
DISCUSSION 

The introduction of immunofluorescence tech­
niques in dermatology has contributed favour­
ahly to the exact diagnosis of bulloud disor­
ders. It has also caused a certain amount of confu­
sion in the old classification of thcse disorders. An 
example of thb is the finding of linear lgA in der­
matitis herpetiformis (DH). BP and chronic bullous 
dermatosis in childhood (I). 

In our ca�e the morphology of the eruption re­
semblcd BP. but the acute onset of the disease with 
high fever and its self- limiting na ture was morc 
compatiblc with a drug eruption or erythema mul­
tiforme. We have avoidcd the latter diagnosis be­
cause of the absence of typical lesions and the 
inconclusive histopathological findings. The im­
munopathologicål findings would strongly favour a 
diagnosis of DH. but the clinical course exclude� 
this diagnosis. Linear lgA bullous dermatosis is 
considered by some authors to be a scparate disease 
entity (I). It is. however. a clinically heterogeneous 
group of disorders. ranging from cases of typical 
DH to those of typical BP. including a spectrum of 
intermediate varieties. none of them resembling our 
case. 

A definite relationship betwecn the drug and the 
skin eruption \vas proven by re-introduction of thc 
drug. Diclophenac has been rcportcd to be well 
tolerated and to have a wide safety margin. In one 
report (2) only 2 out of 200 pat ients devcloped a 
rash which was considered to be related to the 
medication. There are few reports on the im­
munopathological findings in drug-induced <ler­
matosis. Using the IF technique, van Joost (3) dem­
onstrated circulating immunoglobulins with an af� 
fin ity for basal cells. In one of his cases. lgG and C 
were <lctccte<l by the Dl F technique. Other authors 
have reported interceUular immunoglobulin deposi­
tion (4) and immunoglobulins bound to basal cells in 
lesi onal skin in toxic epidermal necrolysis (5). The 
exact mcchanisms in these <lrug-induced disorders 
are not fuUy known at present. It is possible that 
morc than one hypersensitivity mechanism is in­
volved. The striking feature in our casc is the find­
ing of linear lgA along the basement membrane. 
This initially caused same confusion in the diag­
nosis and treatment of thc illness. before the condi­
tion was subsequently shown to be a drug-induced 
bullous dermatosis with u nusual immunopathologi­
cal find ings. 
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Absrracr. The amount of protein solubilized with a Tris­
urea-mercaptoethanol buffer was markedly rcduced in a 
patient with .. spun glass" hair but normal in -� other pa­
tients with similar appearing hair. Polyacrylamide gel elec­
trophoresis showed that it was mainly the matrix compo­
nent that was solubilized. X-ray diffraction and stress 
st min tests on the "spun glass·· hair proved normal. as was 
the amino acid analysis. The cause of the insolubility has 
not been established. 

A !arge number of hereditary disorders of the hair 
have been described. but in only a few have chemi­
cal abnormalities been identified in the structural 
proteins (2. 10). Stroud & Mehregan (12) repo11ed 
on a patient with "Spun-glass" hair that tended lo 
stick out and the y noted that the hai rs were crimped 
and had a triangular or  kidney shaped cross-section. 
The hair in this patient would not lie flat when 
combed. 
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Fig. I. Urea PAGE pattem of the SCM proteins of no. I 
(A) and normal hair (B). F are the four fibrous bands and
the matrix band is indicated by◄. Only the matrix band is
seen in A but. wit h heavy loading. faint bands correspond­
ing 10 the two fastest F bands* could be secn. 

Histology of the follicle showed that the triangular 

hai rs were surrounded by an inner root sheath of 
unifonn thickness. with the outer root sheath filling 

in the irregularity to give a round follicular cross­

section. Patients with similar appearing hair have 

been reported by other investigators (5. 6. 7, 11). 

who noted a triangular shape and canaliform Ion­

gitudinal dystrophy by scanning electron micro­

scopy. 

This report describes the biochemical and physi­

cal characte1istics of the hair from Stroud & 

Mehregan·s patient and compares the results with 

those obtained from 3 additional patients with simi­

lar hai r. 

MATERIALS 

The patients were selected for study because they all had 
hair that stood out and would not lie down after brushing 
or combing. Patient no. I was the patient of Stroud & 
Mehregan (I 2) and Schoenfeld & Lupulescu (Il). the 
brothers 2 and 3 were patients of Schoenfeld & Lupulescu 
( 11) and no. 4 is a new patient of Happle. No other abnor­
malities of the skin or other organs were observed in these 
patients. When studied by scanning electron microscopy. 
the hair from all these individuals showed a triangular 
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cross-section. a canaliform longitudinal dystrophy and no 
breaks. Schoenfeld & Lupulescu ( 11) also reported that 
the cuticular scales of cases I. 2 and 3 were smaller and 
irregular in si,? "lnd shape and had a disorganized pattern. 

·1ETHODS

Hair was clipped from affected individuals and mailed to 
the laboratory where it was stored al -70°C. Control 
samples handled this way showed no changes in their 
physical or chemical properties. The patients denied using 
bleaches and/or coloring agents and their hair had not 
been straightened or curled by chemical or physical 
means. 

The hair was washcd with petroleum ether, d1ied under 
vacuum and weighed. It was extracted with 8 M urea 
containing 0.2 M Tris. pH 9.5 and 0.1 M mercaptoethanol 
(TUM) under nitrogen for I h at 50°C and then 
homogenized. The extraction was then continued for 2 h. 
After centrifugation at 10000g for 30 min the supematant 
was treated with iodoacetic acid 10 give the S-car­
boxymethyl (SCM) deiivatives of the tibrous and mauix 
proteins. 

Protein was determi ned by the Bio-rad method and 
polyacrylarnide gel electrophoresis was done by the Davis 
method (4) but with the addition of 8 M urea (3). Stress­
strain analysis was done in water as previously described 
(9). The hair samples were hydrolysed for 24 h in 6 N 
HCI ar I00°C under nitrogen and amino acid analysis was 
done in duplicate with the Beckman I I 6 amino acid 
analyser. X-ray diffraction analysis of whole hair was 
done as previously reported (2). 

RESULTS 

The amount of protein solubilized from hair no. I by 

treatment with TUM buffer at 50°C for 3 h was 

much less than that of the other patients. as shown 

in Table I. This was test ed on two different samples 

taken in 1973 and 1979. The amount of protein 

solubilized form normal hair was never less than 25 

g/ I 00 g in the more than 500 samples we ha ve 

studied. 

The urea PAGE pattern of no. I showed mainly 

the matrix component and very weak bands corres­

pond ing to the first two fibrous polypeptides (Fig. 

Table I. Amoum of protein exrracred by rhe Tris­

urea-mercaptoethanol buffer 

Patient 
no. 

2 
3 
4 

Yield 
(g/ 100 g hair) 

3 
60 
25 
35 



I). The other individuals listed in Table I had nor­
mal patterns. 

Amino acid analysis results of the va1ious hair 
samples are shown in Tablc lL they are not signifi­
cantly different from normal. No unidentifiable 
peaks were observed on thc runs. 

Stress-strain analys is in water of hair from patient 
I showed a normal breaking strength (2.7x 10" g/ 
cm2). normal pcrcentagc extension at break (66 %) 
and normal shape of the curve (Fig. 2). Each value 

given is the average offive determinations. 
X-ray diffraction analysis showed reflections at 

9.8 Å on the equator and 5.15 Å on lhe meridian for 
nos. I. 2. 3 and 4. characteristic of normal filamen­
tous protein. 

DTSCUSSION 

Although the hair of these 4 individuals had a simi­
lar clinical appearance. the hai r of patient I was 
unique in that it was markedly insoluble in the sol­
vent which is ordinarily used to dissolve hair. The 
presence of stable cross-links is one possible expla­
nation for the insolubility we observed, since they 
can produce insoluble protein aggregates. Treat­
ment of hair with alkali ( I) has been shown to in­
duce unusual cross-links but the conditions for the 
reaction are much harsher than would be experi­
enced by the patient in her hair care. The y-(s­
lysine) glutamyl cross-link observed in hair is also a 
possible explanation, but most or all of the cross­
link is in the medulla protein (8). The normal 

Table Il. A111i110 acid analysis oj hair 
The data are expressed in residue per I 00 residues 

No. I No. I No. 2 No. 3 No. 4 
1973 1979 1979 1979 1979 

Lysine 1.9 3.6 2.4 2.1 3.2 
Histidine 0.4 1.0 0.5 0.5 0.8 
Arginine 7.4 6.0 6.9 6.6 8.3 
Aspartic acid 5.5 4.7 5.7 5.6 4.8 
Threonine 7.0 6.9 6.8 6.8 6.4 
Serine l3.9 13.5 12.1 15.7 13.5 
Glutamic acid 14.4 13.4 15.1 15.1 14.1 
Proline 9.5 8.0 10.0 9.2 8.3 
Glycine 7.2 6.0 8.0 6.9 6.9 
Alanine 5.1 4.4 5.4 5.0 4.5 
Half-cystine 13.3 15.3 13.0 13.6 16.4 
Valine 3.2 5.3 3.0 3.1 3.4 
Methionine 1.0 0.5 0.5 0.4 0.4 
lsoleucine 1.3 2.4 1.3 1.0 0.9 
Leucine 5.7 5.7 5.6 5.4 5.0 
Tyrosine 1.8 1.5 2.1 1.8 1.8 
Phenylalanine 1.4 1.8 1.7 1.2 1.3 

66 40 20 

EXTENSION (%) 
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54.8 

50 

40 

10 

0 
0 

Fig. 2. Stress-strain analysis !racing of no. I hair. The 
shape of the curve is identical with that of normal hai r. 

stress-strain curve speaks against an abnormality of 
sulfur cross-linking, as it is vcry sensitive to such 
changes. 

It is not clear how the insolubility of hair from 
patient no. I is related to its appearance. but it is a 
constant marker for this patient's hair abnormality. 
The "spun glass" abnormality. therefore. should be 
considered a distinctive variant of uncombable hair. 
Additional studies of individuals and families with 
uncombable hair are essential to uncover other 
examples of i nsoluble "spun glass·· hair. However. 
elucidation of the defect may require new data on 
the chemical properties of hair. 
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Abs tract. A 7-year-okl girl suffering from chronic diar­
rhoea due to sucrase deficiency was referred becau:,e of 
poor hair growth. Her scalp hair hacl a poor. colourlcss 
appearance aml was much thinned in the occipital region. 
Hcr skin was dry. but otherwise normal. P-zinc was low 
(7.9 µmol/I). whereas P-albumin was normal. Oral zinc 
therapy. 40 mg daily. had a mark ed bcneficial effect on her 
scalp hair. eyebrows and eyelashes. which became thicker 
and pigmentecl. Beau lines appeared on thumb-nails and 
4th left f'inger-nail. A rise in P-zinc and S-alkaline phos-
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Fig. I. Poor. thinned and colourless scalp hair before zinc 
therapy. 

phatase lcvels was observed during the zinc supplementa­
tion. Microscopic examination of her poor scalp hair. u,­
ing polarized light. revealcd well-defined abnormalities of 
the hair shafts. as reported by others in il c;ase of acroder­
matitis enteropathica: I) a marked individual variation in 
diameter. 2) narrowing often associated with waving or 
sharp bending and broken ends. 3) striation with a tenden­
cy to trichonodosis. Such changes werc ab,ent in the 
pign1ented hair appcaring aftcr the start of zinc therapy. 

Ke.,· 11·ord.1: Acrodermatitis enteropathica: Beau lines: 
Hair structure: Malab,orption: Sucrase defi­
ciency; Zinc deficiency 

Within the last two dccades it has been shown that 
zinc deficiency may develop in man due to poor 
living conditions and various discases. The condi­
tion may be a consequence of malnutrition in cer­
tain rurnl districts of thc Middle East (7). In the 
Western hemisphere long-term total parentera! 
nutrition poor in zinc (5). alcoholic !iver cirrhosis 
(11). short-bowel syndrome and malabsorption 
(9) are known causes of zinc deficiency. In child­
hood. lack of the essential element may be due to
accordermatitis enteropathica. a specific zinc
malabsorption disease (9. 12), total parentera! nutri­
tion (1) and antileukaemic chemotherapy (6). In
these case� reported. zinc deficiency caused wcll­
defincd skin and hair changes (9) which often led to
thc diagnosis.




