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Introduction

Maternal Zinc Status Supports Offspring Gut Development, Inmune Function

Zinc (Zn) is an essential trace mineral required for normal growth, development and immune function. During pregnancy,
Zn requirements increase substantially to support fetal growth and organ development. While Zn is well known for its role in
brain and immune function, emerging evidence suggests that adequate maternal Zn status may also be critical for
gastrointestinal (Gl) tract development and for the long-term influence on the offspring’s neurological and immune health.

The Gl tract is more than a digestive organ. It serves as a critical barrier between the external environment and the body,
regulates nutrient absorption and houses a large portion of the immune system. Disruptions in gut development during
early life may contribute to altered nutrient absorption, immune dysregulation and changes in gut-brain communication

pathways.

This technical bulletin reviews the role of Zn in intestinal development, the relationship between gut health and
neurological function, and the importance of maintaining adequate Zn status during pregnancy and early life.

Zinc and Gut Development

Proper development of the intestinal tract Intestinal lumen
requires tightly regulated processes including Mucus
cellular proliferation, differentiation and tissue BLBHIbSY
remodeling (Figure 1). Many of these processes Enterocyte
rely on Zn-dependent enzymes, transcription Goblet cell
factors and signaling pathways. As a result, Enteroendocrine

cell

inadequate Zn availability during development may
alter intestinal structure and function.
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Research has demonstrated that Zn status
influences several aspects of intestinal
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development, including villus height, villus-to-crypt
ratio, epithelial cell renewal and goblet cell
abundance. These structural features contribute
directly to nutrient digestion, nutrient absorption
and barrier integrity. Zinc deficiency has been

Adequate Zn status supports:

Villus development, epithelial renewal,
mucus production, brush border enzyme
activity and barrier integrity.
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o Zn deficiency may contribute to:
Reduced villus height, impaired epithelial renewal,
altered mucin composition, reduced brush border
enzyme activity and mucosal inflammation.

associated with shortened villi, reduced absorptive Figure 1. Influence of Zn on Intestinal Development

surface area, impaired epithelial repair and altered
intestinal morphology.

Additionally, Zn is required for normal activity of several brush border enzymes involved in digestion and nutrient
utilization. Deficiencies have been shown to reduce activity of enzymes responsible for carbohydrate digestion and nutrient

processing, potentially impairing Gl function.

Consequences of Zinc Deficiency During Development

The effects of Zn deficiency extend beyond intestinal morphology. Zinc deficiency has been associated with increased
intestinal permeability, impaired mucosal integrity, altered mucus production and inflammation within the Gl tract. These
changes may reduce the intestine's ability to function as an effective barrier while simultaneously compromising nutrient

absorption.

In severe cases, Zn deficiency has been associated with villus atrophy, intestinal ulceration and mucosal damage. Even
moderate deficiencies may impair epithelial renewal and intestinal resilience. Because the intestine serves as the primary
site of Zn absorption, compromised intestinal development may further perpetuate Zn deficiency through reduced nutrient

uptake.

Collectively, these findings suggest that adequate maternal Zn status plays an important role in establishing a healthy
gastrointestinal tract capable of supporting nutrient absorption, immune function and the baby’s long-term health.
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The Gut-Brain Connection

Growing evidence supports communication between the Gl tract and the central nervous system through a network of
neural, immune and endocrine pathways often described as the gut-brain axis (Figure 2). Signals originating from the Gl
tract can influence neurological function, while the brain can influence Gl physiology through interactions with the enteric
nervous system and stress-response pathways.
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R ADEQUATE NORMAL MUCOSAL INTEGRITY BALANCED HEALTHY
m ay | n C re a Se eXpOS u re Of th e GUT DEVELOPMENT & NUTRIENT ABSORPTION IMMUNE SIGNALING GUT-BRAIN COMMUNICATION

immune system to dietary antigens,
. . . | \ 23
microbial metabolites and o = {@p @%% = < )
H ‘ Lo =
oiofe lofe s
ojeoje) J o =
* Intact barrier function « Controlled inflammation * Neural, ilr}mu_ne. and endocrine

inflammatory signals. In turn, these
« Efficient nutrient absorption « Normal immune responses ~ communica tion

e o
L 4

T IR (1101 @

°
&

4

4

events may alter immune signaling

pathways that inﬂuence - Goblet cell function - Balanced microbiota environment + Immune tolerance j Suepod £cnornal deveiopment
neurological development and

. REDUCED IMPAIRED ALTERED BARRIER FUNCTION IMMUNE DYSREGULATION / ALTERED
function. Vela et al. (201 5) GUT DEVELOPMENT & NUTRIENT ABSORPTION INFLAMMATORY SIGNALING GUT-BRAIN COMMUNICATION
proposes that maternal Zn Rt A !

.. . g - n 9 . ° ¥ % \
deficiency may contribute to a cycle Ol | i & - . e | e = @@‘E;}L% o
involving Gl dysfunction, immune _mm@.;_&],.m;ﬂ. ofepfelieele PO N
dysregulation, stress responses and A + Roducadvilus heigh + Increased nestnal pormeabity + Bovatd nflammatrysignlng

. + Impaired epithelial renewal « Reduced nutrient absorption « Imbalanced immune responses
altered neuro|og|ca| outcomes - Altered goblet cell function - Dysbiosis risk  Increased immune activation

during fetal development (Figure 2).
The precise contribution of Zn
status to neurological disorders is
an active area of scientific
investigation, with current evidence
supporting an important role for Zn
in maintaining the integrity of interconnected gut, immune and neurological systems.

Figure 2. Proposed relationship between maternal Zn status, gut

development, and gut-brain communication. Due to the multifaceted effects of Zn
on gut development and morphology, pre— and perinatal Zn deficiency might affect neonatal gut
development, and adequate Zn status potentially mitigates many dysfunctions associated with
neurological disorders.

Bioavailability and Factors that May Reduce Zinc Availability During Pregnancy

Maternal Zn deficiency is not always caused by inadequate Zn intake. A variety of dietary components, nutritional
supplements, and commonly used medications may reduce Zn bioavailability by interfering with Zn absorption.
Phytates, folic acid, calcium, iron, copper, high-fructose corn syrup (HFCS), and certain medications have all been
associated with reduced Zn availability. Because fetal development depends on maternal Zn status, these interactions
may affect Zn delivery to the developing offspring even when dietary Zn intake appears sufficient.

Reduced Zn availability during pregnancy may impair fetal intestinal development, alter gut barrier integrity, affect
nutrient absorption, and contribute to gastrointestinal dysfunction later in life. Several of these abnormalities, including
vitamin and mineral malabsorption, metallothionein dysfunction, altered Cu:Zn relationships, and gastrointestinal
disturbances, have been reported in association with autism spectrum disorder and other neurological disorders.

Zinc source should be considered when developing nutritional strategies to support maternal Zn status. Zinc amino
acid complexes offer advantages under conditions where dietary antagonists are present because they can utilize
amino acid-associated absorption mechanisms and may be less susceptible to competitive interactions that reduce the
bioavailability of conventional inorganic Zn sources. As pregnancy places increased demands on maternal Zn reserves,
maintaining adequate Zn availability is an important consideration for supporting maternal and fetal health.

Implications for Nutritional Strategies

Current evidence suggests that maternal Zn status may influence normal intestinal development, mucosal integrity,
nutrient absorption, and immune function in the developing offspring. By influencing the development of systems that
contribute to gut-brain communication, adequate maternal Zn nutrition may help support healthy developmental
outcomes.

Nutritional strategies designed to support maternal Zn status should consider both Zn intake and bioavailability.
Numerous dietary and physiological factors can reduce Zn absorption; therefore, Zn source is an important
consideration when developing nutritional programs intended to support maternal and fetal health.

Source: Vela et al., 2015. Neural Plasticity Volume 2015, Article ID 972791 doi:10.1155/2015/972791
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