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ULTRASTRUCTURAL CHANGES OF ZTNC DEFTCIENT 

RA T EPIDERMIS: AN ELECTRO 
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Abstract. Zinc deficiency was produced in rats by fecding 
them a diet containing 0.5 mg zinc per kg. After 2 weeks 
the zinc-deficient rats 5howed markedly stunted growth as 
compared "1th control rats receiving an identical diet 
supplemented with 50 mg zinc per kg. After about 3 wceks 
all rats in the zinc-dcficient group developed a greasy. 
coarse and scaly coal with dispersed. denudcd. eczem­
atous patches. Afler 32 days the animals were sacriticed 
and skin specimens were obtained from the abdominal 
area. Elcctron microscopy showed two difTerent pattem, 
of epidermal changcs: (A) edematous cell bodies and cell 
organelles. degenerale nuclei. while desmosomes were 
well preserved; (8) parakeratotic and dyskeratotic cells 
wilh sparse keratohyalin granules. abnorma! keratino­
somes, poorly developed desmosomes. and disintegrated 
mitochondria in the upper part of the epidermis. In the 
lower part. keratinocytes contained numerous I ibo,omes 
and thick chromatin aggregates in the nuclei. Dendritic 
celb "'ere d1sintegra1ed in panern A. while the� appeared 
normal in pattem B. In both pattems mitochondria 
showed vacuoles and a lack of DNA granules. A transient 
form oftype A and B changes was also observed. 

Key 11·ord1 Acantholy,1); Cell organelle::,; Dyskerato:01::,; 
Epidermis; Parakeratosi\: linc deficicncy 

Follis et al. (2) have perforrnec.l extcnsive light mic­
roscopic �tuc.lies on zinc deficiency dermatitb in 
rats. The changes included ederna of the prickle 
cells. and. occasionally. acantholytic and necrol­
ic cell�. The outer epidermal layer appeared 
parakeratotic. especially over areas of irregularly 
widened prickle cell layer. Similar changes have 
been observed in zinc deficienc} in patients :.ufTer­
ing from acrodermatitis enteropathica (4) anc.l in 
patient<; rcceiving total parentera! nutrition devoid 
of zinc (I). The present invcstigation was under­
taken lo !>tudy ultrastructural changes in the 
epidermi-, of zinc-deprived rats. 

MATERIAL AND METHODS 

E.,peri111e111al an/mals 
Twent) ·four male albino rats ha, ing an initial weight of 
about 75 g were u,ed. The rats were divided mto three 
groups of 8 individuals each. One group rcccived a zinc­
deficient rat test diet ad /ibi111m (Table I). Two groups 
received an identical diet supplemented with 50 mg zinc 
per kg. One of the control groups received the diet ad 
libirum while the otber received a restricted amount a, 

Table I. Compv.1itio11 of :.inc-deflcie111 ml test diet 

(0.5 mg ;:,inc/kg/ 

In the control diet zinc carbonate (ZnCO3) is added at a 
leve! of89.2857 g/kg (adds 50 mg zinc/kg) and the dextrosc 
is reduced to 636.4090943 g/kg of diet 

Egg "hite solid�. ,pmy dried 
Dextro:.e. hydrate, technical 
Corn oil 
Non-nutritive tibre (cellulose) 
Sod1um chloridc NaCI 
Potas:.1um phosphate K2HPO, 
Calc1um phosphate CaHP04 

Magnesium sulphalc MgSO, 
Calcium carbonatc CaCO3 

Ferric citrale (16.7% Fe) 
Potassium iodide Kl 
Manganese sulphate MnSO, • H,O 
Cupric sulphate CuSO, • 5H,O 
Cobalt chloride CoCl2 • 6H20 
Biotin 
Vitamin 8 12 (0.1 o/r trituration in mannitol) 
Calcium pantothenate 
Choline chloride 
Folie acid 
Niacin 
Pyridoxine HCI 
Riboflavin 
Thiamin HCI 
Dry vitamin A palmitate (500.000 U/g) 
Dry vitamin D2 (500.000 U/g) 
Dry vitamin E acc1a1e (500 U/g) 
Menadione 
Chlonetracycline HCI 

200.0 
636.49838 
100.0 

30.0 
5.55198 

10.68784 
2.48948 
1.6513 
9.94405 
0.91154 
0.02652 
0.00879 
0.00994 
0.00185 
0.004 
O.Q:!
0.016
1.5
0.0005
0.025
0.004
0.006
0.01
0.02 
0.0025 
0.22 
0.00033 
0.39 
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Fif(. I. Average weight gain of zinc-deprived and zinc­
supplemented groups of nus (11=8). 

ingested by the anorectic zinc-deticient rats (pair-fed con­
trol group). The animals were hou,ed in cages made of 
pla,tic and stainless Meel. Zinc-free deionized water wa, 
otTered freely.

Skin speci111e11, 

After 32 day\ 2 rats from each group were selected for the 
present inve�tigation. w hile the remaining animal� were 
u5ed for other purpo�e,. The animal, were carefully 
shaved on the abdominal area with an electric rnzor. Then 
under aether narcosis the rats were wcrificed by decapita­
tion. The abdominal �kin was e.xcised and a p1ece of about 
one cm' wa� cut into minor fragments and immediatel� 
fixed in 6<;f glutaraldehyde in 0.2 mol cacodylate bufTer. 
pH 7.2. wilh 7.5 % sucrose. The specimen5 wcre dehyd­
ra1ed in a �enes of ethanol and embedded in l:.pon 81 �­
Ultrathin sections were cut with a Reichert ultramic­
rotome OM 2 and OM 4 and stained with uranyl acetate 
and lead ci1ra1e. AJ EOL electron microscope 1-0 CX wa, 
opcrated for 1he observations. 

RESULTS 

Clinical ob.\eJTatiom 

The effect of zinc deficienc} on the growth rate 

appears from Fig. I. After about 3 week� the zim:­

deprived rats. apart from showing �lllnted growth.

developed a scaly coarse coat which became 

thinned and unkempt (Fig. 2). Well-defined eczerna­

tous lesion� were secn in major skin folds and 

annular or circular le,ions appeared in the don,al 

and abdominal area�. The skin and pclt of the zinc­

supplernentcd control groups appearcd normal. 

Vit l'llS/J'/1('/ 11/'/ll _fi11di11R ,\ 

Electron microscopy of zinc-deficient rat cr,ide1mi� 

rcvcaled two differcnt pathological pattern!>. 

Fig. 2. Ninc-week-old albino male rnt after 30 days· depri­
, ation ot z,nc. 

\\herea, thc control rats showed essentialli, normal 

feature!>. 

Pattel'II A. In the whole of the epidermi�. 

keratinocytes were edematou<;. especially in the 

peripher} of their cytopla!>m ,, here tortuou!> c� -

toplasmic protru!.1ons could be scen (Fig. 3). 

Mitochondria were cystic. lacking cri�tae and DNA 

granute,. The granular endoplasmic rcticulum 

�hO\\.ed dilated ct<;temae with aggregate'> of ribo­

some�. and the Golgi apr,aratus wa� �mall. Mul­

tivesicular bodie!> and small primary lysosomc, 

were ,ecn ( Fig. 4). The nuclei contained coar-,c 

chromatin granule� without peripheral condensate�. 

The intcrcellula1 �paces were intact, with a normal 

fine structure. Kcratinosome� ,,ere slightly reduccd 

in sizc. and keratohyalin granules were fe"'. Some 

homy rlates contained rernnants of ribo,ome� in 

the keratin ma!>�C�. Dendritic cells werc strongly 



edematous, containing debris of cell organelles. 

The cell membrane wa', intact. 

Pattern B. Keratinocytes in the basal cell and 

spinous cell layers cont.•ined numerous ribosomes 

and mitochondtia (Fig. 5). The mitochondria were 

gathered and contluent in the perinuclear area of the 

upper spinous cell layer and contained no DNA 

granules (Fig. 6). The tonofilament bundles were 

sparse in the lower part of epidermis, but in the 

upper part thick bundles were present at the 

periphery of the cells. The granular endoplasmic 

reticulum and the Golgi apparatus was dilated. Nu­

clei from different layers of epidermis had strongly 

condensed chromatin masses and enlarged nucleoli 

(fig. 5). Desmosomes of basal cells and of lower 
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Fig. 3. Pattern A. Edematous keratinocytes 
show tortuous cytoplasmic protrusions 
(massive arrows), vacuolated mitochondria 
(M) and degenerate nuclei (N). lntercellular
�pace is not dilatcd. 'The area indicated by a 

framed arrow is shown in Fig. 4. X7740. 

spinous cells were poorly developed. These cells 

showed finger-like cytoplasmic protrusions in the 

widened intercellular space. In contrast. the space 

in the upper part of epidermis was narrow and 

desmosomes were normal. Keratohyalin granules 

were not seen. In some cells fat droplets could be 

seen (Fig. 6). Keratinosomes varied in number and 

size. Horny plates contained remnants of cell or­

ganelles in varying amounts and had a thick cell 

membrane. In some areas of the upper spinous cell 

layer degenerate keratinocytes were observed. 

These cells appeared dyskeratotic, with sparse 

desmosomes. Filaments, vacuoles and dense bodies 

were located in the central part of the cytoplasm 

and tonofilaments at the periphery (Fig. 7). Den-
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Fig. 4. Pauern A. Vacuolated mitochondria (M) and multi­

vesicular body (V). No penpheral condensates of 

chromatin are seen in a degenerate nucleus, x 30 000, 

Fig. 5. Pattem B. Keratinocyte in basal cell layer. The 

cytoplasm is filled with ribosomes (R). Nucleus contains 

distinct chromatin condensates at the periphery (Ch) and a 

!arge nucleolus (asterisks). Inlercellular space is dilated 

and contains ribosome-like granules. x 30 000. 



dritic cells appeared normal. some of them con­

taining Langerhans cell granules. 

Intermediate pottern. An intermediate form of 

the rwo patterns described was observed. display­

ing a gradual transition from type A lo type B 

changes. Cellular ederna of the lower spinous cell 

layers was present to a mild degree and the basal 

cells resembled those of pattern B. The horny layer 

was orthokeratotic, except in a few areas with 

parakeratotic horny plates. Dyskeratotic cells were 

not present and dendritic cells were normal. 

DISCUSSJON 

The present study shows that zinc deficiency 

causes marked ultrastructural changes of the 

epidermis. Onc main type of abnormality included 
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fig. 6. Pattern B. Parakeratotic horny layer 
and upper spinous cell layer. Remnants of 
nuclei and cell organelles are seen in the 
horny plates. Keratinocytes in the upper 
spinous cell layer show numerous vacuo­
\ated and confluent mitochondtia (M). di\at­
c<l cisternae of endoplasmic reticulum and 
nuclear envelopes (arrows) and fat droplets 
(F). X7740. 

swollen cell bodies and cell organelles and degener­

ate nuclei, while the desmosomes remained intact. 

The other type of change was mainly characterized 

by para- and dy�keratosis. It is conceivable that the 

two types of abnormality represent various stages 

of injury. pattern A represen ting early and pattern B 

late changes induced by zinc deficiency. 

It is noteworthy that in both patterns described. 

the vacuolated mitochondria contained no visible 

DNA granules such as are seen in similar condi­

tions. e.g. seborrheic dermatitis (3). It is conceiva­

ble that the lack of DNA granules retlects a de­

pressive effect of zinc deficiency on the DNA syn­

thesis of the epidermal cells (5). Multivesicular 

bodies in keratinocytes and acantholytic cells may 

be observed in other pathological conditions. The 

present study was performed after about one 
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Fig. 7. Pallern B. A degenerate keratinocyte. like an 
acantholytic cell, shows a few desmosomes (arrow). 

month"s zinc deprivation. It will be interesting to 

further define the epidermal changes occurring dur­

ing earlier and later stages of zinc deficiency. 
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