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Introduction
This study aims to investigate the effect insulin has on the hunger hormone ghrelin and the satiety/energy state sensing hormone leptin in
healthy and diabetic individuals.

Conclusions
- Insulin decreases ghrelin and increases leptin in healthy individuals.
- Although insulin also decreases ghrelin and increases leptin in diabetic individuals, the effect is only seen at exceedingly high
levels of insulin and over greater amounts of time.
- This data implies insulin reduces ghrelin and leptin, but less effectively in diabetic individuals.

Study Design & Additional Information
Hyperinsulinemic-euglycemic clamp (controlled infusion of insulin
and glucose) was administered in a controlled manner, 3 times, to
type 2 diabetic patients and once in non-diabetic individuals (control
group), as well as had a group that was given saline instead of
insulin (control group 2). Both groups (diabetic and healthy) were
instructed to consume a set size (calorically equivalent)
carbohydrate meal once a day for 7 days. Insulin was administered
three times - 1. For a baseline measurement, 2. 3 Days into the
Study, a 12 hour infusion of insulin, 3. On Day 6 of the Study, 67
hours of insulin infusion. All participants had fasted 10 hours before
each experiment and all performed in the same time range (morning
to early afternoon).
Participants were in their late 50s and early 60s (2 women and 4
men in the healthy condition and 2 women and 4 men in the
diabetic condition).

Amendments
For better controls, they should have had a primed group with healthy individuals to compare against - this would make the interpretations
more believable. Also, the statistics should have been performed in such a way to compare more between the groups as opposed to just
relative to baseline measures.
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2. Ghrelin act oppositely through their differing receptors on the cells. In liver cells, ghrelin
reduces insulin signaling, increasing glucose production. In pancreatic cells, insulin is
stimulated by ghrelin but inhibited by leptin.

3. Leptin administration reduces food intake, but that effect is eliminated when ghrelin is also
added. Insulin can also decrease food intake.
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1. Ghrelin is produced in the stomach (primarily) and leptin is secreted from the fat cells
(primarily).
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4. Hyperinsulinemic-euglycemic clamp (controlled infusion of insulin and glucose) was
administered in a controlled manner, 3 times, to type 2 diabetic patients and once in nondiabetic individuals (control group), as well as had a group that was given saline instead of
insulin (control group 2). Both groups (diabetic and healthy) were instructed to consume a
set size (calorically equivalent) carbohydrate meal once a day for 7 days. Insulin was
administered three times - 1. For a baseline measurement, 2. 3 Days into the Study, a 12
hour infusion of insulin, 3. On Day 6 of the Study, 67 hours of insulin infusion. All
participants had fasted 10 hours before each experiment and all performed in the same
time range (morning to early afternoon).

Figure 1
The researchers have 5 conditions wherein 4 are infused with insulin and the 5th is infused with
saline (no insulin). Three of four of the insulin conditions are diabetic and either not primed with
insulin the night before (C1), primed with overnight insulin infusion (C2), or primed with insulin
for 67 hours before the experimental insulin injection/infusion (C3). CON is the healthy, nondiabetic controls undergoing the same insulin infusion. [1A] They are measuring blood glucose
levels over time of insulin infusion (same amount added). [1B] Blood insulin levels with insulin
infusion over 100 minutes, 200 minutes, and 300 minutes. [1C] Free fatty acid levels (fat
molecules) with insulin infusion over 100-300 minutes.
Primary Results
- Glucose drops when insulin is administered to diabetic individuals [1A].
- Plasma insulin rises in all conditions wherein insulin is administered [1B].
- FFA drop in all conditions wherein insulin is administered [1C].

Take Away: Insulin reduces blood glucose, increases insulin in the blood stream, and
reduces fat molecules in the blood stream.
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Table 1
The researchers are showing the amount of ghrelin, leptin, and insulin present in the blood
stream of the healthy participants (Saline and Control) vs the diabetic (C1, C2, C3). This is all
before insulin is administered, so baseline values for each condition.
Primary Results
- There are no differences in baseline ghrelin, leptin, and insulin except when looking at the C3
group.

Take Away: The main area of interest is the leptin and ghrelin, which are the same across
conditions, except in the C3 condition, which implies considerable insulin exposure for days
beforehand leads to increased basal leptin and insulin levels.
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Figure 2
The researchers measured the blood levels of ghrelin and leptin in diabetic and non-diabetic,
healthy individuals when insulin is infused over time (100-300 minutes).
Primary Results:
- Control participants experienced a drop in ghrelin with insulin administration.
- Diabetic individuals not subject to priming with insulin experienced a drop in ghrelin.
- Leptin levels increased with insulin administration in the control condition.
- Leptin levels increased in the diabetics not subject to insulin priming.
- No change in ghrelin or leptin when diabetics are exposed to insulin for long periods of time
ahead of experiment.

Take Away: Insulin reduces ghrelin and increases leptin in healthy individuals, as well as in
diabetics not exposed to high levels of insulin; however, high insulin exposure over time reduces
or eliminates this effect in diabetics (unknown in healthy individuals).
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6. Insulin's effect on ghrelin is of unknown mechanism, but insulin does affect the stomach. It
could be that insulin binding the stomach cells reduces ghrelin release.

5. It took supraphysiological levels of insulin to reduce ghrelin and increase leptin in
diabetics, but normal post-prandial (after consumption, physiologically normal) levels to
reduce ghrelin in healthy individuals.
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7. Ghrelin and leptin cross the blood-brain barrier. Ghrelin increases the secretion of
neuropeptide Y (NPY) and agouti-related protein (AGRP), which induces appetite.
Meanwhile, leptin inhibits the synthesis of NPY and AGRP. Insulin also inhibits AGRP.
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