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In socially complex species, how does
one become a competent adult?
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Developmental “Bottlenecks”

Fetus Infant Juvenile Adult

Schneideret al. 2003, Kuzawa & Quinn 2009
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Super-Function

Dysfunction

Cancer Research

Dairy Science
Function

Pseudo-Functional Substitutes
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Breast Milk Feedihg VS. Behaiiral B.hi'ology
Formula-feeding of Lactation



MILK: ENERGY HORNES
N 4 V/ITAMINS ga.c Yo

Vitamin A ' .
@ Cortisol

Milk Fat Globule

MINERALS BACTERIA

Lactobaccilli

STEM CELLS & miRNA

Secretory
Immunoglobulin

THOUSANDS OF CONSTITUENTS!






Infants are not all the same.




MOTHER'S
MILK

SOURCES of VARIATION

AN

Life History _
Nutrition Animal Model Systems
AEelin MAGNITUDE
Condition of VARIATION
‘ Nutrients

Hormones

Bacteria
Immune Factors

Stem Cells

CONSEQUENCES of VARIATION

Growth & Development
Behavior & Temperament
Immune Function
Cognition
Bacterial Colonization

Comparative Lactation Lab



The Noble Rhesus Macague
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Rhesus Ecosystems




Rhesus Ecosystems

NEW DELHI JOURNAL

Monkeys in the Parks, Monkeys in the Palace

S g .

hanpreet Romanadfgence France-Presse — Getty Images

A park scene illustrates a problem in Newvy Delhi: As people push local monkeys out, the monkeys push, and sometimes bite,
back.

By AMELIA GEMTLEMARN

cl: November 14, 2007 E TWITTER
NEW DELHI, Nov. 13 — The authorities here managed to do very B sieN N TO
E-MAIL OR SAVE
little about the city’s soaring wild monkey population — until the THIS

deputy mayor toppled from his terrace to his death as he tried to fend & print
off a gang of the animals. @ REPRINTS



Comparative Lactation Lab 2005-Present
California National Primate Research Center
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0.2 hectare corrals

photos by Kathy West



California National Primate Research Center

Vap data ©2011 Google - Terms ﬁUs’é Report a problem | |

photo by our Google Overlord



Rhesus Macaques: Seasonal Breeders

Breeding Birth
Season Season
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Rhesus Macaques: Seasonal Breeders

Lactation Breeding Season
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Mother’'s Milk &
Infant Organization




BEHAVIORAL ACTIVITY

Mother-Infant Interactions



BEHAVIORAL ACTIVITY

Exploration



BEHAVIORAL ACTIVITY

Social Experience (Playing)






Integrative Lactation Biology

Neville et al. 2012 MGB: Hinde et al. 2015;
Bernstein & Hinde 2016 AJP: Donovan et al. 2014



Mother’s Milk & Temperament

rhesus: Hinde & Capitanio 2010 AJP, Sullivan et al. 2011 J Dev Psychobiol, human: Grey et al. 2013 PNEC
rats: Angelucci et al. 1983, 1985, Cataloni et al. 1993, 2000, 2002, Casoliniet al. 1997



Angelucci, Catalani, & Casolini Research Group
Department of Human Physiology and Pharmacology
University of Rome

1983-Present




Angelucci, Catalani, & Casolini Research Group
Department of Human Physiology and Pharmacology
University of Rome

1983-Present

Glucocorticoids in Dam’s H,O Glucocorticoids in Milk




Angelucci, Catalani, & Casolini Research Group
Department of Human Physiology and Pharmacology
University of Rome

1983-Present

As adults, rats exposed to milk corticosterone as pups:

 Less behavioral
Inhibition, more
exploration in novel
setting




As adults, males exposed to milk corticosterone as pups:
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Milk Cortisol Associated w/ Confidence in Rhesus

Sons (p<0.002)
Daughters (NS)
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Milk Cortisol Associated w/ Temperament in Humans

Higher concentrations of
cortisol in milk associated
with “Negative Affect”

-fear

-sadness
-discomfort
-anger/frustration
-reduced soothability

for Daughters

Grey et al. 2013 Psychoneuroendocrinology, N=52



Milk Glucocorticoids

e Investigated in Isolation

» Cortisol correlated with milk
-fat %
-protein %
-volume

e Cortisol regulates digestion,
energy use, and other
metabolic processes

Sullivan et al. Dev Pscyhobiol 2011, Hinde Building Babies 2013
Akers “Lactation and the Mammary Gland” 2002



Infant BioBehavioral Assessment

» 3-4 Months of Age

 Removed from Social Group for 25 hours
« Components of BBA

-Intruder Challenge

-Video Playback

-HPA-axis Regulation

-Behavioral Observations
-Temperament Ratings

Capitanio et al. 2005 Dev Psychobiol >4000 subjects since 2001



Infant BioBehavioral Assessment

 Temperament ratings of 16 trait adjectives:
Depressed Vigilant Playful

By 7 Tense Timid Confident
- Zo R Gentle Calm Curious
Nervous Fearful Active
Flexible Slow Bold
Aggressive

CONFIDENT: confident, bold, active, curious, playful
NERVOUS: nervous, fearful, timid, NOT calm,
NOT confident

Capitanio et al. 2005 Dev Psychobiol >3800 subjects since 2001



Nervous & Confident Factors are Negatively Correlated

Nervous
Factor
(z-score)

3 -2 -1 O 1 2 3

Confidence Factor (z-score)

CONFIDENT:
confident
bold

active
curious
playful

NERVOUS:
nervous
fearful

timid

NOT calm
NOT confident

N=108



Lactation
I

More Nervous

“Baseline” Less Confident

Cortisol
Concentrations
in Milk
More Confident

Less Nervous

Covariates: primiparity, infant mass, available milk energy



SEX DIFFERENTIATED EFFECTS
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SEX DIFFERENTIATED EFFECTS
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N=47

Hinde et al. 2015 Behav Ecol 26: 269-281



SEX-DIFFERENTIATED SENSITIVITY
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Sex differences in glucocorticoid receptor density in the intestinal
epithelium or neural regions of interest during infancy?

Hinde et al. 2015 Behav Ecol 26: 269-281



What maternal characteristics predict
cortisol concentrations in milk?
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Milk Volume (g) x Energy Density (kcal/g)

24
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Handicapped Milk Production
& Increased GCs in Milk

* %k

Early

Peak

Late

~-Primiparous (N=70)
=Multiparous (N=156)



Are Milk Hormones Developmental
Instructions?

More Nervous &
Less Confident
Temperament

ul-]', TN

: Prioritize Growth?
7 Cognitive Development?



Milk Cortisol Associated w/ Growth

Infant Growth Rate
(residualized values)
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Hinde et al. 2015 Behav Ecol 26: 269-281
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Eunice Kennedy Shriver National Institute
of Child Health and Human Development

Higher Milk Cortisol - Better Cognitive Performance

60

% Impulsive Responses on
Cognitive Task at 6 Months
D
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Mean Cortisol Concentration in Milk
o During Neonatal Period (ug/dL) ¢
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Dettmer gt al. In Press, Child Development
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Dr. Amanda Dettmer




Milk nutrients are the
BUILDING BLOCKS

Milk hormones are the
BLUEPRINTS

-

Photo by Kathy West



Mother’s milk does not only feed the infant...
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Intestinal Microbiome

>100 trillion* micro-organisms, > 500 species

Stomach 102-103
Lactobaccilli

Duodenum

<10%410°
Streptococco _
Lactobaccilli Jejunum
Enterobacteria
Enterococcus lleum 103-107
Faecalis
Bacteroides |
Bifidobacteria
9_1012

Peptococcus Colon 10°-10
Clostridia
Lactobaccili -




Gut Epithelium &
Commensal Bacteria
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McGhee JR, Fujihashi K. 2012. PLoS One



Microbial Communities Established in Infancy

Human Milk
Oligosaccharides

CH,OH
OH

CH,OH
CH,OH

OH

HNAc

lacto-N-tetraose

Bifidobacterium infantis

Martin and Sela 2013 Building Babies Chapter



Quantitative Comparison of
Oligosaccharides among Primates

Small € m/z » large
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LNT LNnH Hierarchical clusteranalysis of primate milk

Tao et al. J Proteome Research 2011



Quantitative Compail
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Human Milk Oligosaccharides (HMO)

Proteins
8 g/L

reviewed in Zivkovic et al 2011, PNAS



C T Moderate-to-severe
diarrhea
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2-Linked Fucosyl Oligosaccharides in Milk

Morrow et al. 2004 The Journal of Pediatrics 145(3):297-303
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Allen-Blevins, Sela, & Hinde 2015 EMPH
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MOTHER’S MILK

What We
Know

What We
Need to
Find Out
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