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Introduction

Nowadays, millions of  consumers use hair dye; all of  them have 
the desire to improve their appearance. In general, cosmetics and 
their ingredients must have no harmful effects to human health, 
this property of  cosmetics contradicts to drugs which when as-
sessed a risk-benefit relationship is considered [1]. The research-
ers emphasized that Para-phenylenediamine (PPD) is the main 
toxic ingredient of  hair dyes [2]. PPD is often found in permanent 
hair dyes, sometimes called “coal tar” dyes [3] and stone hair dye 
SHD [4]. PPD can be found in either black or red henna prod-
ucts [5], some of  these products are produced in countries where 
they labeling and warning is sparse or non-existent. In France, 
Germany and Sweden, PPD was banned as a hair dye because it 
was thought to be too dangerous for health. PPD induced tissue 

damage result in hematological and biochemical changes. In treat-
ment rats, there are a significant increases in the plasma enzymes 
AST, GPT, creatinine, glucose, and decreases in total proteins. 
PPD was not detected in the tissues of  treated rats; these due 
to toxic effects which possibly produced by metabolites of  PPD 
and not by the parent compound itself  [6]. The most common 
histopathological changes in organs were vascular congestion and 
lymphocytic infiltration which may be attributed to inflammatory 
or hypersensitivity reaction [7]. Liver was found to be the target 
organ in PPD intoxication, that many degenerative changes ap-
peared in the form of  vacuolated cytoplasm and irregular deeply 
stained nuclei of  the hepatocytes. Also when laboratory animals 
were fed with benzidine derived dyes, cancerous and precancer-
ous liver conditions were found similar to the damage produced 
by known liver carcinogens, in addition to great quantities of  
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Abstract

Hair-dye containing Para-phenylenediamine is widely used in Middle Eastern and some Asian countries. Many cases of  
toxicity and mortality either due to accidental or deliberate ingestion of  hair dyes were reported. The aim of  the present 
work is to study the clinical manifestation and  common histopathological changes to various aspects of  acute poisoning 
through a retrospective study of  fatalities reported in seven governors in Upper in Egypt as a result of  its ingestion and if  
there is a dose-effect relationship. The records of  acute poisoning cases of  seven governors in Upper Egypt investigated by 
Assiut forensic chemical laboratory in the period from January 2008 to December 2012 were examined as regards type of  
poison, pattern, incidence, age, sex, geographical distribution and mode of  poisoning. The studying of  the systemic effects 
of  ingestion of  hair dye was conducted by oral administration of  hair dye in different doses (500, 200, 100, and 50 mg/
kg b.w.) to four groups of  albino rats. The result, revealed that about a fifth of  the acute poisoning fatalities investigated 
by Assiut forensic chemical laboratory were due to ingestion of  hair dye. The highest majority of  them were suicide cases, 
particularly in Quna, Sohag and Aswan Governorates respectively, with a female predominance. Death occurred within five 
minutes in the first group, within ten minutes in the second group and within an hour in the third group. The animals of  
the fourth group survived until sacrificed after one week. The most common histopathological changes in all studied organs 
were vascular congestion and lymphocyte infiltration, with degenerative changes in the hepatocytes and the destruction of  
the renal tubules. Deliberate self-poisoning by hair dye is a major problem in Upper Egypt particularly in females. The main 
toxic effects were directed to the liver and kidneys while the other studied organs were affected to a mild extent. Also, there 
was a well-established dose-effect relationship.
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benzidine were found in the urine of  the dosed rats. The histo-
pathological pattern of  renal affection indicated the occurrence 
of  acute tubular necrosis, which led to acute renal failure that may 
contribute to the occurrence of  death. Acute tubular necrosis and 
renal failure as a result of  exposure to PPD containing dye have 
been documented in several studies [8, 9]. The aim of  this work, 
is to study the clinical manifestation and common histopathologi-
cal changes to various aspects of  acute poisoning and study their 
dose effect relationship.

Material and Methods

Chemicals

All solvents were chemical grade from Sigma. Para-phenylenedi-
amine (CAS no. 106-50-3, 97% pure, Aldrich), Methanol (Lichro-
solv, HPLC grad > 99.8% pure), Second water obtained using 
a MilliQ system with Q-PAK Purification Paks (Millipore Corp., 
Bedford, MA.

Samples

Twenty five male guinea pigs weighing 250 ± 150 g were pro-
cured from animal breeding unite of  the Faculty of  Medicine As-
suit University – Assuit - Egypt and housed in an air-conditioned 
room and maintained on standard pellet diet and water. The ani-
mals were housed in cages provided with rice husk as bedding 
materials and kept under ambient temperature of  23 ± 2°C. The 
animals were kept in the laboratory condition for 1 week to adapt 
the climate condition and for the commencement of  treatment 
protocol. The rats were divided into five groups (control and four 
test groups) on the basis of  using the commercial hair dye as oral 
administration; each comprising six rats. (group 1, 2, 3, and 4) 
orally administered with (500, 200, 100 and 50 mg/kg b.w.) of  
commercial hair dye, respectively.

Cases

Ninety-five cases of  fatal acute PPD poisoning were admitted 
to Upper Egypt hospitals (El-Minia, Assuit, Sohag, Qena and 
Aswan) for evaluation and management within the period 2009-
2015. Full autopsies were investigated by the office of  the chief  
medical examiner, medico-legal department, and ministry of  jus-
tice. The history, clinical manifestations and management were 
obtained from the clinical sheets of  the cases from the receiving 
hospitals.

Studying of  Acute Poisoning Fatalities

The records of  fatalities due to acute poisoning by hair dye at five 
governors (El-Menia, Assuit, Sohage, Qena and Aswan) in Upper 
Egypt investigated by Assiut Forensic Chemical Laboratory in the 
period from January 2009 to December 2015 were examined as 
regards type of  poison, pattern, incidence, age, sex, geographical 
distribution and mode of  poisoning.

Studying of  the Histopathological Effects of  Ingesting of  
Hair Dye

The studying of  the systemic effects on ingestion of  hair dye was 
conducted by oral administration of  hair dye in different doses 
(50, 100, 200, 500 mg/kg b.w.) to four groups of  albino rats, and 
distilled water for the control group. The clinical manifestations 
were observed, after sacrificed [10]. Small pieces of  the liver, kid-
ney, heart and lung were fixed at 10 % buffered formalin solu-
tion and then processed for the preparation of  histopathological 
sections. After a routine processing, paraffin sections were cut 
at 5μm thickness and stained with haematoxylin and eosin for 
microscopic examination [11], and the light microscopic examina-
tion of  sections of  vital organs was done.

Results and Discussion

Case Study

The examining of  intense harming fatalities explored by Assiut 
Forensic Chemical Laboratory uncovered that around one fifth of  
the cases were because of  ingestion of  hair dye. The most note-
worthy number of  cases was found in Qena (70), Aswan (15.71), 
Sohag (12.86) Assiut (1.11) trailed by Elmina (0.32%) governo-
rates as delineated in Figure 1, this concur with (Mohamed), who 
clarified by the way that the utilization of  PPD as a hair color and 
as a restorative contrasts in ubiquity in various habitations where 
it is exceptionally utilized as a part of  South Valley governorates 
[12]. The most astounding incidence was found in the year 2013 
(25%), 2015 (19.5), 2012 (15.5), 2011 (14.81), 2014 (14.19), 2009 
(6.89), trailed by 2010 (4.11%), Figure 2. The greater part of  cases 
were suicidal cases Figure 4, this concur with (Mohamed) [12], 
concerning the way of  death, the suicidal cases were the most el-
evated (91.7) trailed by homicidal (7.1) and in conclusion acciden-
tal (1.2%) [12], with a female's predominance (65.71%), Figure 3, 
this alluded to relationship amongst females and cosmetics when 
all is said in done and the inexpensiveness of  this stone making it 
in the compass of  their hands [12]. The highest percentage was 

Figure 1. Geographical Distribution of  Cases of  PPD Poisoning.
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found in the age group (36-45), (26-35), (46-55) years, trailed by 
(15-25) years, Figure 5.

Toxicological Analysis

This study was done to assess the hair dye toxicity by utilizing 
commercial hair dye as a part of  an approach to gauge the perils 
of  this dye on rats, since it is realized that harmful impacts in 
people are for the most part in an indistinguishable range from 
those of  trial creatures. PPD is the main constituent in hair dye 
and is an organic derivative of  paranitroaniline, when ingested 
in a dose-dependent manner, results in severe hypersensitivity 
(itching, angioedema, asphyxia) and rhabdomyolysis (paresis of  
extremities, cola-colored urine, oliguria, markedly elevated cre-
atinine phosphokinase and lactate dehydrogenase, hyperkalemia, 
hypophosphatemia and hypocalcaemia) [13, 14]. Different fea-
tures, for example, iron deficiency, leukocytosis, hemoglobinemia, 
hemoglobinurea, and liver corruption have been accounted for 
[15]. In animal model, PPD induces rhabdomyolysis leakage of  
calcium ions from the smooth endoplasmic reticulum, followed 
by continuous contraction and irreversible structural changes in 
the muscles [16]. In this study, the ingestion of  hair dye revealed 
that death occurred within five minutes in the first group, within 

ten minutes in the second group and within an hour in the third 
group, as dose application (500, 200 and 100 mg/kg b.w.), respec-
tively. The animals of  the fourth group survived until sacrificed 
after one week, (50 mg/kg b.w.). The most common histopatho-
logical changes in all studied organs were vascular congestion 
and lymphocyte infiltration [17]. The results revealed that the tar-
get organs of  PPD were the liver and kidneys. The histological 
changes of  the liver revealed severe vascular congestion of  the 
blood sinusoids so that hepatocytes appeared smaller in compari-
son to those of  the control liver [17]. The hepatocytes showed 
vacuolated cytoplasm and irregular deeply stained nuclei. The kid-
ney showed destruction of  the renal tubules, congestion of  the 
glomerular capillaries and narrowing of  the filtration spaces [17]. 
The cardiac muscle cells showed deeply stained nuclei and the 
muscle fibers were separated by wide spaces [17], Figures (6-17). 
The present study reveals the presence of  a dose- effect relation-
ship, the larger the dose; the earlier and more severe the effects.

Conclusion

Deliberate self- poisoning by ingestion of  hair dye is a major 
problem in Upper Egypt particularly in females. The main toxic 
effects were directed to the liver and kidneys while the other stud-

Figure 2. Annual Distribution of  Cases of  Acute PPD Poisoning.
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Figure 3. Gender Distribution of  Cases of  Acute PPD Poisoning.
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Figure 4. The Distribution on PPD Poisoning Cases According to the Mode of  Poisoning.
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Figure 5. The Distribution of  Cases of  Suicide by Hair Dye in Relation to Age.
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Figure 6. A histopathological Section in a Kidney Treated with a Dose of  500 mg Hair Dye Showing: Congestion in the 
Blood Vessels (↑) between the Renal Tubules. H. & E. (10 x 25).

Figure 7. A histopathological section in a lung treated with a dose of  500 mg hair dye showing: congestion (↑) of  the blood 
vessels and lymphocytic infiltration (Ly). H. & E. (10 x 25).

Figure 8. A histopathological section in a liver treated with a dose of  200 mg hair dye showing: dilation and congestion (↑) 
of  the blood vessels and lymphocytic infiltration. H.&E. (10x40).

Figure 9. A histopathological section in a kidney treated with a dose of  200 mg hair dye showing: a slight congestion (↑) of  
the blood vessels between the renal tubules. The proximal convoluted tubules (P) show destructed brush border. H.&E.

 (10 x 25).
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ied organs were affected to a mild extent. Also there was a well-
established dose- effect relationship.
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Figure 10. A Histopathological Section in a Lung Treated with a Dose of  200 mg Hair Dye Showing Vascular Congestion 
(↑) and Lymphocytic Infiltration (Ly). H. & E. (10 x 25).

Figure 11. A Histopathological Section in a Heart Treated with a Dose of  200 mg Hair Dye Showing Dilation of  the Blood 
Vessels and Vascular Congestion (↑). H. & E. (10 x 25).

Figure 12. A Histopathological Section in a Suprarenal Gland Treated with a Dose of  200 mg Hair Dye Showing: a Slight 
Congestion (↑) of  the Blood Capillaries between the Cells of  the Suprarenal Cortex. H. & E. (10 x 25).

Figure 13. A Histopathological Section in a Cerebral Cortex Treated with a Dose of  200 mg Hair Dye Showing Vascular 
Congestion (↑) and Dilation of  Blood Vessels. H. & E. (10 x 25).
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