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Introduction
• By 2030, approximately 20% of the population of the United States will be
65 years of age or older.
• There are large medical costs associated with caring for an aging population,
and thus there is a need for treatments or lifestyle changes that will mitigate
the effects of aging.
• One potential strategy to mitigate the effects of aging is caloric restriction
(CR), which is a ~30% reduction of caloric intake on a long-term basis
without causing malnutrition.
• Studies have demonstrated that in short-lived animals such as nematodes,
rats, and mice that CR has increased lifespan.
• Studies in both short lived and nonhuman primates have suggested other
health benefits such as protection against age related diseases, preservation
of cognition, and delay of brain atrophy (figure 1).
• The effects of aging on the brain include decreased attention, memory,
orientation, and language, correlated with a decrease in neurotransmitters
such as glutamate and GABA.
• Studies have also shown a loss of AMPA and NMDA glutamate receptors
in the synapses of aged brains, which are important for memory formation,
retention, and synaptic plasticity (figure 2).
• NMDAR1 (formerly designated NR1) is a obligate protein found in NMDA
glutamate receptors and is thus used to quantify the number of NMDA
receptors in brain tissue.

Sample

• 14 rhesus monkeys, (Macaca mulatta), who
participated in a long-term CR study at the
National Institute for Aging (NIA):
• 7 who were subjected to CR with various
age-of-onset (treatment), (figure 4).
• 7 control animals that were fed a normal
diet (control), (figure 4).
• Age range from 20-40 years.
• Brains were removed upon necropsy and
sectioned coronally, (figure 5).
• Sectioned brains were divided up into several
vials, each with 6-7 brain sections spaced
evenly throughout the brain from one
hemisphere.
• 104 total sections, stained in 3 batches of
mixed sections from each animal.
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Conclusion

Methods

Immunohistochemistry (IHC) used to stain
NMDAR1 receptors.
Primary Antibody: NMDAR1 (made in
mouse).
Secondary Antibody: biotinylated anti-mouse
(made in horse).
Avidin/biotin amplification, (figure 6).
DAB / nickel Chloride / H2O2 staining.
Mounted on glass slides and examined with a
bright-field microscope.

Figure 4. Animal appearance in old age.
(A–B) Photographs of a typical control
animal at 27.6 years of age (~age of
average lifespan). (C–D) Photographs of
an age-matched animal on CR.4

Future Work
Figure 5. Coronal plane sections, diagram of a human
brain (left), and an example of a coronal brain section
from a rhesus monkey (right).
Source: http://serendip.brynmawr.edu/exchange/brains/slice/terminology

Figure 6. Schematic representation of the avidinbiotin complex (ABC) amplification method of IHC.
Source: Thermofisher.com

Results

Figure 1. CR delays the onset of age-related diseases. Studies in
rodents and nonhuman primates have revealed a beneficial effect
of CR on a diverse set of conditions related to human aging.1

• At the end of year 1, 104 brain sections have been treated with IHC staining and
mounted on slides for future analysis.
• Overall, staining was successful with good resolution observed under a brightfield microscope.
• However, initial observations show inconsistences in relative concentration of
staining between the three batches of IHC staining, despite identical protocols.
It is uncertain whether this will interfere with drawing overall conclusions.
• Researcher is blinded on which sections are from control and treatment groups,
so no other results are available at this time.

Year 2 of the research project will involve:
• Using bright-field microscopy to analyze the concentration of NMDAR1
receptors.
• Using confocal microscopy and double-labelled IHC to assess relative
expression of NMDAR1 and NMDAR2/B glutamate receptors in the same
neurons.
• Quantifying the expression of NMDAR1with Western Blot technique.
• Determining how the glial (neuronal support) cells are affected by aging and
CR.
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Figure 2. Detail of structure of NMDA glutamate receptors in the
synapse of adjacent neurons.2,3
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Goals
Research Question: If CR has an effect on the
aging brain, (e.g. preservation of cognition, delay of
brain atrophy), then how will the brains of monkeys
who were on a CR diet differ from the brains of the
control group on a normal diet?
Hypothesis: If a significant difference in the
number of NMDAR1 receptors is found between
rhesus monkeys in the different treatment groups
this may suggest a mechanism through which CR
affects increased cognition in aged monkeys.

Figure 3. Canto, left, a 27-year-old rhesus
monkey, is on a restricted diet, while Owen,
29, is not. The two monkeys are part of a
study of the links between diet and
aging. Credit: Jeff Miller/University of
Wisconsin-Madison Source: New York Times

Figure 7. Preliminary results of NMDAR1 staining in cortical layers of rhesus monkeys’ brain tissue
visualized under a bright-field microscope in a representative slide from our sample. Arrows in 4x
objective are pointing to a standard pattern of staining due to varying density of NMDAR1 receptors
in cortical layers.
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