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Beta-Adrenergic Receptors
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This review of basic pharmacology using ephedrine as an active
medication is provided by Bryan Haycock, MS, CSCS, founder of
HSN. As a sympathomimetic, ephedrine acts to stimulate the sympathetic nervous system. It does this by causing presynaptic nerve
terminals to release norepinephrine, or what is commonly called noradrenaline (NA), into the synaptic space. It also has the effect of
increasing circulating adrenaline (Adr), the body’s chief beta-2 agonist. Noradrenaline, once released into the synaptic space, interacts
with adrenergic receptors on the surface of adipocytes (also known
as fat cells). This initiates a sequence of events within the adipocyte
that increases lipolysis.
The Process of Lipolysis
Lipolysis is the process of breaking down triglycerides into glycerol and fatty acids. This process is dependent on an enzyme called
hormone-sensitive lipase (HSL). Activating HSL is the last step of a
chain of intracellular reactions that make up the second messenger
system. It is called the second messenger system because NA acts as
the first messenger and cyclic adenosine monophosphate (cAMP)
acts as the second.
After administration of ephedrine, the following chain of events
occurs: (1) Ephedrine stimulates the release of NA from sympathetic
nerve endings. (2) NA then binds to adrenergic receptors on the surface of all tissues that contain these receptors. Adipose tissue and
skeletal muscle have abundant adrenoreceptors on their surface. (3)
As NA binds to beta-adrenergic receptors, stimulatory guanine nucleotide regulatory proteins (Gs proteins) within the cell membranes
activate the enzyme adenylate cyclase. (4) Adenylate cyclase then
converts ATP into 3'-5' cAMP. (5) cAMP then binds to the regulatory subunit of protein kinase A. (6) Once bound by cAMP, protein
kinase A releases its catalytic subunit. (7) The catalytic subunit phosphorylates HSL, thus transforming it into the active form, HSL-P. (8)
HSL-P then catalyzes a 3-step hydrolysis reaction to reduce triglycerides into glycerol and fatty acids.
Step 1: Ephedrine stimulates the release of NA from sympathetic
nerve endings
Let’s go back and take a closer look at these steps. In step one, it
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is important to realize that ephedrine does not interact directly with
adrenergic receptors. It is through its effects on the release of NA that
ephedrine increases adrenergic activity.1 Ephedrine is called a nonspecific adrenergic agonist because through the release of NA, it has
an effect on more than one class of adrenergic receptors. NA can bind
with alpha and beta receptors alike. This produces a generalized effect because alpha receptors, particularly alpha-2 receptors, decrease
lipolysis, and beta receptors increase lipolysis. The overall lipolytic
effect of ephedrine is determined by the ratio of alpha and beta receptors on each particular adipocyte.
Although ephedrine binds to other adrenergic receptors, it seems
that the most beneficial adrenergic effects, such as thermogenesis, are
actually enhanced after chronic use.2,3 This may be explained by
chronic stimulation of alpha receptors by NA and Adr. This chronic
alpha-adrenergic stimulation may activate thyroxin deiodinases, leading to the peripheral conversion of T4 to T3. In fact, significant
increases in the ratio of T3 to T4 have been shown to occur after 4
weeks of chronic treatment of ephedrine.2 Increased levels of T3 can
sensitize adrenergic sensitivity to NA and Adr. It should be noted that
the same study showed that this ratio decreased below initial values
after week 12 of treatment.
Another explanation of ephedrine’s increased efficacy after chronic
treatment is its interaction with the beta-3 receptor. Although the
exact structure and function of this receptor is still being explored, it
is almost certain that at least 40% of ephedrine’s actions are due to its
effect on beta-3 receptors,6 which means that at least 40% of
ephedrine’s thermogenic effects are due to beta-3 activation. This
alone does not explain ephedrine’s continued effects after long-term
use. Also contributing is the desensitization properties of the beta-3
receptors, which lack most of the structural properties that are responsible for beta-2 receptor desensitization.7 So even after ephedrine fails to have significant effects on the beta-2 receptor, it may
continue to stimulate adenylate cyclase activity by its effect on the
beta-3 receptor.
Because ephedrine is less potent than specific beta-2 agonists,
beta receptor downregulation decreases with chronic treatment.
Chronic stimulation of beta-2 adrenergic receptors decreases the sensitivity of tissues to beta agonists. This decrease in sensitivity in-
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volves either homologous desensitization, where the receptor’s active site is translocated within the cell membrane so that the binding
site is no longer positioned extracellularly, or it involves heterologous
desensitization, where the receptor is phosphorylated, rendering it
incapable of participating in the second messenger system.4 Receptor
desensitization is a complex process with several different mechanisms. This complexity allows for greater control of hormone signaling. Ephedrine elicits a milder response, but its thermogenic effects
can be seen for up to 20 weeks.5
In summary, the advantages of using a nonselective beta agonist
such as ephedrine are its beneficial effects on thyroxin deiodinase
activity, which increases the T3/T4 ratio; its effect on beta-3 receptors; and its tendency not to cause extreme desensitization of beta-2
receptors. Thus, the thermogenic effects of ephedrine are enhanced
with chronic treatment.
Step 2: NA then binds to adrenergic receptors
Fat tissue also contains adrenergic receptors, with gender-specific
ratios of beta to alpha receptors in various parts of the body, giving
rise to the familiar male (android) and female (gynoid) fat patterning.
Females tend to resist lipolysis on their hips, buttocks, and thighs,
whereas men tend to resist lipolysis on their abdomen and oblique
region. This is due to a preponderance of antilipolytic alpha receptors on the cells in these regions. Our goal in using beta agonists is to
increase lipolysis in fat tissue. The effect of both alpha and beta
receptors in fat tissue allows for greater control of lipolysis. In essence it gives the body both an accelerator and a brake.
Step 3: Gs proteins in the cell membranes activate adenylate cyclase
In step 3, G proteins play a key role in regulating fat metabolism
in adipocytes. NA binds to the adrenergic beta-receptor, activating
stimulatory G proteins (Gs). These G proteins then go on to activate
adenylate cyclase. When alpha receptors are activated, inhibitory G
proteins (Gi) are activated and adenylate cyclase is not activated.
This puts a halt to cAMP formation and hence a halt to lipolysis. G
proteins are also involved, at least in part, in receptor desensitization.
Step 4: Adenylate cyclase converts ATP into 3'-5' cAMP
In step 4, ATP is converted into cAMP and inorganic phosphate
(PPi) by the enzyme adenylate cyclase. cAMP contains a single
phosphate group that is attached both to the 3' carbon and the 5'
carbon of the sugar ribose. This is why it is called “cyclic” AMP.
Neither PPi nor cAMP can exist in these forms for very long. The PPi
that is formed when ATP is converted to cAMP is hydrolyzed by
inorganic pyrophosphatase to form two Pi. The 3'-5'-cAMP is also
quickly rendered inactive by the enzyme cAMP phosphodiesterase
(PDE). PDE breaks the bond between the 3' carbon of ribose and the
phosphate group to form 5'-cAMP, which is inactive, does not bind
to protein kinase A, and does not lead to the activation of HSL.
Steps 5-8
In steps 5 to 8, cAMP binds to the regulatory subunit of protein
kinase A. This binding releases the catalytic subunit of protein kinase
A which then phosphorylates HSL. Once HSL is phosphorylated it
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can then participate in the actual process of lipolysis. This brings us
to the final step. HSL-P catalyzes the breakdown of triglycerides in
three steps. Each of the 3 steps, with each step removing one fatty
acid until all that is left is glycerol and 3 fatty acids. Now, just because
the stored fat is broken down does not mean it is gone for good. If this
fat is not burned, it will simply be re-esterified and turned back into
triacylgylcerol (storable triglycerides). This process of lipolysis and
lipogenesis using the same fatty acids is called a “futile cycle” for
obvious reasons.
Feedback Inhibition
The process of lipolysis is under feedback control, which attenuates lipolysis at several levels. The chemicals involved in attenuating
the effectiveness of ephedrine are phosphodiesterases, PGs, and adenosine. As you might expect, these are the chemicals that we will try
to minimize while using ephedrine as a fat loss agent.
Phosphodiesterases (PDEs)
As with most biologically active molecules, cAMP must be rapidly inactivated in order to serve as a controllable second messenger in
response to hormone activation. In target cells, phosphodiesterases
(PDEs) act to hydrolyze cAMP into inactive fragments. Because of
PDEs, the stimulatory effect of norepinephrine and epinephrine,
which use cAMP as a second messenger, depends on continuous
regeneration of cAMP and thus depends on the level of secretion of
norepinephrine and epinephrine.
Prostaglandins (PGs)
PGs are produced in virtually all tissues of the body, with additional letters and numbers indicating their structure. For example,
PGE2 is a prostaglandin of the “E” type, which designates it as a
beta-hydroxyketone. The number indicates how many double bonds
it has, in this case, 2. PGs come in many varieties and participate in a
number of physiological responses. The ones you are probably most
familiar with are pain sensitivity and inflammation. PGs are made
from 20-carbon fatty acids such as arachidonic acid. In the conversion
of arachidonic acid into PGs, the enzyme cyclooxygenase oxygenates
arachidonic acid, producing PGG2. Most nonsteroidal anti-inflammatory agents, such as aspirin, ibuprofen, naproxin sodium, and others, work by inhibiting cyclooxygenase activity, which then diminishes PG synthesis. In response to beta-adrenergic stimulation, PGE2s
are released into the synaptic space. These PGs have receptors coupled
to inhibitory G proteins (Gis). These Gis then decrease adenylate
cyclase activity and thus decrease cAMP concentrations in the cell.10
So, using PG inhibitors as an adjunct to ephedrine treatment for fat
loss seems logical.
Adenosine
Adenosine is somewhat more of a complicated feedback molecule
that has dual roles as both an activator as well an inhibitor. Adenosine
is a purine nucleoside with the ability to inhibit cAMP accumulation.
When a fat cell is stimulated by a beta adrenergic agonist such as
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norepinephrine, the cell produces adenosine. Adenosine then interacts with its receptor coupled to regulatory G proteins (Gi) which
inhibits adenylate cyclase activity, and thus prevent the accumulation of cAMP.11 Its effects in the synaptic space are similar to those
of alpha-2 agonists due to receptors coupled to inhibitory G proteins. When using sympathomimetics such as ephedrine, regulatory
mechanisms involving adenosine are activated.
Caffeine,a methylxanthine, is able to inhibit phosphodiesterases
within the cell and has even been shown to prevent some re-uptake of
norepinephrine.12 Another property of caffeine is adenosine receptor
blockade. It is not known if oral caffeine ingestion actually inhibits
phosphodiesterases, but it does seem to inhibit adenosine action in
vivo. Both of these properties make it potentially useful as an adjunct to ephedrine to enhance fat loss.
Aspirin, as discussed earlier, is a PG inhibitor, which inhibits
cyclooxygenase activity. Because certain PGs inhibit lipolysis and
are produced in response to adrenergic stimulation, PG inhibitors
have the potential to enhance ephedrine’s actions on fat loss.
In Conclusion
So, what do we know? Ephedrine stimulates lipolysis by increasing NA release from sympathetic nerve terminals. This increase in
NA activates adrenergic receptors, which increases cAMP levels in
fat cells and muscle cells. This, in turn, increases lipolysis in fat cells
and increases protein synthesis in muscle tissue. Negative feedback
mechanisms are activated, as well, and involve the production of
phosphodiesterases, adenosine, and PGs. Caffeine inhibits phosphodiesterase activity and interferes with the adenosine receptor. This,
combined with ephedrine’s ability to prevent some NA re-uptake,12
increases the ephedrine’s effectiveness synergistically. Aspirin has
been shown to increase the effectiveness of ephedrine in some individuals, presumably by its actions as a PG inhibitor.
Current Medications Used in Mesotherapy for Adrenergic Receptor Stimulation:
AMINOPHYLLINE
Aminophylline is FDA approved as an asthma medication. On the
surface of fat cells are alpha and beta receptors. Beta receptors burn
fat, and alpha receptors cause fat storage. Above the waist, the number of alpha and beta receptors occurs in an equal 1:1 ratio in both
women and men. However, below the waist, women have approximately 6 to 8 alpha receptors to every beta. This is why it is so
incredibly difficult for women to lose weight in this area. Alpha receptors are stimulated by carbohydrates, fat ingestion, amino acids,
and alcohol. In mesotherapy, aminophylline allows beta receptors to
burn fat more efficiently. To burn fat, beta receptors first create cAMP,
which allows a second step to occur. Without mesotherapy, beta
receptors cannot proceed to the second step because of a chemical
called phosphodiesterase, which breaks down cAMP and stops fat
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burning. Aminophylline inhibits phosphodiesterase, preventing it from
interfering with cAMP and the breakdown of fat. (from website:
www.mesotherapy.com)

Isoproterenol – stimulates beta receptors, inhibits alpha
receptors, indicated for localized obesities below waist
Yohimbine – blocks alpha receptors
Caffeine – increases cAMP
Silicea – increases cAMP
Adenosine – directly increases cAMP
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