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Metabolites of histidine were dctcrmined b} high performance liquid chromatograph} in 
suction blister lluids from lesion, and normal appearing ,kin of pauents with p,oriasis and 
from healthy subjects. There wa, a significant decreasc in the levels of hi,tidinc and 
urocanic acid in the samples obtained from patients with psoriasis as compared to healthy 
subjects. Virtually only the E-isomer of urocanic acid was detected. (Received February 
10. 1986.)
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Normal human epidermis contains about 0.59c urocanic acid dry weight which i� mainly 

localized in the stratum corneum (], 2, 3). It has been proposed to function as a natura) 

sunscreen in the UV-8 region (2, 4) and to be a mediator of immunological changes after 

cxposure to UV irradiation (5). Ultraviolct irradiation of the skin produces an E(trans) to 

Z(cis)isomcrisation of urocanic acid, which is proposed to be an effcctive mechanism in 

the skin for the absorption of energy (2). 

Urocanic acid is derived from histidine (Fig. I) by the action of histidase (histidine 

ammonia-lyase; E.C. 4.3.1.3.) and is degraded by urocanase which is present in the liver 

and in bacteria. The relatively high amount of urocanic acid in the stratum corneum seems 

to be due to the fact that no degrading enzymes have been found in the skin (I. 6. 7. 8). 

Psoriatic scales have low Jevels of urocanic acid although histidase activity is slightl} 

increased (9). These seemingly contradictory re,ults prompted us to study furthcr the 

disturbcd histidine metabolism in psoriasis. Histidine and urocanic acid were determined 
in plasma. and suction bl ister fluid from lesions and normal appearing skin of patients with 

psoriasis and healthy subjects. Histamine was also assayed in some of the blister fluid�. 

MATERIALS AND METHOOS 

Patients 

Suction blistcrs were raised on uninvolved skin of 15 men and 4 women (age 23 to 75 years) with 
typical psoriatic plaque lesion�. Ten of them had recently been treated with UV-8 irradiation and 
anthralin or PUVA bath whereas 10 patients had had no trcatment at all the previous month. Seven 
patients had extensive and increa�ing lesion, coveriag most areas of the body and 2 had minor lesiom, 
limited to the elbow� and knees. The others had plaque lesions in a stationary phase covering I 5-30 '.k 

oflhe body. In 10 ofthe patients blisters werc abo rai�ed on untreated lesions and in 8 patient� treated 
with UV-8 or PUVA-bath blisters werc produced on clcared or nearly cleared le�ion�. Healthy 
volunteers (37 men and 11 women, age 21-56 years) served as controls. 

Plasma st11nples 

Blood from the antecubital vein, was collected into hepannized Vacutaner tube� ( 10 ml), centrifuged 
and the separated plasma was stored at -40°C until u�e. 
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Fig. I. Biochemical path
way for histidine metabo
lism. 

Suction blisters were raised on the volar side of the forearrn using continuous suction (200 mmHg 
below atrnospheric pressure) as described by Kiistala & Mustakallio (10). The blister fluid was 
sarnpled and measured with a microsyringe. The roofs were then genlly removed with forceps and 
fixed in neutralized formalin. embedded in paraffin and stained with Pauly's reagent to reveal the 
histidine rich layer as described by Reaven & Cox (9). 

Protein levets 

The leve! of albumin in the blister tluid was determined by high performance size exclusion chromato
graphy (HPSEC). Column TSK 3000 SW (600x7 .5 mm). Eluent: KH2PO. 0.1 M + NaCI 0.15 M. pH 
7.1, flow rate: 1 ml min-1, UV-detection: 280 nm, room temperature. 40 µI of bl ister fluid was diluted 
with 60 µI of the eluent buffer and then submitted to HPLC. The blister albumin (MW 66 KD) leve) is 
taken as an index of protein content. 

HPLC ana/ysis 

The HPLC apparatus used consisted of a Waters 6000A pump, a Rheodyne 7125 injection valve, 
either a Waters M44I UV detector (urocanic acid) or a Kratos URS 051 Post-Column Reaction 
System fitted with a Waters M420 Fluorescence Detector (histidine) and a Metrohm E586 strip chart 
recorder. 
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Fig. 2. Typical chromatogram of (a) bli st er fluid, (b) artifi
cial mixture of E and Z urocanic acid. 
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Fig. 3. L-Histidine and E-urocanic 
acid in suction blister tluid from 
normal appearing skin of patients 
with psoriasis (*) and heallhy con
trols <•).

The extraction and HPLC procedure has been previously described (11) and was used with the 
following minor modifications: blister fluids (10 µI) were diluted with 40 ttl of distilled water and 
deproteinized with 100 µI of acetonitrile. After Vortex mixing for 15 s, the samples were centrifuged (2 
min, 10000 g at 4°C) and 50 id of the resulting supematanl were injected. A typical HPLC chromato
gram of a blister-tluid extract is hown in Fig. 2 a, an artificial mixture of E and Z urocanic acid in Fig. 
2b. 

Quanriftcation of L-hisridine 

Blister tluids (20 µl) were diluted with 40 µl of distilled water and deproteinized with 20 µl of HC1O4 

0.4 M. Plasma samples (20 µl) were deproteinized with 80 µI of HClO4 0.2 M. After 15 s Vortex 
mixing, the samples were centrifuged (2 min. 10 000 g. 4°C) and 50 µI of the resulting supernatant were 
injected. 

Free L-histidine levels were determined using the H PLC separation and post column detection 
technique described below: 

E/11ent: 97% of KH2P04 0.075 + octane sulfonic acid sodium salt 0.005 M adjus1ed al pH 3.9 with 
H3PO.; 3% acetonitrile. 

Column: Du Pont Zorbax ODS - 25 cm x 4.6 mm i.d. 7 µm particle size. Flow rate: I ml/min. 
Derection reagent: Borate buffer 12 g/1 adjusted al pH 10.5 wilh KOH (2 �). orthophthalaldehyde (0.8 

g/1), 2-mercaptoe1hanol (0.2 g/1). Reagenl tlow rate: 0.5 ml/mn. Room temperature. Fluorescence 
detection: Excitation: 338 nm. Emission 445 nm. 

Quantiftcarion of histamine 

The histamine levels were determined by radioenzymatic assay (12). 

Table I. Histidine and urocanic acid in suction blister fluid from involved and normal 

appearing skin of patients with psoriasis and healthy subjects 

Number of E-Urocanic acid, r1g/ml L-Histidine, µg/ml 
patients (mean ± SE) (mean ± SE) 

Healthy subjects 41 11.6±0.5 26.2± l.1 
Patients with psoriasis 

Uninvolved skin 19 l.5±0.3*** 15.7±1.8 ... 
Non-treated lesions 8 3.0± 1.0*** 17.8±2.0** 
UV-treated lesions 7 4.9± 1.6*** 17 .4± 1.9** 

•• p<0.01, *** p<0.001 compared lo healthy subjects 
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RESULTS 
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Both E-urocanic acid and histidine were significantly reduced in blister fiuids from 

involved and uninvolved skin of patients with psoriasis compared to healthy controls (Fig. 
3 and Table I). Only low levels of Z-(cis) urocanic acid were detected under these 

conditions. We were not able to detect any correlation between the severity of the disease 

and the histidine or urocanic acid levels, although the patient with the highest histidine and 
urocanic acid levels in normal appea1ing skin had lesions limited to the elbows. Patients 

who had been UV irradiated showed similar low levels of urocanic acid and histidine as the 
non-treated patients. Three patients who responded poorly to UV treatment did not differ 

in their histidine or urocanic acid levels from 7 patients receiving the same treatment but 
cleared rapidly. 

No significant difference was seen between the histamine levets in blister fluids obtained 

from 8 patients with psoriasis and 8 healthy subjects (mean ± SE 3.7±3.0 and 6.0±8.7 

ng/ml). In blister fluid no difference was seen in the albumin leve! between 16 patients with 

psoriasis and 6 healthy subjects (mean ± SE 15.2±3.3 mg/ml and 17.0±4. I mg/ml respec

tively). The mean ± SE level of histidine in plasma from 13 patients with psoriasis was 

I 1.0± 1.7 µg/ml as compared lo 11.5± 1.0 in healthy subjects. Non-involved skin from 

psoriatics and healthy controls both showed positive Pauly staining reactions of the 

granular layer whereas in the granular laycr of psoriatic lesions less intense staining was 
observed. 

DlSCUSSION 

The low levels of urocanic acid in blister fluid from patients with psoriasis could theoreti

cally be a result of a decreased formation from histidine or be due to a breakdown of 

urocanic acid by urocanase (Fig. 1). Urocanase is not present in normal skin and we have 

not been able to detect it by allowing urocanic acid to internet with blister fluid from our 

patients. An increased degradation of urocanic acid in the skin of patients with psoriasis 
therefore seems unlikely. 

A decreased formation of urocanic acicl could occur if the enzyme, histidase, is not 
functioning or if there is no histidine available for the enzyme. Histidase activity has been 

reported to be slightly increased in psoriatic lesions but decreased in the normal appearing 

skin of patients with psoriasis (9). Scott (13) found that there was only little histidase in the 

normal living epidermis and that the enzyme was almost completely restricted to the 

stratum corneum. Here, however. it was inactivated at low pH and the normal conversion 

of 75 % of available free histidine occurred in alkaline solution. A defect in the histidase 

activity in patients with psoriasis linked to local pH variations can therefore not be 

excluded. 

We do not know the reason for the low histidine levels in the blister fluid of psoriatics. 

Plasma levets of histidine are reduced in some disordcrs such as rheumatoid arthritis, 
uremia and Hodgkin's disease (14). In our patients the plasma levels of histidine were 

normal. The albumin levels in the blister tluid were the same in psoriatics and healthy 

subjects indicating that there is no change in the passage of serum proteins into the blister 
fluid in psoriasis. 

A decreased synthesis of the histidine rich protein in the granular layer was demonstrat

ed in psoriatic lesions but not in the normal appearing skin (19). The Pauly staining. which 

reflects the presence of this protein, was not changed from normal in the non-lesional skin. 
It can therefore not explain the low levels of histidine. 

An altered metabolism of histidine in psoriasis therefore seems more plausible. An 
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increased excretion of methyl histidine is known to occur in conjunction with catabolic 

responses after stress and trauma ( 15). An alternative pathway would be an increased 

formation of histaminc metabolites. We found no significant increa�e of histamine in the 

blister fluid of patients with psoriasis. comparcd lo normal controb, but an incn:asc of 

histamine in the basal cell layer and the papillac has been dcscribed (16). An incrcased 

histamine forming capacity in p�oriatic lesions and an increased urinary excretion of 

histamine has also been detected in patienti. with psoriasis ( 17). In this context Il is 

interesting to note that high levcls of histamine and histidine decarboxylase have recently 

been found in growing experimental tumours ( 18). 

The prcceeding discussion leads us to propo,;e that in psoriasis there is a shift in the 

metabolic eon version of histidine towards the production of histamine rather than urocanic 

acid. 

ACKNOWLEDGEM ENTS 

The authors thank Dr P. Brun and S. Shroot from the Centre International de Traitement du Psoriasis 
(Antibes. France) for providing the samples, F. Blachon for hiMological preparations, Martine 
Bouclier for the determinations of hi<;tamine and R. Jacobs for \ecretarial help. 

REFERENCES 

I. Zenisek A. Kral JA. The occurrence of urocanic acid in human sweat. Biochim Biophy\ Acta
1953: 12: 479-480.

2. Everett MA, Anglin JP. Bever AT. Ultraviolet induced biochemical alterations in ,!..in. Arch
Dermatol 1961; 84:717-719.

3. Baden HP, Pathak MA. Urocanic acid in keratinizing ti��uc. Biochim Biophys Acta 1965:
104: 200-204.

4. Zenisek A, Kral JA, Hais IM. Sunscreening etTect of urocamc acid. Bioch1m Biophys Acta 1955:
18: 589-591.

5. Kriepke ML. Skin cancer. Photoimmunology and urocanic acid. Photodermatology 1984:
I: 161-163.

6. Spier HW. Pascher G. Die wasserlöslichen Be<;tandteile der peripheren Hornschicht (Hautober
fläche). Quantitative Analysen. Arch Klin Exp Dermatol 1959: 209: 181-193.

7. Zannoni VG. La Du BN. Determination of hi�tidine deamina\e in human ,1ra1um corneum and its
absence in histidinemia. Biochem J 1963: 88: 160-162.

8. Baden HP. Pathak MA. The metabolism and function of urocanic acid in thc skin. J lnvest
Dermatol 1967: 48: 11-17.

9. Reaven EP, Cox AJ. Histidine and keratinization. J lnvest Dermatol 1965: 45: 422-431.
10. Kiistala U, Mustakallio KK. Dermo-epidermal ,eparation with suction. Electron micro,cop1c and

histochemical study of initial events of bli>tering on human skin. J lnvest Dermatol 1967:
48: 466-477.

11. Caron JC, Martin B. Shroot B. High-performance liquid chromatographic determination of
urocanic acid isomers in biological samples. J Chrom Biomed Appl 1982: 230: 125-130.

12. Bouclier M, Jung MJ, Gerhard! F. a-Ouoromethyl histidine. Inhibition ofhistidine decarboxylase
in pylorus ligated rat. Biochem Pharmacol 1983: 32: 1553-1556.

13. Scott IR. Factors controlling the expressed activity of histidine ammonia-lyase in the epidermis
and the resulting accumulation of urocanic acid. Biochem J 1981; 194: 829-838.

14. Adam G. Katz NR, Leins R. Kluthe R. Amino acid metaboli,m in Hodgkin·s disease w,th special
reference to histidines. In: Partsch G. Batsford S. ed�. Histidine Il. Second lnterna11onal
Workshop, Vienna. New York: Thieme-Stratton. 1980.

15. F0rst P. Bergström J, Holmström B. Liljedahl SO. Neuhauscr M, Vinnar, E. NT-Methylhistidine
in trauma. In: Partsch G. Batsford S. eds. Histidine Il. Second lnternational Workshop, Vienna
1979. New York: Thieme-Stratton. 1980.

16. Juhlin L. Localizallon and content of histamine in normal and di,eased skin. Acta Derm Venereol
(Stockh) 1967; 47: 383-391.



300 L. Juli/in er al. Acta Derm Vcnereol (Stockh) 66 

17. Graham P. Harris JM. Salter MR. Histamine formation in psoriatic skin. J Pharm Pharmacol 

Suppl 1981: 45P. 

18. Bartholeyns J, Fozard JR. Rote of histamine in tumor development. Trends Pharmacol Sci 1985: 
6: 123-125. 

19. Voorhees JJ. Chakrabarti SG. Bernstein IA, The metabolism of "histidine-rich" protein in 
normal and psoriatic keratinization. J Invest Dermatol 1968: 51: 344-354. 


