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Abstract

histopathological examinations using H-E stain.

compared to the control group.

potential toxicity of the hair dyes.

Background: Hair dye is commonly used in the Kingdom of Saudi Arabia (KSA). Poisoning occurs when someone
swallows dye or tint used to color hair and is considered one of the most significant causes of intentional self-harm.
Commercial hair dye may contain varying amounts of paraphenylenediamine and even undeclared chemical
ingredients. Therefore, the aim of this study was to evaluate the organ toxicity of commercial hair dye in rats.

Acute toxicity study: The commercial hair dye X was orally administered to the rats at a dose of 50 mg/kg and
was observed for 24 h for mortality or behavioral changes.

Sub-chronic toxicity: The commercial hair dye X was administered to rats orally for 8 days in doses of 2.5 and
5 mg/kg, then the heart, liver, kidney, and testis were dissected out of the animals and kept in formalin for

Results: In this study, the commercial hair dye X at the dose of 50 mg/kg single dose has not shown any mortality in
rats. On the other hand, the commercial hair dye X administered to rats orally for 8 days at doses of 2.5 and 5 mg/kg
caused toxicological effects manifested by some histopathological changes in the heart, liver, kidney, and testis in rats

Conclusion: The current study showed that the commercial hair dye X at doses of 2.5 and 5 mg/kg produced toxic
effects on the heart, liver, kidney, and testis in rats. Therefore, it is important to raise the public awareness about the
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Background
The art of hair dyeing was known as early as 5000 years BC
among the Egyptians. Historically, hair has functioned as a
social indicator of attractiveness, femininity, masculinity,
health, and beauty (Saitta et al, 2013; Zaid, Al-ramahi,
Abu ghoush, Jaradat, & Musmar, 2013).

In a cross-sectional survey conducted in Saudi Arabia
about hair dye, among respondents, 82.6% (464/562) had
at some point dyed their hair. Furthermore, 69.3% (334/
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482) had dyed their hair in the past 12 months and 76.
8% (354/461) of the participants used permanent dyes
(Alghamdi & Moussa, 2012).

Poisoning with hair dye containing paraphenylenedia-
mine is a new trend of intentional self-harm in various
developing countries, and consumption of hair dye as a
deliberate means of self-harm has been reported from
different regions in India, Asia, and Africa, among adult
patients and Sudanese children (Chandran, Manners,
Agarwal, & Ebenezer, 2012; Sakuntala et al., 2015;
Senthilkumaran & Thirumalaikolundusubramania, 2015).

The major ingredient in most hair dyes is paraphenyle-
nediamine (PPD) in concentration ranging from 2 to 10%
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(Senthilkumaran & Thirumalaikolundusubramania, 2015).
The effects of PPD when ingested are serious and may
cause cervicofacial edema, mucosal injury, respiratory
distress, acute renal failure, rhabdomyolysis, and myocar-
dial injury, cardiotoxicity and arrhythmias as well as atro-
phy of the optic nerve resulting in blindness in a patient
who ingested an estimated amount of 7 g paraphenylene-
diamine and cause death (Bhargava & Matthew, 2007;
Chandran et al., 2012; Kondle, Pathapati, Saginela, Malli-
boina, & Makineedi, 2012; Nohyneka, Fautzb, Benech-
Kiefferc, & Toutaina, 2004; Sanchez, Handyal, Kannan,
Siddalingeshwara, Alvarez-Uria, Gavalda, & Cobella, 2016;
Senthilkumaran & Thirumalaikolundusubramania, 2015).
It is reported that some commercial hair dyes contain a
potent nephrotoxic cocktail containing PPD, propylene
glycol, and resorcinol and histological changes of acute
tubular necrosis have been described in PPD poisoning
(Prabhakar & Kamalakar, 2012). The characteristic choc-
olate brown color of urine could be confirmative evidence
of hair dye poisoning in an individual with the poisoning
of PPD. This later is thought to have abortive effect in
rural Africa (Zaid, Al-ramahi, Abu ghoush, Jaradat, &
Musmar, 2013). There is no antidote for PPD poisoning
(Prabhakar & Kamalakar, 2012; Sakuntala et al., 2015). If
the poisoning is not recognized early, it has a very high in-
cidence of mortality (Garg, Tiwari, & Ahlawat, 2014). The
edema of the face, neck, and laryngeal region could be
severe enough to cause respiratory distress and hypoxia,
and necessitate an early and emergency intubation or
tracheostomy which is lifesaving in such patients (Chan-
dran et al., 2012).

As poisoning due to PPD has a high mortality inci-
dence, therefore, early recognition can be lifesaving. As
there is no specific antidote, the management of poison-
ing includes gastric lavage, antihistamines, parenteral
steroids, and alkalinization of the urine. Respiratory dis-
tress is the major early challenge, which may require
ventilator support (Kondle et al., 2012). Renal support in
the form of dialysis is required in acute renal failure
(Kondle et al., 2012). Limited data were available on the
head to head comparison of hydrocortisone and methyl
prednisolone in hair dye poisoning (Kondle et al., 2012).

The concentration of PPD in hair dye formulation var-
ies from 70 to 90% in stone hair dye and 2-10% in
branded dyes (Kondle et al., 2012), which are used for
giving black color to hair. Exact concentrations of PPD
in different formulations are not known because most
hair dye formulations are proprietary. PPD is rapidly
absorbed into the blood through mucous membranes of
the digestive tract after its oral intake (Senthilkumaran
& Thirumalaikolundusubramania, 2015).

The results of acute dermal toxicity studies suggest that
hair dye ingredients are non-toxic via the topical route
(Nohyneka et al., 2004). With the exception of allergy or
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rare cases of irritation due to the presence of alkaline ad-
ditives, hair dye products have an adequate local tolerance
under standard conditions of use (Nohyneka et al., 2004).
In susceptible individuals, PPD usually can cause contact
dermatitis (Punjan, 2014). However, the major systemic
problem occurs when it is ingested accidentally, for pur-
poses of suicidal intent or during attempted murder. If
ingested, PPD can cause angioedema of the neck and face,
acute renal failure, and rhabdomyolyses (Punjan, 2014).

Hair dye X (the brand hair dye selected for the current
study): X hair dye is a commercial hair dye brand com-
monly used in KSA and will be used for the current study.
According to the components of hair dye X, it contains a
lot of chemicals that may have serious side effects. The
listed ingredients in the hair dye X brochure—in order—
are P-phenylenediamine sulfate, sodium perborate, cellu-
lose gum, m-aminophenol, sodium carbonate, disodium
lauryl sulfosuccinate, magnesium stearate, p-aminophenol,
fragrance (perfume), and algin, sapindus mukurossi
peel extract.

Rationale of the study

Hair dye is commonly used and poisoning occurs when
someone swallows dye or tint used to color hair and is
considered one of the most significant causes of
intentional self-harm; hair dye poisoning also can occur
unintentionally like while preparing the dye or it can be
absorbed to the blood through the skin. Since the com-
mercial hair dye may contain varying amounts of paraphe-
nylenediamine and even undeclared chemical ingredients;
therefore, the aim of this study was to evaluate the toxicity
of commercial hair dye used in Saudi Arabia in rats.

Methods

Hair dye

The most widely used commercial brands of hair dye in
Saudi Arabia (KSA) were determined and one is selected
and purchased from the local market and given the
name X for the current study.

Animals

Male Wistar rats weighing 150-200 g were used in this
study. The animals were kept and maintained under
laboratory conditions in Northern Border University,
Kingdom of Saudi Arabia, and were allowed free access
to food (standard pellet diet) and water ad libitum. The
animals were divided into three groups of five animals
per each.

Methods

Acute toxicity study

Acute toxicity study for the commercial hair dye X was
done according to the OECD guidelines no: 423 (2001).
The commercial hair dye X was orally administered to
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the rats (n=3) at dose of 50 mg/kg and observed for
24 h for mortalities or behavioral changes.

Sub-chronic toxicity
The animals were divided into three experimental
groups (five rats for each group) as follows:

1. Group I: normal control received distilled water orally
2. Group II: received 2.5 mg/kg hair dye orally
3. Group IIL received 5 mg/kg hair dye orally

The animals administered with the respective treatment
for 8 days and then the heart, liver, kidney, and testis were
dissected and fixed in formalin for histopathological ex-
aminations using H-E stain (Al-Shaikh, 2016).

Results

Acute toxicity

As shown in Table 1, the commercial hair dye X at the
dose of 50 mg/kg administered orally has not shown any
significant toxic effects in rats.

Sub-chronic toxicity

Heart

Sections from the rat cardiac muscle (left ventricle) indi-
cates the normal control group (G1l: Co) with normal
cardiac muscle fibers having oval central nuclei and thin
wall intervening capillaries (H-E, x200); While the
group received the low dose (G2: LD) showing focal
atrophy with mononuclear inflammatory cells and nu-
merous dilated and congested vessels (H-E, x 200) and
the group received the high-dose (G3: HD) dye showed
marked disorganization and damage of cardiac fibers
with focal regions of severe necrosis and cardiac fiber
loss (H-E, x 200) Fig. 1.

Liver

Central vein region Sections in the rat liver at central
vein region (CV) show the control group (G1: CO) with
normal hepatocyte cell cords and thin intervening sinu-
soids (H-E, x 200). While the low-dose group (G2: LD)
showing mild granularity of hepatocytes and nuclei with
dark stained dense chromatin, sinusoidal congestion,

Page 3 of 10

and focal hemorrhage. Central vein (CV) showed endo-
thelial lining damage (H-E, x 200), and the group admin-
istered with the high-dose dye (G3: HD) showed marked
central vein (CV) congestion and vacuolar degeneration
of nearby hepatocytes. Others on the right are dark
stained shrunken and degenerated (H-E, x 200) Fig. 2.

Liver (portal) As shown in the sections from the rat
liver at portal regions, the group received low-dose dye
(G2: LD) showing hepatocytes with dark small degener-
ated nuclei, congested portal vein (PV), and bile duct
(BD) surrounded by inflammatory cells (H-E, x 200),
while the group administered with the high-dose dye
(G3: HD) showed congested portal veins (PV) and
marked hydropic degeneration of hepatocytes where
cells are swollen with unstained cytoplasm and small
dark nuclei compressing sinusoids (hardly identified) (H-
E, x 200) Fig. 3.

Kidney

Sections from the rat kidney show the renal tubules of
the following: G1: Co (control) group, proximal tubules
showed intact pyramidal cells surrounded narrow lumen.
The cytoplasm is highly acidophilic, and nuclei are
rounded and vesicular (active) (H-E, x 400). G2-a: LD
dye (low dose) showing slight changes in proximal tu-
bules in the form of increase cytoplasmic acidophilia
and density of nuclei staining (signs of early apoptosis).
Distal tubules showed dilated lumina with decrease
height of lining epithelium (H-E, x 400). G2-b: LD dye
showed loss of tubular outlines. The lumina were oblit-
erated. The cytoplasm of cells is deeply stained and the
nuclei become smaller and deeply stained (signs of apop-
tosis) (H-E, x 400).

G3: HD dye (high dose) showing disorganization of
tubular shape, dilatation and signs of cell degeneration
(unstained cytoplasm with decrease nuclear size (dark
stained) (H-E, x 400) Fig. 4.

Testis

Sections from the rat testis G1 (control group) showing
seminiferous tubules (ST) interstitial Leydig cells were
seen among the tubules (H-E, x 200) Fig. 5.

Table 1 The acute toxicity test of the commercial hair dye X at a dose of 50 mg/kg

Rat no. Dose Physiological alterations (h) Mortality (h)
(mg/kg) Grooming Hyperactivity ~ Sedation Resp. arrest ~ Convulsions  Increased motor  Decreased motor
activity activity
30min 24h 30min 24h 30min 24h 30min 24h 30min 24h 30min  24h 30min  24h 30min 24h
1 50 - - - - - - - - - - - - - - -
2 50 - - - - - - - - - - - - - - -

3 50 - - - - - - -
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Fig. 1 Sections in the rat cardiac muscle (left ventricle) show the following: G1: Co (control) with normal cardiac muscle fibers having oval central
nuclei (black arrows) and thin wall intervening capillaries (white arrows) (H-E, x 200). G2: LD dye (low dose) showing focal atrophy with mononuclear
inflammatory cells (black arrows) and numerous dilated and congested vessels (white arrows) (H-E, x 200). G3: HD dye (high-dose dye) showing
marked disorganization and damage of cardiac fibers (arrows) with focal regions of severe necrosis fiber loss (stars) (H-E, x 200)

-

Vs

Testis (low dose) Sections from the rat testis adminis-
tered with low-dose hair dye for 8 days showing the fol-
lowing: (a) deformity and shrinkage of seminiferous
tubules. Interstitial spaces were increased with compen-
satory hyperplasia of Lyedig cells (H-E, x200). (b)
Higher magnification to show deformed tubule with
homogenous material within the lumen masking the few
number of mature sperms and increase or hyperplasia of
Lyedig cells. Increase tissue spaces due to atrophy of

tubules (notice the blood vessel with thick wall) (H-E, x
200). (c) Some samples showed basal vacuoles between
germ cells. Tissue spaces are also widened with hyper-
plasia of Leydig cells (H-E, x 200) Fig. 6.

Testis (high dose) Sections from the rat testis adminis-
tered with high-dose hair dye for 8 days show the following:
(a) more shrinkage and deformity of seminiferous tubule,
wide interstitial spaces, and dilatation and congestion of

Fig. 2 Sections in the rat liver central vein region (CV) show the following: G1: CO (control) group with normal hepatocyte cell cords (black arrows)
and thin intervening sinusoids (white arrows) (H-E, x 200). G2: LD dye (low dose) showing mild granularity of hepatocytes and nuclei with dark stained
dense chromatin (black arrows), sinusoidal congestion (white arrows), and focal hemorrhage (star). Central vein (CV) showed endothelial lining damage
(dotted arrow) (H-E, x 200). G3: HD dye (high dose) with marked central vein (CV) congestion and vacuolar degeneration of nearby hepatocytes
(arrows), swollen sinusoids that could not be seen. Others on the right are darkly stained shrunken and degenerated (dotted arrows) (H-E, x 200)

~N
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Fig. 3 Sections from the rat liver at portal regions show the
following: G2: LD dye (low dose) showing hepatocytes with dark
small degenerated nuclei (arrows), congested portal vein (PV), and
bile duct (BD) surrounded by inflammatory cells (stars) (H-E, x 200)

blood vessels (H-E, x 200). (b) Magnified part shows degen-
erative changes in basal cells. The nuclei of other germ cells
are dark stained and pyknotic marked congestion of blood
vessels (BV) with perivascular inflammatory cells and atro-
phy and degeneration of Leydig cells (H-E, x 400). (c) Some
tubules showed marked degeneration and absence of most
germ cells; the rest showed no mature sperms. Leydig cells
looked small and degenerated (H-E, x 400) Fig. 7.

Discussion

Historically, hair painting has functioned as a social indi-
cator of attractiveness, femininity, masculinity, health, and
beauty (Saitta et al., 2013; Zaid et al.,, 2013). Many cases of
toxicity and mortality either due to accidental or deliber-
ate ingestion of hair dyes were reported (Abdel-Moneim,
2017; Tiwari, Jatav, & Dudani, 2016).

The main component of hair dye causing toxicity is
paraphenylenediamine (PPD). This compound has been
found to cause angioneurotic edema, rhabdomyolysis, and
renal failure (Abdelraheem et al., 2010; Bhargava & Mat-
thew, 2007; Punjan, 2014). Severe edema of the face, neck,
and floor of the mouth, renal failure, and myocarditis were
poor prognostic factors (Jain et al., 2011). Almost all body
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systems are affected with varying degrees (Hassan A-
Rahman & Ahmed, 2014).

The compound PPD is highly toxic. When taken or-
ally, death occurs within the first 6-24 h due to angio-
neurotic edema. Smaller doses cause angioneurotic
edema and hepatitis while moderate doses cause acute
renal failure within the first week. Despite the high fre-
quency of cases and mortality, no antidote is available
for this poisoning (Sakuntala et al., 2015).

Resorcinol, propylene glycol, liquid paraffin, cetos-
tearyl alcohol, sodium lauryl sulfate, ethylenediamine-
tetraacetic acid (EDTA) sodium, herbal extracts,
preservative, and perfume are other ingredients present
in small amounts in commercial hair dye (Chua-
Gocheco, Bozzo, & Einarson, 2008). Resorcinol is a cor-
rosive, acid, and protein denaturant causing severe
burns on direct contact. Toxic effects of these ingredi-
ents could have had additive effect in the patient
(Chandran et al., 2012). The combined effect of the
individual compounds may be responsible for its sig-
nificant morbidity and mortality (Kondle et al., 2012).

It is reported that PPD intoxication cause systemic in-
flammatory reaction specific to a cytotoxic cell support.
The pathophysiologic mechanisms could be due to in-
creased free radical formation, skeletal and cardiac muscle
necrosis (scattered coagulation necrosis), formation of
highly nephrotoxic quinonediamine (an oxidation product
of PPD metabolites), renal tubular occlusion due to myo-
globin casts, and acute tubular necrosis (Senthilkumaran
& Thirumalaikolundusubramania, 2015).

In this research, acute toxicity study was performed in
rats to assess the toxic effect of the commercial hair dye
commonly used in Saudi Arabia; it was found that the
hair dye X at the dose of 50 mg/kg orally did not show
any significant toxic effects in rats. No death and no be-
havioral changes were observed within 24 h. This agrees
with other studies which reported that hair dyes and
their ingredients have moderate to low acute toxicity
(Nohyneka et al., 2004).

In this study, the commercial hair dye X was orally ad-
ministered to rats for 8 days at doses of 2.5 and 5 mg/kg
to study the histopathological effects on the heart, liver,
kidney, and testis.

It is reported that the most common histopatho-
logical changes in all studied organs were vascular con-
gestion and lymphocyte infiltration, with degenerative
changes in the hepatocytes and the destruction of the
renal tubules (Abdel-Moneim, 2017).

In this study, the effect of low dose of hair dye X on
the rat heart showed focal atrophy with mononuclear in-
flammatory cells, numerous dilated and congested ves-
sels while the high dose showed marked disorganization
and damage of cardiac fibers with focal regions of severe
necrosis and fiber loss.
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Fig. 4 Sections from the rat kidney show renal tubules of the following: G1: Co (control) group, proximal tubules (dotted circles) showing intact

pyramidal cells surrounded by narrow lumen (stars), the cytoplasm highly acidophilic and rounded, vesicular (active) nuclei (arrows) are H-E, x
400. G2: LD dye (low dose) showing slight changes in proximal tubules in the form of increase cytoplasmic acidophilia and density of nuclei
staining (signs of early apoptosis). Distal tubules showed dilated lumina with decrease height of lining epithelium. Some tubular cells showed
unstained cytoplasm (H-E, x 400). G2-a: LD dye (low dose) showing slight changes in proximal tubules in the form of increase cytoplasmic
acidophilia and density of nuclei staining (signs of early apoptosis). Distal tubules showed dilated lumina with decrease height of lining epithelium.
G2-b: LD dye showed loss of tubular outlines. The lumina were obliterated. The cytoplasm of cells is deeply stained, and the nuclei become smaller
and deeply stained (signs of apoptosis). (H-E, x 400). G3: HD dye (high dose) showing disorganization of tubular shape, dilation (arrows), and signs of
cell degeneration (unstained cytoplasm (dotted circles) with decrease nuclear size (dark stained) (white arrows) (H-E, x 400)

Several studies reported that myocardial damage and
myocarditis are less frequently in hair dye poisoning but
associated with higher mortality (Chandran et al,, 2012;
Hassan A-Rahman & Ahmed, 2014).

Myocarditis is a fatal and a commonly neglected com-
plication of PPD poisoning. However, oral ingestion of
PPD in doses >10 g especially unbranded stone hair
dyes results in extensive myocardial damage (Senthilku-
maran & Thirumalaikolundusubramania, 2015; Tiwari
et al., 2016).

Cardiac toxicity is mainly caused by the direct toxic
effect of PPD on the heart and rhabdomyolysis of the
cardiac muscle causing severe damage and hyperkalemia
(Tiwari et al., 2016).

In the current study, the hair dye X administered in
low dose produced histopathological changes in the rat
liver. Central veins of hepatic sections from this group
looked deformed with degenerated endothelial lining;
hepatocytes looked enlarged or swollen with increase
acidophilic staining of cytoplasm (granular appearance)



Al-Shaikh et al. The Journal of Basic and Applied Zoology (2018)79:22

Fig. 5 Control group: sections from the rat testis stained showing
seminiferous tubules (ST) interstitial Leydig cells were seen among
the tubules (black arrows) (H-E, x 200)

-

that may be related to proliferation of mitochondria
and smooth endoplasmic reticulum for detoxification.
Nuclei also looked darker with increased density of
chromatin compared to control. There was focal con-
gestion of blood sinusoids. The effect of low dose of
hair dye X in the portal region indicated hepatocytes

Page 7 of 10

with dark small degenerated nuclei, congested portal
vein (PV), and bile duct (BD) surrounded by inflam-
matory cells.

The high dose of hair dye X produced more changes in
the central vein region in the form of central vein conges-
tion (CV); hepatocytes are more swollen compressing
sinusoids. The cytoplasm of cells showed unstained re-
gions around the nuclei indicating degenerative changes
of organelles. The nuclei looked smaller and darker (signs
of pyknosis). The effect of high dose in the portal region
showed congested portal veins (PV) and marked hydropic
degeneration of hepatocytes where cells are swollen with
unstained cytoplasm and small dark nuclei compressing
sinusoids.

Many studies documented the toxic effects of hair dye
on the liver. Consumption of even lower volumes re-
sulted in hepatitis (Kondle et al., 2012). Tender palpable
liver with features of acute hepatitis on liver biopsy was
seen in many patients (Abdelraheem et al., 2010). In a
study which analyzed 25 hair dye poisoning deaths, the
histological examination of liver cross section showed
focal areas of fatty change and central vein dilatation in
48% of the cases due to systemic toxicity (Alugonda,
Maddileti, Naga Lingam, & Rangaiah, 2013).

o

C Low dose

stars) with hyperplasia of Leydig cells (H-E, x 200)

Fig. 6 Sections from the rat testis administered with low-dose hair dye for 8 days show the following: a deformity (white arrows) and shrinkage (thin
black arrows) of seminiferous tubules. Interstitial spaces were increased (stars) with compensatory hyperplasia of Lyedig cells (white star) (H-E, x 200). b
Higher magnification show deformed tubule with homogenous material within the lumen masking the few number of mature sperms (white arrows),
increase or hyperplasia of Lyedig cells (white star), and increase of tissue spaces due to atrophy of tubules (black star) (notice the blood vessel with
thick wall) (dotted arrow) (H-E, x 200). € Some samples showed basal vacuoles between germ cells (black arrows). Tissue spaces are also widen (black
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Fig. 7 Sections from the rat testis administered with high-dose hair dye for 8 days show the following: a more shrinkage (black arrows) and de-
formity (white arrows) of seminiferous tubule, wide interstitial spaces (black stars), and dilatation and congestion of blood vessels (dotted arrows)
(H-E, x 200). b Magnified part to show degenerative changes in basal cells. The nuclei of other germ cells are dark stained and pyknotic (black
arrows) marked congestion of blood vessels (BV) with perivascular inflammatory cells (thick black arrow) and atrophy and degeneration of Leydig
cells (white star) (H-E, x 400). ¢ Some tubules showed marked degeneration and absence of most germ cells (black arrows); the rest showed no
mature sperms. Leydig cells looked small and degenerated (white and black stars) (H-E, x 400)

One study reported that sections of treated liver showed
mild chronic inflammations with one necroinflammatory
focus, which with increasing the dose become multiple
foci (Abd-ElZaher, Fawzy, Ahmed, Abd-Allah, & Gayyed,
2012). Another study reported that the histopathological
findings include centrilobular coagulative necrosis, peri-
portal inflammation, fibrinous deposition, hemorrhages,
and increased accumulation of neutrophils within hepatic
parenchyma. The PPD-mediated hepatotoxicity seems to
be enhanced by increased accumulation of neutrophils
(Bharali & Dutta, 2009). The histopathological findings in
a different study included congestion of central and portal
veins, with cellular infiltration; disruption of blood sinu-
soids and necrotic of Kupffer cells, as well as proliferation
of bile ducts and focal necrosis of hepatic cells with de-
formed nuclei which appeared in pyknosis and karyolysis
stages. Vacuolar cytoplasmic degeneration led to focal lysis
of liver parenchyma which is showed in female rats that
were administered with 0.001 ml (1 mg/kg/bw) of PPD
topically for 6 months (Alalwani, 2013). It is reported that
the PPD induces free radicals and subsequently results in
lipid peroxidation, which led to liver cell necrosis and
renal tissue necrosis (Alalwani, 2013).

Current study also demonstrated the toxic effects of
hair dye X on the rat kidney. Administration of low dose

produced slight changes in proximal tubules in the form
of increased cytoplasmic acidophilia and denser of nuclei
staining (signs of early apoptosis). Distal tubules showed
dilated lumina with decreased height of lining epithe-
lium. Some tubular cells showed unstained cytoplasm. In
the high dose of hair dye X, the toxic effects showed
disorganization of tubular shape, dilatation, and signs of
cell degeneration with decreased nuclear size.

The present findings are in line with other studies which
reported that hair dye is a potent nephrotoxic cocktail
containing PPD, propylene glycol, and resorcinol and
there was strong evidence of severe nephrotoxicity in
humans and histopathological changes of acute tubular
necrosis (Senthilkumaran & Thirumalaikolundusubrama-
nia, 2015). The mechanisms of kidney injury following
hair dye poisoning are many. The PPD itself has a direct
toxic effect on the kidney due to its aromatic structure,
which makes its easy reabsorption and concentration in
tubule and can cause acute renal failure (ARF). Rhabdo-
myolysis is the main cause of ARF. Hypovolemia and me-
tabolites of PPD also contribute to acute kidney injury
(AKI) (Sanchez et al.,, 2016; Senthilkumaran & Thiruma-
laikolundusubramania, 2015). Another study also reported
marked peritubular capillary congestion in the cortex as
well as medulla (Behera, Mridha, Kumar, & Millo, 2015).
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In a study which analyzed 25 hair dye poisoning deaths,
the histological examination of kidney cut section showed
increased cellularity of glomeruli in 84% of the cases,
swollen tubular lining cells with pale cytoplasm in 76% of
the cases, and focal areas of total loss of tubular lining
cells in 72% of the cases (Alugonda et al.,, 2013). Most of
the histopathological changes appeared more pronounced
on the proximal convoluted tubules (PCTs) than distal
convoluted tubules (DCTs). PCTs at 3 mg/kg of PPD-
treated group showed brush border fragments, cell necro-
sis, and nuclear pyknosis and karyolysis (Hummdi, 2012).

In this research, we also studied the effects of hair dye
X on the rat testis. Section from the rat testis adminis-
tered with low-dose hair dye for 8 days showed deform-
ity and shrinkage of seminiferous tubules. Interstitial
spaces were increased with compensatory hyperplasia of
Lyedig cells. Sections from the rat testis administered
with high-dose hair dye for 8 days showed more shrink-
age and deformity of seminiferous tubule, wide intersti-
tial spaces, and dilatation and congestion of blood
vessels. However, other studies reported that hair dyes
and their ingredients pose no risk of adverse reproduct-
ive effects and a series of oral reproductive toxicology or
embryo-fetal toxicity studies on commercial hair dyes
found no evidence for reproductive effects (Nohyneka et
al., 2004). These findings do not agree with the results
reported in the present study; this might be due to that
commercial hair dyes may contain varying amounts of
paraphenylenediamine and even undeclared chemical
ingredients.

Conclusions

The hair dye poisoning is becoming a common suicidal
poisoning. The current study showed that the commercial
hair dye X at doses of 2.5 and 5 mg/kg orally produced
histopathological changes and toxicity in the rat heart,
liver, kidney, and testis. Therefore, it is important to raise
the public awareness about the potential toxicity of the
hair dyes.
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