard

matkers (1 Eb ladder)

lane

. Effect of methotrexate on DA of liver, spleen and
thymus of rat Lane 1, untreated liver cells; lane 2,
liver treated with 50 mg kg~' methotrexate; lane 3,
liver treated with 150 mg lg=! methotrexate, lane
4, untreated spleen cells; lane 5, spleen treated
with 90 mg kg~" methotrexate, lane &, spleen
treated with 150 mg kg~' methotrexate, lane 7,
untreated thymuz cells, lane 8, thytus treated
with 90 mg kg~' methotrexats; lane 9, thymus
treated with 150 mg kg~ methotrexate, lane 10,
standard markers (1 Kb ladder)

with dose dependent-manner At 25 mg kg™' of
methotrexate liver give good profile of 200 bp DA ladder
while, spleen give three sharp bands located at 200, 400
and 600 bp and thymus gives only two main sharp bands
located at 200 and 400 bp The intensity of apoptotic
bands revealed the level of apoptosis induction
Methotrexate  induced more  apoptosis  (DINA
fragmentation) in thymus than spleen and in spleen than
liver as shown i Fig 2
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Fig. 3. Effect of postmortem on DNA of rat liver. Lane 1,
Zero time liver cells; lane 2, 3 h of postmortem;
lane 3, 6 h; lane 4, 9 h; lane 5, 12 h; lane 6, 18 h;
lane 7, 24 h; lane 8, standard markers (1 Kb
ladder); lane 9, Home-made ladder from leucocytes

Effect of postmortem on DNA of rat liver: DNA profile
was demonstrated at 0.0, 3, 6, 9, 12, 18 and 24 h of
postmortem. At zero time DNA is intact and no bands
detected. After 3 h DNA is still intact but faint apoptotic
bands begin to appear. At 6 and 9 h of postmortem,
DNA gives a good profile of 200 bp DNA ladder. At 12,
18 and 24 h of postmortem, the numbers of sharp
apoptotic bands were 5, 4 and 3, respectively. The
apoptotic bands located at 200, 400, 600, 800 and 1000 bp
as shown in Fig. 3.

Effect of different concentrations of SDS in lysing buffer
on the intensity of apoptotic bands in rat liver induced by
postmortem: Different concentrations of SDS 0.5, 1, 2, 3
and 4% in lysing buffer were applied at liver incubated at
37°C for 0 and 18 h. At zero time of incubation, DNA 1s
intact at 0.5, 1 and 2% of SDS, while at 3 and 4% of SDS,
fine apoptotic bands were appeared. At 24 h of
postmortem, liver give a good profile of 200 bp DNA
ladder, the intensity of apoptotic bands has a negative
correlation with the concentrations of SDS. The
resolutions of apoptotic bands were sharp at 0.5, 1 and
2% than 3 and 4% of SDS as shown in Fig. 4.

Effect of glycerol and modified loading mix on the
stability of apoptotic bands of prepared DNA of ratliver at
different temperature: Immediately, after preparation of
DNA of liver at 18 h of postmortem, DNA was distributed
in three sets of eppendorf tubes, each set consists of
three eppendorf. The Ist tube has a DNA in TE buffer
only, the 2nd one tube has a DNA in TE buffer +10%
glycerol, the 3rd tube has a DNA in TE buffer + modified
loading mix. The 1st set of tubes was incubated overnight
at 37°C, the 2nd set was kept at room temperature and the
3rd set was kept at -20°C ovemight. As shown in Fig. 5,
the stability of apoptotic bands were demonstrated at

Fig. 4. Effect of different concentrations of SDS in lysing
buffer on the intensity of apoptotic bands in rat
liver induced by postmortem. Lane 1, Zero time
liver cells (0.5% SDS); lane 2, 18 h of postmortem
(0.5% SDS); lane 3, Zero time liver cells (1.0%
SDS); lane 4, 18 h of postmortem (1.0 % SDS),
lane 5, Zero time liver cells (2.0% SDS); lane 6, 18
h of postmortem (2% SDS); lane 7, Zero time liver
cells (3% SDS); lane 8, 18 h of postmortem
(3% SDS); lane 9, Zero time liver cells (4%
SDS); lane 10, 18 h of postmortem (4% SDS),
lane 11, standard markers (1 Kb ladder)

Fig. 5: Effect of glycerol and modified loading mix on the
stability of apoptotic bands of prepared DNA of
rat liver at different temperature. Lane 1, DNA in
TE buffer (37°C); lane 2, DNA in TE buffer + 10%
glycerol (37°C); lane 3, DNA in TE buffer +
modified loading mix (37°C); lane 4, DNA in TE
buffer (room T); lane 5, DNA in TE buffer + 10%
glycerol (room T); lane 6, DNA in TE buffer +
modified loading mix (room T); lane 7, DNA in TE
buffer (-20°C overnight); lane 8, DNA in TE
buffer + 10% glycerol (-20°C overnight); lane 9,
DNA in TE buffer + modified loading mix
(-20°C overnight), lane 10, standard markers
(1 Kb ladder); lane 11, Home-made ladder from
spleen cells

37°C, while the apoptotic bands start to disappeared
at room temperature and disappeared completely at
-20°C. Addition of glycerol to DNA kept the stability of
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Fig. 6: Induction of apoptosis in liver of different classes
of animal kingdom by postmortem. Lane 1, Zero
time liver cells of toad; lane 2, 18 h of postmortem;
lane 3, Zero time liver cells of lizard; lane 4, 18 h of
postmortem; lane 5, Zero time liver cells of pigeon;
lane 6, 18 h of postmortem, lane 7, Zero time liver
cells of rabbit, lane 8, 18 h of postmortem; lane 9,
standard markers (1 Kb ladder)

1 2 3 4 58 6 7 8 9

Fig. 7: Effect of storage on DNA of blood leukocytes.
Lanes -4, fresh human blood; lanes 5-8, blood
stored for one week at 4°C; lane 9, standard

markers (1 Kb ladder)

apoptotic bands at 37°C and at room temperature. Our
modified loading mix, kept on the stability of apoptotic
bands at 37°C room temperature and -20°C giving a good
profile of 200 bp DNA ladder.

Induction of apoptosis in different classes of animal
kingdom: Apoptosis was inducted in liver of amphibian
(toad), reptiles (lizard), birds (pigeon) and mammals
(rabbit) by postmortem. Apoptotic bands were sharp in
toad, pigeon and rabbit. The liver of rabbit gives a good
profile of 200 bp DNA ladder as shown in Fig. 6.

Effect of storage on DNA of blood leukocytes: Intact and
apoptotic DNA ladder were detected after storage of
blood at zero and one week at 4°C, respectively. Blood
storage gives a good pattern of 200 bp DNA ladder as
shown in Fig. 7.
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Fig. 8: Effect of SDS concentration on the total genomic
damage of DNA of human blood leucocytes, fresh
and stored (3 days at 4°C) samples. Lane 1, fresh
blood (0.5% SDS); lane 2, stored blood (0.5%
SDS); lane 3, fresh blood (1% SDS); lane 4, stored
blood (1% SDS), lane 5, fresh blood (2% SDS);
lane 6, stored blood (2% SDS); lane 7, fresh blood;
lane 8, stored blood (3% SDS); lane 9, fresh blood
(4% SDS); lane 10, stored blood (4% SDS); lane | 1,
standard markers (1 Kb ladder)

Effect of SDS concentration on total genomic damage of
DNA: Different concentrations of SDS 0.5, 1, 2,3 and 4%
in lysing buffer was applied for lysing leukocytes
separated from fresh and stored blood for 3 days at 4°C.,
In fresh blood no DNA damage was detected, on the
other hand, observable DNA damage and faint apoptotic
bands were detected in stored blood. The intensity of
RNA in fresh blood was more than in stored blood. The
size of nucleoprotein area was increased with increasing
the concentrations of SDS, while, the intensity of
apoptotic bands decreased with increasing the
concentrations of SDS. The best concentrations of SDS
for detecting total DNA damage in leukocytes was 0.5 and
1% as shown in Fig. 8.

Effect of SDS concentration on protein pattern of
human blood leukocytes: The gel with ditferent
concentrations of SDS was stained with commassi blue to
show the profile of protein at different concentrations as
shown in Fig. 9. The intensity of nucleoprotein increased
with increasing the dose of SDS while, the intensity of
protein in the area of DNA decreased with increasing of
the concentrations of SDS.

Effect of SDS concentrations on the intensity of the
apoptotic bands in human blood leukocytes: Different
concentrations of SDS 0.5, 1, 2, 3 and 4% were used in
lysing the human leukocytes of fresh and stored blood
for 3 days at 4°C. Apoptotic 200 bp DNA ladder was
produced from stored blood. The intensity of apoptotic
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Fig. 9: Effect of SDS concentration on protein pattern of
human blood leucocytes, fresh and stored (3 days
at 4°C) samples. Lane 1, fresh blood (0.5% SDS);
lane 2, stored blood (0.5% SDS); lane 3, fresh
blood (1% SDS); lane 4, stored blood (1% SDS);
lane 5, fresh blood (2% SDS); lane 6, stored blood
(2% SDS); lane 7, fresh blood; lane 8, stored blood
(3% SDS); lane 9, fresh blood (4% SDS); lane 10,
stored blood (4% SDS); lane 11, standard markers
(1 Kb ladder)

Fig. 10: Effect of SDS concentrations in lysing buffer on
the intensity of the apoptotic bands in human
leukocytes of fresh and stored (3 days at 4°C)
blood samples. Lane 1, fresh blood (0.5% SDS);
lane 2, stored blood (0.5% SDS); lane 3, fresh
blood (1% SDS); lane 4, stored blood (1% SDS);
lane 5, fresh blood (2% SDS); lane 6, stored blood
(2% SDS), lane 7, fresh blood; lane 8, stored
blood (3% SDS); lane 9, fresh blood (4% SDS);
lane 10, stored blood (4% SDS); lane 11, standard
markers (1 Kb ladder)

bands at concentrations of 0.5 and 1% of SDS were sharp
and more than that obtained by concentrations of 2, 3 and
4% of SDS as shown in Fig. 10.

DISCUSSION

The present study offer some modified molecular
techniques that could detect DNA  damage,
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electrophoretic pattern of nucleic acids and molecular
detection of apoptosis in human leukocytes culture and
in solid tissues. These modified techniques are very
simples, rapid, universal applicable, not required
expensive and environmental hazardous reagents and
equipment’s. In the present study, methotrexate (MTX)
induced apoptosis (programmed DNA fragmentation) in
liver, spleen and thymus gland. It has been suggested
that MTX binds to dihydrofolate reductase (DHFR) and
completely inhibits the activity of this enzyme. The
continuous inhibition of DHFR activity might cause an
imbalance in the deoxyribonucleotide triphosphate
(dNTP) pool due to the storage of thymidylate and purine
nucleotides and as a consequence lead to DNA lesions
(Li and Kaminskas, 1984). Previous studies reported that
methotrexate induced apoptosis in cultured bovine
pulmonary artery endothelial cells, in rat intestinal
epithelial cells, U937 cell line and hepatocytes of rat
(Merkle et ai., 2000; Xiao et al., 2002; Kobayashi et al.,
2002). For explaining the mechanism of apoptosis induced
by methotrexate, Kobayashi et al. (2002) suggested that
the inhibition of JNK-AP1, c-Jun N-terminal kinase-
activator protein 1, pathway and concurrent up-regulation
of 53 and p21 were involved in hepatocyte apoptosis.
Methotrexate induces gut mucosal apoptosis in vivo,
however, little is known about the molecular mechanism
involved. Methotrexate induced apoptosis and decreased
cell number in rat intestinal epithelial cells (RIE-1). DNA
fragmentation was preceded by the sequential activation
of caspase 9, 2 and 3, whereas, caspase 1 and 8 remained
inactive (Papaconstantinou et a/., 2001).

In the present study apoptosis was detected in liver
of rat after death. The level of DNA degradation or
apoptosis has a direct correlation with postmortem
intervals. The effect of postmortem intervals on DNA
damage or apoptosis were studied in different organs of
rat, spleenic tissue and dental pulp and hepatic tissue
(Kanetake et al., 1998; Johnson and Ferris, 2002;
Di Nunno et a/., 2002; Boy et al., 2003). The mechanism of
apoptosis that resulted from postmortem may be due
to autolysis and the internal nucleases activity
(Kanetake et al, 1998; Boy et af, 2003). DNA
fragmentation (apoptosis) @ sitw in  Flash-frozen
human postmortem midbrain has been reported by
Kingsbury et al. (1998). This process was influenced by
antemortem hypoxia and that apoptosis was seen in the
postmortem brain may parallel to those observed in
experimental ischemia in the animal brain.

The present study revealed apoptosis in blood stored
at 4°C for 1 week. As well, apoptosis was detected in
stored granulocytes, lymphocytes, whole blood and
peripheral blood mononuclear cells (Frabetti et al., 1998;
Fowke et al., 2000). Platelets possess some of the
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machinery required for apoptotic cell death in stored
blood. Li et al. (2000) reported that platelets display
biochemical sign of apoptosis after 5 days of storage
under standard blood barnking. Platelets contain many of
the components of the apoptotic mechanism and show
activation of caspase 3 and consequent cleavage of
gelsolin during blood storage.

In this study the addition of glycerol to immediately
prepared DNA keeps the stability of apoptotic bands at
room temperature. Hu and O’ Shaugnssy (2001) reported
that the additton of glycerol to polyacrylamide gel
electrophoresis improved the resolution of electrophoretic
bands of DNA. Ohnishi ez al. (2000) reported that glycerol
able to restores p53-dependent radiosensitivity of human
hand and neck cancer cells baring mutant p53. They
suggested that glycerol 1s effective in mducing
conformational changes of p53 and restoring normal
function to mutant p53. Nitroglycerin has cytoprotective
effects m 1schmia-reperfusion mduced lung injury
(Kawashima et al., 2000). It has been noted that addition
of glycerol to the gel containing tris-borate buffer
enhances the sensitivity of single-strand conformation
polymorphism analysis of PCR products. The effect of
glycerol 1s caused by the reduction of pH of the buffer
through the reaction of glycerel and borate ion
(Kukita et al., 1997).

Mitochondrial and lysosomal pathways are the main
ways induction of apoptosis. Recent studies
suggested that the lysosomal protease cathepsine D,

for

when released from lysosomes to cytosol, can initiate
apoptosis. For example, Boya et al. (2003) reported that
lysosomal membrane permeabilization (LMP) induces
cell death in a mitochondrion-dependent fashion.
Ciprofloxacin (CPX) and norfloxacin (NFX) are quinolone
antibiotics, they induce LMP as detected by the release of
cathepsins from lysosomes. LMP triggers mitochondrial
membrane permeabilization (MMP) as detected by the
release of cytochrome C (Bova et al., 2003). In another
study, Milosevic et al. (2003) reported that apoptosis
induced by DNA-damaging agents or radiation mainly
proceeds through death receptor-independent caspase
activation. The release of mitochondrial apoptotic
proteins, such as cytochrome ¢, mnto the cytoplasm leads
to activation of caspase-9 which 13 a key event in
apoptosis process. Boya et al. (2003) reported that
hydroxychloroquine (HCQ) is a lysosomotropic amine
with cytotoxic properties. This compound mduces signs
of lysosomal membrane permeabilization (LMP), such as
the decrease in the lysosomal pH gradient and the release
of cathepsin B from the lysosomal lumen, followed
by signs of apoptosis including caspase activation,
phosphatidylserine exposure and chromatin condensation
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with DNA loss. A caspase-activated DNase (CAD) has
been reported by Enari et al. (1998). CAD is a 40 kDa that
induces internucleosomal DNA cleavage 1n 1solated nucler
in the presence of Mg”. AN34, a nuclease enzyme
induced DNA breaks terminate with 3-OH consistent
with characteristic products of apoptotic chromatin
fragmentation. Interestingly, the action of AN34 as a
nuclease enzyme 1s controlled by caspase that 1s
responsible for the induction of apoptosis (Yoshida et al.,
1998). In additional, Kagedal et al. (2001) reported that
sphingosine which 1s a detergent induced lysosomal
rupture and apoptosis at moderate concentrations in
Twkat and j774 cells. High concentrations of sphingosine
rapidly caused extensive lysosomal rupture and ensuing
necrosis  without antecedent apoptosis or caspase
activation. They conclude that lysosomal cathepsin D and
one or more cysteine proteases, such as cathepsines B
or L, are important mediators of sphingosine-induced
apoptosis, working upstream of the caspase cascade

and  mitochondrial — membrane-potential  changes

(Kagedal et al., 2001).

For explaining the apoptosis in tissues at postmorem
intervals, accumulating information now suggests that
lysosomal cathepsins are pivotally mvolved m apoptosis
process. The role of lysosomes and lysosomal enzymes in
initiation and execution of the apoptotic program has
become clear in several models, to the point that the
existence of a lysosomal pathway of apoptosis 13 now
generally accepted. This pathway of apoptosis can be
activated by death receptors, lipid mediators,
photodamage. Lysosomal proteases can be released from
the lysosomes into the cytosol, where they contribute to
the apoptotic cascade upstream of mitochondria
(Guicciardi et al., 2004).

In conclusion, the present research offered simple
modified techmques that detect DNA  damage,
electrophoretic pattern of RNA and molecular apoptosis
in both cell cultures and solid tissue. All of the conditions
required for optimization of the techmique have been
studied. Also, the modified techmque used successfully
in many molecular biology applications including
explanation of the postulated mechanism of apoptosis
process in tissues at postmortem intervals and production
of home-made DNA ladder with sufficient amount through
induction of apoptosis by chemically or naturally
methods.
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