
Hypo- and hyperglycemia Stimulate PKC-δ+ Neurons In The CEl

Research Question

ConclusionsMethodology

Results

How do insulin and glucose injections influence PKC-δ+ 
neurons, which are known to affect eating behavior?

● Intraperitoneal (i.p.) injection of insulin, glucose, or 
saline solution.

● In-vivo calcium imaging in central amygdala PKC-
δ+ neurons.

● Blood glucose measured for confirmation.
● Data processed, analyzed and graphed in MatLab.

PKC-δ+ neuron activity is significantly increased by 
insulin injection.

PKC-δ+ neuron activity is significantly increased by a 
glucose injection, which also causes natural insulin 
release.

Implications for neurology and research
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My Motivation—diabetes

My biggest motivation for this project is that I have type one diabetes and I wanted to 
integrate something about it into my research! I’m also interested in dieting and appetite 
as I’m an avid weightlifter and have trained for aesthetics in the past.

Therefore, I decided to try and find a connection between insulin, glucose, and appetite 
through a pathway my mentor is studying—PKC-δ+ neurons in the central nucleus of 
the amygdala.



Appetite and Eating

● Eating behavior is controlled by appetite, but we 
don’t fully understand how appetite works. Its 
neurology is complex and contains parallel and 
unknown circuits.

● Better understanding of appetite and how it affects 
eating behavior will help diet research, diabetes 
research, and general and amygdalar neurology.

Blood glucose and the mechanisms 
regulating it have been hypothesized to 
control eating behavior since 1952 and the 
Glucostatic Theory of Regulation of Food 
Intake.



Amygdala and PKC-δ+ Neurons

● The amygdala is best known for its role in fear, but 
it has strong roles in behavior.

● PKC-δ+ neurons in the lateral portion (CEl) of the 
central nucleus of the amygdala (CeA) are essential 
for reducing food intake in response to various 
anorexigenic (“not hungry”) signals in mice.



Insulin and Glucose

● Insulin’s main function is to give the body 
access to glucose, the body’s main source of 
energy.

● Blood glucose regulation in the brain often 
overlaps with and may directly influence food 
intake regulation.

This could explain the presence of blood 
glucose sensing cells in the brain in 
addition to the pancreas.

Figure: Glucose-sensing cells in homeostatic and hedonic 
control centers. Source: Steinbusch et. al.



Research Question and Hypotheses

Hypotheses:
1. An i.p. injection of insulin will increase PKC-δ+ neuron activity in mice via lowering 
blood glucose.
2. An i.p. injection of glucose will decrease PKC-δ+ neuron activity in mice via increasing 
blood glucose.

Research question:
How do insulin and glucose injections affect PKC-δ+ neurons in the central nucleus of 
the amygdala?

?



Methodology

● Over three adjacent days (one day for each substance) a mouse is given 
an i.p. injection of insulin, glucose, or saline solution.

● PKC-δ+ neurons are monitored for a brief time before and for 
approximately one hour after the injection with an endoscope and 
calcium imaging.

● Blood glucose is measured at regular intervals to confirm blood glucose 
levels are being altered by substances.

A GrIn relay lens implant + endoscope is used to record central amygdala PKC-δ+ 
neurons expressing GCamP6s (a fluorescent calcium indicator).



Data Processing

Data, corrected 
and linearized

Extract data 
(MatLab program)
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After 36 minutes, glucose induced activity 
peaked. The population was significantly 
activated compared to the saline control.
– (t-test, * = p<.005)

After 41 minutes, insulin induced activity 
peaked. The population was significantly 
activated compared to the saline control. 
– (t-test, ** = p<.000005)

Time 
(min)

0 5 23 41

BG 
(mg/dL)

205 300 252 217

Time 
(min)

0 5 23 41

BG 
(mg/dL)

156 171 153 137

Saline
Time 
(min)

0 5 23 41

BG 
(mg/dL)

188 185 94 70

Glucose Insulin



Results Pt. 2

- After 41 minutes, the population was 
significantly more activated by the insulin 
compared to the glucose

- (t-test, ** = p<.00005).
- However, after 36 minutes, the population 

was NOT significantly more activated by the 
insulin compared to the glucose

- (t-test, p>.05).
**



Conclusions + Discussion

● Both insulin and glucose injections promote PKC-δ+ neuron activity in the CEl while 
also affecting blood glucose.

● Insulin injections significantly increase PKC-δ+ neuron activity in the CEl compared 
to glucose injections, EXCEPT for when glucose-induced activity peaked.
○ This interesting result could be explained by the body’s natural release of 

insulin peaking earlier than human insulin.

● PKC-δ+ neurons could be part of a blood glucose-driven metabolic signalling 
pathway that could be involved in CEl PKC-δ+ neurons’ known inhibitory effect on 
eating.
○ This has big implications for dietary research as well as type two diabetes 

research.



Limitations

● This study only looks at a small time frame after injection

● Mice are not given more than one injection; their blood glucose is only impacted 
once and for a relatively small amount of time.

● Only one mouse was used; a minimum of three are needed for most qualified 
research.



Next Steps

● More mice for better, more meaningful results

● Glucagon, ghrelin, different kinds of insulin, etc.

● Longer trials with repeated injections.

● Continuous glucose monitoring?
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