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ABSTRACT The role of zinc in children’s cognitive and motor functioning is usually assessed by the response to
supplementation in populations thought to be zinc deficient. A review of published zinc-supplementation trials that
examined behavior and development identified one trial in fetuses, six trials in infants and toddlers and three trials in
school-age children. The three studies that examined activity reported that zinc supplementation was associated with
more activity. Of the five studies that examined motor development in infants and toddlers, one found improvements
among very low-birth–weight infants, one found improvements in the quality of motor development and three found
no impact. Of the four studies that examined mental development in infants and toddlers, three found no impact of
zinc supplementation and one found that zinc-supplemented children had lower scores than control children. Among
school-age children, one study found no impact of zinc supplementation on cognitive performance and two found
a beneficial impact of neuropsychological processes, specifically reasoning. The evidence linking zinc deficiency to
children’s cognitive and motor functioning suggests a relationship among the most vulnerable children but lacks
a clear consensus, highlighting the need for additional research into the timing of zinc deficiency and the co-
occurrence with other micronutrient deficiencies. J. Nutr. 133: 1473S–1476S, 2003.
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Zinc is a trace mineral that is involved with RNA and DNA
synthesis and is critical to cellular growth, differentiation and
metabolism (1–3). Zinc deficiency can interfere with multiple
organ systems particularly when it occurs during a time of rapid
growth and development, such as infancy, when nutritional
demands are high (1).

Investigators often use indirect measures of zinc status
because only a small percentage of the body’s zinc is in plasma
(4). Most of the body’s zinc is located in muscle, bone and liver,
where it turns over slowly. Biological measures of zinc status,

such as plasma and hair zinc, are useful at a population level but
are imperfect indicators of individual functional impairment
related to zinc deficiency (5). Dietary restrictions are used to
assess the consequences of zinc deficiency in animals. In
humans the consequences of zinc deficiency on behavior and
development are frequently assessed by the response to
randomized trials of zinc supplementation conducted in
populations thought to be zinc deficient.

The small rapidly exchangeable pool of zinc, which is
important in cell division and metabolism, is dependent on
a steady source of zinc from the diet. The optimal source of zinc
is from animal sources, such as beef, lamb and oysters (6).
Healthy infants are usually able to get an adequate amount of
zinc from breastfeeding during the first six months of life, as
long as the mother’s milk supply is adequate and breast milk is
not displaced by complementary foods (7,8). However, infants
who are small for their gestational age and premature infants
may benefit from zinc supplementation in addition to the zinc
they receive from breastfeeding (7). During the second six
months of life when complementary foods are introduced, the
risk for zinc deficiency increases because most traditional
complementary foods are low in bioavailable zinc (9). The
prevalence of zinc deficiency throughout childhood is estimated
to be high, primarily related to the low consumption of foods
high in bioavailable zinc (6,10).

Zinc deficiency is regarded as a major public health prob-
lem with multiple health consequences (10). Zinc supplemen-
tation trials among zinc-deficient infants have demonstrated
beneficial effects of zinc on growth (11), diarrhea and pneu-
monia morbidity (12,13) and mortality (14). In addition, zinc
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deficiency may compromise behaviors necessary for cognitive
functioning including activity and attention (1,15,16).

Zinc deficiency and behavior in animals

Zinc deficiency has been studied in animals by restricting
zinc intake during pregnancy or specific developmental periods.
Rats have been used to examine zinc deficiency during the
prenatal and infancy periods. Animals who experienced severe
zinc deficiency early in their fetal development were at
increased risk for abortion and fetal abnormalities (17).
Animals who experienced zinc deficiency, after the period of
organogenesis but during early development, and were refed
and tested as adults had difficulty in maze-learning tasks,
particularly when shock was used in the learning procedure
(18,19). They responded with increased emotionality that was
evidenced by their aggression, poor memory and difficulty
avoiding the shock. Thus, zinc deficiency early in life appeared
to have long-lasting effects on the animals’ responses to stress,
which interfered with performance in learning situations.

Rhesus monkeys have been used to study zinc deficiency
during infancy and childhood. Golub has simulated zinc de-
ficiency during childhood by feeding well-nourished juvenile
monkeys a zinc-deficient diet (20–23). Short-term (15-wk)
moderate zinc deprivation in prepubertal monkeys resulted in
reduced motor activity and less accurate performance on
measures of attention and short-term memory (21).

Primates who experienced long-term moderate zinc de-
ficiency initiated during the prepubertal period and extending
through puberty (18–33 mo of age) were less active than
primates fed a zinc-sufficient diet when tested during the
premenarchial period. Differences in activity preceded dif-
ferences in growth and plasma zinc levels (23). Specifically, zinc
deficiency was associated with decreased activity and accuracy
related to inhibitory control (measured by accuracy on
a continuous performance task), but only during the
premenarchial period (23). During the postmenarchial period
there were no differences in activity or inhibitory control
related to zinc deprivation. In contrast, monkeys in the zinc-
deprivation group did not experience reduced growth rates or
lower levels of plasma zinc until they entered their growth spurt
(27–33 mo of life). Thereafter, zinc-deficient monkeys
demonstrated lower rates of growth and plasma zinc levels
than adequately nourished monkeys. The finding that dim-
inished activity and inhibitory control occurred before
changes in growth and plasma zinc levels suggests that the
animals may have conserved energy or control in response to
zinc deprivation. There was no impact of zinc deprivation on
a measure of attention, but the testing periods were relatively
brief and may not have adequately assessed sustained attention.

Studies of severe zinc deprivation in monkeys before
weaning showed that zinc-deficient animals were emotionally
less mature; this was demonstrated by their difficulty with
separation and the increased protective behavior by their
mothers (24). There were also cognitive deficits associated with
severe zinc deprivation among juvenile monkeys (those who
had been weaned), indicated by their difficulty in retaining
previously learned visual-discrimination problems and in
learning new problems.

Zinc supplementation and infant development

Observational studies have been used to examine children
with and without zinc-deficient diets. Although observational
studies can yield useful information about zinc deficiency,
findings may be confounded by poverty and other nutritional

deficiencies because they often co-occur with zinc deficiency
and are associated with children’s development (25). Ran-
domized trials are necessary to examine the specificity of zinc
deficiency on children’s behavior and development. Several
reviews have examined the relationship between zinc nutriture
and children’s behavior and development (1,15,16).

Although zinc supplementation during pregnancy has been
associated with several indicators of reproductive success in-
cluding fetal growth, birth weight, lack of congenital mal-
formations and term delivery, results have been difficult to
replicate, which has produced inconsistent findings (26–29).
One trial of zinc supplementation during pregnancy examined
fetal heart rate and activity. Pregnant women who received 15
mg of daily zinc, along with iron and folate supplementation,
had fetuses with an increased fetal heart rate and more vigorous
fetal activity compared to fetuses of nonsupplemented women
(30). Both measures are indices of fetal well-being that may be
related to subsequent development (31).

Observational studies in Egypt reported an association
between mothers’ diets and their infants’ early behavior and
development (32,33). Mothers who consumed diets high in
animal products had infants who were more attentive shortly
after birth, as measured on the Brazelton Neonatal Behavioral
Assessment Scale, than infants of mothers who consumed diets
low in animal products. At 6 mo, infants whose mothers
consumed diets that were primarily plant based, and therefore
low in bioavailable zinc, had lower motor scores on the Bayley
Scales of Infant Development than infants whose mothers
consumed animal-based diets. Motor development was also
related to infant diarrhea and psychosocial factors such as
household socioeconomic status. These findings demonstrate
the multiple impacts of maternal dietary choices and psycho-
social risk on children’s early motor functioning.

There are at least six zinc-supplementation trials that have
examined the effects of zinc supplementation on activity or
development among infants. In India, low-income toddlers who
received 10 mg of elemental zinc daily for 6 mo had more
vigorous activity during play, compared with control toddlers
(34). In Guatemala, stunted toddlers who received 10 mg of
oral zinc daily for 7 mo had more functional activity during play,
compared with control toddlers (35). However, the toddlers did
not differ on an observational assessment of motor develop-
ment. A supplementation trial among very low-birth–weight
infants (, 1500 g) from Canada (36) showed that infants who
received formula with a higher concentration of zinc (11 vs 6.7
mg/L) for the first 5 mo of life had better scores in motor
development, measured on the Griffiths’ Developmental
Assessment, but not in other areas of development. In Brazil,
low-birth–weight infants who received 5 mg of zinc for 8 wk
were more cooperative during developmental testing but there
were no differences in their mental or motor development when
measured on the Griffiths’ Assessment (37). In Chile, low-
income infants who received 5 mg of elemental zinc daily for 1 y
had higher scores in motor quality (gross and fine-motor
movement and control), but there were no differences in the
children’s mental or motor scores on the Bayley Scales (38). In
Bangladesh, low-income infants received 5 mg of elemental
zinc daily from 4 wk to 6 mo of life (39). When the evaluations
were conducted by administering the Bayley Scales at 7 and 12
mo, there were no differences in motor development at either
evaluation time; but at the 12-mo assessment the zinc-
supplemented infants had slightly lower cognitive scores
compared with control infants (103.1 vs 106.4). Thus, the
evidence linking zinc supplementation to early cognitive and
motor development is inconclusive. There are suggestions that
zinc supplementation may promote activity and perhaps motor
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development in the most vulnerable infants. Although motor
development is thought to promote cognitive development by
enabling children to be more independent and to explore their
surroundings (40), the only evidence linking zinc supplemen-
tation to cognitive development is counter intuitive.

Zinc supplementation among school-age children

In observational studies among elementary school-age
children, hair zinc was related to reading ability, suggesting that
zinc deficiency interfered with academic performance (41,42).
There have been at least three randomized trials of zinc
supplementation measuring cognitive development among
school-age children. A trial in Canada found no differences
when children were tested with subscales from the Detroit Test
of Learning Abilities (43). Trials in Chinese children and
Mexican-American children from Texas have found that
zinc-supplemented children demonstrated superior neuro-
psychological performance, particularly in reasoning, when
compared with controls (44–46). These trials suggest that the
beneficial impact of zinc supplementation may have an im-
pact on specific neuropsychological processes that are evident
in time-dependent challenging tasks, namely attention and
reasoning, rather than in general performance tasks (46). More
research is needed to replicate existing studies and to clarify the
timing and duration of the relationship between zinc status,
neuropsychological functioning and academic performance.

Zinc deficiency and depression

There has been some suggestion that zinc deficiency may be
related to anxiety and depression. In a small observational
study, patients with primary affective disorders had lower
plasma zinc levels than comparison patients on admission (47).
By the time they were ready for discharge, the patients’ plasma
zinc levels had increased significantly. In a randomized trial of
zinc supplementation (50 mg/d of elemental) among ad-
olescents with anorexia nervosa, those who received the
supplement had lower levels of depression and anxiety on
standardized measures, compared with the control group of
adolescents (48). Both groups of adolescents with anorexia
nervosa had low zinc intake before supplementation, based on
dietary data, which suggests that they were zinc deficient. The
association between zinc deficiency and an increased risk of
anxiety and depression may be related to the stress reaction
observed in zinc-deprived animals (18).

Methodological considerations

Most of the research linking zinc to child development has
not addressed the possibility of interactions with other
micronutrient deficiencies (25,49). Animal products, a primary
source of zinc, are also important sources of iron and vitamin
B-12, which suggests that children who are zinc deficient are
also likely to be deficient in iron and vitamin B-12. All three
micronutrients have been associated with deficits in cogni-
tive functioning (25), which highlights the need for studies
that address comorbidity and the interrelationships among
micronutrients.

Mechanisms

It is not clear exactly how zinc may influence cognitive and
motor functioning. In the central nervous system, zinc is
concentrated in the synaptic vesicles of specific glutaminergic
neurons, which are found primarily in the forebrain and

connect with other cerebral cortices and limbic structures (50).
During synaptic events, zinc is released and passes into post-
synaptic neurons, serving as a neurotransmitter. Because zinc
binds with proteins and is considered to be essential for nucleic
acid and protein synthesis (50), zinc deficiency may interfere
with these processes and compromise subsequent development.

Zinc deficiency may be particularly relevant to early de-
velopment because it plays fundamental roles in cell division
and maturation, and in the growth and function of many or-
gan systems, including the neurological system (1,2,50). In
addition, there is suggestive evidence from animal models (18)
and psychiatric patients (47,48) that zinc deficiency may affect
emotionality and response to stress, factors that may influence
infant development.

Zinc deficiency may also influence children’s development
by altering a child’s ability to elicit or use nurturant interactions
from caregivers. For example, a zinc-deficient child who may be
inactive or overly responsive to stress may not be able to use the
environmental enrichment that promotes early development.
The process in which the impact of nutritional deficiencies on
development is mediated through the caregiving system is
known as functional isolation and was described initially in
animals (51). Functional isolation may operate together with
neural processing changes related to zinc deficiency to interfere
with optimal development. Although initial findings provide
some convincing evidence linking zinc deficiency to com-
promises in activity and motor development, additional
research is needed to examine the impact of the timing and
severity of zinc deficiency, its reversibility and its long-term
consequences, along with the mediating role of the caregiving
system.

LITERATURE CITED

1. Sanstead, H. H., Frederickson, C. J. & Penland, J. G. (2000) Zinc
nutriture as related to brain. J. Nutr. 130: 140S–146S.

2. Pfeiffer, C. C. & Braverman, E. R. (1997) Zinc, the brain, and behavior.
Biol. Psychol. 17: 513–530.

3. Sandstead, H. H. (1986) Nutrition and brain function: trace elements.
Nutr. Rev. 44: 37–41.

4. Jackson, M. J. (1989) Physiology of zinc: general aspects. In: Zinc in
Human Biology (Mills, C. F., ed.), pp. 1–14. Springer-Verlag, London.

5. Brown, K. H., Wuehler, S. E. & Peerson, J. M. (2001) The importance
of zinc in human nutrition and estimation of the global prevalence of zinc
deficiency. Food Nutr. Bull. 22: 113–125.

6. Solomons, N. W. (2001) Dietary sources of zinc and factors affecting
its bioavailability. Food Nutr. Bull. 22: 138–154.

7. Krebs, N. F., Reidinger, C. J., Miller, L. V. &Hambidge, K.M. (1996) Zinc
homeostasis in breastfed infants. Pediatr. Res. 39: 661–665.

8. Krebs, N. F. (2000) Dietary zinc and iron sources, physical growth
and cognitive development of breastfed infants. J. Nutr. 130: 358S–360S.

9. Krebs, N. F. & Westcott, J. (2002) Zinc and breastfed infants: if and
when is there a risk of deficiency? Adv. Exp. Med. Biol. 503: 69–75.

10. Sandstead, H. H. (1996) Zinc deficiency: a public health problem?
Am. J. Dis. Children. 145: 853–859.

11. Brown, K. H., Peerson, J. M., Rivera, J. & Allen, L. (2002) Effect of
supplemental zinc on the growth and serum concentrations of prepubertal children:
a meta-analysis of randomized controlled trials. Am. J. Clin. Nutr. 75: 1062–1075.

12. Bhutta, Z. A., Black, R. E., Brown, K. H., Gardner, J. M., Gore, S., Hidayat,
A., Khatun, F., Martorell, R., Ninh, N. X., Penny, M. E., Rosado, J. L., Roy, S. K.,
Ruel, M., Sazawal, S. & Shankar, A. (1999) Prevention of diarrhea and
pneumonia by zinc supplementation in children in developing countries: pooled
analysis of randomized clinical trials. J. Pediatr. 135: 689–697.

13. Black, R. E. (2001) Zinc deficiency, immune function, and morbidity
and mortality from infectious disease among children in developing countries. Food
Nutr. Bull. 22: 155–162.

14. Sazawal, S., Black, R. E., Menon, V. P., Dingra, P., Caulfield, L. E.,
Dingra, U. & Bagati, A. (2001) Zinc supplementation in infants born small for
gestational age reduces mortality: a prospective, randomized, controlled trial.
Pediatrics 108: 1280–1286.

15. Black, M. M. (1998) Zinc deficiency and child development. Am. J.
Clin. Nutr. 68: 464S–469S.

16. Bhatnagar, S. & Taneja, S. (2001) Zinc and cognitive development.
Br. J. Nutr. 85: S139–S145.

1475SZINC AND CHILDREN’S COGNITIVE AND MOTOR DEVELOPMENT



17. Hurley, L. S. & Shrader, R. E. (1972) Congenital malformations of the
nervous system in zinc-deficient rats. In: Neurobiology of the Trace Metals Zinc
and Copper (Pfeiffer, C. C., ed.), pp. 51–60. Academic Press, New York.

18. Halas, E. S., Reynolds, G. M. & Sandstead, H. H. (1977) Intra-uterine
nutrition and its effects on aggression. Physiol. Behav. 19: 653–661.

19. Halas, E. S., Eberhardt, M. J., Diers, M. A. & Sandstead, H. H.
(1983) Learning and memory impairment in adult rats due to severe zinc
deficiency during lactation. Physiol. Behav. 30: 371–381.

20. Golub, M. S., Gershwin, M. E., Hurley, L. S., Hendrickx, A. G. & Saith,
W. Y. (1985) Studies of marginal zinc deprivation in rhesus monkeys: infant
behavior. Am. J. Clin. Nutr. 42: 1229–1239.

21. Golub, M. S., Takeuchi, P. T., Keen, C. L., Gershwin, M. E., Hendrickx,
A. G. & Lonnerdal, B. (1994) Modulation of behavioral performance of
prepubertal monkeys by moderate dietary zinc deprivation. Am. J. Clin. Nutr. 60:
238–243.

22. Golub, M. S., Keen, C. L., Gershwin, M. E. & Hendrickx, A. G. (1995)
Developmental zinc deficiency and behavior. J. Nutr. 125: 2263S–2271S.

23. Golub, M. S., Takeuchi, P. T., Keen, C. L., Hendrickx, A. G. & Gershwin,
M. E. (1996) Activity and attention in zinc-deprived adolescent monkeys. Am. J.
Clin. Nutr. 64: 908–915.

24. Sandstead, H. H., Strobel, D. A., Logan, G. M., Marks, E. O. & Jacob,
R. A. (1996) Zinc deficiency in pregnant rhesus monkeys: effects on behavior of
infants. Am. J. Clin. Nutr. 31: 844–849.

25. Grantham-McGregor, S. M. & Ani, C. C. (1999) The role of
micronutrients in psychomotor and cognitive development. Br. Med. Bull. 55:
511–527.

26. Goldenberg, R. L., Tamura, T., Neggars, Y., Copper, R. L., Johnston,
K. E., DuBard, M. B. & Hauth, J. C. (1995) The effect of zinc supplementation
on pregnancy outcome. JAMA 274: 463–468.

27. Cherry, F. F., Sanstead, H. H., Rojas, P., Johnson, L. K., Batson, H. K. &
Wang, X. B. (1989) Adolescent pregnancy: associations among body weight,
zinc nutriture, and pregnancy outcome. Am. J. Clin. Nutr. 50: 945–954.

28. Simmer, K., Lort-Phillips, L., James, C. & Thompson, R. P. (1991) A
double-blind trial of zinc supplementation in pregnancy. Eur. J. Clin. Nutr. 45: 139–
144.

29. Caulfield, L. E., Zavaleta, N., Shankar, A. H. & Merialdi, M. (1998) Po-
tential contribution of maternal zinc supplementation during pregnancy to maternal
and child survival. Am. J. Clin. Nutr. 68: 499S–508S.

30. Meraldi, M., Caulfield, L. E., Zavaleta, N., Figueroa, A. & DiPetro,
J. A. (1999) Adding zinc to prenatal iron and folate tablets improves fetal
neurobehavioral development. Am. J. Obstet. Gynecol. 180: 483–490.

31. DiPietro, J. A., Hodgson, D. M., Costigan, K. A. & Johnson, T. R.
B. (1996) Fetal neurobehavioral development. Child Dev. 67: 2553–2557.

32. Kirksey, A., Rahmanifar, A., Wachs, T. D., Mccabe, G. P., Bassily, N. S.,
Bishry, Z., Galal, O. M., Harrison, G. G. & Jerome, N. W. (1994) Determinants
of pregnancy outcome and newborn behavior of a semirural Egyptian population.
Am. J. Clin. Nutr. 54: 657–667.

33. Kirksey, A., Wachs, T. D., Yunis, F., Srinath, U., Rahmanifar, A., Mccabe,
G. P., Galal, O. M., Harrison, G. G. & Jerome, N. W. (1994) Relation of maternal
zinc nutriture to pregnancy outcome and infant development in an Egyptian village.
Am. J. Clin. Nutr. 60: 782–792.

34. Sazawal, S., Bentley, M., Black, R. E., Dhingra, P., George, S. & Bhan,
M. K. (1996) Effect of zinc supplementation on observed activity in preschool
children in an urban slum population. Pediatrics 98: 1132–1137.

35. Bentley, M. E., Caulfield, L. E., Ram, M., Santizo, M. C., Hurtado, E.,
Rivera, J. A., Ruel, M. T. & Brown, K. H. (1997) Zinc supplementation affects
the activity patterns of rural Guatemalan infants. J. Nutr. 127: 1333–1338.

36. Friel, J. K., Andrews, W. L., Matthew, J. D., Long, D. R., Cornel, A. M.,
Cox, M., McKim, E. & Zerbem, G. O. (1993) Zinc supplementation in very-low-
birth-weight infants. J. Pediatr. Gastroenterol. Nutr. 17: 97–104.

37. Ashworth, A., Morris, S. S., Lira, P. I. & Grantham-McGregor, S. M.
(1998) Zinc supplementation, mental development, and behaviour in low birth
weight infants in northeast Brazil. Eur. J. Clin. Nutr. 52: 223–227.

38. Castillo-Duran, C., Perales, C. G., Hertrampf, E. D., Marin, V. B., Rivera,
F. A. & Icaza, G. (2001) Effect of zinc supplementation on development and
growth of Chilean infants. J. Pediatr. 138: 229–235.

39. Hamadani, J. D., Fuchs, G. J., Osendarp, S. J. M., Khatun, F., Huda, S. N.
& Grantham-McGregor, S. M. (2001) Randomized controlled trial of the effect of
zinc supplementation in the mental development of Bangladeshi infants. Am. J.
Clin. Nutr. 74: 381–386.

40. Bertenthal, B. I. & Campos, J. J. (1990) A systems approach to the
organizing effect of self-produced locomotion during infancy. Advances in Infancy
Research. 6: 1–60.

41. Butrimovitz, G. P. & Purdy, W. C. (1978) Zinc nutrition and growth in
a childhood population. Am. J. Clin. Nutr. 31: 1409–1412.

42. Cavan, K. R., Gibson, R. S., Grazioso, C. F., Isalgue, A. M., Ruz, M. &
Solomons, N. W. (1993) Growth and body composition of periurban Guatema-
lan children in relation to zinc status: a longitudinal zinc intervention trial. Am. J.
Clin. Nutr. 57: 344–352.

43. Gibson, R. S., Vanderkooy, P. D. S., MacDonald, A. C., Goldman, A.,
Ryan, B. A. & Berry, M. (1989) A growth-limiting, mild zinc-deficiency syndrome
in some Southern Ontario boys with low height percentiles. Am. J. Clin. Nutr. 49:
1266–1273.

44. Penland, J. G., Sandstead, H. H., Alcock, N. W., Dayal, H. H., Chen, X. C.,
Li, J. S., Zhao, F. & Yang, J. J. (1997) A preliminary report: effects of zinc and
micronutrient repletion on growth and neuropsychological function of urban
Chinese children. J. Am. Coll. Nutr. 16: 268–272.

45. Penland, J., Sanstead, H., Egger, N., Dayal, H., Alcock, N., Plotkin, R.,
Rocco, C. & Zavaleta, A. (1999) Zinc, iron and micronutrient supplementation
effects on cognitive and psychomotor function of Mexican-American school
children. FASEB J. 13: 921 (abs.).

46. Sanstead, H. H., Penland, J. G., Alcock, N. W., Dayal, H. H., Chen, X. C.,
Li, J. S., Zhao, F. & Yang, J. J. (1998) Effects of repletion with zinc and other
micronutrients on neuropsychologic performance and growth of Chinese children.
Am. J. Clin. Nutr. 68: 470S–475S.

47. McLoughlin, I. J. & Hodge, J. S. (1990) Zinc in depressive disorder.
Acta Psychiatr. Scand. 82: 451–453.

48. Katz, R. L., Keen, C. L., Litt, I. F., Hurley, L. S., Kellams-Harrison, K. M. &
Glader, L. J. (1987) Zinc deficiency in anorexia nervosa. J. Adolesc. Health
Care 8: 400–406.

49. Penland, J. G. (2000) Behavioral data and methodology issues in
studies of zinc nutrition in humans. J. Nutr. 130: 361S–364S.

50. Frederickson, C. J., Suh, S. W., Silva, D., Frederickson, C. J. &
Thompson, R. B. (2000) Importance of zinc in the central nervous system:
the zinc-containing neuron. J. Nutr. 130: 147S–153S.

51. Levitsky, D. A. Barnes, R. H. (1972) Nutritional and environmental
interactions in the behavioral development of the rat: long term effects. Science
176: 68–73.

1476S SUPPLEMENT


