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Abstract

The subject of this study was whether the ultra-
structural changes in cheek epithelium of zinc-deficient
rats are time related. Weanling male Sprague Dawley
rats were fed a zinc-deficient diet containing 0.4 ppm
zinc (ZD) ad libitum and controls were pair-fed zinc
adequate diet containing 40 ppm zinc. After 9, 18, and
27 days of zinc deficiency, specimens from cheek epi-
thelium of both groups were processed for transmission
electron microscopy. Partial conversion of the ortho-
keratinized cheek epithelium to parakeratinized was seen
as early 9 days. An electron-lucent band surrounding
the nucleus was observed in ZD cells. Mitochondria,
tonofilaments, keratohyalin granules and ribosomes
seemed to be increased with the increase in time of zinc
deficiency. There was a thickening of the stratum cor-
neum as well as hyperplasia and widening of the inter-
cellular spaces of the spinous layer cells. Retention of
a few membrane coating granules (MCGs) in the para-
keratinized layer was seen after 9 days. Parakeratiniza-
tion was further increased after 18 days of zinc deficien-
cy, and the number of MCG profiles also increased.
The epithelium was fully parakeratinized following 27
days of zinc deficiency, and the number of MCG pro-
files was increased. It was concluded that zinc deficien-
cy affected cell proliferation and differentiation of the
epithelium as early as 9 days, and caused a delay in loss
of nuclei and MCGs in parakeratinized cells.

Key Words: Rat cheek epithelium, basal cells, spinous
cells, granular cells, cornified cells, parakeratinized
cells, zinc deficiency, time related changes.
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Introduction

Zinc, as a trace element, is found in all biological
systems. It is needed for growth and development,
DNA synthesis, neurosensory functions and cell media-
ted immunity (Walsh ez al., 1992; Prasad er al., 1993).
It is required for the optimum functioning of over 300
enzymes (Vallee and Falchuk, 1993). Zinc deficiency
is a worldwide problem. It is reflected in clinical syn-
dromes which affect men and women of all ages and all
socioeconomic and cultural classes in the United States.
Subacute zinc deficiency is most common, and there are
4 million people in the United States with this syndrome,
the initial symptom being dysfunction of taste and olfac-
tion. It has long been known that zinc deficiency also
causes hyperplasia in rat esophageal and oral epithelia,
in contrast to the atrophic changes seen in most other or-
gans (Follis er al., 1941). A diet containing less than 1
ppm of zinc fed to weanling rats results 4 weeks later in
lesions with marked premalignant features in buccal epi-
thelium, including parakeratosis (Alvares and Meyer,
1968), hyperplasia (Meyer and Alvares, 1974), acceler-
ated proliferation (Alvares and Meyer, 1973) and in-
crease of lactic dehydrogenase activity (Gerson and
Meyer, 1977). Osmanski and Meyer (1969) reported ul-
trastructural changes in the upper spinous, granular and
keratin cell layers of buccal epithelium in rats after 27
days on a zinc-deficient diet; the changes included an in-
crease in the concentration of ribosomes, mitochondria
and endoplasmic reticulum, prominent desmosomes in
the nucleated cell layers and persistence of nuclei in the
keratin layer.  Subsequent observations suggested
changes in the distribution of membrane coating granules
(MCGs) (Ashrafi et al., 1979; 1980). Since these find-
ings were based at 27 days of zinc deficiency, the pres-
ent study was undertaken to investigate the time related
ultrastructural changes specifically following 9, 18 and
27 days of zinc deficiency.

Materials and Methods

Thirty-six Sprague Dawley 21-day-old male wean-
ling rats were used in this study. After arrival, all rats
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Quantitative analysis (Table 1)

The number of MCG profiles in 9 days ZD ap-
peared increased as compared with 9 day PF controls,
but this increase was not statistically significant when
compared with PF. The increase in number of MCG
profiles in 18 and 27 days of ZD granular and parakera-
tinized cells combined as compared to 18 and 27 days
PF was, however, statistically significant. Yet, the
number of MCG profiles in the granular and parakera-
tinized cells in 27 day zinc-deficient epithelium was sig-
nificantly increased (p < 0.02) over that in comparable
9, and 18 days cells (Table 1). The increase in MCG
profiles can be due to an increased number of MCGs, an
increased size of MCGs or both.

Discussion

The buccal epithelium of rats after 9, 18 and 27
days of zinc deficiency shows the features of hyperplasia
(Giunta et al., 1988; Hsu et al., 1991). The time relat-
ed ultrastructural changes occur as early as 9 days of
zinc deficiency and increased at 18 and 27 days of zinc
deficiency. The cheek epithelium of 9 day ZD rats
shows sporadic parakeratosis (Hsu ef al., 1991). Disin-
tegration of nuclei and cytoplasmic organelles takes
place gradually in parakeratin cell layers of 9 day ZD
rats and is decreased after 18 and 27 days of zinc
deficiency.

Under normal circumstances as cells of stratified
squamous epithelium move to the surface, MCGs are
concentrated at the superficially oriented part of the cell,
and then extrude their contents into the intercellular
spaces (Ashrafi et al., 1980). The extrusion products
include acid hydrolytic enzymes, lipids and carbohy-
drate-containing material (Squier and Waterhouse, 1970;
Weinstock and Wilgram, 1970; Menon et al., 1992).
Desquamation of superficial cells in stratified squamous
epithelium is associated with the decomposition of des-
mosomes, which is effected, at least in part, by the acid
hydrolytic enzymes (Waterhouse and Squier, 1966; Elias
et al., 1988). The time related increase in the concen-
tration of intracellular MCGs (Table 1) is associated
with the reported gradual increase in the thickness of the
parakeratinized stratum corneum (Hsu er al., 1991).

The presence of MCGs in parakeratinized layers in-
dicates that they are not releasing their normal acid hy-
drolytic contents into the intercellular spaces to break-
down the desmosomal attachments. Therefore, acceler-
ated passage of cells through the epithelium in zinc-de-
ficient rat cheek mucosa (Alvares and Meyer, 1973) and
the presence of MCGs in parakeratinized layers are con-
tributing to the gradual increase in the thickness of para-
keratin layers as the zinc deficiency period is increased.

An organ-specific sensitivity of many enzymes in
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zinc deficiency has been noticed (Vallee and Falchuk,
1993). Recently, Sondell et al. (1994) reported the
presence of stratum corneum chymotryptic enzymes
(SCCEs) in the uppermost granular cells, the level at
which MCGs extrude their content into the intercellular
spaces. SCCE is a prerequisite for the degradation of
desmosomes leading to desquamation (Suzuki er al.,
1994). A decrease in the level of SCCE in the upper
granular layer cells of ZD animals combined with the
sporadic extrusion of MCG contents may be responsible
for decreased desquamation (Menon et al., 1992).
Thus, reduced activity of these enzymes may result in
abnormal desquamation and thickening of parakeratin-
ized cell layer in zinc-deficient animals (Hsu er al.,
1991). Increased cell division and more rapid movement
of cells towards the surface are features of ZD rat buc-
cal epithelium (Alvares and Meyer, 1973).

The parakeratotic change could be due to a lack of
time for hydrolysis of organeiles to occur (Alvares and
Meyer, 1973; Ashrafi er al., 1980). In the hyperplastic
buccal epithelium of ZD rats, there is a considerable de-
crease in the distribution of MCGs at the superficially
oriented part of cells (Ashrafi er al., 1980). The weak-
ening mechanism of normal polarity may be one of the
concomitant features of excessive cell proliferation. The
increase in the number of keratohyalin granules (KHG)
in the upper granular and lower parakeratin cells means
that the heavily phosphorylated proteins did not undergo
dephosphorylation to form filaggrin, a stratum corneum
protein (Dale er al., 1987). Filaggrin acts as a matrix
and helps dense packing of keratin intermediate fila-
ments into microfibrils. It may well be that parakeratin
layers do not have enough stratum corneum protein to
form a normal matrix as PF controls. Extrusion prod-
ucts of MCGs contribute to the permeability barrier in
the upper layers of the cornified oral epithelium (Squier,
1991). The sporadic appearance of lamellated MCG
material in the intercellular spaces may negatively
influence the permeability barrier in zinc deficiency, as
Healy et al. (1995) have reported that the presence of
zinc protects the permeability of the oral mucosa.

It was concluded that epithelial changes taking place
during zinc deficiency are time related. The increase in
the number of MCGs, KHGs, nuclei and parakeratotic
changes may be attributed to the decrease in the amount
of intracellular hydrolytic zinc-metalloenzymes. The
desquamation process does not accelerate to keep pace
with accelerated cell proliferation during zinc deficiency.
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Discussion with Reviewers

Reviewer III: How many layers were compared with
each other?

Authors: The last four granular and first four parakera-
tinized layers of ZD were compared with the last four
granular and first four cornified layers of PF for MCGs
counts.

Reviewer III: How many layers were turned out to be
parakeratinized?

Authors: Twenty to thirty-five percent cornified layers
became parakeratinized in 9 days, 47-88% in 18 days
and 75-98% in 27 days of zinc deficiency.
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