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There is evidence that zinc is important for maintenance
of the special senses: vision, taste, and smell. Rod
function is impaired in zinc deficiency due partly to its rolé
in vitamin A metabolism. However, optic nerve function
may also be affected by zinc status. Microophthalmia,
anophthalimia, and optic nerve abnormalities have all been
found in the offspring of female rats fed zinc-deficient
diets. Zinc deficiency clearly decreases taste acuity in
both animals and humans. However, other nutritional and
non-nutritional conditions also produce hypogeusia. There
is limited evidence that zinc deficiency impairs olfactory
acuity in humans. New approaches to the assessment of
taste and smell abnormalities may provide reliabie and
reproducible associations between zinc deficiency and
taste and smell defects.

REecenT EVIDENCE shows that zinc is essential for the
maintenance of vision and taste. Zinc's role in maintain-
ing normal rod function may be a result of its metabolic
interaction with vitamin A (1). Cone and optic nerve
function may also be affected by zinc, and zinc deficiency
has been implhicated as a cause of congenital fetal abnor-
malities involving the eye.

One of the stnking consequences of zinc deficiency in
experimental amimals 15 growth retardation. The sponta-
neous intake of zinc-depleted animals is markedly re-
duced (2, 3). Thus, decreased appetite was early recog-
nized as a manifestation of zinc deficiency. In 1963, a
form of nutritional zinc deficiency in humans was report-
ed among rural villagers in remote regions of Egypt; geo-
phagia (pica) was a characteristic of that syndrome (4).
Whether the habit was ‘culturally or physiologically
based, and whether 1t was practiced to a greater extent by
the zinc-deficient villagers as compared with their better
nourished peers cannot be established with certainty
from these early reports. In any event, a suspicion that
zinc deficiency alfected taste perception and gustatory
function emerged rom cuarly observations on zinc deli-
ciency in experimental amimals, domestic livestock, and
human populations Studies in laboratory animals, analy-
ses of saliva and oral tssues, chnical observations, and
zinc supplementation and depletion trials in humans
helped to clarify the i1ssue of zinc deficiency and gustatory
and smell function No clear picture has yet emerged, but
some tentative conclusions and associations can be de-
rived from a substantal body of accumulated data. We
discuss the relevant information available on the role of
zinc in vision, taste, and smell.
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ABSORPTION AND METABOLISM OF ZINC AND
VITAMIN A

The main source of zinc in the American diet is meat
(5). A diet containing | g of protein per kg of body
weight for a 70-kg human contains approximately 12.5
mg of zinc. Normally, only a small percentage is ab-
sorbed, and the mechanism of absorption remains poorly
understood. One postulate is that zinc is taken up by the
microvilli of the mucosal cells of the small intestine, al-
though 1t 1s uncertain which area of the small bowel 1s
most important for absorption (6, 7). Inside the cell, zinc
attaches to several different ligands, one of which trans-
ports zinc to the serosal side of the cell where it emerges
to be coupled to a circulating transport protein (8). In
the rat, prostaglandin E; has been found in intestinal cy-
toplasmic exiracts and appears to augment zinc absorp-
tion and transport (9). Indomethacin, a prostaglandin
inhibitor, inhibits zinc absorption in rats. Zinc is excreted
nearly totally through the gut. With zinc intakes ranging
from 14.0 to 15.1 mg/d, average fecal zinc excretion in
humans was 11.8 to 13.7 mg/d. Urinary output ranged
from 0.6 to 0.8 mg/d (10). It has been estimated that the
amount of dietary zinc needed to be absorbed daily by the
healthy adult is 2.5 to 4.0 mg/d (11). Therefore, fecal
zinc contains unabsorbed zin¢ and zinc that is secreted
from the vascular space into the intestine. A number of
dietary factors (phytate, fiber) and malabsorption syn-
dromes (gluten enteropathy, short bowel, cystic fibrosis,
Crohn's disease) interfere with the normal absorption of
dietary zinc (12). Once in the blood, zinc is delivered to
its target tissues and is involved in more than 70 metal-
loenzymes (13). In alcoholic cirrhosis, renal zinc excre-
tton 15 increased apparently as a consequence of binding
with low-molecular-weight amino acids, which are subse-
quently filtered out by the renal glemerulus and not reab-
sorbed (14-16). In addition, zinc wastage also occurs 1n
sickle cell disease and other chronio hemolytic anemias
(17).

Vitamin A and carotenoids are provided in the diet. In
the stomach and small intestinal lumen, these compounds
are hberated into fatty globules, dispersed by bile salts,
hydrolyzed, incorporated into mixed nucelles, and even-
tually absorbed by the intestinal mucosal cells. Dietary
protein, fat, and bile enhance the digestion and absorp-
tion of vitamin A esters and carotenoids (18-22). In rats,
zinc deficiency may impair the conversion of carotene to
rettnol through reduced retinal reductase activity (23).
Some vitamin A s transported through the portal circu-
lation with low-density lipoproteins, but the vast majonty
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15 transported as svitamin A ester with the low density
lipoproteins ot lymph. At the liver cell membrane, vita-
min A esters are hydrolyzed by an esterase enzyme, liber-
ating the alcohol form of vitamun A, retinol (24). For
storage 1n the hiver, retunol must be converted back to is
ester form, (0 remain as a soluble lipoprotein aggregate
until pertpheral use of vitamin A requires 1ts release
(HeLiLer J Personal communication).

To be released 1n the blood, vitamin A esters must be
hydrolyzed back to retinol, which then binds in a one-to-
one molecular relation to available retinol binding pro-
tein within the liver cell (25-27). Adequate protein is
needed for hepatic synthesis of retinol binding protein.
Once released into circulation, this retinol-retinol binding
protein package 1s joined with one molecule of prealbu-
rmun, which is the form in which vitamin A circulates.

Numerous important metabolic nteractions of zinc
and vitamin A have been documented in two recent re-
views (1, 28). Some of this information i1s germane to the
understanding of the role of zinc in vision.

ROD FUNCTION

Vitamin A is essential to the maintenance of retinal
rod function and dark adaptation. Vitamin A deficiency
1s a worldwide health problem and one of the most fre-
quent causes of preventable blindness today. It is estimat-
ed that 500 000 Asian children worldwide go blind every
year from vitamin A deficiency (29). Early and muld vi-
tamun A deficiency leads to a measurable decrease in dark
adaptation, but more severe and prolonged deficiencies
can cause rcthinal morphologic changes, xeropthalmia,
corneal ulceration and perforation, and permanent blind-
ness. In recent years, an interaction between zinc and
vitamin A has been elucidated, and both micronutrients
appear to be necessary for maintenance of normal rod
function.

Retinal pigment epithelial cells have specific receptors
for retinol binding protein that permit the entry of retinol
into these cells and, eventually, into the photoreceptor
cells (that is, rod and cones) of the retina (30, 31). Itis
noteworthy that electron opaque inclusions have been
found in the retinal pigment epithelial cells of rats treated
with intraperitoneal injections of specific zine chelators
(32). However, the biochemical composttion and func-
tional significance of such inclusions are uncertain. Dur-
ing the transfer of vitamin A to photoreceptor cells, reti-
nol 1s enzymatically converted to vitamin A aldehyde
(retinal) Retnal, when joined with opsin in the rods,
forms the visual pigment rhodopsin (33, 34). [llumina-
tuon of the reuna bleaches rhodopsin, causing a release of
all transretinaldehyde—some of which is reduced back to
retinol, and some of which is lost. Retinol dehydrogenase
1s needed for the interconversion of retinol and retinal-
dehyde (35). This substance is not the same alcohol de-
hydrogenase that is present in the liver and responsible
for the conversion of ¢thanol to acetaldehyde. However,
zinc may be an integral component of retinol dehydroge-
nase and may be needed for proper enzyme function
(36).

Huber and Gershoff (36), in an effort to determine the
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effects of zine deficiency on retinol dehsdrogenase, pro-
duced zinc dehciency 1n adult and weanhng rats The
anc content of the eye was lower 1n zinc-deficient ani-
mals than in controls given zinc-suthcient diers and as
much food as desired. The rate of conversion to the re-
spective aldehyde per milligram of tissue was also sigmfi-
cantly reduced 1n the zinc-deficient adults and pups when
either retinol or ethanol was used as substrate. Unfortu-
nately, zinc levels of pair-fed controls were not tested.

The first indication in humans that tactors other than
vitamin A were important 1n dark adapration was found
in 1939 by Partek and Haig (37) who reported that 19 of
24 patients with cirrhosis had abnormal dark adaptation
despite diets adequate in vitamin A intake. Even with
massive doses of vitamin A, certain patients remained
might blind. In 1959, Vallee and associates (38) speculat-
ed that altered zinc metabolism was responsible for the
poor dark adaptation responses of some cirrhotic pa-
tients. Subsequently, Mornson and vcolleagues (39)
found that the dark adaption of six alcoholic patients
with cirrhosis who had a zinc deficiency became normal
with zinc therapy. Two of the five responders were first
treated with vitamin A and did not correct their dark
adaptation defect. Subsequently, wih zinc sulfate, 220
mg/d taken orally, both patients normalized their dark-
adapted final threshold in | to 2 weeks. In the two pa-
tients who responded to zinc, serum retinol binding pro-
tein levels were measured during therapy (40); both had
low retinol binding protein levels at the onsct with no
change in levels accompanying zinc therapy. Thus, In
these patients, zinc probably either increased the activity
of retinol dehydrogenase of the retina resulting in the
regeneration of retinaldehyde or acted in the retinal nerve
cells. Supportive data are offered by other observations
(41, 42). McClain and coworkers (41) supplemented
with zinc the diets of six zinc-deficient, alcoholic, cirrhot-
ic patients with abnormal dark adaptation and found a
return of normal night viston. Warth and associates (42)
gave zinc 1o three patients with sickle cell disease und low
neutcophil zine levels and showed subsequent improve-
ment in dark adaptation; unfortunately. retinol binding
protein levels after zinc therapy were not provided.
Toskes and colleagues (43-45) have described an inter-
esting group of patients with chronic pancreatitis and ab-
normal dark adaptation associated with equatonal punc-
tate lesions of the retina. Although abnormal reunal
function did not correlate with serum vitamin A or zine
levels, treatment with vitamin A and zine resulted 1n 1m-
provement in the final dark-adapted threshold.

Using bovine retinas, Tam and coworkers (46) showed
the presence of appreciable amounts ol zine in 1solated
rod outer segments and emulphogene extracts of rod out-
er segments. Further, the zinc content of the protein frac-
tions denved from emulphogene extracts of rod outer
segments were found to be stoichiometnically related to
rhodopsin. Light treatment increased the zinc content of
the protein fraction by 60% over the zinc content of pro-
tein fractions from dark-adapted retinas. The authors
concluded that 21nc may play a role in the photoisomen-
zation of rhodopsin in rods.
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Zine and vitamin A interactions n the hiver may also
be important tor the maintenance of nocrmal plasma vita-
min A levels, and, hence, tor normal might vision Al-
though these interactions have been the subject of mudch
investigation, the actudl role of zinc 1n vitamin A mobihi-
zation remains coatroversial. The controversy focuses on
the question of whether zinc deficiency specifically atfects
the synthesis or mobilizauon from the hiver of retunol-
binding protein or whether zinc deficiency results non-
specifically in decreased protein intake and synthess,
thus reducing levels of retinol-binding protein.

In 1973, Smith and associates (47), studying zinc defi-
clent rats, found a 509 reduction in plasma vitamun A
concentrations but normal liver stores of vitamin A.
When zinc, but not vitamin A, normalized plasma vita-
min A levels, the investigators postulated that the zinc-
deficient rats were unable to mobilize vitamin A from the
liver due to impaired synthesis or release of retinol-
binding protein. To study the effects of decreased tood
intake and growth retardation on retinol-binding protein
and vitamin A levels, Smuth and colleagues (48) com-
pared three groups of animals: those fed a zinc-deficient
diet; those pair-fed a zinc-sufficient diet; and those al-
lowed to eat as much as desired. The pair-fed rats with
normal zinc intake were found to have retinol-binding
protein and vitamin A levels intermediate between those
in zinc-deficient rats and those in the controls allowed to
feed freely. Liver retinol-binding protein concentrations
were decreased by one half in the zainc-deficient group
versus both the control groups. This study suggests that
zinc deficiency depressed retinol-binding protein synthe-
sis in the hver. However, because total plasma proteins
were also decreased in the zine-deficient group, the effect
does not appear to be entirely specific for retinol-binding
protein, but rather a more generalized effect on protein
synthesis.

Ette and coworkers (49) gave intraperitoneal zine to
normal weanling rats and showed that, 2 hours atter ad-
ministration, plasma vitamin A increased and liver vita-
min A decreased. These data support a role for zine in
the mobihization of vitamin A from the hver. Unfortu-
nately, retinol-binding protein was not measured, so the
mechanism of tncreased plasma vitamin A in this study
remains uncertain. It must also be noted that, in this
study, zinc was given in a very large dose (10 mg) and in
an unnatural way. Carney and associates (50), however,
have shown that zinc deficiency is not a imiung tactor in
hepatic vitamin A release except as it influences growth
and body demand tor vitamin A. When weanhing rats
with zinc deficiency or zine and vitumin A deficiency
were given trntated vitamin A, there was no defect in the
ability of the animals to mobilize newly ingested vitamin
A. Tao and Hurley (51) have shown quite the opposite:
zinc deficient rats were found to have lower protein levels
than either pair-fed or pair-weighed controls. These re-
sults support a role for zinc in protein synthesis and me-
tabolism, which cannot be explained by inamnion.

The best data suggesting a direct role tor zinc 1o vita-
min A metabolism in the hver of humans come from
India where children with protein-energy malnutrition

and zine dehcrency woere mammtaimed on their protein-
doficient dicts but given aine supplements (32). This
treatment resulted in signihcant increases 10 vitamin A
and reunol-binding protemn levels in the plasma In Ja-
matca, Mathias (53) found elevated lesels of vitamin A
and reunol-binding protein whether or not zinc supple-
mentation was given (o children being treated for pro-
tein-calorie malnutrition. However, the high vitamin A
levels were sustained only in the zinc-supplemented

group.

CONE FUNCTION AND OPTIC NELROPATHY

The association of zinc and cone function has not been
well studied. However, a few reports have implied a role
for zinc 1n color vision, central macular vision, and optic
nerve ntegrity.

Weismann and colleagues (54) found 4 of 23 cirrhotic
men to have red/green color blindness. As a group, these
patients had low plasma zinc levels, but individual levels
were not given. Zinc supplementation had no effect on
color vision 1n rhese patients, indicating that zinc was not
important in causing these abnormalities. However, blue/
yellow color blindness has been shown to be increased
among alcoholic patients with cirrhosis, and acute alco-
hol ingestion by alcoholic or normal persons can result in
blue/yellow color blindness (55). Zinc deficiency has not
been implicated in this abnormality, but has a potential
role because both the prevalence of blue/yellow color
blindness and zinc deficiency among alcoholic and alco-
holic and cirrhotic panents are high.

Among patients with chronic pancreatlitis described by
Toskes and coworkers (45) abnormal B type waves on
electroretinography 1n light adaptaton (a measure of
cone functoun) and abnormal Andings of electro-oculo-
grams were found tor several patients who had low serum
zine levels (45). Khingberg and associates (56) reported
a pattent with Wilson's disease who, during treatment
with penicillamine, developed an irreversable diminution
of visual acuiry and a centrocecal scotoma. Because the
patient had low erythrocyte and plasma zinc levels at the
time of the vision changes, the problem was ascnibed to
zinc deficiency from chelanon of zine by penicillamine.

Yassur and colleagues (57) recently reported that a
23-year-old patient wath Crohn’s disease developed bilat-
eral maculopathy —manitested by decreased visual acuity
and visual feld restricnion- -after a 3-week course of total
parenteral nutriton The electrorennogram was normal
The serum levels of zine and copper were depressed (30
pug/dLl and 70ug/dL, respectively), and the serum alka-
line phosphatase was 35 [U/L (normal, 45 to 85 TU/L)
Two weeks atter zine and copper were adonumstered and
parenteral nutnuon was disconunued, no signs of macu-
lopathy were found and visual fields were normal, the
measurements of serum zinge, copper, and alkaline phos-
phatase were normal.

Other evidence that zine deficiency may result in cone
dysfunction comes from studies in patients with acroder-
mants enteropathica. Acrodermatitis enteropathica 15 a
rare autosomal recessive disorder of zine deticieney re-
sulting from defective imtestinal absorption of the metul
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(58). Chinical signs and symptoms include alopecia, rash,
and diarrhea dentical tu those seen in hwashiorhor and
hyperalimentation-induced zinc deficiency. Ocular find-
ings (nclude photophobia, gaze aversion, corneal opaci-
ties, blepharitis, conjunctivins, stenosts of the puncta, and
cataracts (59, 60) All of these signs and symptoms may
be secondary to 2inc deficiency. The most siriking ocular
manifestation of acrodermatitls enteropathica s gaze
aversion, the avoidance of eye-to-eye contact. This may
indicate that the patient finds central cone vision distress-
ing and will rely on peripheral vision, which is rod depen-
dent (61).

From 1953 to 1971, the therapy for acrodermatitis
enteropathica consisted of continuous high doses of 5,7-
dihalo-8-quinolinols (principally duodohydoxyquin, but
also iodochlorohydroxyquin). Both of these drugs are
known to chelate zinc but the actual mechanism of these
drugs 1n treating acrodermatitis enteropathica remains
unknown. Michaelsson (62) reported a case of impaired
color vision in a patient with acrodermatitis enteropathi-
ca who had been taking chloroquinadol for years. After
stopping treatment with this drug and starting zinc thera-
py, color vision returned to normal. The exact nature of
the color vision abnormality was not defined. Leopold
(63) interpreted this case as possibly showing a sensitivi-
ty of cones to zinc, but whether the color vision deficit
was secondary to zinc deficiency or the toxic effect of
chloroquinadol remains uncertain.

The occurrence of at least six cases of optic atrophy
and neuropathy in patients with acrodermatitis enteropa-
thica has increased the speculation that zinc deficiency
may be responsible for this eye lesion (64). Zinc has been
shown to be necessary for the stablization of microtu-
bules in rat brain homaogenates (65). Microtubules seem
to play a role in rapid axonal transport, and in vitro,
rapid axonal transport in frog nerve cells is markedly
influenced by the zinc concentration of the incubation
fluid (66). Since 1973, zinc has been the primary therapy
for acrodermatitis enteropathica and there have been no
additional reports of optic atrophy occurring. Weismann
and coworkers (67) reported a striking case history relat-
ing zinc deficiency to optic atrophy (67). A 5!l-year-old
woman lived mainly on beer and had had a Bilroth II
gastric resection. She developed hypozincemia and a clin-
ical syndrome simular to acrodermatitis enteropathica
(that is, diarrhea, rash, alopecia, and mental impair-
ment). She also had decreased visual function of both
eyes with bilateral optic atrophy. This syndrome devel-
oped in the absence of dihaloguinohnols and provides
circumstantial evidence for the direct role of zinc defi-
ciency In causing optic atrophy i1n patients with acroder-
matitis enteropathica.

Zinc may also have a role in the pathogenesis of certain
other toxic opuc neuropathies (63). Ethambutol s
known to cause optic neuritis. The in-vivo chelating ac-
tion of the drug for zinc may be responsible for this lesion
by limiting the availability of zinc to the eye. Serum zinc
levels were found to be low in three cases of optic neuritis
induced by ethambutol, one by disulfiram and seven by
alcohol and tobacco intoxication (68). These patients
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had similar chinical presentations with onset usually her-
alded by dyschromuatopsia of the redsgreen color axis
The neuntis 1s usually retrobulbar in the early stages
Although this correlation of optic necunns with low se-
rum zinc levels does not prove that zinc s responsible for
Ooplic neurutis, it 1s interesting that many drugs that che-
late zinc show are toxic to the optic nerve.

CONGENITAL VISUAL IMPAIRMENT

The importance of zinc 1n prenatal development is well
documented. Hurley and associates (69) have shown
that newly mated female rats fed severely zinc deficient
diets from days O to 21 of pregnancy had 41% embryo
reabsorption and 90% to 100 of the live offspring had
malformations (42% with microophthalmia or ano-
phthalmia). In a similar previous study by Hurley and
colleagues (70), 329 of offspring of zinc deficient moth-
ers had small or missing eyes. Shorter periods of zinc
deficiency were also teratogenic. When the mother rats
were transferred to a zinc-supplemented diet as late as
day 10, the incidence of eye abnormalities was reduced; 1f
zinc supplementation was begun before day 10, the eye
abnormalities were almost completely prevented. Low-
zinc diets started later in gestation (after day 8) pro-
duced no ocular abnormalities. These data suggest that
the eye, which develops early in gestation, 15 affected by
early but not late decreases 1n zinc intake. Pair-fed con-
trol rats had a much lower incidence of teratogenesis,
thereby implicating a direct role of zinc deficiency rather
than decreased growth rates in causing the abnormalities.

Studies investigating the cause of zinc-deficiency-in-
duced teratogenesis have shown that the uptake of tritiat-
ed thymidine in 12-day-old rat embryos 1s severely de-
pressed due to zinc deficiency (71). Thymidine kinase
activity was markedly decreased in 15-day-old, zinc-defi-
cient rat embryos as compared with that in pair-fed
controls (72). Further, DNA polymerase, a zin¢c metal-
loenzyme, showed decreased activity in zinc-deficient rat
embryos, and hepatic DNA-dependent RNA polymerase
activity ol prenatally zinc-deficient suckling rats was sim-
tlarly decreased (73, 74). Hurley (75) suggested that the
teratogenests 1n zinc deficiency is probably due to im-
paired synthesis of nucleic acids which, in turn, results in
alterations in differential rates of growth, in addition to
chromosomal alterations that may also be involved.

Warkany and Petering (76) repeated Hurley's zinc de-
ficiency studies 1in pregnant rats but conducted extensive
microscopic sectioning of fetal tissues of the brain. They
reported a number of eye anomalies, including cataract,
coloboma, and absence or interruption of the optic nerve.
Optic chiusm was absent when the optic nerves were
missing and the chiasm was asymmeltrical when only one
optic nerve was connected to the brain.

Because vitamin A deficiency is also reported to be
teratogenic (77-79), Duncan and Hurley (80) studied
the results of combined vitamin A and zinc deficiency in
pregnant rats. Deficiency of both nutnents produced ter-
atogenicity greater than that predicted by an additive ef-
fect; this effect seemed 10 result from an interaction be-
tween the two nutrients. Excess vitamin A also caused
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gross mallormations of the fetus, particularly the eye
When Eckhert and Hurley (81) studied the combination
of zinc deficiency and vitamin A excess in pregnant rats,
they found no evidence for a (eratogenic interaction be-
tween the two. Synthests of DNA was not reduced when
vitamin A excess was induced, but this reduction did oc-
cur with zinc deficiency. These data show separate mech-
anisms of teratogenic action for zinc deficiency and vita-
min A exXcess.

Substantiating data in humans for zin¢ deficiency as a
cause of congenital malformatons are unavailable. One
recent report, however, of an 18-ycar-old woman who
delivered an anophthalmic baby raised the question of
zinc's role 1n the malformation (82). On approximately
days 49 to 54 of pregnancy, the mother consumed only
“fruit juices and soda crackers with a penodic glass of
miulk.” Subsequently, her diet returned to normal. No se-
rum zinc levels were drawn at this time, but at delivery,
hair zinc levels were measured. These levels 1ndicated
normal hair zinc near the scalp and at the end of shaft
although the middle zone had a decreased zinc concen-
tration. The authors (82) suggest that serum zinc
dropped at a crnitical stage of ocular development but af-
ter a return to a normal diet, the zinc level rose sufhicient-
ly in the mother to carry the fetus to term. Although
these data are speculative and suspect because of poor
correlation between zinc status and hair zinc levels, and
the lack of a high incidence of ocular maltormauons in
countries where poor maternal diets are the rule rather
than the exception, they provide an interesting concept
when coupled with Hurley's data from rats.

In 1973, Jones and coworkers (83) described the fetal
alcohol syndrome n 1nfants born to alcoholic mothers.
One of the principal features of fetal alcohol syndrome is
short palpebral fissures, which may reflect developmental
microophthalmia. Other associated ocular features in-
clude ptosis, strabismus, epicanthal folds, myopia, ble-
pharophimosis, and chnical microophthalmia (84). Al-
though substanual data indicate that ethanol is terato-
genic, there 1s no irm data to implicate nutritional tac-
tors important in this syndrome. However, zinc deficien-
Cy is suspect as a teratogenic factor because zine s often
deficient 1n alcoholic patients (14, 85, 86).

Recently Flynn and associates (87) measured mater-
nal plasma zinc and fetal cord zinc levels in 25 ulcoholic
and 25 nonalcoholhic patents. Both maternul 2inc and
fetal cord-plasma zinc levels were significantly lower for
alcohohic than for nonalcoholic mothers. Infants of alco-
holic mothers had shightly more defects (18 of 25) than
those of the nonalcoholic group (14 of 25) und the de-
fects “‘more closely resembled™ those of fetal alcohol syn-
drome. A strong inverse correlation was found between
maternal zing levels and congemital abnormalities 1 the
babies. The correlation between fetal zinc and birth de-
fects was less clear. Ocular abnormalities were three
times commoner in the children of alcoholic (6 of 25)
than in those of nonalcoholic women (2 of 25). Although
the group sizes are small in this study and although no
child of an alcoholic mother actually had the fetal alco-
hol syndrome, the role of zinc in this syndrome deserves

Table 1 Hypotheses for the Mechaniam of Impairment of Taste
Acuity in Zinc Dehicient Experimental Animais®

Dimunished protein synthesis in taste bud cells
Reduced alhaline phosphatase acnivities in taste buds
Alteraton of a ainc-contaiming salivary protein
Central nervous system dysfuaction

Blockage of the taste pore region of the taste bud

* Modified leum Catalanotio and Nanda (91}

more attention and further study.

Gustatory Acuity
OBSERVATIONS IN EXPERIMENTAL ANIMALS

Early investigation n this field came from the Neu-
roendocrinology Laboratory of the Nauonal Institutes of
Health under the leadership of Dr. Robert Henkin. In
1972, Catalanotto and Henkin (88) showed that penicil-
lamine-fed rats had a greater preference for saline than
for pure water, as did rats ted excessive dietary concen-
trations of cystine. Common to both chemicals is the ex-
posed sulfhydryl (thiol) group. Because of the recog-
nized effects of penicillamine on copper metabolism,
however, these effects were 1nitially ascribed to depletion
of copper. Two years later, McConnell and Henkin (89)
reported that zinc deficiency in rats produced a similar
alteration 1n the preference for saline solutions over wa-
ter. More recently, Catalanotto and Lacy (90) showed
that not only preterence tor sodium chlonde, but also
preference for sucrose, quinine, and hydrochlonc¢ acid,
were altered in experimental zinc deficiency in rats. Some
physiologists have generally assumed that in animals a
preference for a chemical tastant shows altered taste acui-
ty (88). but this inding has not been proved.

Various mechanisms for the zinc-deficiency-induced
reduction in taste aculty have been advanced (Table 1).
Catalanotto and Nanda (91) found morphologic disrup-
tion of the epithelium of taste bud structures in zinc-de-
pleted rats, but no alteration in the pore area consistent
with the blockage-of-taste-bud hy pothesis.

SALIVA, TASTE, AND ZINC

That changes in salivary secretions alter taste function
1$ an intriguing hypothesis. Chaudry and Meyer (92)
showed a 60% reduction 1n alkaline phosphatase activity
in the submandibular gland of zinc-deficient rats, and im-
plicated nutritional damage 1n the myoepithehal cells of
the salivary glands—the primary source of this enzy me—
in the genesis of taste disorders with zinc deticiency., Ev-
erett and Apgar (93) found that zine deficiency in adule
rats of both sexes and in pregnant animals did not dimin-
ish the zine concentration in whole saliva. As reviewed
by Freeland-Graves und associates (94), chinical patholo-
gists and nutrittonists have measured zinc concentration
throughout the years in attempls (o correlate 1t with spe-
cific pathologic states or with nutnitional deficiencies. If
taste acully were a consequence of zine deticiency in hu-
mans, its mediation through an alteration in salivary
composition would be a logical possibility. In contrast 1o
the observations of Everett and Apgar (93), Freeland-
Graves and associates (94), and Greger and Sickles (95)
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Table 2 Tastant Concentrations n the Three Drop Forced
Choice Dilution Technique®

Sodiurn Sudruse Hydrochlonie Urea
Chlonde {Sweet) Acid { Bitier)
(Salty) (Sour)
6 6 0Ss 60
12 12 0.8 30
30 30 K} 120
60 60 6 150
90 90 1S 30O
150 150 30 500
300 300 60 800
500 500 90 1000
800 800 150 2000
1000 1000 300 S000
3000 3000 500

®* From Henkin and assouiates (99)

reported reductions 1n zinc concentration in whole saliva
or 1n the sediment of centrifuged samples of saliva paral-
leling other indices of zine nutriture. In a prospective
study of seven college women, Freeland-Graves and col-
leagues (96) showed a serial decrement in whole-saliva
zinc content duning 3 weeks of an enforced vegetarian
diet. Henkin and associates (97) compared the salivary
zinc concentrations in samples taken directly from the
parotid gland. Patients with 1diopathic hypogeusia (1m-
paired taste acuity) had consistently lower salivary zinc
levels than did controls. Moreover, administration of ra-
dioisotopic zinc showed a concentration of zinc by the
parotid gland. Henkin and associates (98) showed that
the parotid gland produced a 37 000 dalton zinc metallo-
protein with 2 g atoms of zinc per mol. Because of its
putative role in taste function, this protein was termed
“gusun.”

Human saliva appears to contain measurable amounts
of zinc; the zinc content seems to change with other indi-
ces of zin¢ nutriture; and it may be contained, in part, in
a zinc metalloprotein. However, because the exact role of
saliva in the taste process of mammals is not fully under-
stood, these observations cannot be related to hypotheses
regarding the pathogenesis of hypogeusia taste abnormal-
ities in zinc deficiency.

ZINC-RESPONSIVE HYPOGEUSIA

In the early 1970, preliminary evidence was produced
that zinc treatment could improve hypogeusia 1n some
specific Instances (99). For example, admunistration of
zinc corrected the taste impairment of a patient who had
been treated for cystinuria with penicillamine (100).
Henkin and associates (101-103) reported the initial ex-
perience with 103 patients with symptoms of decreased
taste acuity. Objective taste acuily assessment using the
three-drop forced-choice dilution technique (Table 2)
showed elevated detection and recognition thresholds in
the symptomatic patients: 73% had elevated thresholds
with sodium chloride (salty); 48% with sucrose (sweet);
97% with urea (bitter); and 98% with hydrochloric acid
(sour). As compared to 99 £ 2 pg/dL (mean I SE) in
95 control subjects, the mean serum zinc concentration
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was 70 T | pg/dl (p « 0001) Thirty-one patients
with diwopathic hypogeusia had zinc levels less than 70
pHe/dL as compared to 2 persons in the control group
Conversely, 2 hypogeusic patients and 39 controls had
zinc concentrations above 100 pug/dL. A single-blind,
placebo-zinc crossover supplementation was done 1in 47
of the patients with hypogeusia. Patients were given pla-
cebo capsules for intervals from | to 4 weeks, and then
switched to either 6.25 mg or 25 mg of zinc four nmes
per day. The physician, but not the patient, knew the true
identity of the medication being dispensed. The lower
dose of zinc (25 mg/d) caused a shght, but significant,
improvement in taste acuity; 100 mg of zinc daily pro-
duced normal restoranion in over S0% of all taste thresh-
olds for each of the four tastant qualities. [t is of note that
in addition to depressed taste acuity, a large number of
the patients with idiopathic hypogeusia also had symp-
toms of unpleasant tastes (dysguesia) expressed as ab-
horrent, obnoxious taste sensations, persistence of taste
perceptions 1n the absence of stimuli, and inappropnate
taste qualities.

Further impetus was given to the notion that taste im-
pairment could be improved by <inc supplementation by
observations on children from Denver, Colorado. Among
132 children between 4 and 17 years of age from white,
muddle-class homes, 10 had hair zinc concentrations in
the markedly deficient range of under 70 pg/g. A more
intensive examination of this subgroup showed a height
below the 10th percentile in 8, and a history of poor
appetite in 7. Hambidge and associates (104) tested taste
thresholds by a modification of the three-drop forced-
choice hypogeusia in terms of elevated detection or rec-
ognition in five subjects. These subjects had a therapeutic
trial with zinc, 1 to 2 mg/kg-d for | to 3 months; each
child achieved normal taste thresholds at the conclusion
of the tnials.

In none of the aforementioned studies was a double-
blind, randomized design used, nor was a control group
simultaneously subjected to the same treatment. Howev-
er, scientific interest 1n the possibility that human zinc
deficiency adversely affected gustatory acuity was awak-
ened. This interest led to chinical observations aimed at
documenting both the incaidence of taste impatrment in
patients with zinc defictency, and the application of taste
threshold assessment as a funcuonal index of zinc nutn-
ture.

CLINICAL OBSERVATIONS IN HUMANS

Since the initial demonstration of zinc-responsive taste
impairment, many clinical observations on the associa-
tion of zinc status and gustatory function have been re-
ported. Some reports are highly circumstantal. Zinc defi-
ciency has been seen 1n chronic and acute liver diseases,
including alcoholic cirrhosis and viral hepatius (108,
106). Burch and associates (107) found objective hy-
poguesia characterized by elevated recognition and detec-
tion thresholds for at least one taste quality in eight men
with alcoholic cirrhosis. Although serum zinc levels were
reportedly determined, no comment on the zinc status of
the subjects was made. Smith and associates (108) evalu-
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ated detection and recogmition thresholds and forced
scaling of intensity for the four taste qualities in 22 pa-
tients with acute wviral hepatiis and 16 patients with
chronic hver Jdisease (alcoholic cicrhosis, chronice active
hepatitis) Mean zinc concentrations were 59 10 5 ug/dL
(mean X SE) 1n early hepatitts, 81 & 8 pg/dL in late
hepatitis, and 32 = 3 pug/dL in chronic liver disease De-
tection and recognition thresholds and scahing were uni-
formly abnormal in chronic hiver disease and 1n the carly
phases of hepatitis, but taste performance returned
toward normal n late, convalescent hepatitis. No clear
correlation between serum zinc and gustatory function
was seen 1n this study.

Taste abnormalities have been found in patients receiv-
ing systemic chelating agents. Penicillamine (3, 8 dime-
thylcysteine) 1s a chelauing agent that can increase the
urinary excretion of copper and other divalent cations
including zinc. Subjective taste impairment or objective
hypogeusia as measured by the three-drop forced-choice
method have been reported in patients receiving penicil-
lamine therapy (99, 109, 110). The gustatory defects ap-
peared in 329 to 359 of persons in whom the drug was
prescribed for scleroderma, rheumatoid arthrins, cystinu-
na, and idiopathic pulmonary fibrosis, but in only 4% of
patients receiving the drug for Wilson's disease (110-
113). This finding led to the speculation that copper de-
pletion was the cause of hypogeusia with penicillamine
(109-114). Because zinc depletion 1s also produced by
penicillamine treatment, 1t has been suggested that zinc
deficiency 1s the mechanism (54, 110, 115). In one pa-
tient with cystinuna treated with this drug, a fall in circu-
laung zinc concentration and complete Joss of taste
sensation coincided, and zinc therapy restored both to
normal (110). Knudsen and Weismann (116) studied
nine putients with generalhized scleroderma and one pa-
tient with rheumatoid arthrits tor 4 months after ina-
tion of penicitlamine treatinent. Serum and urinary zinc
and copper levels and taste detection thresholds for salty,
sweet, bitter, and sour were momitored. There was de-
creased acuity for each of the taste qualities, but serum
zinc and urinary /zinc levels remunned unchanged. Urn-
nary copper excretion inereased durning treatinent, and
the magmitude of hypercupiuna paralleled the changes in
taste perception.

Another systemic chelating agent, histidine, has been
studied 1n relaton to zine status and taste acuity (117),
in conjunction with 4 therapeutic tnal of pharmacologic
doses of this amimo acid 1n progressive systemic sclerosis.
Dosages ranged Irom 32 4 to 64 8 g/d for 8 1o 12 days.
Patients developed anorexia and subjective taste disor-
ders. The treatment caused to tenfold increase in urinary
zinc excretion accompanied by marked reducuon n
mean serum zng concentrations from 78 £ 7 1o 48 I 3
Hg/dL (mean = SE) Objective taste thresholds were ¢i-
evated for all tastants as compared to pretreatment per-
formance, but reversed within 24 hours of zinc adminis-
trattion (100 myg of elemental 2zinc) despite continuation
of histidine therapy.

Taste acuity was studied in 19 patients with thermal
burns covenng frum 5% to 75% of the body surtace

(118) Mean serum zine values were 68 1 3 ug/dL
(mean = SE) as compured 1o 99 £ 2 pg dL for con-
trols, and most patients had hyperzincuna Using the
three-drop turced-choice techimque, objectuive evidence off
hy pogeusia was tound 1n 16 ol 19 subjects. Casper and
assoctates (1Y) examined the role of taste disorder and
zinc nutriture in 30 patients with anorexia nervosa Mcan
taste recognition thresholds were elevated 1n the anorexic
patients with partucular deficiencies in the recognition
of the sour tastants. Plasma  zinc  concentration
(71.9 £ 14.3 pg/dL, mean I SD) was moderately, but
significantly deficient as compared to controls (83.3 £ 9
pg/dLl, n = 32). Unnary zinc excretion was also de-
pressed, and correlated with plasma zinc levels. Mean
hair zinc content was within the normal range. Taste rec-
ognition threshold scores did not correlate with plasma
zinc. Taste performance improved in the nine patents
tested after nutritional repletion.

Taste acuity as shown by quantitatively elevated detec-
tion or recognition thresholds 1s often reduced 1n chronic
renal failure (120). Various abnormalities of circulating
zinc or hair zinc have been found in patients with ure-
mia-induced hypogeusia (121-125), although normal
zine levels were found 1n one series of patients (126).
Mahajan and associates (123) found a correlation be-
tween plasma zinc concentrations and salt recognition
thresholds, but other reports have failed to correlate taste
acuity 1ndices with static parameters of zinc status (122,
125). Hemodialysis treatments, per se, improved or cor-
rected hypogeusia, but no parallel etfect of dialysis on
circulating zinc levels was seen (121, 122, 125).

Evidence for zinc deficiency as a frequent complication
of Crohn's discase (regional enteritis; granulomatous
itleitis and colinis) of the intestine, including depressed
circulaung zine levels, low hair levels of zine, and de-
creased urinary zine excretion has been reported (127-
131). Solomons and associates (127), using the three-
drop torced-choice technique, found impaired taste acui-
ty as compared to controls in adult patients with active
Crohn’s discase ( p < 0.001) and in growth-retarded ad-
olescents ( p < 0.001) (127). Sinmularly, in 10 pauents
with celiac sprue and a mean reduction in plusma zinc,
taste acuity thresholds were elevated as compared to
healthy adult controls { p > 0.01) (132).

Cystic fibrosis is another disease that predisposes to
zine depletion (133-135). Some patents with this disor-
der are 1in negative z2ine balance due to reduced ubsorp-
ton of dietary aine (136) Cysnc tibrosis is also a discase
that has aroused mterest of taste physiologists  Henkin
and Powell (137) reported increased taste acuity in pa-
tients with cystic fibrosis, whereas other investigators
have found taste acuity to be normal or subnormal (135,
138-141). The zinc status of patients in some of these
studies was not e¢saluated. Pabin and colleagues (142)
assessed zine nutriture 1 a cohort of cystic librosis pa-
tents along with an evaluanon of taste acuity. Plasma
and hair zin¢ concentrations were normal in these pa-
tients. Taste acuny was also normal, and did not chunge
dunng a 2-month course of zinc supplementation. Solo-
mons and associates ( 135) tound impaired detection and
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recognition i a4 group ot 19 patients with ¢ystic ibrosis
These patients also had low hair zine concentratgns, al-
though plisma zinc levels were normal. The hypogeusia
of patients with ¢ystuc hbrosis may have its vngin in dis-
ordered zinc metabolism

Storms and coworkers (143) used the three-drop
forced-choice dilution technique to evaluate taste in 18
adult patients with chronic pancreattis, another cause of
pancreatic insufficiency. In fact, half of the subjects had
steatorrhea. As compared to 15 age-matched controls,
the patients’ detection thresholds for salty and sweet and
recognition thresholds for salty, sweet, and sour were ¢le-
vated. Zinc in plasma and saliva were measured, and
found to be equivalent 1n patients and controls. Treat-
ment with pancreatic extract for a month resulted 1n im-
proved taste acuity.

Greger and Sciscoe (144) studied 44 elderly persons
(mean age, 79 years; range, 52 to 89) in an urban feeding
program. A forced-choice tnangle test for recognition of
saltiness was done using salt in mmol concentrations of 6,
12, 24, and 48. The mecan detection threshold, 23.4 2
mmol, did not differ from the 16.4 T 1.9 mmol threshold
of a local control group with an average age of 27 years,
but was higher than that reported by other investigators
using similar (but not identical) procedures. Seven of the
subjects had a detection threshold greater than 48 mmol
salt, whereas none of the controls failed to detect the 24
mmol solution. No correlations between taste acuity and
either dietary zinc intake or hair zinc levels were seen.
These findings were essentially repeated in a subsequent
survey of elderly persons from the same region as part of
a zinc supplementation study (145).

A recent report from Yugoslavia by Buzina and co-
workers (146) comes closest to reproducing the original
observations of Hambidge and associates (104) with re-
spect to an association between low hair zinc concentra-
tions and hypogeusia. In this study, children 9 to |12 years
of age were evaluated for plasma zinc, hair zinc, taste
aculty (using a forced-choice dilution triangle test), and
anthropometric classification; the cumulative percentage
of children with hair zinc below 70 ug/g in this sample
was 357 . Twenty-one of the 76 children having measure-
ments of both hair and plasma zinc and taste perception
were hypogeusic; hair zing, but not plasma zinc, concen-
trations differed significantly between the children with
normal taste sensitivity and those with impaired taste
sensitivity ( p = 0.05). The population was admattedly
chosen from a nutritionally deprived sector, but this
study seems to venify the association of impaired taste
and zinc deficiency in a population at large.

MANIPULATION OF ZINC NUTRITURE

Clinical observations essentially attempt to correlate
taste aculty or uther taste perception qualities with bio-
chemical indices of zinc nutriture. However, the lack of
reliability of zinc indicators «n showing total-body zinc
status limits them as reference standards for taste per-
formance. A more definitive approach would involve the
manipulation of nutritional status, either zinc depletion
or zinc supplementauon, to better characterize and define
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2ine nutature Both of these strategies have been used i
the investigation ol taste.

Wright and associates (147) studied taste in six muale
volunteers who underwent a zinc depletion experiment 1n
the metabolic umt at the University of California at
Berkeley. The subjects ranged n age from 21 to 30 years,
and were studied durnng the initial phase, with a daily
zinc intake of 15 mg, and in the depletion phase, on a
zinc 1ntake of 0.25 mg, after their plasma zinc concentra-
tions had fallen below 70 ug/dL, and in three subjects,
after repletion with a 15 mg zinc intake. Subjects tasted
30 mL volumes of four concentrations of sodium chlonde
and urea solutions, and two distilled water blanks. Inten-
sity ratings for the lower two concentrations for saltiness
were altered during depletion. The more concentrated
salty qualities, and all of the bitter solutions were scored
identically despite nutritional manipulation. In the three
subjects, restudied during replerion, there was a tendency
toward recovery of basal intensity perception for the low-
er concentraticons of the sodium chloride solution. The
changes in taste perception were not correlated with the
change in plasma zinc, with parotid saliva zinc concen-
tration, nor with the length of ume on the depletion diet.

ZINC SUPPLEMENTATION

The opposite approach to mantpulating zinc status is
zinc supplementation of persons with presumed impair-
ment of zinc autriture. Weismann and associates (54)
conducted a randomized, double-blind supplementation
trial with oral zinc in 30 Danish patients with stable alco-
holic cirrhosis confirmed by biopsy results. Sixteen sub-
jects received 45 mg of zinc daily as zinc sulfate while 14
received a placebo. The duration of the trial was 6 weeks.
A modification of the three-drop forced-choice test was
used. Mean taste score improved from 7.4 to 10.2 (arbi-
trary units) in the zinc-treated group ( p < 0.001), but
was unaffected by the placebo, 7.8 before and 9.0 after
the tnal ( p < 0.1). Supplementation was accompanied
by a rise in mean serum zinc from 86 to 113 pg/dL in the
zinc cohort; mean zinc levels were stable at 81 and 83
pg/dL in the placebo-treated group. The taste function
results are interesting in view of the good nutrittonal
status and normal circulating zinc values of the subjects.
Except for the traditional association of cirrhosis with
zinc depletion, there was little reason to suspect a preva-
lence of zinc deficiency from the pretreatment findings in
either group of patients (105).

Palin and associates (142) conducted a double-blind
supplementation study among children with cystic fibro-
sis using patients’ unaffected siblings as controls. A three-
drop forced-choice dilunon technique was used to assess
taste acuity before and after an 8-week supplementation
period. Sixteen patients and seven sibling controls re-
ceived zinc sulfate, 23 mg, and 20 patients and eight con-
trols received placebo. Taste acuity in patients was nor-
mal before supplementation, and was unaffected by the
type of treatment. Similarly, plasma zin¢ concentration
and hair zinc levels were identical for panents and sib-
lings, and unresponsive 1o supplementation of either
kind. As in the study by Weismann and coworkers (54),
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the static indices of zince nutrniture gave Lhittle indication of
zinc deficiency among the patients sclected, and hence,
there was little margin for a nutrnittonal response

The response of gustatory funcuoen 1o zinge supplemen-
tation :n hemodialy zed uremic patients had been assessed
by a number of investigators. Mahajan and colleagues
(124) in a non-blinded, 6-week supplementation trial
with zinc acetate, 50 mg/d, saw the correction of elevated
salt, sweet, and bitter, but not sour, detection and recog-
nition thresholds in 11 patients receiving regular hemo-
dialysis. These same investigators did a subsequent dou-
ble-blind study 1n 22 patients randomized to receive 25
mg of zinc as acetate or a sucrose placebo for 6 to 12
weeks. Once again, elevated thresholds were normalized
in the zinc-treated subjects, but placebo treatment had no
effect of taste acuity. Atkin-Thor and assoctates (125)
did a double-blind, cross-over study in which subjects
were prescnbed zinc sulfate, 170 mg three times per
week, or a placebo for 6-week periods, each in a random-
ized sequence. Hair zinc and plasma zinc levels rose, and
taste thresholds improved during the zinc treatment-peri-
ods. Subjective taste perceplion was assessed in ten hemo-
dialyzed uremic men before and after randomized treat-
ment with modifidation of the zinc content of the dialysis
bath for 4 weeks. In five subjects’ regimen, 400 ug/L of
zinc was added to the dialysate. Zinc did not affect plas-
ina zinc concentrations, but, paradoxically, subjects in
the placebo group reported enhanced subjective taste per-
ception during the trial.

Greger and Geissler (145) gave c¢lderly institutional-
ized persons cither a placebo (n = 24) or a capsule con-
taining 15 mg of ainc (n = 285), served before the noon-
day meal for 95 days. Taste detection and recognition
thresholds for salt and sucrose were studied before and
after the supplementation period using the same forced-
choice triangle design as in the previous study (144). The
detection and recognition thresholds were equivalent for
the two treatment groups at the beginning of the tnal.
Recognition thresholds were unatfected, but there was a
tendency (not statistically significant) toward improve-
ment of detection thresholds for both salty and sweet in
the group receiving zinc. The only change of statistical
significance was a deterioration 1n the recognmition of su-
crase in the placebo group, as compared to basal per-
formance ( p < 0.011). Hair zinc levels increased signifi-
cantly ( p < 0.002) n the group that received the zinc
supplement.

Given the promise of the single-blind experience with
zinc supplementation in idiopathic hypogeusia (102,
103), Henkin and associates (148) did a randomized,
double-blind, semi-crossover study in 106 patients with
taste and smell dysfuncuon (148). The patients were dis-
tributed at random into four groups for two consecutive
3-month treatment periods. One group received zinc, 100
mg/d, for both peniods; another group received placebo
throughout; a third group received zinc supplementation
followed by placebo; and a final group received placebo
followed by zinc. The quanufication of taste abnormali-
ties was 1dentical to that in the previously reported tnal.
Before treatment, mean serum zinc levels for all groups

wds significantly below normal, and urinary zinc excre-
ton was within normal himits Leukocyte alkaline phos-
phatase levels were 17 U as compared to 71 U in controls
(p < 0.001). A significant increase in serum Zine con-
centration and 1n urninary zine excrenion was seen durnng
cach period in which zinc was administered No changes
were registered with placebo treatments. Analysis of the
taste acuity and forced scaling performance, however,
showed no significant effect of zinc sulfate as compared to
placebo. Significant improvement 1n a number of taste
indices has been seen with either zinc or placebo.

Clearly, zinc deficiency alters taste perception in ani-
mals and in humans. Zinc-responsive taste abnormalities
have been shown in conditions that predispose to zinc
depletion. Most age-related and idiopathic taste disorders
do not appear to be caused by zinc deficiency. As an
assessment index for zinc nutriture, the sensitivity and
specificity of taste acuity testing, or laste intensity scaling
have yet to be properly defined. Undoubtedly, taste indi-
ces will not be very specific, but for severe zinc deficiency,
some alterations in taste acuity may be detectable. Other
approaches to physiologic testing of gustatory function,
however, may be required to comprehensively e¢examine
the role of zinc nutrition in taste. (These approaches may
include intensity scaling procedures and taste preference
determinations in the supra threshold range where most
foods would be registered. To date, these approaches
have not been used extensively in nutritional assess-
ment.)

Olfactory Acuity

In conjunction with some of the studies involving taste
acuity, there have been a small number of observations
on olfactory ucuity that raise the possibility that smell
may also be impaired in zinc deficiency. In fact, the syn-
drome first reported by Henkin and associates (101) was
entitled “idiopathic hypogeusia with dysgeusia, hyposmia
and dysosmia’™ because 28 of the onginal 35 subjects
spontaneously reported some alteration in olfactory per-
ception. Objective assessment of olfactory acuity involved
a three-stimulus, forced-choice dilution technique with
various concentrations of three pungent chemicals: pyri-
dine (omon and garlic odor); nitrobenzene (bitter
almond odor); thiophene (burnt rubber odor). The pro-
cedure is analogous to the taste lest used 1n the same
laboratory. Mean detection and recognition thresholds
were elevated in most subjects. Many subjects also re-
ported dysosmia, persistent obnoxious odors. A response
of abnormalities of smell to zinc therapy was reported,
but specific figures were not given (101). Kreuger and
Kreuger (149) reported a case of idiopathic hyposmia
and dysosmia in a 67-year-old man with a history of al¢o-
holism. The patient's serum czinc level was 77 ug/dL.
Therapeutic administration of zine, 150 mg/d for a
month increased circulating zinc levels to 139 ug/dL,
and produced subjective improvement of the smell-relat-
ed symptoms. No formal, objective olfactory acuity test-
ing was undertaken.

Burch and associates (107) found elevated olfactory
thresholds for at least one of the vdors—nitrobenzene,
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thiophene, or pyndine— among his cirrhotic subjects, but
no informanon on zinc status was reported Vreman and
assoclates (122) found a shight, but not sigmificant, ¢leva-
tion ¢n smell thresholds for pyrnidine 1n male uremic pa-
tients on chronic hemodialysis, these same patients had a
signticantly reduced mean plasma zinc concentration.
All of the >1x patients with progressive systemic sclerosis
receiving the pharmacologic doses of hisudine began the
tnnal with normal olfactory acuity, became hyposmic dur-
ing treatment, but corrected with the i-day, 100 mg zinc
therapy, despite continuance of the histidine (118).

As with the taste acuity findings, Henkin and associ-
ates (148) were unable to show any differential effect of
zinc sulfate or placebo on the objective hyposmua in their
randomized, double-blind, crossoser trial of zinc supple-
mentation 1n patients with idiopathic taste and smell dys-
function (148). It would appear that, as with taste, the
idiopathic loss of olfaction is not likely to be a consistent-
ly zinc-responsive condition. The balance in clinical ob-
servations reviewed, however, suggests that some forms
of acquired zinc deficiency may be associated with an
olfactory disorder that responds to the correction of the
underlying nutntional depletion.

Conclusion

Assessment of zinc nutritional status 1s complex. Many
of the studies cited 1n this review have relied on plasma
or serum zinc levels only as reflecuve of body zinc status,
which may not be valid (150-152). Caution should be
exercised in interpreting the results of such studies.
Morceover, many investigations of zinc and sensory func-
tion have been done as open trials, which limits the inter-
pretation one can make from these studies. Nevertheless,
zine nutnture appears (o have implications for at least
three components of the mammalian sensory system: vi-
sion, olfaction, and taste Strong evidence supports the
development of zine-responsive night blindness and hy-
pogeusia 1n clinical zinc deficiency states, and it 1s likely
that impaired color discrimination and decreased smell
acuity may also develop with human zinc depletion. In-
teractions of zinc and vitamin A appear to be at the basis
of the retinal effects of zinc deticiency (1, 28) Given the
role of vitamin A 1n the structural and physiological in-
tegrity of mucosal epithelia, and the fact that vitamin A
deficiency affects taste and smell (153, 154), closer atten-
tion to the possibilities of zinc-vitamin A interactions and
the gustatory and olfactory consequences of disordered
zinc metabolism, 15 warranted.

The search for human correlates of ocular teratogenes-
is, shown extensively in experimental gestational zinc de-
ficiency, should be pursued. This search takes on addi-
tional relevance 1in light of the mounting suggestions that
human fetal alcohol syndrome may be conditioned by
maternal zinc deficiency (155).

Finally, the association of impaired sensory function
and human zinc deficiency bears on the diagnostic assess-
ment of zinc nutriture. Conventionzl biochemical indices
of zinc status, based on measurement of zinc concentra-
tton 1n hssue or body fluids, are notoriously unrelhiable
(150, 151). Recent evidence suggests that leukocyte zinc
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may provide a more accurate assessment of body zine
stores (136). The comiplementanion ot biochenucal indi-
ces with tuncuonal indicators of zine status would foruly
this area of clhinical nutrittonal assessment. This objective
1s embodied in much of the research on sensory tunction
and zinc metabolism. Improved understanding of the in-
terrelationshups will promote the development of increas-
ingly rehable assessment techniques for quantifying hu-
man zinc nutriture.
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