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Abstracts. Enzymc histochemistry of biopsie� from the 
small intestine of 5 patients with different forms of in­
herited ichthyosis and of 2 normal volunteers was per­
fonncd. Two of the patients had ichthyosis vulgaris. two 
had non-bullous congenital ichthyosiform erythroderma 
and one had X-linked ichthyosis. The following enzymatic 
activities were examined: G6P-D, 6PG-D, 1'ADPH2-TR, 
ALD-A, L-D, C-A. IC-D. S-0. M-0, NADH,-TR. ATP­
AL ATP-A Il. ATP-A 111, ATP-A IV. R5P-A. DHO-D. 
crGP-D. ,BHOB-D. MAO. GL-D. aGP-A I, crGP-A Il, 

,BGP-A 11. N.EST-A. No significant variations in the dif­
ferent em:ymatic activities were found for tne 1chthyosis 
vulgaris and non-bullous C.I.E. cases. More pronounccd 
variations were found in X-linked ichthyosis. with a de­
crease in C-A, IC-D, R5P-A, ,BHOB-D. GL-D. o-GP-A Il 
and N.EST-A activity. Succinic dehydrogenase activity 
has been rcponed in the liternture to be reduced in ich­
thyosis vulgaris and bullous C.l.E. However. the results 
obtained for our patients showed equal or higher reaction 
leveb than in the controls. 
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Fry et al. (6) reported reduced enzymatic activity 
in the enterocytes of 50% of their ichthyosis vul­

garis and bullous C.I.E. cases, and also some 

morphological alterations of the intestinal mucosa 

for some patients from the same group. Fry & 

McMinn(7) suggested that the histochemical suc­

cinic dehydrogenase te t may be useful to detect 

metabolic activity alterations in the inte tina! epi­
thelial cell!>, especially as an aid in the diagnosis 

of idiopathic steatorrhea. Hooft et al. (12. 13) and 

Guilleminault et al. ( 11) described intestinal mal­

absorption in patients with Sjögren-Larsson syn­
drome. of which non-bullous C.I.E. is a part. On 

the basis of these observations some investigators 

suggesied the possibility that both morphological 

and enzymatic enterocyte alterations may lead to a 
picture of intestinal malabsorption, which may be 
the principal pathogenic mechanism responsible for 
the development of ichthyosiform dermatoses. 
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The objective of this paper is to determine the 

existence of the alterations in the histoenzymolo­
gical profile of epithelial cells from the :.mall in­

testine of 5 inherited ichthyosis patients when com­

pared with the normal state. 

CLINICAL MATERIAL 

A general physical and dermatological examination, a 
genealogical survey and histopathological skin examina­
tions were carried out 10 diagnose and classify the types of 
ichthyosis affecting the patients. The criterion used for 
classification was that of Wells & Kerr (28), modified 
by Ester ly (5). Five patients with inherited ichthyosis 
were studied: 2 with ichthyosis vulgaris (autosomal dom­
inant), 2 with non-bullou� C.I.E. (autosomal recessive). 
and I with X-linked ichthyosis (recessive). Biopsies taken 
from two volunteers under the same experimental condi­
tions were uscd as controls. 

METHOD 

lntestinal biopsie� wcre taken from the pauents at the 
leve! of the duodenum-jejunum flexure (Treitz' corner) 
by means of an intestinal tube with a Crosby-type capsule. 
The position of the capsule was controlled radioscop­
ically. The material obtained was immediately frozen by 
immersion in liquid nitrogen for 30 sec, and later cut into 
10 µm thick sections with a CTD Harris cryotome (lnter­
national Equipment Co.. eedham Heights. Mass.). The 
sections were placed on 20x 20 slides, and air dried prior 
to the histoenzymological studies. 

The following enzymauc activites were studied: EEC 
1.1. 1.49 glucose 6-phosphate-dehydrogenase (G6P-D) 
(23): EC 1.6.99. I NADPH,-tetrnzolium reductase 
(NADPH2-TR) (18); EC 4.1.2.13 F-1,6-P aldolase (ALD­
A) (I): EC 1.1.1.27 lactate-dehydrogenase (L-D) (24); 
EC 4.2.1.3 cysaconitase (C-A) (29); EC I. I. 1.41 isoci­
trnte-dehydrogenase (IC-D) (26); EC 1.3.99.1 succinate­
dehydrogenase (S-0) (21): EC 1.1.1.37 malate-dehydro­
genase (M-D) (24): EC 1.6.99.3 NADH,-tetrnzolium re­
ductase (NADH.-TR) (18); EC 3 .6.1.3 adenosine-triphos­
phatase at pH 9.4 (A TP-A I), pH 8.5 (A TP-A Il). pH 
7.4 (A TP-Alll) and at pH 6.3 (A TP-A IV) (20); EC 
3.1.3 ribose-5-phosphatase (RSP-A) (27): EC 1.3.3. I di­
hydr<'-orotate-dehydrogenase (DHO-D) (2); EC 1.4.1.3 
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Table I. Histoe11:._w110/ogy of rlte i111e.lfi11al 11111cosa in 5 calC'l <l inltaited ichthyosis and in 2 comrols. fll­
,,,11.\iry of r<'11ctio11 in the 1·i//i and crypllll' 

Villi 

lchthyosis vulgaris on-bullOlt, C.I.E. X-linked

Enzyme Ca,e I Case 2 Case 3 Ca,c 4 
ichthyosis
Ca,e 5 Control I Control 2 

G6P-D +++++ +++++ • • +++++ +++ 
6PG-D -'--r+ ... 

• --++ ++ 
NADPH,-TR -t--r++- + • • ++-t-++ --++-,-
ALD-A ++ + * ++ ++ + 
L-D ++ • • --+ ++-'- ++ 
CA-D --,.+ +++ -++ ,. + +++- -•+ 

IC-D +++-,- �+++ • ++ ++++-t- ++--'-
S-D +++ ++ +++ ++• ++ ++ ++ 
M-D -+ --++ •--'-+ +++- * ++-r+ +++ 
NADH,-TR ...... ++ ....... + • ++-- -++r• -... ++-
ATP-AI + + + + ++ + 
ATP-A Il -+++ ++-++ +++++ +++.;. +++ +++++ ++ 
ATP-A 111 +--++ +--J..+ +++++ •+ +--++ -,.+ 
ATP-A IV + • + ++ 
R5P-A ++++ ++++ • • ++ +•+++ +++ ...
DHO-D ..L 0 • 0 0 0 
MAO +-r- • • • ++-... __ ... 

GL-D ++ * + ++ +-t-
QGP-D ++ �+ + + ++ + 
/3HOB-D ++---- -++ +-'-+ +++ +--'-+ +++ 
QGP-A I -++ ++-+ * ++- ·++ .......... -+++ 
crGP-A Il +➔ ++ ++++ ++++ + +++-,. .,. ... 

• = Unperformed reaction hee detaib in the te,ct).

glutamate-dehydrogcnase (GL-D) (4): EC 1.4.3.4 mono­
amino-oxida,e (MAO) (8): EC 1.1 1.8 a-glycerophos­
phate-dehydrogcna,e (uGP-0) (�5): EC 1.1.1.30 µ hy­
droxybutyrate-dehydrogena�e (,8HOB-DJ (25): EC 3.1.3.1 
alkaline phosphata,e (aGP-A I) (9); EC 3.1.3.2 acid phos­
phate (aG P-A 11) ( I OJ: EC 3. I. I. naphthol-acetate este­
ra�e ( .EST-Al ( 15). Histochemical reaction "ith Sudan 
Black. ad 111od11m Wegmann & Fouquet (22). was carried 
out to evaluate the amount of lipid, pre,ent in the entcro­
cyte. 

The following convention was used to indicate reaction 
intensity: 0. negative reaction: +. very wcak reaction; 
-.. -,. . weal. reaction: + + +. moder.itc reaction: + -... -. 
strong reaction; + + +-,.-. very strong reaction. The villi 
and cryptae were analysed :,eparatel}. 

RESULTS 

The re,ulb obtained for the control and patient 

biopsies are summarized in Table I. Hi�tochemical 

analysi� revealed a sharp difference in intensity be-

1 ween the enzymutic activities of the enterocyte� 
from the villi and cryptae. The outstanding enty­

matic activities found for the enterocyte� of the villi 
were those of thc pento,c cycle und of the respira­

tory cycle. 
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Compari�on between biopsie� from patient� and
from the control, was not alway<, satisfactory due to 
the ,mall amount of matc,ial collectcd from the 
former group. which did not allow a sufficient num­

ber of sections for all cnzymes or did not contain 

villi and cryptae in the ,ame fragment. This is why 

�cveral reactions in Table I are marked as ··unper­

formed". 

In ichthyosi:, vulgari, (cases I and 2). the enly­

matic profile of the entcrocytes of the villi shows 

the same pattern as that in the controb. An ade­

quate compari�on of the cryptae was not pos�ible. 

As to thc individual enzymes, a few di�crete varia­

tions in reaction intens1ty occurred in the patients· 

villi. In case I. M-D. NADH:-TR and alkaline 

phosphatase activity decreased. while S-D activity 

increa:,ed. In ca�e 2. a decrea�e in ADHrTR. 
NADPHrTR. 6PG-D and GL-D activity was ob­

,crved. Hov.e\er. the!>e variations are very ,mall. 

a:, shown in Table I.

In non-bullou� C.I.E. (cases 3 and 4). there were 
variation., in S-D activit) only. which increased in 

relation to the controls. the variations being cqual 

and of low intensity. In X-linked ichthyosis (case 



Cryptae 

Non-bullous C. I. E. X-linked 
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lchthiosis vulgaris 
ichthyosis 

Control 2 Case I Case 2 Case 3 Case 4 Case 5 
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5). variat.ions were observed in C-A, IC-D. NADH,­

TR, R5P-A. ,BHOB-D. GL-D. aGP-A I, aGP-A Il 

and N.EST-A, with a reduction in activity for all of 

them. The variations were more intense in the two 
lipid metabolism enzymes (/3HOB-D and N .EST­

A). the latter eyen being negative. 

No decrease in reaction intensity was observed in 

the patients' villi for succinic dehydrogenase; on the 

contrary, in 3 cases (cases I, 3 and 4) the reac­

tion was slightly more intense than in the controls 

(see Fig. la.b, c). 

The results for histoenzymological reactions in 

the cryptae region were compromised by the ab­

sence of such structures from most of the intestinal 

mucosa preparations. 

DISCUSS[ON 

The enzymatic profile observed in our preparations 

of normal intestinal mucosa can be compared with 

the profiles described by Dawson & Pryse-Davis (3) 

and Padykula et al. (16). The cwo sets of profiles 

are similar, but IC-D and NADHr TR, described by 

these authors as reactions of weak intensity, had 
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+ 0 
++ + 

++ ++ 

0 0 
0 0 
0 0 
0 0 

++ + 

0 0 
++ + 

0 0 
+ 0 
++ ++ 
+ 0 
++ 0 

strong (NADH2-TR) or moderate to strong (IC-D) 

intensity in our experiments. These same authors 

described S-D as being of moderate intensity. 

whereas this enzymatic activity appeared to have 

little intensity in the controls in our study. j3HOB­

D, described as having strong intensity in the in­
vestigations quoted, showed moderate to strong in­

lensity in our study. As to the other enzymes for 

which a comparison was possible, reaction intensity 

in the intestinal villi was similar. 

Shonk et al. ( I 9) studied the enzymatic profile 

of the human colon and rectum with biochemical 

techniques. A few of the enzymes studied by us are 

among those also studied by these investigators. 

Their observations showed the following sequence 

in decreasing order of enzymatic activity: MD/ 

LD/ ALD-A/aGP-D/G6P-D, while our sequence was 

G6P-O/M-D/L·D/ALD-A/aGP-D. The only marked 

discrepancy between the two studies concerns G6P· 
D activity. which may be due to functional differen­

ces between the small and large bowel. 

As can be seen in Table I. S-D enzymatic ac­

tivity in the ichthyosis cases was identical with 

(cases 2 and 5) or more intense (cases I, 3 and 4) 
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Fig. I. Hi>toenzymology in intestinal villi. Succma1e-de­hydrogenase in (a) normal control: (b) X-linked ich1hyo-

than in the controls. Fry et al. (6) described these enzymes as decreased in 50'/c of their ichthyosis cases. and Fry & McMinn (7) had previously sug­gested that a decrease in the activity of this enzyme may be indicative of idiopathic -.teatorrca. Thb finding would :,trengthen 1he hypothesis that there i, an associa1ion bctween inte:,tinal malab:,orption and inherited ichthyosb. It was not possiblc to con­firm the result:, of Fry et al. (6) m our study. It is impo11ant to point out that these author:, did not mention the criteria uscd for normality in their in­vestigation. which make it difficult to compare their data with ours: Dawson & Pryse-Davie:, (3) and Padykula et al. ( 16) considered the level of S-D enzymatic activity in the normal jejunum of man as moderate. and, as can be interpreted from their texts. their S-D results seem to be the same as our:,. We noted a reduction in activity for several en­zymes (6PG-D: NADPH:i-TR: CA-D: JC-D: M-D; ADH2-TR: R5P-A: GL-D: J3HO8-D: aGP-A I: aGP-A 11) (Table I). but the value-. varied for the different forms of ichthyosis and for the different patients within the same type of ichthyosi:,. �o that. except for the fact that a depre:,sion in activity was a constant finding, it was not po:,sible to isolate any enzyme which would di criminate any panicular form of ichthyo:,i�. Monges et al. ( 14) observed an increase in 

sis. and Cc) ichthyosis vulgaris. Original magnification. X50. 

NADH2-TR, NADPH2-TR and G6P-D activity and a reduction in L-D activity during lipid ab,orption. In our study. there was no variation between L-D and G6P-D activity: there was a marked reduction in NADHrTR and NADPH2-TR activi1y onty in case 2 (ichthyo!>i!> vulgari!>). with no variations ob­served in the other patients. Il is difficult to attri­bute a pathological 5ignificance to this finding. A!> to the \ ariation, found for the other enzymes stud­ied in the ca�cs of ichthyosi:, vulgari!> and non­bullou • C.l.E .. these must be individual variation!> due to the reduced number of enzyme involved and 10 the slight intensity of such variation. In relation lo the intense variations ob!>erved in case 5 {X-linked ichthyo�is). involving a !arge num­ber of cnzyme!>, it is more difficult to give emphasi� 10 thb finding in view of the good general clinical condition of the patient and of the normal results of ab:.orption tests performed. as per Pina Neto el al. ( 17). To fu11her clarify the!>e data it would be nece:. ary to increa:,e the number of case, under study. 
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