
HISTIDASE ACTIVITY OF THE SKIN IN 

TO THE STATE OF MELANOGENESIS 

Kh. Kurbanov, V. A. Burobin, 
and T. T. Berezov 

RELATION 

UDC 612.796 +612.015.1 

The his t idase  reac t ion  of the skin in re la t ion  to the s ta te  of melanogenes is  was studied in 
eulimals (18 rabbi ts)  and pat ients  with vitfiigo. The his t idase act ivi ty  and the content of 
urocanic  acid were  de te rmined  in skin b iopsy ma te r i a l  in o r d e r  to study the reac t ion .  The 
his t idase  ac t iv i ty  of the skin of b lack  rabbi t s  was found to be twice as high as  that  of white 
rabbi t s .  In the depigmented a r e a s  of the skin of patients  with vitfligo the his t idase  reac t ion  
was dep res sed  by compar i son  with a r e a s  of the skin with no rma l  pigmentat ion in the s ame  
patients  and with the skin of control  pe r sons .  The dependence of the his t idase  reac t ion  of 
the skin on the s ta te  of melanogenes is  is dependent, it is suggested,  on the inhibi tory action 
of eysteine on the his t idase  and ty ros inase  act ivi ty  of  the skin. 
KEY WORDS: skin; melanogenes is ;  h is t idase;  urocanic  acid. 

The pro tec t ive  function of the ep ide rmis  against  l ight and o ther  f o rms  of radia t ion  is explained by the 
fac t  that  it contains not only kera t ins ,  but a lso  nucleic ac ids ,  ca ro tenes ,  and porphyr ins ,  chiefly melanins  
[1, 10]. The melanins  p o s s e s s  high e l e c t r o n - a e c e p t o r  act ivi ty,  abil i ty to undergo r e v e r s i b l e  oxidation and 
reduct ion,  and a high concentra t ion  of s table  f ree  rad ica l s ;  the l a t t e r  a r e  respons ib le  for  pro tec t ion  against  
e x t r e m a l  conditions that  may  be c rea ted  as a r e su l t  of d is turbance of oxidation and reduct ion through the 
action of ionizing radia t ion [2, 3, 13]. 

The ep ide rmis  of m a m m a l s  also contains a high concentra t ion of urocanic  acid (UA) [16], which in-  
c r e a s e s  a f t e r  i r rad ia t ion  with ul t raviole t  r ays  o r  a f t e r  exposure  to the sun [5, 11]. Its concentra t ion in the 
su r face  l a y e r s  of the skin is control led  by the enzyme hls t tdase ,  which ac t ive ly  deaminates  L-his t id ine  into 
t r a n s - u r o c a n i c  acid in the ep ide rmis .  UA can abso rb  a cons iderable  p ropor t ion  of the ul t raviolet  radia t ion 
fall ing on the skin su r face  [6, 14]. Under the influence of ul t raviole t  radia t ion t r ans -UA is conver ted  into 
the c i s - i s o m e r ;  the t r a n s - e i s  i somer iza t ion  of UA, according to some w o r k e r s ,  is the mos t  effect ive mech -  
a n i s m  of uti l ization of the ene rgy  of ul t raviole t  radia t ion and  because  of this fact  it is an important  phys io-  
logical  m e c h a n i s m  for  the protec t ion  of the deep l a y e r s  of the skin against  the harmful  action of i r rad ia t ion  
[2 ,7 ,  81. 

The object  of the p re sen t  invest igat ion was to study the h is t idase  reac t ion  of the skin in an imals  with 
different  s ta te  of melanogenes is  and in pat ients  with a d is turbance of melanin syn thes i s .  

E X P E R I M E N T A L  M E T H O D  

The his t idase  ac t iv i ty  and UA concentrat ion in the skin were  studied in nine white and nine b lack  r a b -  
bits  of the s ame  age,  weighing 2.45-3.20 kg and kept on the s tandard  l a b o r a t o r y  diet. Skin s amples  (200-300 
rag) were  taken f r o m  the s a m e  a r e a  (the dorsum) a f t e r  decapitat ion.  The ha i r  and subcutaneous ce l lu la r  
t i s sue  were  r emo ved  f r o m  the skin. 
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Fig. 1. Histidase activity and content of urocanic acid in 
the skin of white (a) and black (b) rabbits. Ordinate: on the 
left, histidase activity in ~moles UA/mg protein/rain; on the 
right, UA concentration in ~moles/g skin. 

Fig. 2, Histidase activity and concentration of urocanic acid 
in human skin: a) pieces of skin of healthy persons; b) pieces 
of skin with normal pigmentation in patients with vitiligo; c) 
pieces of depigmented areas of skin from patients with vitiligo. 
Remainder of legend as in Fig. i. 

The histidase activity of the skin and the UA concentration also were investigated in biopsy skin 
samples (100-120 rag) from 18 patients (13 men and five women) with vitiligo, aged 19-53 years. The dura- 
tion of the disease varied from 2 to 21 years. The affected areas of the skin accounted for 15-20~0 of the 
total body surface. As a control the histidase reaction of the skin was investigated in nine healthy persons 
(seven men and two women) aged 17-49 years. Skin biopsy on the patients and healthy persons was per- 
formed on approxhnately the same areas of skin (chiefly from the abdominal wall and the back). Biopsy of 
healthy and affected skin of the same patient with vitiligo was performed on symmetrical areas. Histidase 
activity and the UA concentration were determined by the method of Whitfield and Shepherd [15] in the mod- 
ification of Mardashev et al. [2]. 

Pieces of skin (100-150 rag) were minced with scissors and homogenized with powdered glass and dis- 
tilled water (I : I00). The homogenate was centrifuged and the UA concentration determined in the residue. 
The residue was extracted with 0.05 M Na pyrophosphate buffer, pH 8.2 (I : 50). The incubation mixture con- 
tained 1 ml skin extract, 0.I ml 0.05 M reduced glutathione, pH 8.2, 0.2 ml 0.I M L-histidine, pH 8.2, 4 mg 
albumin, and water to 3 ml. The samples were incubated for 2 h at 37~ the reaction was stopped by the 
addition of 1 rnl 20% TCA, the samples centrifuged, and the optical density of the experimental samples was 
measured relative to the controls (without histidine) on a type SF-4 spectrophotometer at 267 nm. 

The UA content in the samples was calculated from a calibration curve. The histidase activity was 
expressed in micromoles UA formed during incubation for i rain per mg extractable protein determined by 
Low-ry's method. The concentration of UA in the skin was determined from the distance between the extinc- 
tions of the residue of an acidified (2 N HCI) aqueous extract of skin before and after reduction of the UA 
with powdered metallic zinc for 60 rain at 37~ into imidazolylpropionie acid at 267 nm. The quantity of UA 
was expressed in micromoles per gram of skin. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Anglin et al. [6], who investigated the hist[dase activity in the skin of 30 guinea pigs, found a mean 
value of 6.03 �9 10 -3 unit. Other workers [7] found that the histidase activity in the guinea pig epidermis is 
the same as in man and in noninbred mice. The present experiments showed that the histidase activity in 
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rabbit  skin var ies  f rom (1.37 �9 0.24) �9 10 -3 to (2.63 + 0.47) �9 10 -3 unit, whereas  in human skin it is (1.84 
0.2) �9 10 -3 unit. The hist idase act ivi ty in the skin of black rabbits  was a lmost  twice as high as in white r ab -  
bits.  Meanwhile, there  was no difference between the skin of black and white rabbits  as r ega rds  the content 
of UA (Fig. 1). 

In the patients with vitiligo the hist idase act ivi ty in the depigmented a reas  of the skin was lower  than 
in the a reas  of the i r  normal  skin and in the skin of healthy subjects (Fig. 2). A much higher hist idase ac-  
t ivi ty was observed  in the unaffected areas  of skin of the patients with vitUigo. This co r r e l a t ed  with the UA 
concentrat ion.  Considering that a marked increase  in pigmentation is found in the unaffected a reas  of skin, 
especia l ly  at the borders  of the depigmented a r eas ,  a general  cor re la t ion  was noted between the degree of 
pigmentation and the level  of histidase act ivi ty of the skin. 

The degree of pigmentation of the skin is l inked with the level  of sulfhydryl (SH) groups in the skin. 
Glutathione reductase  act ivi ty and the concentrat ion of reduced glutathione in white skin are  known to be 
higher  than in black [12]. The content of SH groups in skin affected with vitiligo is g r ea t e r  than in skin with 
normal  pigmentation [9]. The hist idase act ivi ty of the skin is also l inked with the content of compounds con-  
taining SH groups.  Reduced glutathione increases  the hist idase activity in the skin [6, 15]; its act ivi ty was 
highest when added to the incubation medium at the ra te  of 4.1 mmole to 10-20 mg skin t i ssue.  The content 
of reduced glutathione in normal  skin was 1.30-1.99 nmole /mg f r e sh  skin t i ssue ,  much lower  than the level  
of reduced glutathione requ i red  to activate the skin hist idase.  Meanwhile, o ther  sources  of SH groups than 
glutathione a r e  cysteine and homocysteine.  The content of f ree  cysteine in the skin is much higher  than that 
of reduced glutathione, especia l ly  in the s t r a tum corneum: 22.3 nmole /mg skin t i ssue [4]. L-cys te ine  is 
known to reduce the hist idase activity sharply  in the skin and l i ve r  [6]. 

The low histidase act ivi ty in the skin in which melanogenesis  is depressed  is thus evidently connected 
to some degree with the inhibitory action of SH groups most  probably supplied by eysteine.  The hypothesis 
[12] that the increase  in pigmentation caused by ul traviolet  i r radia t ion  or  exposure to sunlight is connected 
with the oxidation of SH groups under the influence of these fac tors  is evidently co r r ec t .  If this is so, the 
mechanism of potentiation of the histidase react ion of the skin is s imi la r  in nature  to the mechanism of pig- 
ment formation.  
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