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ASSESSMENT OF HUMAN HAIR DAMAGE
AFTER OXIDATIVE STRESS

Abstract. The paper presents the results that characterize the degree of
human hair damage after oxidative stress. It was established that
changes in the chemical structure of the hair, induced by oxidative
stress depended on the duration of the damaging factor exposure. It has
been shown that due to splitting of disulfide bonds in keratins elution of
protein from hair fibers raises increasing the amount of solubilized
melanin and the alkali solubility of the fiber. The most characteristic
changes in hair composition was observed after a 90 minute treatment.
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Introduction
Recently the interest in hair biology studying due

to significant advances in cosmetic industry has been
increased. According to the expert’s opinion the
world market of hair care products is estimated over
26 billion [4]. Therefore, the fundamental under-
standing of the hair structure, its composition and
properties is essential.

It is known that human hair can be divided into
the following structural components, as the cuticle,
cortex and medulla.

Medulla is the centermost part of the hair. It is
composed of loosely packed keratinized cells. Cortex
is formed by elongated spindle cells, which were
surrounded by cell membrane complex. Cortical cells
also contain melanin granules. Hair pigments protect
the proteins from photo degradation [8].

The outermost layer is cuticle which forms the
surface of the hair fibre and surrounds the fibre bun-
dles of the cortex cells. The cuticle offers protection
to the internal components of the fibre from mechan-
ical and chemical weathering. It consists of flat over-
lapping cells. There are between 5-10 layers of cuti-
cle cells in human hair.

Thus, hair is a subject of influence of various fac-
tors that lead to impair of its properties [2, 5, 7, 10].
The chemical agents that can damage the hair fiber
include bleaching, dyeing and perming. Frequent use
of chemical agents is a major cause of hair shaft
damage that is accompanied by morphological
changes on the hair surface and alteration of its com-
position. Physical causes of hair shaft damage in-
clude friction, photo damage and daily grooming.
Exposure to sunlight and ultraviolet radiation lead to
dryness, rough surface texture, decreasing of colour
and luster and increasing of stiffness and brittleness.

The aim of the study
To design the oxidation stress by chemical treat-

ment and analyses of the changes in biochemical

composition of the fiber. The better understanding of
interaction between fiber and damaging agent might
be useful for developing new cosmetic products.
Such information may also be important for under-
standing the changes that occur in different animal
fibers after various treatments.

Materials and methods
Chemically untreated dark brown hairs were col-

lected from females. The length of hair samples was
about 10 cm and each bunch about 5 g in weight.
Average hair diameter was about 70 ìm. Hair sam-
ples were soaked in 1 % SDS (w/v) and then washed
with de-ionized water and air dried. Oxidative treat-
ment was performed by sample immersion into
bleaching solution with a liquid to fiber ratio of 50:1
at 37°Ñ for 30, 60, 90 min. Bleaching solution was
prepared by mixing of solution A and solution B in
equal proportions. Solution A contained 10 g urea,
7 g NaCl, 12 ml ammonia (28 %) diluted in 100 ml
de-ionized water. Solution B (6 % H2O2) contained
17,1 ml H2O2 and 82,9 ml de-ionized water. The
treated hair samples were rinsed with de-ionized
water and dried at room temperature. The different
groups of samples such as intact human hair and hair
treated with bleaching solution were compared.

All reagents were of analytical grade.
For the assessment of protein loss in the hair 0,2

g hair samples (2 mm length) were added to falcon
tubes [11]. Distilled water was added at a ratio of
10:1 (water to hair) and shaken at 37 °Ñ on the shak-
er during 24 hr. Then water extract was removed
from tubes and protein concentration in the extracts
from the human hairs was determined according to a
protocol, based on the colorimetric quantification
[3]. Protein concentrations were calculated using the
standard curve of bovine serum albumin. Melanin
concentrations were determined by hydrolysis in
0.85 M KOH at 1000C, followed by measurement of
absorbance at 400 nm and extrapolation from a cal-



153

Á³îëîã³ÿ

ibration curve, which were obtained with melanin [6].
Alkali-solubility test was performed according to

[1]. The hair samples were treated with a solution of
0,1 M NaOH and the differences between the dry
weight of the samples before and after the treatment
were determined. The percentage of alkali solubili-
ty was calculated.

The t-test was used to determine whether differ-
ences between untreated and treated hair were statis-
tically significant.

Results and discussion
The results about protein loss in the hair after

oxidation stress are presented in Fig.1.

The remarkable differences between untreated
and treated hair were observed. Thus, the protein loss
in the hair after oxidative treatment increased more
than 1,6 times (P≤0,01-0,001). It should be noted that
the changes of protein loss in the hair due to the time
of treatment were small.

Alkaline oxidizing composition, which includes
hydrogen peroxide, induces the breakage of S-S
bond. Moreover, an alkaline component in the
bleaching solution causes a scission of peptide bond
of main chain and disappearance of ionic bond be-
tween chains. The hydrolytic attack on the amide
bonds is accompanied by elution of proteins from
hair fiber [9].

Fig. 2 shows the results, which are obtained after
alkali solubility test. The alkali solubility is sensitive
marker of fiber damage and is widely used for eval-
uation of wool. This test indicates the hydrolysis of
cystine — an amino acid which is extremely impor-
tant for the formation of mechanical properties of
human hair.

It was established that a low value of alkali solu-
bility was found in untreated human hair. The data
show that chemical treatment is reflected in an in-
crease of alkali solubility of hair but there was no
significant difference between untreated and
bleached hair during 30 and 60 min. A maximum of
alkali solubility of about 11 % (P≤0,02) was observed
in bleached hair after 90 min of treatment.

The changes in solubilized melanin after oxida-
tive treatment are illustrated in Fig 3.

After treatment for 30 and 60 min the amount of
solubilized melanin tended to be greater than in un-
treated hair. Bleaching of hair for 90 min is charac-
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terized by significant increase of solubilized melanin
content.  Similar data were observed by Takada K.
and co-workers [10].

Conclusion
We conclude that changes in the chemical struc-

ture of the hair, induced by oxidation stress depend
on the duration of the damaging factor exposure.
Chemical treatment of hair is accompanied by the
elution of protein from hair fibers, increasing of the
amount of solubilized melanin and the alkali solubil-
ity of the fiber. The most characteristic change in hair
composition was observed after a 90 minute treat-
ment.

Perspectives
The effect of oxidation stress on the some amino

acids content in the hair will be further investigated.
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ÂÎËÎÑÀ ËÞÄÈÍÈ ÇÀ Ä²¯ ÎÊÑÈÄÀÒÈÂÍÎÃÎ

ÑÒÐÅÑÓ

Â. Â. Ãàâðèëÿê
Ðåçþìå. Âîëîñ º îá’ºêòîì âïëèâó ð³çíîìàí³òíèõ ôàê-

òîð³â, ùî ïðèçâîäÿòü äî çì³í éîãî ñòðóêòóðè òà âëàñòèâîñ-
òåé. Äî ÷èííèê³â, çäàòíèõ ïîøêîäæóâàòè âîëîñ, íàëåæàòü
ôàðáóâàííÿ, â³äá³ëþâàííÿ, íàãð³âàííÿ, òåðòÿ, óëüòðàô³îëåòî-
âå îïðîì³íþâàííÿ. Ìåòà äîñë³äæåíü ïîëÿãàëà â ìîäåëþ-
âàíí³ îêñèäàö³éíîãî ñòðåñó òà àíàë³ç³ çì³í, ùî â³äáóâàþòü-
ñÿ ó ñòðóêòóð³ âîëîñà. Â åêñïåðèìåíò³ âèêîðèñòîâóâàëè äâà
òèïè çðàçê³â âîëîññÿ, ÿê³ óìîâíî íàçèâàëè õ³ì³÷íî îáðîáëåí³
òà íåîáðîáëåí³. Îêñèäàö³éíèé ñòðåñ ìîäåëþâàëè øëÿõîì
õ³ì³÷íî¿ îáðîáêè âîëîñà çà äîïîìîãîþ îêèñíèê³â. Îö³íþâà-
ëè âòðàòó ïðîòå¿íó ³ç ñòåðæíÿ âîëîñà, éîãî ðîç÷èíí³ñòü  òà
âì³ñò ìåëàí³íó. Âñòàíîâëåíî,  ùî çì³íè â õ³ì³÷í³é ñòðóêòóð³
âîëîñà, ³íäóêîâàí³ îêñèäàö³éíèì ñòðåñîì, çàëåæàòü â³ä òðè-
âàëîñò³ âïëèâó ïîøêîäæóþ÷îãî ÷èííèêà. Ïîêàçàíî, ùî
âíàñë³äîê ðîçùåïëåííÿ äèñóëüô³äíèõ çâ’ÿçê³â ó êåðàòèí³
ï³äâèùóºòüñÿ åëþö³ÿ ïðîòå¿íó ç âîëîñà, çá³ëüøóºòüñÿ éîãî
ðîç÷èíí³ñòü ó ëóç³ òà çðîñòàº ê³ëüê³ñòü ðîç÷èííîãî ìåëàí³-
íó. Íàéõàðàêòåðí³ø³ çì³íè ñïîñòåð³ãàëè ï³ñëÿ 90 õâèëèííî¿
îáðîáêè âîëîñà.

Êëþ÷îâ³ ñëîâà: âîëîñ ëþäèíè, îáðîáêà, âòðàòà ïðîòå¿-
íó, ðîç÷èííèé ìåëàí³í, ðîç÷èíí³ñòü ó ëóç³
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ÑÒÐÅÑÑÀ

Â. Â. Ãàâðèëÿê
Ðåçþìå. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû, õàðàêòåðè-

çóþùèå ñòåïåíü ïîâðåæäåíèÿ âîëîñà ÷åëîâåêà ïîä âëèÿíè-
åì îêñèäàòèâíîãî ñòðåññà. Ñäåëàí âûâîä, ÷òî èçìåíåíèÿ â
õèìè÷åñêîé ñòðóêòóðå âîëîñà, èíäóöèðîâàííûå îêñèäàòèâ-
íûì ñòðåññîì, çàâèñÿò îò äëèòåëüíîñòè âîçäåéñòâèÿ ïîâðåæ-
äàþùåãî ôàêòîðà. Ïîêàçàíî, ÷òî â ðåçóëüòàòå ðàñùåïëåíèÿ
äèñóëüôèäíûõ ñâÿçåé êåðàòèíà ïîâûøàåòñÿ ýëþöèÿ ïðîòå-
èíà èç âîëîêíà, óâåëè÷èâàåòñÿ ðàñòâîðèìîñòü âîëîêíà è
êîëè÷åñòâî ðàñòâîðèìîãî ìåëàíèíà. Õàðàêòåðíûå èçìåíåíèÿ
íàáëþäàëè ïîñëå 90 ìèíóòíîé îáðàáîòêè âîëîñà.
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