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ARTICLE INFO                                       ABSTRACT 
 
 
 

P-phenylenediamine (PPD) is a monocyclic arylamine frequently used as a component in 
permanent hair dyes, inks and certain tattoos. It has been reported that a number of hair dye 
constituents including monocyclic PPD have genotoxic properties in experimental systems. In 
this study, the molecular mechanism of PPD, a suspected carcinogen, induced cell death in 
murine myeloma cells P3X63Ag8.653 (P3) was investigated. Apoptosis was evaluated by DAPI 
staining and DNA gel electrophoresis. The activity of caspase-8, -3 and -9 was assessed by 
spectrophotometry using colorimetric tests. Glutathione (GSH) was used in this study as 
antioxidant. Results have demonstrated that PPD decreased cell viability in a dose- and a time-
dependent manner. In addition, cell death via apoptosis was confirmed by chromatin 
condensation and enhanced DNA fragmentation. Furthermore, caspase-8, -9 and -3 activities in 
PPD treated cells were higher than those of untreated cells. Moreover, pre-treatment of P3 cells 
with glutathione GSH as antioxidant inhibited PPD induced cytotoxicity and DNA damage and 
decreased the activity of caspases. Based on these results, we suggested that PPD induced 
apoptosis in murine myeloma P3 cells was mediated by caspase-8, -9 and caspase-3 activation 
and with the involvement of reactive oxygen species (ROS). 
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INTRODUCTION 
 
Arylamines include chemicals that are widely used in the 
pharmaceutical, photographic or cosmetic industries and 
represent a large chemical family with a wide spectrum of 
toxicological properties (Garrigue et al., 2006). As an 
arylamine, p-phenylenediamine (PPD) is the most widely used 
primary intermediate in hair dye formulations (Corbett and 
Menkart, 1973) and as an intermediate in the manufacture of 
azo dyes and antioxidants (Hansen et al., 1993). Some 
epidemiologic studies have suggested that the use of PPD 
based hair dyes might be related to the increased risk of 
various human malignancies including bladder cancer, non-
Hodgkin’s lymphoma and hematopoietic cancers (Gago-
Dominguez et al., 2001; Rauscher et al., 2004; Thun et al., 
1994). However, the carcinogenic risk associated with 
personal use of hair dyes remains uncertain since several 
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studies did not find an association between hair dye use and 
cancer development (NTP, 1978; NTP, 1979; Sontag, 1981).  
On the other hand, in vitro studies have reported that PPD is 
cytotoxic and may induce apoptosis (Coulter et al., 2007; 
Huang et al., 2007). Furthermore, Chen et al. (2006) have 
suggested that PPD could induce apoptosis in Mardin-Darby 
canine kidney (MDCK) cells via the p53 pathway. In addition, 
PPD was found to increase expression of p53 and 
cyclooxgenase 2 in SV-40 immortalized human uroepithelial 
cells (Huang et al. 2007). Moreover, our team has previously 
reported that PPD induced apoptosis in P3X63Ag8.653 cells 
(P3) through reactive oxygen species (ROS) production 
(Elyoussoufi et al., 2012). It is known that ROS can lead to 
protein, lipid, and DNA oxidation and to cell death (Apel and 
Hirt, 2004; Mittler et al., 2004).  Multiple signals of cell death 
can be triggered based on various inducers. It has been 
reported that cytotoxic stress either from DNA damage or 
mitochondrial impairment leads to apoptosis via the intrinsic 
pathway which involves the release of proapoptotic proteins 
from the inner membrane of mitochondria to the cytosol 
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leading to activation of caspase-9 (Chan et al., 2006; Riedl and 
Salvesen, 2007; Kang and Reynolds, 2009). The involvement 
of caspases in PPD induced apoptosis has been recently 
proposed (Chen et al., 2010; Bai et al., 2012). However, the 
role of these proteases as mediators of PPD induced apoptosis 
has not been completely investigated. We have previously 
reported that PPD could induce P3 cells apoptosis, but so far 
little is known about the intracellular signaling pathways 
involved in regulating PPD apoptosis in these cells. The 
present study was therefore undertaken to investigate the role 
of caspases in PPD induced apoptosis of P3 cells. Collective 
studies have established the importance of glutathione (GSH) 
redox in cell apoptosis in a variety of cell types (Okouchi et 
al., 2005; Circu et al., 2008). The implication of ROS in the 
PPD induced apoptosis was further determined in this study 
using GSH as antioxidant. 
 

MATERIALS AND METHODS 
 
Materials 
 
PPD (1,4-diaminobenzene; purity ≥ 99%), glutathione (GSH, 
purity >99%), RPMI 1640 medium, fetal bovine serum (FBS) 
and 4,6-diamidino-2-phenylindole (DAPI) were purchased 
from Sigma-Aldrich (USA). 
 
Cell culture 
 
The murine myeloma cell line P3X63Ag8.653 (P3; European 
collection of cell cultures, grande bretagne) was cultured in 
RPMI 1640 medium supplemented with 10% FBS, 100 UI/ml 
penicillin and 100 μg/ml streptomycin in 75-cm2 culture 
flasks. Cells were maintained under standard culture 
conditions at a temperature of 37°C and an atmosphere of 5% 
CO2. Subculture was routinely performed three times a week. 
 
Cell viability 
 
Cell viability was assessed by the trypan blue exclusion assay.  
 
Detection of apoptosis by DAPI staining 
 
P3 cells were cultured in 24-well plates at a density of 
5x105cells/well for 24h. At this time, 10mM PPD was freshly 
dissolved in RPMI 1640 medium and added to cells. The final 
concentrations for PPD were 23 and 46µM. Cells were then 
incubated for 48h. Each condition was run in three replicates 
in a three independent manner. Cells treated with 25μM of 
dexamethasone (Dex) were used as positive control of 
apoptosis estimation. To identify apoptotic nuclei, DAPI (4,6-
diamidino-2-phenylindole dihydrochloride) staining was 
performed (Streiblova, 1988). 2x105 Cells were collected, 
washed with PBS, fixed and permeabilized with 70% (v/v) 
ethanol for 15 min. The cells were then stained with DAPI 
solution (0.01mg/ml), washed with PBS and examined by 
fluorescence microscopy (Axio Scope A1). 
 
DNA fragmentation assay  
 
DNA was extracted using phenol-chloroform method 
(Sambrook et al., 1989). Briefly, 1x106 cells were collected, 
washed with PBS and lysed in 100 µl of lysis buffer (20 mM 
Tris-HCl pH 8, 5 mM EDTA pH 8, 200 mM NaCl, 1% sodium 

dodecyl sulfate (SDS) and 2 mg/ ml proteinase K). The 
mixture was incubated for 3h at 55°C. Then, DNA was 
extracted with equal volume of phenol-chloroform-
isoamylalcohool (25/24/1), precipitated with absolute ethanol 
and suspended in Tris-EDTA buffer. The samples (0.25 µg of 
DNA) were analyzed by gel electrophoresis (2 % agarose). 
 
Measurement of caspase-8, -9 and -3 activities  
 
P3 cells were cultured in 25-cm2 culture flasks (3.105cells/ml) 
for 24h. The cells were pretreated with or without 1mM GSH 
for 5min and then were incubated with 23 or 46µM PPD for 
12, 24 and 48h. Cells treated with 25μM of Dex were used as 
control. 3x106 cells were collected, washed with PBS, 
centrifuged at 1000×g for 5min and the pellets were frozen at -
20 °C. Activities of caspase-8, -9 and -3 were measured using 
colorimetric assays (ApoTargetTM, Invitrogen, France). 
Briefly, the sample pellets were resuspended in 50 µl of lysis 
buffer, incubated at 4°C for 10 min and centrifuged at 
10000xg for 1min. 50 μl of the supernatant were removed and 
placed in a 96-well microplate containing 50 μl 2X reaction 
buffer and 10mM DTT. Then 5 μl of IETD-pNA, LEHD-pNA 
or DEVD-pNA (for caspase-8, -9 or -3 assays, respectively) 
were added and the microplate was incubated in the dark at 
37◦C for 2h. The absorbance was measured at 405 nm using an 
Automated Microplate Reader Biochrom Anthos 2020. Results 
were expressed as the quantity of colored pNA (µmol 
pNA/min/ml). 
 
Statistical analysis 
 
All experiments were performed at least three times. Values 
are expressed as means ± SEM. Statistical analyses were 
carried out using the Student’s t-test. Statistical significance 
was accepted at the level of p<0.05. 
 

RESULTS 
 

Inhibitory effect of PPD on the growth of P3 cells  
 
P3 cells were cultured with two concentrations of PPD (23 or 
46µM) for 12, 24 and 48h. Cells treated with 25μM of Dex 
were used as control. Cell viability was assessed by trypan 
blue dye exclusion method. Results revealed that PPD induced 
a decrease in the viability of cells in a dose- and time-
dependent manner (Figure 1). The dose of 23µM reduced cell 
viability to 72%±2, 67%±2 and 56%±4 (p≤0.002) respectively 
at 12h, 24h and 48h, while at the same times, 46µM reduced 
cell viability to 67%±3, 54%±4 and 31%±3 (p<0.003)  (Figure 
1). In comparison, 25µM Dex reduced cell number to 87%±2, 
78%±2 and 61%±2 (p≤0.02). In addition, pre-treatment with 
1mM GSH significantly inhibited the toxic effect of PPD on 
P3 cells viability (p<0.05) (Figure1). 
 

PPD altered P3 cells morphology 
 
Apoptosis was detected by the DAPI staining method after 48h 
of continuous exposure to 23 or 46 µM of PPD followed by 
fluorescence microscopy. As shown in figure 2, PPD induced 
apoptosis in a concentration-dependent manner. 
Approximately 50%±4% of PPD treated cells showed brightly 
stained condensed nuclei indicating chromatin fragmentation 
similar to that seen when apoptosis is induced by 25µM of 
Dex (Figure 2).  
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Fig. 1. Effect of PPD on the viability of P3 cells 
 
Cells were pre-incubated with 1mM GSH 5 min before treatment 
with 23µM or 46µM of PPD for 12, 24 and 48h. Cells treated with 
25µM Dex were used as control. Results are shown as mean ± SEM 
from three independent experiments. *p≤0.01. **p≤0.001. 

 

 
 

Fig. 2. DAPI staining of P3 cells 
 
Cells were cultured with or without 23 or 46µM PPD for 48h and the 
whole cells were collected and stained by DAPI and viewed under the 
fluorescence microscope. Cells treated with 25µM Dex were used as 
control. 

 
PPD induced DNA fragmentation  
 
The effect on DNA fragmentation was visualized qualitatively 
on agarose gel. DNA from cells treated or not with 23 or 
46µM of PPD or 25µM Dex for 48h was extracted and 
subjected to agarose gel electrophoresis. PPD induced DNA 
fragmentation was evidenced by DNA laddering (Figure 3). 

The intensity of the laddering increased dose-dependently by 
PPD (Figure 3, lanes 2 and 4) compared to untreated cells 
(Figure 3, lanes 1). Also, Dex used as a positive control causes 
DNA fragmentation in a stepladder manner similar to that 
induced by 23µM PPD (Figure 3, lane 6). Furthermore, pre-
treatment with 1mM GSH slightly decreased DNA 
fragmentation (Figure 3, lanes 3 and 5).  
 

 
 

Fig. 3. Effect of PPD in DNA fragmentation in P3 cells 
 
Cells were cultured for 48h: lane 1: in medium alone, lane 2: in 23µM 
PPD, lane 3: in 1mM GSH and 23µM PPD, lane 4: in 46µM PPD, 
lane 5: in 1mM GSH and 46µM PPD and lane 6: in 25µM Dex. The 
molecular size markers are indicated on the left, lane M. 
 
PPD increased activities of caspase-8 and-9 in P3 cells 
 
A common feature of cells undergoing apoptosis is activation 
of caspases. To determine the apoptotic pathway induced by 
PPD, caspase-8 and -9 activities were examined in untreated 
and PPD treated P3 cells. Results showed that PPD induced an 
increase in the activities of the two caspases in a dose and time 
dependent manner (Figures 4 and 5).  
 

 
 

Fig. 4. Caspase-8 activity in P3 cells 
 
Cells were pre-treated with 1mM GSH for 5min followed by 
treatment with 23µM or 46µM PPD for 12, 24 and 48h. Cells treated 
with 25µM Dex were used as control. Results are shown as mean ± 
SEM from three independent experiments.*p≤0.01. **p≤0.001. 
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As shown in figure 4, compared to untreated cells, a dose of 
23µM PPD increased the caspase-8 activity by 7.9, 6.8 and 
3.2% (p≤0.01) respectively at 12, 24 and 48 h, while a dose of 
46µM increased this activity by 9.8 and 10% (p≤0.04) 
respectively at 12 and 24h (Figure 4). However, at 48h, 46µM 
of PPD seems to reduce the activity of caspase-8 by 2% 
(p=0.005) (Figure 4). Furthermore, Dex used as a control of 
apoptosis induction, enhanced this activity by 9.1, 5.1 and 
3.9% (p≤0.04) respectively at 12, 24 and 48h (Figure 4). In 
addition, pre-treatment with 1mM GSH reduced the effect of 
PPD on caspase-8 activity by 4.6 and 7.9% (p≤0.04) at 12h, 
respectively in 23µM and 46µM treated cells (Figure 4). This 
effect was important at 24h where the caspase-8 activity 
decreased by 6.3 and 10.1% (p<0.04) respectively in 23µM 
and 46µM treated cells (Figure 4). No significant changes 
were observed at 48h. Caspase-9 activity was significantly 
increased when P3 cells were exposed to 23μM or 46μM of 
PPD for 12 and 24h (Figure 5) (p<0.05). The highest activity 
of caspase-9 was noted when cells were treated with 46µM of 
PPD for 24h (0.141 µmol pNA/min/ml) compared to untreated 
cells (0.109 µmol pNA/min/ml) (p=0.04) (Figure 5). At 48h, 
23μM of PPD did not affect the caspase-9 activity while 46µM 
increased this activity by 7.2% (p=0.005) (Figure 5). In 
comparison, the caspase-9 activity was significantly increased 
in Dex treated cells only after 24h of treatment (0.126 µmol 
pNA/min/ml) (p=0.03) (Figure 5). Furthermore, pre-treatment 
with 1mM GSH significantly reduced the effect of PPD on 
caspase-9 activity by 7% at 12 and 24h (p≤0.03) (Figure 5). 
No significant changes were noted at 48h.  
 

 
 

Fig. 5. Caspase-9 activity in P3 cells 
 
Cells were pre-treated with 1mM GSH for 5min followed by 
treatment with 23µM or 46µM PPD for 12, 24 and 48h. Cells treated 
with 25µM Dex were used as control. Results are shown as mean ± 
SEM from three independent experiments. *p≤0.03. 

 
PPD stimulated caspase-3 activity in P3 cells 
 
To further gain insight into the mechanism of PPD-induced 
apoptosis of P3 cells, we also examined the possible 
involvement of caspase-3 activation. Our results showed that 
caspase-3 activity slightly increased after 12h and significantly 
increased after 24 and 48h of treatment with PPD (p<0.05) 
(Figure 6). The highest activity was observed after 48h, it was 
0.150, 0.155 and 0.147 µmol pNA/min/ml (p≤0.01) 

respectively in 23µM and 46µM PPD treated cells and Dex 
treated cells compared to untreated cells 0.111 µmol 
pNA/min/ml (Figure 6). Pre-treating cells with 1mM GSH 
significantly reduced the effect of PPD on caspase-3 activity 
only after 24h (p<0.05) (Figure 6). 
  

 
 

Fig. 6. Caspase-3 activity in P3 cells 
 
Cells were pre-treated with 1mM GSH for 5min followed by 
treatment with 23µM or 46µM PPD for 12, 24 and 48h. Cells treated 
with 25µM Dex were used as control. Results are shown as mean ± 
SEM from three independent experiments. *p≤0.01. **p≤0.001. 

 

DISCUSSION 
 
PPD is present in more than 1000 hair dye formulations 
marketed all over the world (Stanley et al., 2005). It was 
reported that a number of hair dye constituents have 
carcinogenic properties in experimental system (Van Duuren, 
1980). In fact, carcinogens usually cause genomic damage to 
expose cells which may either undergo proliferation with 
genomic damage or apoptosis (Steller, 1995; Thompson, 
1995). In our previous work we have found that PPD, a 
suspected carcinogen (Sontag, 1981), induced apoptosis in P3 
cells in a dose- and time -dependent manner (Elyoussoufi et 
al., 2012). For a better understanding of the molecular 
mechanism of this apoptosis we investigated in this paper the 
role of the caspase cascade in the signaling pathways of PPD-
induced P3 cells apoptosis.  In this study, the data indicated 
that PPD decreases cell viability of P3 cells in a dose- and 
time -dependent manner, which confirm our previous results 
(Elyoussoufi et al., 2012) and correlate with results found by 
Chen et al. 2010 in MDCK cells and Coulter et al. 2007 in 
human dendritic cells. In order to investigate the mechanism 
of this cytotoxicity, we next used two complementary 
approaches, DAPI staining and DNA fragmentation assay. We 
have found that PPD induced a chromatin condensation and 
DNA fragmentation in a dose-and time-dependent manner. 
Similarly, Huang et al. (2007) showed that PPD was able to 
induce DNA fragmentation dose dependently. It is known that 
DNA fragmentation is a biological hallmark of apoptosis 
(Schwartzman and Cidlowski, 1993). This may point to the 
possibility of apoptosis induction by PPD. In addition, 
previous studies have reported that PPD induced apoptosis in 
lymphocytes, MDCK cells and neutrophils (Chye et al., 2008; 
Chen et al., 2010; Elyoussoufi et al., 2013). Cell 
transformations associated with apoptosis result from the 
biochemical action of an execution program, whose main 
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characteristic is activation of caspases (Wyllie, 2010). This is 
associated with proteolysis of key cellular components like 
poly (ADP-ribose) polymerase (Lazebnik et al., 1994). Thus, 
detection of caspases activities may serve as a marker for PPD 
induced apoptosis in P3 cells. In the present study we have 
found that PPD increased the caspase-8 and -9 activities in a 
dose- and time -dependent manner. Previous report has shown 
similar results in MDCK cells (Chen et al., 2010). These data 
may suggest that PPD induced apoptosis through extrinsic 
(caspase-8) and intrinsic (caspase-9) pathways. It is known 
that in mammals, mitochondria function as central checkpoints 
for many forms of apoptosis. The mitochondria pathway is 
thought to be the principal target of the survival signaling 
system (Evan and Vousden, 2001; Rego and Oliveira, 2003; 
Dlamini et al., 2004). Furthermore, our results showed also 
that PPD activate the caspase-3 dose and time dependently. 
Chen et al. 2010 have found an induction of the caspase 3/7  
activity in MDCK cells after PPD treatment. Moreover, Bai et 
al. 2012 have found that PPD induced an increase in mRNA 
levels of caspase-3 in human HK-2 proximal tubular epithelial 
cells. Next, we were interested by investigating the role of 
GSH in the control of PPD-induced apoptosis in P3 cells. This 
objective has been guided by our previous work indicating that 
ROS are involved in PPD-induced apoptosis (Elyoussoufi et 
al., 2012). In fact, GSH has a ubiquitous distribution within 
most tissue and plays a major role in protecting cells from 
oxidative stress, mostly by scavenging intracellular ROS 
(Reed, 1990). It was interesting to note that pretreatment of P3 
cells with 1mM GSH reduced PPD cytotoxicity. This finding 
confirms our last results about the protective effect of GSH 
against ROS production (Elyoussoufi et al., 2012).  
 
It is known that ROS play a crucial role in cell growth and 
apoptosis. An appropriate level of intracellular ROS promotes 
cellular proliferation (Liou and Storz, 2010), whereas 
excessive production of ROS leads to oxidative stress, loss of 
cell function, and ultimately apoptosis (Circu and Aw, 2010; 
Liou and Storz, 2010). Moreover, depletion of GSH has been 
associated with the initiation of apoptosis (Lash et al., 2002; 
Laube et al., 2006), probably because the lowering of GSH 
increases ROS production. In fact, several studies have 
suggested that PPD induced apoptosis could be mediated by 
ROS production (Mathur et al., 2005; Chen et al., 2006; Chye 
et al., 2012; Elyoussoufi et al., 2012). ROS has been shown to 
cause DNA damage through strand breaks and base 
modification (Liu et al., 2001). The involvement of ROS in 
DNA damage was visualized here qualitatively on agarose gel. 
Using GSH, we have found that this antioxidant reduced DNA 
damage. Moreover, recent results showed that the use of 
vitamins E and C inhibited the ROS generation and DNA 
damage in MDCK cells after treatment with PPD (Chen et al., 
2010). It is becoming increasingly apparent that caspases are 
redox-sensitive enzymes. They possess an active site cysteine, 
which is predicted to be susceptible to oxidation (Fadeel et al., 
1998). Thus, evaluating the role of ROS in the regulation of 
these cysteine proteases in P3 cells was important. In this 
work, we have noted that pre-treatment with GSH reduced the 
caspase-8, -9 and -3 activities in PPD treated cells. Nobel et al. 
1997 have demonstrated that dithiocarbamate disulfides 
inhibited caspase-1 and caspase-3 activities and that the 
inhibitory effect was accomplished most likely through thiol-
disulfide exchange. In addition, it has been proposed that thiol 
antioxidants could inhibit apoptosis in T-lymphocytes by 

altering the redox status of thiol enzymes, such as the 
caspases, in the pathway leading to apoptosis (Fadeel et al., 
1998). Questions remain as to how caspases are activated by 
PPD in P3 cells to lead into apoptosis. This raises the 
possibility of ROS involvement in this activation. It was 
shown that ROS production leads to disruption of 
mitochondrial membrane potential (ΔΨm) and releases pro-
apoptotic molecules from mitochondria into the cytosol 
(Garrido et al., 2006). Chen et al. 2006 have shown that the 
decrease of ΔΨm played an important role in PPD induced 
apoptosis in MDCK cells. According to the literature data, the 
release of pro-apoptotic molecules such as cytochrome c may 
activate caspase-9, which, in turn, triggers the effector 
caspase-3 (Garrido et al., 2006).  
 
In fact, activated caspase-3 orchestrate DNA fragmentation 
(Enari et al., 1998), nuclear condensation (Sahara et al., 1999), 
and membrane blebbing (Coleman et al., 2001; Sebbagh et al., 
2001) through cleavage of specific substrates. These data may 
explain the caspases activation observed here. However 
further studies must be done to confirm it. Another point to be 
discussed and demonstrated is the involvement of other 
molecular effectors, like p53, in PPD induced P3 cells 
apoptosis. It is known that p53 is stimulated by cellular 
stresses such as DNA damage and hypoxia (Ohiro et al., 
2002). Furthermore, Chen et al. 2006 have demonstrated that 
the p53 protein level was elevated after treatment with PPD. 
Moreover, the process of p53-dependent apoptosis requires 
mitochondria-dependent apoptotic machinery, including 
caspase-9, as well as the release of cytochrome c from the 
mitochondria (Soengas et al., 1999), and is therefore a 
caspase-dependent mechanism (Ohiro et al., 2002). In 
conclusion, our results have provided experimental evidence 
supporting that PPD can induce apoptosis in P3 cells. We have 
found that PPD can initiate two major pro-apoptotic signaling 
pathways involving either the mediation of death receptors 
leading to the activation of initiator caspase-8 and the 
activation of initiator caspase-9 via the intrinsic or 
mitochondria pathways following the activation of caspase-3 
leading to apoptosis. Furthermore, the increase of ROS levels 
may be the key mediator in PPD induced apoptosis in P3 cells. 
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