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ABSTRACT

The epidemic of obesity cries out for strategies to
prevent it, and for treatment when prevention fails. Yet
despite the obvious need, the path to developing anti-
obesity medications is strewn with failures. This review
examines some historical developments in the
management of obesity prior to the 20™ century
followed by more recent efforts to find a “cure.” Since
obesity has been a human disease since paleolithic
times, discussion of treatment prior to the scientific
revolution in about 1500 CE will include comments on
treatment of obesity in Grecian Medicine and the
Treatment of Sancho “The Fat” King of Leon in 10th
century northern Spain. We will then trace treatment
trends through time, ending in the early 21° century.
In the first half of the 20™ century there were 3 main
themes associated with drug treatment of obesity: use
of thyroid hormones, the interlude with dinitrophenol
as drug regulation was beginning to expand, and the
introduction of amphetamines and Rainbow Pills. In
the second half of the 20" century many new
treatment approaches were explored as the scientific
basis for understanding regulation of food intake
expanded, particularly after the discovery of leptin in
1994. The fact that amphetamine could be addictive
led to the search for compounds that acted in the
central nervous system with retained the anorectic
properties but were not addictive. Both anti-

depressant and anticonvulsive drugs were evaluated
with disappointing results. The idea of enhancing
energy expenditure with thermogenic drugs was
pursued but led to a dead end. Peptides, metabolic
drugs and drugs that act on the gastrointestinal track
are currently under exploration. This chapter makes
an effort to answer the question of why it has been so
difficult to develop effective medications for the
management of obesity.

INTRODUCTION

“When we say that science is essentially
progressive this does not mean that in his
quest for truth man follows always the shortest
path. Far from it, he beats about the bush,
does not find what he is looking for but finds
something else, retraces his steps, loses
himself in various detours, and finally after
many wanderings touches the goal’. Georges
Sarton (1)

This brief historical review will examine some of the
‘wanderings’ that have occurred in the search for
medications to use in the management of obesity
(anti-obesity medications, or AOM’s). It is set against
the broader long-time changes in our knowledge of
how obesity develops and the result of attempts to
treat it effectively. Over human history since the
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Cognitive Revolution some 75,000 years ago (2),
knowledge has expanded logarithmically (Figure 1).
There is every indication that it is continuing to expand

as evidenced by the explosion of knowledge around
the SARS-Covid-19 Pandemic of 2020 and its
detrimental impact of people with obesity.

Knowledge Has Expanded at a Rapid Rate in Homo

sapiens
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Figure 1. Expansion of Knowledge since the Cognitive Revolution

Beginning in the upper Paleolithic era between 25,000
and 35,000 years ago we find the first representations
of obesity in human figurines, including the Venus of
Hohle Fels (3), and mere 10,000 years later the Venus
of Willendorf (4). The agricultural revolution and
domestication of animals occurred about 10,000 years
ago and during this period there were many other
representations of the human with obesity from many
parts of the world. Compared to the long 15,000 year
interval between carving of the Venus of Willendorf
and the Agricultural Revolution we are living in a very
small slice of time. This slice might appropriately begin
with the Scientific Revolution dated to 1543 CE, when
Copernicus published his theory of the heliocentric
nature of the planetary system, Vesalius published his
anatomy on the fabric of the human body and the
subsequent Industrial Revolution that began about
1750 CE (5). During the next 500 years, the oxygen

theory of metabolism was articulated by Laennec
(1793), the first law of thermodynamics was published
by von Helmholtz (1848), the concept of cells as the
basic of life was presented by Schwann and Schleiden
(1839), and the first clear differentiation of types of
obesity were made by Babinski (1900), Frohlich
(1901), and Cushing (1912). The 20" century has
brought enormous changes to health care and offers
great promise for people with obesity, but the road to
discovery of medications for treatment of obesity has
been a tortuous one but one that finally offers promise
of success.

In the past 100 years, earnest efforts to deploy anti-
obesity treatments were repeatedly tried and failed.
The first three are the story of thyroid hormones, the
story of dintrophenol, and the story of amphetamines.
These 3 medications were tested in people with

www.EndoText.org 2



obesity against a background of growing
governmental regulation of medicines and rapidly
expanding knowledge about the causes of obesity.
Although the timing for different treatments often
overlap, Figure 2 illustrates the gradual evolution to
the present day. We begin with the colorful history of

the Rainbow Pills, followed by the anorectic drugs.
The year 1994 marks a major milestone — it was the
year that leptin was discovered — a discovery that gave
obesity a strong biological base from which further
discoveries have continued (6).

The Past Hundred Plus Years
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Figure 2. Historical events and the development of anti-obesity medications in the past 100 years

There are three underlying principals in developing
any treatment for managing obesity: First, do no harm.
This is a principal that dates back at least to the time
of Hippocrates 2500 years ago. The second concept
is that treatments don’t work unless used. If you don’t
take the medicine designed to treat obesity you can’t
expect the obesity to disappear as if by magic. Third,
if an individual being treated for their obesity doesn’t
lose weight for one reason or another it is
unreasonable to anticipate that they will get any
benefits that might be associated with weight loss.

THE FAILURE OF MEDICATIONS USED TO TREAT
OBESITY

Management of obesity is strewn with misadventures
(Table 1) (7). Below is a selected list of failures in the
search for treatments for obesity. Some of these
problems occurred before marketing, but others only
after the drug had been approved for marketing.
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Table 1. Some of the Unintended Consequences that have Led to the Withdrawal of
Medications Used for Management of Obesity
Year Drug Alleged Mechanism Reason for Discontinuation
1892 Thyroid Thermogenesis Hyperthyroidism
1932 Dintrophenol Thermogenesis Disapproved due to
Cataracts/Neuropathy
1937 Amphetamine Sympathomimetic Disapproved due to Addiction
1961- | Human chorionic Reduce food intake Disapproved - Ineffective compared
90 gonadotropin to placebo
1971 Aminorex Sympathomimetic Withdrawn after marketing due to
Pulmonary hypertension
1985 Gelatin-based very Reduce food intake Cardiovascular Deaths (Torsade de
low-calorie diet Points)
1991- | Fluoxetine Serotonin reuptake inhibitor | Weight regain after loss
95
1985- | B-3 Agonists Increased thermogenesis Limited Effect; Increased HR
98
1997 Fenfluramine Serotonergic receptor Withdrawn after marketing due to
activation (? 5HT2c) cardiac valvulopathy and pulmonary
hypertension
1998 Phenylpropanolamine | Sympathomimetic Withdrawn after marketing for
Strokes
1999 Leptin Leptin receptor agonist- Limited Weight Loss
reduced food intake
2003 Ephedrine/Caffeine & | Sympathomimetic and Withdrawn after marketing for Heart
Herbal Ma Huang adrenergic blocker attacks/stroke
2003 Ciliary Neurotrophic Acts on leptin receptor Produced neutralizing antibodies
Factor
2007 MK-0557 Neuropeptide Y5 (NPY) Limited effectiveness
receptor antagonist-reduced
food intake.
2007 Ecopipam D2/D5 agonist-Reduce food | Suicidality
intake
2008 Tesofensine Triple Monoamine Raised blood pressure
Reuptake Inhibitor
2009 Melanocortin-4 Reduce Food Intake Limited effectiveness, priapism
Receptor Agonist
2010 Capsinoids Thermogenesis Limited effectiveness
2010 Rimonabant Endocannabinoid agonist Suicidality
2011 Sibutramine Triple Reuptake Inhibitor Withdrawn after marketing for
cardiovascular toxicity
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2020 Lorcaserin
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Serotonergic Reduce Food
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TREATMENT OF OBESITY BEFORE THE
SCIENTIFIC REVOLUTION, c. 1543 CE

Diet (meaning limiting total calories) and exercise
have been the cornerstones of treatment for the
patient with obesity since at least the time of
Hippocrates 2500 years ago. Following are a few
examples of where medications have been used as
adjuncts, and sometimes as the main line of treatment
throughout these many centuries.

Greco-Roman Medicine

The problem of obesity was well known to physicians
in the Greco-Roman period from 500 BCE to 500 CE.
“An Egyptian pharaoh was said to have a middle wider
than the span of his slave’s outstretched arms.”
Nichomachus of Smyrna “...was so huge that he
couldn’t even get up from his bed” ((8); p 20).
Dionysius of Heraclea was so obese that his
attendants needed to stick pins into him to keep him
from falling asleep on his throne. In retrospect some
observers think he may have had a sleep disturbance
like sleep apnea (9). The enormous size of a Roman
Senator was such that he could only walk when two of
his slaves carried his belly for him.

Among the earliest attempts at producing weight loss
by adding compounds to the treatment regimen have
been ascribed to Soranus of Ephesus, a 2™ century
CE Greek physician. Much of what we know about
Soranus’ work in the 2" century CE comes from
translations by Caelius Aurelianus in the 5™ Century.
Both describe obesity as a disease where the body
keeps acquiring additional flesh beyond what is
needed. They believe it is an “unsightly affliction”
because there are no apparent symptoms other than
the increase of flesh. The Greek model of disease
involved four humors (blood, phlegm, yellow bile, and

black bile) being out of balance. Treatment was
needed to rebalance what was out of balance — for
obesity this meant less intake and more output
through purgatives and diuresis (10). Soranus’
regimen consisted of laxatives and purgatives along
with exercise, heat, and massage. Indeed, laxatives
have been a recurrent theme in the historic
management of obesity. Induction of vomiting was
also used for treating both the obese and to remove
excess alcohol during Roman orgies. “Fat individuals
should vomit in the middle of the day, after a running
or marching exercise and before taking any food”. The
emetic for this purpose was half a cup of the hyssop
plant (0.15 L) ground with three liters of water to which
vinegar and salt are added. Vinegar was another
favorite for use in the context of humoral medicine ((8);
p 18). Since obesity was considered as a “moist and
cool” condition in the humoral view of health, vinegar
which is dry and warm would be an appropriate
balancing agent. We will see vinegar resurface in later
periods.

Obesity in the Hindu Tradition

Ayurvedic Medicine originated in India more than
3,000 years ago and is derived from the Sanskrit
words ayur (life) and veda (science or knowledge). In
India, Ayurvedic Medicine is considered a form of
medical care equal to conventional Western medicine,
traditional Chinese medicine, naturopathic medicine,
or homeopathic medicine. Practitioners of Ayurveda in
India undergo state-recognized, institutionalized
training. Two names are primarily associated with the
early writings on Ayurvedic medicine, Sushruta and
Charaka. Although the exact dates are unclear, they
probably lived between 600 BCE and 100 CE.
Sushruta, often referred to as the “Father of Indian
Medicine” or the “Father of Plastic Surgery,”
developed the Sushruta Samhita, one of the
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foundational texts of Ayurvedic Medicine. The second
text, the Charaka-Samhita or “compendium of
Charaka,” was composed by Charaka. Both texts
remained foundational for 2 millennia and were
translated into many foreign languages. They both
discussed general principles of medicine, pathology,
diagnoses, anatomy, therapeutics, pharmaceutics,
and toxicology. The Sushruta Samhita provides more
exposure to surgery. These texts are credited with
very early recognition of the sugary taste of diabetic
urine and that this disease often affected indolent,
overweight people who ate excessively, especially
sweet and fatty foods. “[O]vereating... causes illness
and shortens life span. It is a contraindication to the
use of compresses or mild enemas. For treatment of
obesity two suggestions are made...The vigorous
massage of the body with pea flour counteracts
phlegm diseases and obesity...The gullet hair
compress and flesh of a wolf remedy [to treat] goiters,
dropsy and obesity.” (11).

Obesity in the Islamic Tradition: 10" and 11th
Century

In the 7™ century following the revelations from God,
the prophet Muhammad began preaching his religious
beliefs that gradually unified Arabia into a single entity.
The Islamic religion spread rapidly across the Middle
East, North Africa and into the Iberian Peninsula.
Centers of cultural excellence in Baghdad in the east,
and in Cordoba, on the Iberian Peninsula soon
appeared. We will focus on two physician-scholars
and their impact on management of obesity in the 10"
and 11" century. lbn Sinha (980-1037 CE), anglicized
as Avicenna was from the Middle Eastern part of the
Islamic Caliphate, and the Jewish physician Hasdai
ibn Shaprut (917-970 CE) from the Western Islamic
area of Cordoba on the Iberian Peninsula.

Abu Ali Ibn Sina (Avicenna) was a prolific and
influential author who published the most influential
medical textbook of the Middle Ages called the Canon

(12, 13). The Canon contains no personal experiences
and no new ideas but was rather a summary of
existing knowledge and was widely used in medical
schools for hundreds of years. Avicenna surpassed
both Aristotle and Galen in his dialectical subtlety (14,
15), and by some estimates published more than 100
medical books, as well as books in other areas.
Avicenna describes how to manage the patient with
obesity in four stages: 1) Produce a rapid descent of the
food from the stomach and intestines, in order to prevent
completion of absorption by the mesentery (16); 2) Take
food which is bulky but feebly nutritious (17); 3) Take the
bath before food, often (18); and 4) Hard exercise (19).

Hasdai ibn Shaprut enters this story because he
treated King Sancho | (aka Sancho the Fat). Sancho |
(935-966) became king of Leon (Pamplona, Spain) in
958 A.D when the elder King Ordono Il died. Sancho’s
reign was short-lived because of his fatness. “The
nobility of Leon thought of him as weak-willed because
of his obesity” and he was deposed (20). Sancho’s
grandmother, Toda Arnez, who had once ruled the
kingdom, was determined to help Sancho regain his
throne. First, she took him to the local physicians who
were unsuccessful in helping him lose weight. Although
she loathed the Muslims, who occupied the southern
part of the Iberian Peninsula in the 10" century, Toda
and Sancho sought the help of Hasdai ibn Shaprut (917-
970 CE), a brilliant and learned Jewish physician living
in Cordoba. Shaprut was physician to the Muslim
Caliph, Abd al Rahman in Cordoba, a major cultural
center in the 10" century. Cordoba in the 10™ century
occupied a place similar to Rome in the 1% century or
New York City in the 20" century. It was also renowned
as one of the great medical centers of the late Middle
Ages. In a day when house calls were still in fashion,
Shaprut went to Pamplona to evaluate Sancho, and
agreed to take him as a patient, but advised that it would
be a long treatment requiring Sancho to relocate to
Cordoba. Because of the seriousness of the problem,
both medically and politically, Sancho and his
grandmother Toda moved from Pamplona to the Muslim
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southern Iberian city of Cordoba. The medicine that
Sancho received was “Theriaca.” This mixture of
ingredients is said to have originated with Mitridates VI
in Grecian times. He developed it as an antidote for
snake bites. It can be compounded with up to 64 or more
ingredients, with principal ingredients being opium,
ginger, cinnamon, myrrh, saffron, and castor oil, a well-
known laxative. Over time, Sancho gradually lost
weight. When he returned to Leon as a leaner man who
could mount his horse, and he was able to retake his
throne. From this story, it is clear that not even kings and
rulers are immune to obesity or the bias against obesity
that led to his overthrow. Apparently, a king may be
cruel, but not fat. Another lesson is that medical
treatment of obesity can be effective if properly done.
For Sancho, theriac had a dramatic success and
allowed him to regain his throne and his kingdom (21).

DRUGS FOR TREATMENT OF OBESITY: 1500-
1900 CE

The year 1543 CE is an appropriate one for
demarcating a big divide in our view of progress in the
management of obesity. It was the year that the Polish
monk, Copernicus, published his book showing that
the planets revolved around the sun, thus destroying
the long-held view that the sun rotates around the
earth. Less than 50 years earlier, movable type was
invented by Gutenberg in Mainz, Germany a discovery
that revolutionized the transmission of knowledge. In
1492 Columbus discovered the New World, opening
up new wealth, cultures and lands and products such
as tobacco that affect body weight. At about the same
time, the dramatic events of the Protestant
Reformation begun by Martin Luther challenged the
primacy of the Roman Catholic Church. In the same
year as Copernicus published his book, the first
scientifically accurate book on human anatomy was
published by Vesalius. Heady times these!

The five centuries since the scientific revolution have
seen the industrial revolution (ca 1750), the second

agricultural revolution (1750-1900) and the internet
revolution of the present day. This expanding base of
knowledge (Figure 1) provides the intellectual basis for
understanding obesity as we know it today.

Sixteenth Century

The 16™ century is often labeled the “century of
discovery.” It is also the century where the corpulent
King Henry VIl showed what happens when excess
food is abundant, and exercise too little. Christopher
Columbus had just discovered the New World in 1492
and brought tobacco, tomatoes, and many other
products back to Europe with him. Tobacco became a
treatment for obesity. We now know that nicotine is
addictive, and that smoking can both reduce food
intake and stimulate energy expenditure (22).
Cessation of smoking is associated with weight gain
(22), making this one of the challenges of stopping
smoking. In the 16" century, the use of vinegar
originally described many centuries earlier was again
used as a treatment for obesity. However, obesity was
less common in the 16™ century, and maintaining good
health through diet and exercise remained the goals
for healthy living.

Seventeenth Century

Obesity gradually increased in prevalence such that
strategies for its management appeared in textbooks for
physicians in the 17" century. There were several
formulas for treating “obesitas or corpulency,” listed in
the textbook by Theophile Bonet (Bonetus), a leading
physician of the time. They give a flavor of the strategies
beyond diet and exercise that were used by physicians
to treat obesity in the 17" century. To quote from Bonet
((23); p 390):

[.  “Chiapinius Vitellius, Camp Master-General, a
middle-aged man, grew so fat, that he was forced to
sustain his belly by a swathe, which came about his
neck: And observing that he was every day more
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unfit for the Wars than others, he voluntarily
abstained from Wine, and continued to drink vinegar
as long as he lived; upon which his Belly fell, and his
Skin hung loose, with which he could wrap himself
as with a Doublet. It was observed that he lost 87
pounds of weight. [Note: Vinegar and cleansing, or
cathartic agents have a long history for treating
obesity-See Grecian Medicine above] (Underlining
mine).

[l. “Lest any great mischief should follow, we must try
to subtract by medicine, what a spare diet will not;
because it has been observed, that a looseness
either natural, or procured by Art, does not a little
good. But this must be done by degrees and slowly,
since it is not safe to disturb so much matter
violently, lest it should come all at once. Therefore,
the best way of Purging is by Pills, of Rheubarb,
Aloes each 2 drachms [1drachm = 1/8 ounce or 60
grains], Agarick 1 drachm, Cinnamon, yellow
Sanders, each half a drachm. Make them up with
Syrup of Chichory. They must be taken in this
manner; First, 1 Scruple* must be given an hour and
a half before Meal; then two or three days
afterwards, take half a drachm or two scruples
before Meal. Thus, purging must be often repeated
at short intervals, till you think all the cacochymie is
removed. *[scruple — a unit of apothecary weight
equal to about 1.3 grams, or 20 grains] [Note:
Purgatives also go back to Grecian Medicine]

. “A certain Goldsmith, who was extreme fat, so that
he was ready to be choaked, took the following
Powder in his Meat, and so he was cured; Take of
Tartar two ounces, Cinnamon three ounces, Ginger
one ounce, Sugar four ounces. Make a Powder.

IV. “Horstius found the things following to take down fat
Men; especially onions, Garlick, Cresses, Leeks,
Seed of Rue, and especially Vinegar of Squills: Let
them purge well: Let them Sweat, and purge by
Urine: Let them use violent exercise before they eat:
Let them induce hunger, want of Sleep and Thirst.
Let them Sweat in a Stove and continue in the Sun.

Let them abstain from Drink between Dinner and
Supper: for to drink between Meals makes Men fat.

V. “l knew a Nobleman so fat, that he could scarce sit
on Horse-back, but he was asleep; and he could
scarce stir a foot. But now he is able to walk, and his
body is come to itself, only by chewing of Tobacco
Leaves, as he affirmed to me. For it is good for
Phlegmatick and cold Bodies.

VI. “Let Lingua Avis, or Ash-Keyes be taken constantly
about one drachm in Wine. According to Pliny it
cures Hydropical persons, and makes fat people
lean” (23).

Eighteenth Century

The 18" century witnessed publication of the first two
English monographs dealing exclusively with obesity.
In each book, the author proposed a new way of
treating obesity based on his own theory of how
obesity developed. The first book by Dr. Thomas Short
was published in 1727 (24). From Short’s perspective,
treatment of obesity required restoring the natural
balance and removal of the secondary causes. If
possible, one should pick a place to live where the air
is not too moist or too soggy and one should not reside
in flat, wet countries or in the city or the woodlands. He
thought that exercise was important and that the diet
should be “moderate spare and of the more detergent
kind” (24).

The second book was by Dr. Malcolm Flemyng, a
graduate of the medical school in Edinburgh (25). His
approach to treatment of obesity was based on the
results of a patient that he presented to the Royal
Society in London in 1757 and subsequently published
in 1760. Flemyng’'s theory was that sweat, urine, and
feces all contained “oil” and that effective treatment for
obesity required increased loss of “oil” by one or more
of these 3 routes. Thus, laxatives, diuretics and
sweating were his principal approach to the treatment of
obesity. To quote Flemyng:
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“Now we are so happy as to be in possession of a
diuretic medicine, which has that quality [increases the
quantity of urine and “renders the animal oil more
mixable with the watery vehicle of the blood, that
otherwise it would be” (a diuretic which) in a singular
degree; and is withal so safe, as that it may be taken in
large quantities every day for years together, without
remarkably impairing the general health: that medicine
is soap” ((25); p- 19).

Flemyng believed that obesity, or corpulency as it was
often called, could be prevented as well as cured by the
medical use of soap. In his book he presents a physician
weighing 291 pounds (20 stone 11 Ibs.) who lost more
than 28 Ibs. (2 stone) with this treatment.

DRUG TREATMENT OF OBESITY IN MODERN
TIMES: 1900-2020 CE

The progress of science from 1543 onward has had an
impact on obesity that is nicely illustrated in the effects
on measurement of body composition. From the time of
Hippocrates 2500 years ago it has been possible to
assess obesity at the whole-body level, referred to as
Level | in the model of Wang et al (26). With the accurate
description of human anatomy beginning with Vesalius
in 1543, obesity could be viewed from the tissue and
organ level (level Il). In 1839 the concept of the “cell”
was introduced leading to a cellular analysis of obesity
or Level Il in this model. As chemistry advanced in the
19" century, obesity could be viewed at the molecular
level or Level IV in this model. Finally in the 20" century
techniques for measuring body composition at the
atomic level were introduced adding Level V to the
model. Advancing basic science thus clearly provided a
base for improving measurements of body composition
and for understanding how and why obesity develops.

Thyroid Hormone: 1893-1994

THE BEGINNING

The introduction of thyroid hormone as a treatment for
obesity can be dated to 1893 and represents the first
drug used on a rational basis for treatment of this
problem. In 1888 the Myxedema Commission
published a report on a disease called myxedema, a
form of severe hypothyroidism (27). They found that it
resulted from failure of the thyroid gland. Patients with
myxedema have a puffy type of weight gain, slowing
of their thought processes and speech, and, if severe,
a drop in body temperature and coma. When these
patients are treated with thyroid extract, all these
symptoms, including the weight gain are reversed.
Proof of a cause-and-effect relationship of the thyroid
gland to myxedema came when the thyroid was
removed and the symptoms were corrected by
treatment with thyroid hormone extract.

In 1893, less than 5 years after the Myxedema
Commission Report, the use of thyroid preparations for
treatment of obesity had appeared in medical literature.
Thyroid extract was the major form of thyroid hormone
available until thyroxine was isolated by Kendall in 1915
(28) and synthesized in 1926 by Harrington (29).

THE GENIE IS OUT OF THE BOTTLE: 1893 to 1953

Once it was clear that thyroid could increase metabolic
rate, the genie was out of the bottle. In 1893 in his report
on “Cases of Myxedema and Acromegalia Treated with
Benefit of Sheep’s Thyroid” Dr. J.J. Putnam from the
Massachusetts General Hospital included a footnote
((30); p. 130) saying:

“Dr. Barron has very kindly written to me that he has
used the treatment [with thyroid] in 5 cases of ordinary
corpulence. One lost twenty-eight pounds in 6 weeks,
three a moderate amount, and all lost more or less. |
[Putnam] am trying it in two cases but have no results to
report as yet” (30).

Following in the footsteps of this this report were two
others: one by Yorke-Davies in 1894 (31) and another
independently by Wendelstadt (32) describing the use

www.EndoText.org 9



of thyroid substance to treat patients with obesity. Their
communications, and that of Leichtenstern (33), brought
a short wave of popularity for the treatment of
corpulency [obesity] by thyroid preparations that, along
with iodine, soon became the mainstays of patent
medicines and various nostrums used for weight loss.
As Foxcroft notes:

“It [iodine] was one of the secret ingredients in some of
the most popular and widely advertised patent
medicines against fat including: Allan’s Anti-Fat; Frank J
Kellogg’'s Safe Fat Reducer; Dr. Bertha C. Day’s Fort
Wayne prescriptions, Marmola, Newman’s Obesity
Cure, Chichester’'s Corpus Lean, Rengo, Dr. Gordon’s
Elegant Pill, Corpulin, Elimiton, Phy-th-rin, San-Gri-Na
Trilene tablets — all these contained either fucus
(bladderwrack) or thyroid extract, or Ipecac (a plant-
based emetic), camphor (an appetite suppressant),
potassium acetate (a diuretic) and digitalis ( a stimulant)”
((8); p. 103).

Many of these ingredients were subsequently found in
“Rainbow Pills” that were popular later in the 20" century
(See below).

From the beginning, use of thyroid hormone to treat
obesity raised concerns (8). For example, Woods
Hutchinson, a medical professor in the United States
who frequently wrote for women's magazines such as
Cosmopolitan, said in 1894 that physicians didn't have
any idea how thyroid, often prescribed with potassium
(and sometimes arsenic), worked:

"Both [thyroid and arsenic] cause, in some curious
manner which we do not as yet understand, such an
interference with the normal metabolism of the body
as to cause the burning up and elimination of
considerable amounts of body fat."

Hutchinson further noted that if patients lost more than
ten percent of their body weight—the "movable ten
percent," he called it—the results could be injurious.
"The appetite becomes impaired, the sleep broken,
and the heart's action irregular." If prolonged, the drug

would set up a "serious and obstinate disturbance of
the nervous system, and particularly of the nerves
controlling the heart, accompanied by palpitation,
sweating, weakness, and intense nervousness." (8)

Also expressing concern was Professor Sajous, first
President of the Endocrine Society who said:

“The fact that thyroid preparations in sufficient doses
promote the rapid combustion of fats has caused them
to be used extensively in this disorder...In large doses
(thyroid gland) imposes hyperoxidation upon all
cells...we behold gradual emaciation beginning with the
adipose tissues, which are the first to succumb. Hence
the use of thyroid preparations in obesity. Briefly, in all
cases of obesity in which thyroid gland is rationally
indicated, the feature to determine is whether directly or
indirectly hypothyroidea underlies the adiposis.” (34)

Administration of thyroid hormone to obese subjects
whose basal metabolism is normal seemed illogical and
was contraindicated according to some physicians (35,
36). However, Evans and Strang, two highly respected
physicians, did use thyroid therapy in two percent of
their cases, selecting those in which the initial level of
the twenty-four-hour resting metabolic rate was not
greatly above “ideal” (37). Two other physicians, Lyon
and Dunlop, reported on the effects of diet and thyroid
treatment in 24 hospitalized patients with obesity who
were prescribed a 1000 kcal/d diet. The average daily
weight loss was 162 g/d. When non-toxic doses of
thyroid were added, the average daily weight loss
increased to 273 g/d and then fell back to 153g/d when
thyroid was withdrawn (38).

Some physicians used thyroid hormone as an adjunct
to a hypocaloric or sub-maintenance diet in all forms of
obesity, provided that that there were no
contraindications. In an outpatient study of 106
unselected patients with obesity, Bayer and Gray
treated 100 with diet alone, 51 with added thyroid and
23 with added dinitrophenol (see below) (39). Diet alone
produced a weight loss of 15 Ibs. (6.8 kg) in 3 1/2
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months, after which weight stabilized following a loss of
10 to 20 pound (4.5 10 9.1 kg). Next, 41 of these patients
were given thyroid extract averaging 1'% grains (96
mg/d) per day and lost a further 11 pounds (5.0 kg).
Eleven other patients were given dinitrophenol at an
average dose of 165 mg/d and lost a further 12 pounds
(5.4 kg). This study demonstrated the value of adding
either thyroid or dinitrophenol after weight loss ceased
on a sub-maintenance calorie diet. Both drugs seemed
to be more effective when the metabolic rate was low.
When one drug followed the other there was a small
additional weight loss, which was similar at about 4
pounds (1.8 kg) with either order of transfer.

One downside to using supraphysiologic doses of
thyroid hormone in the management of obesity is that
itincreases the catabolism of protein, and thus the loss
of lean body mass, which is a proportionally larger
amount of the weight loss than is the loss of fat (40).

At the time of World War Il, the status of thyroid hormone
was summarized in two monographs. In the first famous
monograph, Obesity and Leanness by Rony, 1940 (41),
the author wrote:

“When thyroid is administered to obese subjects with a
normal level of basal metabolism, living on unrestricted
diet, a few of the subjects lose considerable weight
when the basal metabolism is increased by 10 to 20 per
cent. However, administration of non-toxic doses of
thyroid is not followed by appreciable loss of weight in
most subjects as long as the food intake remains
unrestricted. In other words, for most obese patients a
sub-maintenance [hypocaloric] diet must accompany
thyroid administration if consistent loss of weight is to be
effected.” ((41), p 257).

Further, Rony concluded

“Therefore, in the absence of contraindications a trial
with thyroid in the later stages of the sub-maintenance
regime seems to be justified in most cases of obesity.”
((41), p 259).

His contraindications to use of thyroid were:

1. Advanced Age. Rarely used in individuals > 50
years old and never > 60 years old.

2. Hypertension

3. Valvular or myocardial heart disease, arrhythmia,
tachycardia, regardless of origin

4. High basal metabolic rate.

5. Marked vasomotor disturbances during the
menopause

6. Marked nervous irritability or emotional instability

7. Intolerance to small doses of thyroid, manifested by
rapid pulse, palpitations of the heart, tremor,
insomnia or suppression of menstruation.”

In 1949, ten years after Rony’s report on thyroid
hormone usage in obesity, Rynearson and Gastineau
from the Mayo Clinic provided another summary (42).
They noted, as documented earlier, that thyroid
hormone was introduced into clinical practice in 1894
and rapidly grew in popularity because of the belief that
many patients with obesity had low metabolic rates that
were consistent with hypothyroidism. In addition to
‘replacement doses” some clinicians began using
higher doses of thyroid hormone that were “calorigenic”;
that is they raised metabolic rate by as much as 15-20%
(43). Another rationale for the use of thyroid hormone
was to restore to “normal” the metabolic rate that
declined with weight loss (38, 44-47). As Rynearson and
Gastineau noted, Wilder had shown that if adequate
amounts of protein were provided in the diet, metabolic
rate did not fall (48), removing this argument for the use
of thyroid hormone. Although thyroid hormone was
widely used to treat obesity in 1949, there were several,
mainly academic physicians, who opposed its use
including Professor Means from the Massachusetts
General Hospital at Harvard Medical School (47),
Professor Severinghaus from the University of Michigan
(49, 50), and others (51).

Opposition to use of thyroid hormone also came from
two reports that failed to find weight loss from treatment
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with thyroid hormone (52, 53). As Rynearson and
Gastineau noted, thyroid hormone also increased heart
rate, putting a load on the cardiovascular system as well
as increasing protein breakdown (54, 55). Rynearson
and Gastineau concluded by adding their caution about
the use of thyroid hormone to treat obesity. However,
caution at the academic level did not necessarily
translate into caution by practitioners in the office.

TRIIODOTHYRONINE IS DISCOVERED AFTER
WORLD WAR Il AND THE WATER GETS MUDDIER

The identification of trilodothyronine by Gross and Pitt-
Rivers in 1952 opened the door on a new chapter in the
use of thyroid hormones for treatment of obesity (56).
Triiodothyronine is derived from thyroxine by
deiodination and works more rapidly with a shorter half-
life than thyroxine. Studies of triiodothyronine were
aided by the development of a radioimmunoassay that
was specific for this molecule (57). During weight loss,
circulating levels of T3 decline, as does energy
expenditure. This raised the obvious question of
whether increasing the level of this hormone back to
pre-weight loss levels would reverse the lower
metabolism and thus enhance weight loss and weight
loss maintenance. This hypothesis was tested by
Byerley & Heber (58) who showed that during a 10 day
fast where serum T3 and metabolic rate both declined,
restoring T3 to normal levels during the last 3 days of
the fast did not raise the metabolic rate.

According to Garrow in 1974, the results of weight
studies with triiodothyronine vary from modest
enthusiasm to outright condemnation (59). In one study
(60), T3 was given in more or less physiological levels
of 105 mcg/d to 29 patients with obesity. Weight loss
averaged 8.6 kg (19 Ibs) over 17 weeks. However, after
one-year weight loss was only 3.6 kg, leading the
authors to conclude that T3 in these doses was not a
valuable tool for treating obesity. In a second study,
Hollingsworth et al (61) treated 17 patients who weighed
between 110 and 179 kg with an 800 kcal/d diet along

with a placebo or triiodothyronine 225 mcg/d, about
triple the maintenance dose. Weight loss over 6 months
in the patients treated with T3 was 21.9 kg compared to
13.3 kg in the placebo-treated patients. In still another
early study, Drenick and Fisler used triiodothyronine or
thyroxine to help patients who had lost weight in the
hospital maintain their weight loss (62). These 21 men
had lost 42.3 kg in the hospital and were able to maintain
most of it, although with troublesome side effects of T3.
After reviewing these three studies using
triiodothyronine, Garrow concludes:

“Thyroid preparations are not a satisfactory substitute
for a low energy diet, but in a severely obese person
who has become adapted to a low energy diet after
several months, and hence has ceased to lose weight,
thyroid hormones may provide the only practical line of
treatment. It should be emphasized that this line of
treatment should only be used if it is certain that the
patient is in fact on a low energy diet, and usually this
means supervision in hospital for a period of at least 2-
3 weeks with appropriate measurements of metabolic
rate.” ((59); p 171)

Against this pessimistic view of triiodothyronine, Garrow
relates his personal experience with individuals who are
“resistant” to weight loss even under observation. He
studied two patients living on the United Kingdom’s
Medical Research Council’s metabolic ward at the
Northwick Park Hospital who claimed to have
“refractory” obesity. The first was a 54-year-old woman
who had a low metabolic rate, but normal thyroid
function tests and who lost only 1 kg/week while eating
an 800 kcal/d diet while under observation. Dr. Garrow
treated her with 100 mcg/d of triiodothyronine along with
a selective beta-blocker to prevent tachycardia. On this
treatment she lost 21 kg in 6 weeks with remission of
her angina pectoris. A similar patient with significant
osteoarthritis also benefited from triiodothyronine.
Garrow summarizes these studies by saying:

www.EndoText.org 12



“...there are patients who do not lose much weight on
an 800 kcal diet under close supervision, and this is due
to a low metabolic rate, although there is no clinical or
biochemical evidence of hypothyroidism. In such cases
it seems justifiable, if the obesity is disabling, to increase
the metabolic rate with thyroid preparations, providing
that this process is properly controlled” ((59); p 279-
281).

It was about this time, in 1981, that 3 cases of death
were reported in individuals who were taking high doses
of thyroxine (T4) (63), an observation that raised a red
flag. However, the debate about use of thyroid
hormones to treat obesity has continued into the 21%
Century. In a review in 2002, Krotkiewski concluded the
following on the use of triiodothyronine, thyroxine, or
thyroid extract to ameliorate the metabolic effects of a
very low calorie diet on serum T3 or metabolic rate (64):
“Thus, it seems reasonable to recommend small
doses of T3 as an adjunct to dietary treatment of
obesity in the following groups of patients:

1. In patients receiving beta-adrenergic receptor
blockers, showing verified resistance to dietary
therapy.

2. In overweight patients on T4 replacement therapy
after successful treatment of hyperthyroidism.

3. In overweight patients on habitual food intake
receiving T4 replacement therapy (previously
hypothyroid).

4. In patients showing "dietary treatment-resistant'
weight increase while stopping cigarette smoking.

5. In patients eating a very-low calorie diet (VLCD)
and/or a low-calorie diet (LCD) showing low T3,
parallel to slowed rate of body weight loss despite
continued calorie restriction.

6. In patients with abdominal obesity and metabolic
syndrome, resistant to dietary treatment or
showing inadequate improvement in associated
metabolic aberrations.

7. In patients showing, before or during dietary
treatment, signs and symptoms of sub-clinical
hypothyroidism.

Triiodothyronine acts through one of 2 receptors, the
T3 receptor alpha (TRa) and T3 receptor beta (TRp).
The TRa receptor appears to mediate the effects on
heart rate, whereas the TR receptor mediates the
effect on cholesterol and on metabolic rate (65).
Activation of the TR receptor may provide a strategy
for lowering lipoprotein cholesterol and for increasing
metabolic rate in animals and human beings.

Thus, the status of thyroid hormone in management of
the patient with obesity is still open for further
investigations with the last word yet to be written.

Dinitrophenol: 1918-1938

Dinitrophenol has had more than one life. First, as an
explosive during World War I. Then, as a weight loss
agent. Finally, as a drug for potential use in
neurological diseases (66). | will focus on its use as a
weight loss drug.

DINITROPHENOL: INITIAL BENEFITS AND
TOXICITIES

During the rapid growth of the chemical industry in
Germany in the late 19th and early 20th centuries,
many compounds were made for dyeing cloth. A major
offshoot of this development was the introduction of
dyes to stain histological samples for study of tissue
structure under the microscope. Another outgrowth
was a supply of chemicals to synthetic organic
chemists and pharmacologists. Paul Ehrlich (1854-
1915) was a pioneer with these dyes and can be called
“The Father of Pharmacology.” Among his many
contributions to biomedical science is his concept of
the “magic bullet” — the idea that a chemical molecule
could act like a key in a lock to provide a way to target
chemicals to treat disease-causing processes within
cells. One of the fruits of his labor was arsphenamine,
or salvarsan; also called “606,” for the number of
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different molecules that were tried before he found his
“magic bullet” for the treatment of syphilis (5).

Another product of the chemical industry that had a
direct impact on obesity was the synthesis of 2,4-
dinitrophenol. French factory workers preparing this
chemical in munitions factories during World War |
were noted to lose weight. As Perkins put it in his
lengthy report on Munitions Intoxications in France:
“Workers claim that they have grown thin to a notable
extent after several months of work with DNP” ((67); p
2341).

This observation was picked up by Tainter and his
colleagues at Stanford University in 1931. They
initially conducted animal experiments with DNP
before using it in patients (68, 69). During studies for
drug safety, they noted that the therapeutic index of
dinitrophenol, that is the relation of therapeutic to toxic
effects, was razor thin, so they proceeded carefully
with their clinical studies. They treated 20 men and
150 women with obesity using doses of dinitrophenol
up to 0.3 g daily along with a moderately restricted
diet. Of these individuals, 71 had been treated
previously with dietary measures, thyroid hormone, or
both. The average total dose of drug was 26 kg per
patient and an average treatment duration of 88 days.
Weight loss averaged 17.1 Ib. (7.8 kg) or 1.4 Ib. (0.64
kg) per week and only 5 patients failed to lose weight.
The largest weight loss was 82 Ib. (37.3 kg) which
occurred over 198 days. Mild toxicity occurred in 28
individuals, and consisted of skin rashes, pruritus, and
peripheral neuritis. There was no evidence of changes
in red or white blood cells and no change in blood
pressure. In his review in 2007, Colman noted that, by
1934, Tainter estimated that as many as 100,000
Americans had used dinitrophenol emphasizing the
“desire” of Americans to become slimmer (70).

In 1934 Tainter and his colleagues wrote: “It can now
be said that dinitrophenol is of definite value as a drug
for treating obesity” (71). He also reported three

deaths, skin rashes and the yellow skin color
associated with DNP as well as rashes and peripheral
neuritis in some patients — a finding indicating the drug
should be discontinued (72). However, it wasn’t long
until other problems surfaced including cataracts (73)
as well as neuropathy. By one estimate, 2,500 people
lost their sight using dinitrophenol. Reports of
deaths also continued to be reported.

Other clinicians did not have the same enthusiasm as
Tainter. In 1935, McGavack from San Francisco
reviewed the use of dinitrophenol by some 290
individuals and reached several conclusions (74).
First, the loss of weight using diet and dinitrophenol
was not strikingly greater than with diet alone. Second,
many people had distressing symptoms from its use.
Third, there were significant toxic effects of the DNP
on body function and tissues. Finally, the reported
deaths from dinitrophenol when used in accepted
therapeutic dosages made it hard to justify for
widespread use in treating overweight, which he called
the relatively benign condition. This was supported by
two other studies that compared the effects of DNP to
other ways of managing the patient with obesity. Bayer
and Gray (39) reported on 100 individuals who were
treated diet alone (920 kcals/d), or with diet and the
addition of either thyroid extract (up to 3 grains/d) or
dinitrophenol up to 300 mg/d. On diet alone, weight
stabilized in 72 of these patients after 4 months and
an average 15 Ib. (6.8kg) weight loss. Thyroid extract
induced an extra weight loss averaging 11 Ib. (5.0 kg)
in 41 patients during 90 days of treatment with thyroid
extract, compared to dinitrophenol, which produced an
average loss of 12 Ibs. (5.5 kg) in 13 patients over 50
days. Dinitrophenol seemed to be most effective when
the BMR was normal. In a second report Strang and
Evans observed greater weight losses in the cases
receiving dinitrophenol than in those treated by diet
alone but felt that the difference was hardly striking
enough to offset the discomfort and possible damage
of treatment with DNP (75).
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With this information as a background in 1935, the
Council on Pharmacy and Chemistry of the American
Medical Association concluded that the dinitrophenol
was too hazardous to include in the AMA publication
of New and Non-official Remedies (76). At the time
that dinitrophenol was being touted for obesity in 1935,
the US FDA was limited in its power to regulate drugs
based on The Food and Drugs Act, which was passed
in 1906 and brought the FDA into existence. It wasn’t
until this law was updated as the Food, Drug, and
Cosmetic Act of 1938 that the FDA had the authority
needed to act against drugs like dinitrophenol. In
1938, they turned their attention on the Isabella
Laboratories which was selling capsules containing
1.5 g of dinitrophenol as Formula 281. When the
hazards became clear, the FDA moved to ban DNP as
too dangerous for use in humans (70).

THE DINITROPHENOL RENAISSANCE: 1980 —

Although it had been banned in 1938, dinitrophenol
made a come-back in 1981 (77). In this year, a Texas
physician named Dr. Bachynsky began to process
industrial DNP and put it into tablets which he
dispensed and marketed under the trade name
‘Mitcal’. He advertised that ‘Mitcal’ produced weight
loss by a mechanism he called intracellular
hyperthermia  i.e., uncoupling of oxidative
phosphorylation. In subsequent court proceedings it
was alleged that over 14,000 people were treated with
Mitcal by Dr. Bachynsky. Individuals using Mitcal
started reporting adverse effects, such as fever,
shortness of breath and sweating, to the US Food and
Drugs Administration in late 1982. Additionally in
1984, there was a fatality associated with an
intentional overdose of ‘Mitcal’. Dr. Bachynsky was
convicted in 1986 of drug law violations, fined and
prohibited from dispensing DNP to any patients.
However, Dr. Bachynsky continued to use DNP for a
variety of different ‘medicinal claims.’” He was
eventually jailed for fraud in 2008 in the USA for
developing DNP for use in Europe as a cancer

treatment again called
therapy.

intracellular hyperthermia

Outside of the medical community, DNP is still
marketed on the Internet without regulation, primarily
to body builders who are attempting to lose weight. To
address this growing use, the Food Standards Agency
in 2011 issued a warning that this product is “not fit for
human consumption” given its short- and long-term
effects. Nonetheless, gym enthusiasts continue to
obtain and use DNP, even though there were sporadic
reports of deaths (78). To obtain insight into the
reasons for this continued use of DNP, Ainsworth et al
interviewed 14 users who reported that the internet
was the main source of their information about DNP
(79). The authors found that these individuals valued
“self-control” and their own judgment in minimizing
potential risks. This is, of course, against the
background of continuing deaths associated with use
of DNP. In their review, Grundlingh et al plotted the
deaths associated with DNP by decade (77). In the
1930s there were 8 deaths, which declined to only one
per decade in the 1940s and 1950s during the time of
stringent regulation. Subsequently, after 4 decades
with no deaths, thirteen deaths were recorded in the
first decade of the 215 century.

In addition, DNP at doses that do not affect weight is
being explored for its potential use in
neurodegenerative disease where mitochondrial
dysfunction is often observed. DNP has been shown
to induce neurotrophic growth factors involved in
neuronal health, cognition, and learning. It is now
being investigated through approved FDA channels
with an Investigational New Drug Application for a
group of neurodegenerative diseases such as
Huntington’s  disease, multiple sclerosis, and
Duchenne’s muscular dystrophy (80).

In summary, DNP has had many lives. As an explosive
during World War |, as a treatment for obesity during
the 1930’s (first discredited and then resurfacing in the
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1980s), as a weight control agent for body-builders
using the internet to obtain supplies, and most recently
as a potential agent for treatment of
neurodegenerative diseases.

Amphetamine: 1932-1968
SYNTHESIS AND INITIAL TESTING

The rise, fall, and return to restricted medical use of
amphetamine is the story of the first psychoactive
mood-altering prescription drug (81). Amphetamine
might be described as a Janus drug — that is it has two
faces — one the pharmacological side to constrict
blood vessels, suppress food intake, and either
stimulate the central nervous system or calm it in
individuals with attention deficit disorder. The other
face is the potential for abuse, first recognized in the
late 1930s and brought into stark focus by “street-use”
of methamphetamine.

Amphetamine is a sympathomimetic drug originally
labeled in 1910 (82). The name amphetamine comes
from its chemical structure - a-methyl-B-
phenethylamine. It was first synthesized in 1887 by
the Romanian chemist Edeleanu, who was working in
Germany. The stimulant properties of his compound,
phenylisopropylamine as he called it, were unknown
until it was independently resynthesized and tested
clinically by Gordon Alles. Alles, a chemist in
California, was searching for an alternative
decongestant to compete with ephedrine in the
treatment of allergy and asthma. In 1929 Alles
synthesized ~what he called beta-phenyl-
isopropylamine (amphetamine). To test the clinical
effects of his discovery, Alles became a “human
guinea” when he was injected with 50 mg, a relatively
large dose of his product. Within seven minutes he
noted that his nose was dry and clear when he sniffed.
His blood pressure climbed dramatically and by 17
minutes he noted heart palpitations. He also had a

“feeling of well-being.” That evening at a dinner party
he grew chatty, considering himself unusually witty.
He recorded that he had a “Rather sleepless night.
Mind seemed to run from one subject to another” (83).
In 1932 Alles patented his compound and its medical
uses (81).

In 1933 Smith, Kline and French (SKF), an American
pharmaceutical company began selling Benzedrine, a
decongestant that they had patented that was identical
to the one Alles had patented (81).

1935 was another key year in the history of
amphetamine. Alles thought that the stimulant
properties of amphetamine might help people
suffering with narcolepsy, a disorder of sleep. He
supplied amphetamine to Myron Prinzmetal, who had
worked with Alles as a medical student at the
University of California, San Francisco (UCSF), to test
in patients with narcolepsy. Prinzmetal et al published
their affirmation of this effect in 1935 (84) and their
findings were soon replicated by Ullrich et al in 1936
(85). Both groups showed that the drug did reduce
sleep time in people with narcolepsy, and this became
an indication for amphetamine use. Of interest to this
paper, these authors also noted that the patients who
were treated for narcolepsy also lost weight.

To explore amphetamine as an agent that might
improve mood, SKF teamed up with Dr. Abraham
Myerson, a highly respected professor of psychiatry
working at both Tufts and Harvard who operated a
well-funded laboratory. His books for the public had
given him public visibility. In addition to his work on
amphetamine for psychiatric problems, Myerson
picked up on the reported weight loss during treatment
for narcolepsy. Together with Mark Falcon-Lesses,
Myerson designed a clinical trial to assess the effects
of amphetamine for weight loss (86). A group of 16
women and 1 man were treated for 6 to 23 weeks with
Benzedrine sulfate in doses of 10 to 30 mg/d. Patients
weighed between 145 and 316 Ibs. (66 to 144 kg)
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when the trial began and lost an average of 1.46
Ibs/week (0.66 kg/week) during treatment. There were
no untoward side effects, and the results were
published in the prestigious New England Journal of
Medicine in 1938 (86). As Rasmussen summarized
the situation in 1938: "Despite the study by Lesses and
Myerson, SKF did not market Benzedrine Sulfate to
treat obesity, although the firm did follow-up earlier
observations by Nathanson and others that
Benzedrine resulted in weight loss. For instance, SKF
sponsored testing of the drug’s impact on metabolic
rate and trials evaluating its effects on appetite.
Initially, SKF thought that marketing of Benzedrine for
weight loss might interfere with its development as a
respectable psychiatric drug. On the other hand, SKF
might have realized that amphetamine was “selling
itself” for weight loss since many smaller companies
were profiting from the weight loss market, even
though they were violating the patents owned by SKF.
However, by the end of World War Il amphetamine
and methamphetamine were extensively used by both
the Allied and Axis forces because they seemed to
enhance performance and SKF would move to
capture the weight-loss market” (87).

In a review of 1946, Bett described the setting for
amphetamine (Benzedrine) and obesity this way: “The
value of Benzedrine sulphate as an ‘adjunct' to diet
and other measures in the treatment of obesity may
thus be summarized: it decreases appetite and helps
the patient to follow a diet, possibly also by producing
a sense of well-being. Increasing activity, it promotes
proper balance between energy output and caloric
intake. It educates the patient to new eating habits, so
that weight loss is maintained after stopping the drug.
It has no appreciable effect on basal metabolic rate.”
(88).

AMPHETAMINE AND ADDICTION

A warning about the risk of addiction with the use of
amphetamine was sounded in an editorial in the

Journal of the American Medical Association (JAMA)
in 1938 (89). The observation that the use of
Benzedrine over long periods is "certainly not without
danger, particularly to the circulatory system,"
prompted this comment from Lesses : (90)"...the
drugs to which human beings become addicted are
the narcotics. There is no evidence in the entire
literature of medicine that stimulants become habit
forming." This, in retrospect, was clearly inaccurate.
Even though in Myerson’s clinical experience with
Benzedrine for more than two years in a very large
number of cases he had not seen "a single case of
addiction in the sense that a person, otherwise, now
feels it necessary to take the drug habitually and in
ascending doses to produce the desired effect." In
1937 abuse of the drug was reported among
Midwestern college students, particularly at the
University of Minnesota. Moreover Benzedrine Sulfate
tablets were taking on the identity as “pep pills” or
“‘pepper-uppers” in the popular imagination as
Myerson recognized two years later (91). Based on
the growing evidence of abuse, amphetamine became
a strictly regulated prescription drug, but its illegal use
in the popular culture has been difficult to control and
addiction to methamphetamine has become a major
modern problem.

AMPHETAMINE REVIVAL FOR TREATING
ATTENTION DEFICIT/HYPERACTIVITY DISORDER

Racemic amphetamine can be used to treat Attention
Deficit Hyperactivity Disorder (ADHD) and binge-
eating disorder. Lisdexamfetamine, a combination of
lysine and d-amphetamine, which is hydrolyzed once
inside the red blood cell has become a drug of choice
for this diagnosis (92). Although recreational use of
amphetamine produces serious risk of addiction, this
is unlikely to occur when amphetamine-derivatives are
used at therapeutic doses for long-term treatment of
attention deficit disorder. In fact, lifetime stimulant
therapy for ADHD that begins during childhood
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reduces the risk of developing substance abuse as an
adult.

Rainbow Pills: 1940-1968

Rainbow Pills are a continuation of the amphetamine
story (93). The Miriam Webster Dictionary defines
Rainbow Pills as “any of a combination of pills (as of
amphetamines, laxatives, and thyroid hormones)
typically of different colors that were formerly taken to
curb appetite and promote weight loss” (“Rainbow pill.”
The Merriam-Webster.com  Medical Dictionary,
Merriam-Webster Inc., https://www.merriam-
webster.com/medical/rainbow%20pill. Accessed 5
January 2020).

| have picked the start date of 1940 for the beginning
of the Rainbow Pill period since it was the date for the
first of 27 meetings sponsored by Western Research
Laboratories held to introduce weight loss specialists
to the use of their Rainbow Pills. Their 27" Annual
Symposium on Obesity was held in Denver on April
13-15, 1967, and | was in attendance. Amphetamine
was one of the many-colored pills included in what
came to be called the "rainbow diet pill* regimen. In
addition to amphetamine, Rainbow Pills included
thyroid hormone, laxatives, diuretics, and digitalis
(Table 2).

Table 2. Ingredients in One or More of The Rainbow Pills

Ingredients for Weight Loss

Ingredients to Mask Side Effects

d-Amphetamine

Cardiac glycosides (digitalis)

Diuretics Barbiturates
Thyroid hormones Corticosteroids
Laxatives Potassium
Phenolphthalein Belladonna

Herbal ingredients

Glandular extracts

Adapted from (93).

Digitalis was included since it can cause “nausea,”
with weight loss as a consequence. The downside of
digitalis is that it has a narrow window of tolerance
between its therapeutic effect and toxicity. Diuretics
were included to increase fluid (and weight) loss even
though this is not fat loss. As we noted earlier,
“diuresis” was one strategy used for weight loss dating
from Greco-Roman times. Rainbow Pills often
contained a barbiturate to suppress some of the side
effects of amphetamine stimulation. To reduce
middleman costs, the distribution of these pills to
patients was directly from the physicians’ own offices
rather than through a pharmacy.

The route to regulate Rainbow Pills was a prolonged
one. Following the Pure Food and Drug Act of 1906
and the formation of the U.S. Food and Drug

Administration (FDA), enforcement powers of the FDA
were significantly enhanced with passage of the Food,
Drug and Cosmetic Act of 1938. In 1962, the Kefauver-
Harris amendment required drug manufacturers to
provide proof of both the safety and effectiveness of
their drugs prior to approval for sale to the public. It
also required drug advertising to disclose accurate
information about side effects, and stopped cheap
generic drugs being marketed as expensive drugs
under new trade names and calling them new
"breakthrough" medications.

In 1967-1968, a number of deaths attributed to use of
Rainbow Pills triggered a Senate investigation and the
gradual implementation of greater restrictions on drug
marketing for obesity management. At the beginning
of my research career into the causes and treatment
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of obesity, the U.S. Senate Select Committee held
their first hearings on the misuse of anti-obesity
medications (94). As a young Assistant Professor, |
was invited to give a talk at the 28"™ Annual Western
Research Laboratories Symposium on Obesity being
held in the elegant Brown Palace hotel in downtown
Denver, Colorado. The title of my talk was “Some New
Thoughts on the Treatment of Obesity: Growth
Hormone; Thyroid Hormone and Appetite Control.”
Other topics on the program included “Abnormal
Thyroid Transport Mechanisms in Obesity” by Dr.
Irving B. Perlstein; “Exercise and Fitness Programs for
the Overweight” by Captain McHargue from the US Air
Force Academy; “Is the sound medical management
of obesity successful? (A preliminary study of 6,000
cases histories) by Wilmer Asher; “Digitalis and The
‘Normal' Heart, Some Controversial Aspects” by
Richard Bloomfield; and finally “Obesity and its effects
on Man-Hours of Work Loss” by Dr. Raymond E. Dietz.
The invitees included physicians and their staff
involved in delivering weight loss programs around the
country. At the Saturday morning breakfast, a
prominent member of the group sat down next to me.
He had been summoned to testify before Senator Hart
at the Rainbow Pill Hearings in the U.S. Senate (94).
He said, slamming his fist on the table, that “Senator
Hart had accused him of making more than $1 million
dollars a year.” He went on to say, “I hardly ever made
more than $750,000 per year”! This was 1968, and |
was a young faculty member making a mere $12,000
per year. | listened in astonishment! | was undeterred
from my academic career by the possibilities of
making large amounts of money from treating patients
with obesity, and my table mate continued to operate
his financially rewarding clinics for many more years.

RAINBOW PILLS RESURFACE

After the rainbow diet pills were banned in the US in
the late 1960s, they largely disappeared from the
market during the 1970s and 1980s. They reappeared
in Brazil in South America and in Spain in the 1980s.

The re-entry of Rainbow Pills into the United States
market was facilitated by passage of the Dietary
Supplement Health and Education Act and
Supplement Act (DSHEA Act) of 1994 which states
that dietary supplements do not require premarket
review by the FDA. More about the DSHEA Act later.
Thus, federal regulators are powerless to stop the
pills from hitting store shelves, and thanks to the
Internet, the distribution network of rainbow pills is
larger than ever and they can purchased in many
forms (93).

Benzocaine

Benzocaine is a topical anesthetic that in lozenge form
can numb the nerve endings in the mouth, which
might, in turn, reduce the pleasure of eating. To test
this, 40 women with obesity received one of four
treatments: 1) a chewing gum containing 96 mg/day of
benzocaine alone, 2) phenylpropanolamine alone at a
dose of 75 mg/day, 3) the combination of these two
agents; and 4) a placebo gum and pill. At the end of 8
weeks, those treated with phenylpropanolamine lost
twice as much weight as the placebo-treated group,
whereas those receiving benzocaine lost essentially
no weight (95, 96). Interestingly, weight loss in the
group receiving the combination of
phenylpropanolamine and benzocaine was equal to
that of the placebo group. Clearly local anesthesia in
the mouth using benzocaine is of no value in the
treatment of obesity.

Anorectic Sympathomimetic Drugs: 1950-1997

Amphetamine is the grandfather of this class of drugs.
Amphetamine reduces food intake, and through
activation of the sympathetic nervous system, raises
blood pressure and has neurophysiological effects.
Efforts by chemists to separate these physiological
effects occupied much of the period between the end
of World War Il with approval of the final
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sympathomimetic anorectic drugs, fenfluramine and
chlorpentermine, in 1973.

The anorectic sympathomimetic drugs can be divided
into three groups. The first is a non-prescription
sympathomimetic appetite suppressant,
phenylpropanolamine that is no longer approved in the
US for management of obesity. The second group is
comprised of sympathomimetic drugs approved
before 1973. The third group is comprised of drugs
approved after 1973, until the removal of fenfluramine
and dexfenfluramine from the market in 1997.

PHENYLPROPANOLAMINE FOR WEIGHT LOSS:
1938-2000

Phenylpropanolamine was synthesized as early as
1910 (82). Like other sympathomimetic drugs, it can
raise blood pressure and constrict small blood
vessels, thus leading to its use as a nasal
decongestant. Phenylpropanolamine was first used
commercially during the 1930s as an intravenous
treatment for postoperative hypotension (97). The
drug was patented in 1938, and in 1939 it was noted
to suppress appetite. From the 1960s until it was
removed from the US market in 2000, it was sold
without prescription as a decongestant since the US
Food and Drug Administration (FDA) recognized it as
safe under the standard of Generally Recognized As
Safe (GRAS). Phenylpropanolamine was given GRAS
status as an appetite suppressant based on an
analysis of weight loss in published studies (98-100).
The weight loss was modest — only an additional 0.5
kg per week. This was similar to the results reported
by Scoville for other anorectic drugs (101). Other
studies performed after 1985 reported slower weight
loss, averaging only 0.21 kg/week more than in the
placebo-treated subjects. In addition, weight loss
began slowing after the first 4 weeks, and at the end
of these studies, phenylpropanolamine subjects had
lost only 0.14 kg/week more than those receiving
placebo. There is only one controlled trial of

phenylpropanolamine that lasted up to 20 weeks
(100). After 6 weeks, the phenylpropanolamine-
treated group had lost 2.4 kg (0.43 kg/week)
compared with 1.1 kg (0.18 kg/week) in the placebo
group. Twenty-four subjects continued in an optional
extension to 20 weeks and lost 5.1 kg (6.5%)
compared with 12 placebo-treated subjects who only
lost 0.4 kg (0.5%) of their initial body weight (P < 0.05).

For many years phenylpropanolamine was sold over-
the-counter under the trade name Dexatrim, which
was owned by Thompson Medical Company. When
the patent protection for phenylpropanolamine ended
in the 1980s, Ciba-Geigy began a marketing campaign
for Acutrim (Oros TM), an over-the-counter product
containing phenylpropanolamine. In a randomized 14-
week randomized, clinical trial, participants who took
Acutrim lost 8.0% of their body weight compared to
5.4% in those receiving the placebo (102).

Concerns about detrimental effects of
phenylpropanolamine on blood pressure and the
cardiovascular system had been a recurring issue. To
examine this possibility critically, a double-blind,
multicenter clinical trial funded in part by Thompson
Medical, examined the effects of
phenylpropanolamine on the changes in blood
pressure in 881 individuals (103). In this parallel arm
study, one group received a placebo three times a day,
a second group received 75 mg of a sustained-release
form of phenylpropanolamine once daily followed by
two placebo capsules, and a third group received 25
mg of immediate-release phenylpropanolamine three
times a day. Thirty percent of the 811 participants were
above their ideal body weight. Blood pressure
increased significantly in the first 6 hours following the
25 mg dose, and even more in those receiving the
sustained-release preparation. However, the authors
did not consider this to be clinically important (103).
Baseline body weight and diastolic blood pressure
were significant and independent determinants of the
pressor effect of phenylpropanolamine.
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This study, however, did not allay concerns about
effects of phenylpropanolamine on blood pressure and
the risk of stroke. To provide more perspective, an
epidemiological study was designed to compare
individuals using phenylpropanolamine who had had a
hemorrhagic stroke with a control group without a
history of stroke. This study found a significant
association between hemorrhagic stroke and the use
of phenylpropanolamine (104). As a result of this study
and two years after Thomson Medical sold its interest
in Dexatrim to Chattem Pharmaceuticals, the FDA
took steps on Nov 6, 2000 to remove
phenylpropanolamine from all drug products in the
United States and requested that all drug companies
discontinue marketing products containing
phenylpropanolamine. This was one of the first
examples of off-target effects derailing the clinical use
of a drug in the management of obesity.

ANORECTICS: 1959-1973

Anorectic drugs refer to medications derived from the
chemical backbone of amphetamine, which act as
sympathomimetics, specifically mimicking the effects
of the neurotransmitter norepinephrine. After attention
was drawn to the risk of dependence and addiction
from amphetamine, organic chemists began the
search for drugs that retained the appetite
suppressant properties but that did not have the abuse
potential of amphetamine (105). The structural
features needed to retain anorectic activity were
defined. They included a chain between the amino
group and the phenyl ring restricted to two carbon
atoms; the binding of the amino group to a secondary
carbon atom; and substitutions at other positions,
which may lead to reduction in anorectic activity.

A large number of molecules were synthesized and
tested for their effects on food intake and risk of
habituation (106) and some of the marketed one are
shown in Table 3.

Table 3. Drugs Evaluated by the Food and Drug Administration in 1973
Generic Name Proprietary Year DEA Current Status
Names Approved Schedule
d,l-amphetamine Benzedrine & 1936 Il Not approved for
Many others obesity
d-amphetamine Dexedrine & Many | Before 1952 | I Not approved for
others obesity
Methamphetamine Desoxyn & Many | 1947 Il Not approved for
others obesity
Phenmetrazine Preludin 1959 Il Not Marketed
Benzphetamine Didrex 1962 I Available by
prescription
Phendimetrazine Plegine 1960 I Available by
prescription
Chlorphentermine Pre-Sate 1962 I Not Marketed
Phentermine lonamin, Wilpo 1959 v Most widely used
drug for obesity
Mazindol Sanorex; Mazanor | 1980 11 Not Marketed
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Diethylpropion Tenuate; Tepanil

1959 v

Available by
prescription

Data from (100, 107)

At the request of the Bureau of Drugs at the FDA, a
group of “Consultants on Anorectic Drugs” was
empaneled. They issued their report in 1973, the same
year that the NIH sponsored a major conference on
obesity (107). In his letter to the Director of the Bureau
of Drugs at the FDA, Dr. Thaddeus Prout, Chairman of
this review group summarized the view of the
consultants on current anorectic drugs (108). Their
conclusions are summarized in abbreviated form as
follows:

1. “Adult obese subjects instructed in dietary
management and treated with anorectic drugs on
the average tend to lose more weight than those
treated with placebo in relatively short-term trials.”

2. “The amount of weight loss associated with the
use of an “anorectic” drug varies from trial to
trial.” [Note: In an aside this germane comment
was made: “Dr. Scoville noted in answer to a
question that there were no statistically significant
overall differences comparing two anorectic
drugs.” (p 498).]

3. “The magnitude of increased weight loss of drug
treated patients over placebo treated patients
was only a fraction of a pound a week.”

4. “...the total impact of drug-induced weight loss
over that of diet alone must be considered
clinically trivial. The limited usefulness of these
agents must be measured against any possible
risk factors inherent in their use.”.

5. “The amphetamines, including methamphetamine
have been widely abused in numerous
populations. It is thus in the best interest of the
public health to limit the use of amphetamines as
far as is compatible with adequate therapy.”

6. “Evidence presented for newer “anorectic”
congeners of the amphetamine family and non-
amphetamine drugs do not set them apart as
having higher benefit or lower risks than older

available drugs. The risk potential of fenfluramine
may be an exception to this general statement.”

7. “There is no evidence in the data reviewed which
showed that combination of an ‘anorectic’ agent
with other drugs increase the benefits or reduce
the risks of the ‘anorectic’ agent.”

8. “There is no clinical data which support the
parenteral use of these drugs in the treatment of
obesity.”

Based on these findings, The FDA Consultant Panel
also made several recommendations summarized
below:

1. “That all “anorectics” reviewed (dl-amphetamine,
d-amphetamine, methamphetamine,
benzphetamine, phentermine, chlorphentermine,
chlortermine, phenmetrazine, phendimetrazine,
fenfluramine, mazindol, diethylpropion), with the
exception of fenfluramine, be placed on Schedule
Il on the basis of abuse potential.”

2. That combinations of “anorectics” with other
drugs be evaluated in accordance with the policy
of the FDA on combination drugs”.

3. That amphetamines prepared for, or in a form
suitable for, parenteral use not be approved for
use in the treatment of obesity.

4. “The single-entity oral “anorectic” preparations
including the amphetamine be permitted to be
labeled for restricted use in obesity provide that
they are used in association with a specific weight
reduction program and that the clinically trivial
contribution of these drugs to the overall weight
reduction is properly emphasized. To carry out
the latter recommendation, a statement such as
that made in the conclusions drawn from this
review must be included in all labeling and
promotional products. This statement should
include the following points: Studies of the effect
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of “anorectic” drugs in the treatment of obesity
when compared with the effects of patients
treated in a similar manner without the use of the
drugs demonstrated that the magnitude of weight
loss of drug treated patients over no-drug treated
patients was only a fraction of a pound a week.
The rate of weight loss was greatest in the first
weeks of study for both the drug and the non-
drug treated subjects and tended to decrease in
succeeding weeks. The natural history of obesity
is measured in years whereas the studies offered
for review are restricted to a few weeks duration.
Thus, the total impact of ‘drug induced” weight
loss over that of diet alone must be considered
clinically trivial. The limited usefulness of these
agents must be measured against any possible
risk factors such as nervousness, insomnia, and
drug habituation that might be inherent in their
use. Moreover, these agents can only be
recommended for short term use in the treatment
of obesity in a carefully monitored and specified
weight reduction program under the care of a
physician” (108).

5. That future approval of all ‘anorectic’ drugs
prepared for future use be based on demonstration
of efficacy as measured by statistical superiority of
the drug over placebo in trials using FDA
recommended protocols. These protocols should
include provisions, among others, for the testing of
a specific target populations, specification of a
minimum duration trial to assure clinical relevance
of the study, and give consideration to the handling
of patient dropout.

6. Further, that appropriate summary data derived
from efficacy studies be presented in labeling and
in all promotional material to indicate the degree of
weight loss that was found. For this purpose
guidelines note in (4) above should be
supplemented by the addition of the specific facts
found for the specific drug under consideration.

Shortly after this letter, the US FDA issued new
Guidelines on Labeling for Single-Entity Amphetamine
Products. The FDA also approved d,l-fenfluramine,
chlortermine, and mazindol. These were the last
drugs in this class to be approved. Chlortermine is no
longer marketed and d,I|-fenfluramine and d-
fenfluramine have been removed from the market as
described below. All the derivatives of amphetamine
have been tarred with the same brush — that of risk for
addiction. Since then, for better or for worse and
whether deserved or not, as amphetamine fell from
grace, a similar pall fell over the entire class of derived
compounds. As we will see, one of these derivatives,
fenfluramine, had no demonstrated abuse potential at
all and yet was still regulated by the U.S. Government
as though it did.

AMINOREX- ANORECTIC WITHDRAWN FOR
TOXICITY

Aminorex demonstrates the law of unintended
consequences as applied to drug development for
obesity management. This drug is an “amphetamine-
like” drug that was developed by McNeil
pharmaceuticals in the United States and licensed in
1965 for sale in Germany, Austria, and Switzerland
under the trade names of Menocil or Apiquel (109).
Soon after its launch, Berne, Switzerland noted an
increase in the diagnosis of pulmonary hypertension.
This was eventually linked to the use of aminorex,
which appears to have been responsible for a 5 to 20-
fold increase in incidence of primary pulmonary
hypertension (PPH) in Switzerland. In Berne, up to
20% of those taking aminorex who were admitted to
the hospital died, with up to 50% more dying over the
next 10 years. A retrospective analysis in deaths in
Austria, Switzerland, and Germany during the late
1960s showed that this drug was responsible for most
of the cases of PPH between 1968 and 1972.
Experimental studies subsequently confirmed that
aminorex can produce pulmonary hypertension in
animals (110-112).
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This outbreak of PPH was the canary in the coal mine
signaling a potential relationship between some (-
phenethylamines and PPH, a form of plexogenic
arteriopathy (113). Primary pulmonary hypertension
(PPH) is a rare disease that occurs with a frequency
of about 1-2 per million persons per year. Pulmonary
artery systolic pressure is directly related to body
mass index. The risk of PPH appears to have a
genetic basis which was brought to the fore by 3
anorectic drugs, aminorex, fenfluramine, and
chlorphentermine which modulate serotonin activity
(113). A retrospective case-control study including 95
cases from several European centers and 355
matched controls estimated that the use of appetite
suppressant medications may have increased the
odds ratio by 10 to 23-fold for an incidence to 28—43
cases per million per year (114). Kramer and Lane
reexamined the data from the aminorex cases to
provide a comparison with fenfluramine (113). They
estimated the odds ratio for developing primary
pulmonary hypertension after exposure to aminorex
was 97.8 (95% CI 78.9 —121.3) and that nearly 80% of
the cases of this disease in the affected countries
could be attributed to aminorex. Using the French and
Belgian cases in the dexfenfluramine study (114), the
authors estimated the odds ratio for developing
primary pulmonary hypertension after exposure to
dexfenfluramine to be 3.7 (95% CI 5 1.9 —7.2) for 3
months or more exposure and 7.0 (95% CI 5 2.8 —
17.6) for exposures lasting more than 12 months
(111). Dexfenfluramine, in contrast to aminorex, was
estimated to increase the background rate by 20% or
less. Such unanticipated “off-target” toxicity and the
capacity for widespread involvement on a population
basis given the high prevalence of obesity as a chronic
disease has influenced the US FDA’s cautionary
approach to initial approval and recommendation for
swift removal in after-market surveillance for all drugs
in this category.

PHENTERAMINE- A SURVIVOR

Phentermine is one of the derivatives of a-methyl-§3-
phenethylamine backbone of amphetamine that was
approved for marketing by the U.S. FDA in 1959.
Unlike other members of this group, which have had
problems with toxicity or lack of use, phentermine
accounts for over 75% of the anti-obesity medications
used in 2019 (115). Phentermine, like many other
sympathomimetic amines, acts on the trace amine-
associated receptor 1 (TAAR1) where it facilitates the
efflux of norepinephrine, and to a lesser extent the
efflux of dopamine and serotonin (116, 117).

At the time of phentermine’s approval in 1959, most
clinical trials for weight loss drugs lasted 12 weeks or
less. However, several studies have evaluated the
longer-term use of phentermine (118-120). In one
older study (118), a group of patients received a
placebo, the second group received phentermine
resin 30 mg/day, while the third group was treated
with phentermine resin alternating with placebo at 1-
month intervals. The two groups given phentermine
in either intermittent or continuous form lost similar
amount of weight which averaged 20.5% of their
initial body weight compared to only 6% in the
placebo group. The group treated intermittently
showed the effect of stopping and starting an active
drug to placebo relative to continuous treatment.
These authors concluded that intermittent
phentermine was preferable because it was cheaper,
gave equivalent weight loss, and reduced exposure
to medication; although this runs counter to current
concepts of chronic disease management in which
continuous use is recommended. In another older
study (120), patients with osteoarthritis were treated
with phentermine-resin, 30mg/day for 6 months or
with placebo. The group treated with phentermine
lost 12.6% of their body weight, compared to 9.2% in
the placebo group. In a third older study (119), 59
subjects were treated for 14 weeks with either a
placebo or phentermine 30 mg/day. The group
receiving phentermine lost 8.7% of their body weight

www.EndoText.org 24



compared with only 2.0% in the placebo-treated
group. Two more recent studies have evaluated the
effects of phentermine in children (121) and in adults
(122). In a retrospective study of children treated with
lifestyle or lifestyle plus phentermine, the group
receiving phentermine lost significantly more weight
at 1, 3 and 6 months with no significant changes in
blood pressure (121). A study in adults compared
phentermine alone, canagliflozin alone, or
phentermine plus canagliflozin against placebo in a
double-blind RCT. Over 6 months, the placebo-
treated group lost 1.1% vs 4.6% in the group
receiving phentermine alone and 8.1% in the
combined treatment group (122). Despite the
significant weight loss, blood pressure was not
different from placebo and heart rate was significantly
increased in the group treated with phentermine
supporting the concerns about the effect of
phentermine on the cardiovascular system.

As with other sympathomimetic drugs, concerns have
been raised about an increase in blood pressure and
abuse in those taking phentermine. Subsequent
studies have demonstrated that when used
appropriately (e.g., those without contraindications
such as uncontrolled hypertension or hyperthyroidism,
active vascular disease, arrhythmias, or glaucoma),
phentermine does not result in behaviors associated
with substance abuse or withdrawal symptoms (123,
124), or raise blood pressure on average. In fact,
observational studies and a small number of
prospective randomized, controlled studies have
demonstrated either neutral effects or reductions in
blood pressure during long-term phentermine use and
no increased risk for adverse cardiac events (125-
128). A recent summary of reported after market
adverse events of the FDA approved combination
tablet Qsymia, containing both phentermine and
topiramate, has failed to link use of this drug with
cardiac valvulopathy, myopathy, or pulmonary
hypertension (129). Phentermine is the most widely
prescribed anti-obesity drug used for management of

obesity today because it is a generic drug and thus low
in cost and appears to have a track record of safety
(115). While it is a “survivor” in terms of continued use
as an anti-obesity medication, its reputation often
suffers amongst providers and the public from “guilt by
association” with fenfluramine use as described
below.

Fenfluramine/Dexfenfluramine: 1973-1997 —
Doomed by its Toxicity

Fenfluramine  has  structural  similarities to
amphetamine. However, to the surprise of most
workers in the field it had a very different mechanism
of action. Fenfluramine was developed in France in
the 1960s and marketed there in 1964 (130). Instead
of being a sympathomimetic drug and mimicking the
effects of norepinephrine, as other anorectic drugs do,
fenfluramine acted to block the re-update of serotonin
atits nerve endings. In addition, one of the metabolites
of fenfluramine, norfenfluramine, acted as a serotonin
agonist (131, 132). Treatment of animals with most
sympathomimetic drugs reduces brain
norepinephrine; treatment with fenfluramine does not.
Rather, fenfluramine reduces brain serotonin. The
discovery that fenfluramine acted on the serotonergic
system to reduce food intake led to a whole new area
of research into drugs for the management of obesity.

Following clinical trials, fenfluramine was approved by
the US FDA in 1973 for management of obesity (130).
It was given a Schedule IV designation by the Drug
Enforcement Agency because of its chemical similarity
to other sympathomimetic anorectic drugs with abuse
potential. However, fenfluramine behaves differently
and many who took the drug complained of a
dysphoria, and it was not used to replace
amphetamine-drug abuse in substitution trials.

The anorectic effects of fenfluramine reside almost
entirely in the dextro-isomer of this compound, named
dexfenfluramine. When this was recognized, The
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International Dexfenfluramine (or INDEX) trial was
designed to establish the safety and efficacy of
dexfenfluramine (133). With this data in hand,
dexfenfluramine was approved by the US FDA for
management of obesity in the United Stated in 1994.

The first set-back for fenfluramine occurred in 1981
when the first 2 cases of pulmonary hypertension were
reported (134), similar to the earlier reports of
pulmonary hypertension in patients treated with
aminorex. Between 1980 and 1993 there had been a
total of 12 cases of pulmonary hypertension
associated with fenfluramine (135). This data was
emerging as a series of publications showed dramatic
weight loss efficacy by combining fenfluramine with
phentermine (commonly referred to a “Fen-Phen”),
two anti-obesity medications  with  differing
mechanisms of actions (136). The weight loss of 8.4
kg with the combination was similar to the individual
agents, but there were fewer side effects when they
were used together. This was followed by a single
center NIH-funded trial of fenfluramine and
phentermine lasting 4 years (137). By the end of the
first 32 weeks, those receiving the combination of
fenfluramine and phentermine, had lost 15.9% of their
weight compared to 4.9% in the placebo group. The
results supported and amplified the pilot data from this
group. Patients with obesity treated with the
combination of phentermine and fenfluramine lost
more weight and, in many cases, were able to
maintain the lower weight for more than two years
during this study.

When the dramatic weight loss with Fen-Phen began
to circulate widely in the 1990’s, fenfluramine and
phentermine use exploded in popularity across the
country. Patients and doctors alike were thrilled with
the results and for the first time it appeared that
Americans with obesity were winning the battle of
expanding waistlines. Medical offices dispensing Fen-
Phen opened up all over the country. In 1994
prescriptions for fenfluramine were mentioned less

than 100,000 times among drug prescriptions.
However, in 1995 when Fen-Phen hit the market,
mentions of fenfluramine rose by 5-fold to over
500,000 prescriptions before peaking at nearly 4
million prescriptions (138).

The second set-back for fenfluramine and, by
association, for phentermine occurred in July 1997
when the first case-series of valvular heart disease in
patients taking Fen-Phen appeared in the prestigious
New England Journal of Medicine (139). Despite the
fact that the total participants in that study numbered
only 24, the report included only women, pre-existing
valvular heart disease could not be ruled out, and no
control group was included to account for the known
associations between obesity and both valvopathy
and pulmonary hypertension, urgent meetings by the
U.S. Food and Drug Administration with academic
groups around the country assembled enough
information to convince the FDA that up to 30% of the
patients treated with fenfluramine (alone and in
combination with phentermine) might develop valvular
heart disease (140). On September 15, 1997,
fenfluramine and dexfenfluramine were removed from
the market worldwide. The Fen-Phen success had
been shattered by the off-target consequences
foretold by aminorex decades earlier and added
another sad ending to a therapy that offered such
promise in the management of the patient with obesity.

Sibutramine: 1988-2010

Sibutramine is a triple amine reuptake inhibitor
affecting norepinephrine, serotonin, and dopamine. Its
use as a weight loss medication was an outgrowth of
a clinical program searching for effective drugs to treat
depression conducted by Boots Pharmaceuticals in
the United Kingdom (141). The effects of sibutramine
on weight loss caught the attention of the company in
1988, which then commissioned a short clinical trial.
During this eight-week study with two doses of
sibutramine, Weintraub and his colleagues
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demonstrated a doubling of weight loss over that
achieved with placebo with the low dose and a nearly
four-fold increase with the high dose over the weight
loss compared to the placebo group (142). With this
promising background a full-scale clinical program
was designed. There was a clear dose-response to
the drug in a six-month clinical trial (143). In a two-year
trial, sibutramine reduced body weight by nearly 12%
at 6 months. In contrast, the weight loss in the
placebo-group gradually faded and at two years they
were only 3% lighter than at baseline. These strong
clinical results were marred by an increase in blood
pressure. Following the phase 3 clinical trials,
approval for marketing was requested from the US
FDA and the Committee for Proprietary Medicinal
Products (CPMP) in Europe. Because of the increased
blood pressure observed in some patients, the CPMP
would only approve the drug if the company would
conduct a long-term study to evaluate potential
cardiovascular outcomes. This trial was begun, and
the drug was approved for marketing by Knoll
Pharmaceuticals, a Division of BASF in Germany who
had purchased it from Boots Pharmaceutical and who
subsequently sold it Abbott Laboratories in the US.

The Sibutramine Outcomes (SCOUT) trial was the
result of this requirement (144). It began enrolling
participants in January 2003 with a completion date of
November 2005. By this time a total of 10,742
individuals with obesity and either a high risk of
cardiovascular disease or diabetes had been
randomized to treatment for up to six years with either
sibutramine or placebo to determine whether use of
sibutramine along with a weight management program
would impact the risk for cardiovascular complications
in this selected population. Despite reductions in blood
pressure from baseline in both the sibutramine and
placebo groups, to the dismay of the investigators
sibutramine produced a significantly greater increase
in CVD events (HR: 1.16, 95% CI 1.03-1.31, P = 0.02)
as estimated from a composite end-point of nonfatal
myocardial infarction (MI), nonfatal cerebrovascular

accidents (CVA), cardiac arrest, and CV death (144).
In absolute terms, cardiovascular events occurred in
11.4% of those assigned to treatment with sibutramine
versus 10.0% for those treated with placebo.

Following this report, the U.S. FDA convened their
Endocrine Advisory Panel to ask the question of
whether this drug should continue to be marketed. The
Panel recommended that sibutramine should be
removed, although not everyone agreed with this
conclusion. In a dissenting article, "Sibutramine: gone,
but not forgotten", Dr. David Haslam (chairman of the
National Obesity Forum) wrote that the SCOUT study
was flawed as it only covered high-risk patients and
did not consider patients with obesity who do not have
cardiovascular complications or similar
contraindications(145). The trial also had two other
issues. First, patients with CVD who did not lose
weight when taking the drug nonetheless continued
treatment for up to 6 years, something that no
responsible physician would do. Second, the intent-to-
treat analysis of the results included patients who lost
weight as well as those who did not lose weight. If your
hypothesis is that the benefits in reducing the risk of
cardiovascular disease and diabetes result from
weight loss, then including patients who do not lose
weight unduly biases the conclusions. It is, so to
speak, like shooting yourself in the foot. A re-analysis
of the data using only those who lost weight while
taking sibutramine showed a lower rate of CVD events
in those treated with sibutramine (146). Despite this
re-analysis, the European Medicines Agency
recommended suspension of marketing authorization
for sibutramine, and on January 21, 2010, based on
the results of the SCOUT trial, it was removed from the
market in Europe. Abbott Laboratories in the US
followed suit and announced on October 8, 2010 that
it was terminating marketing of sibutramine in the US
market under pressure from the FDA.

Lessons Learned:
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1. The first lesson from the SCOUT trial is that using
intent-to-treat statistical methods, which retains
individuals who do not lose weight, the drug
produced harm.

2. The second lesson is that when individuals who
successfully lose weight while taking the drug are
analyzed, instead of all comers, there is an
overall statistical benefit — that is those who lose
weight benefit from the weight loss

3. The third lesson is that since individuals with
obesity are generally at increased risk for
detrimental cardiovascular outcomes, requiring
documentation that new anti-obesity drugs do not
have detrimental CVD effects became the rule.

4. Despite its withdrawal from the market in 2010,
sibutramine can still be found in products for sale
on-line. The U.S. FDA found it in 69 of 72
products that were tested. These products appear
to come from overseas, mainly China, and may
pose health hazards
(https://www.fda.gov/drugs/questions-
answers/questions-and-answers-about-fdas-
initiative-against-contaminated-weight-loss-
products. Content Current as of 02/28/2018.
Accessed March 9, 2021)

Tesofensine

Tesofensine, like sibutramine, is a triple monoamine
reuptake inhibitor, which means it blocks the reuptake
of serotonin, norepinephrine, and dopamine. The
initial clinical data on the potential effectiveness of this
drug for weight loss came from studies in neurological
diseases including Parkinson’s disease and
Alzheimer’s disease where treatment with tesofensine
produced significant weight loss (147). This was
followed by a randomized double-blind clinical trial in
203 patients who were randomly assigned to placebo
or doses of 0.25, 0.5 or 1 mg/d of tesofensine (148).
After 24 weeks the placebo-treated group lost 2.0% of
their body weight compared with 6.5% in those given

0.25 mg/d of tesofensine, 11.2% in the 0.5 mg/d dose
and 12.6% in the 1.0 mg/d dose. Although the clinical
profile was relatively free of untoward side effects,
there was, as with sibutramine, a small increase in
heart rate and blood pressure. The cardiovascular
risks identified in the SCOUT ftrial of sibutramine may
also apply to tesofensine and provide a potential
hurdle for approval of this drug.

Although no further data has appeared regarding
tesofensine as a single anti-obesity agent since 2013,
the combination of tesofensine (up to 0.5 mg/d) and
metoprolol (50 mg/d) (Tesomet) was granted FDA
approval in 2021 as an orphan drug in the treatment
of both Prader-Willi syndrome and hypothalamic
obesity based on results of a recent phase 2A ftrial
(149). The combined use with a beta-blocker mitigated
changes to pulse rate and BP and may be standard in
development of other anti-obesity medications from
this class of drugs.

Lorcaserin- Potential Cancer Risk

Lorcaserin is the most recent casualty among drugs
used in the management of patients with obesity. It is
a selective serotonin (5-HT2c) receptor agonist
(thereby avoiding potential for adverse effects on
cardiac valves and pulmonary artery pressures
induced by other serotonin receptors—see
fenfluramine above), which reduced food intake in
experimental animals and humans. Following
completion of Phase 3 studies (150), an application for
approval of Lorcaserin for marketing was submitted to
the US FDA. An FDA Advisory Panel met on
September 16, 2010, but rather than approving the
drug, they voted 9-5 against approval based on two
concerns, one about efficacy of the drug and the other
about its safety. They were particularly concerned
about the findings of tumors in experimental animals
treated with lorcaserin. Following this Advisory
Committee, the FDA decided, on 23 October 2010, not
to approve lorcaserin for marketing. Arena, the
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manufacturer of lorcaserin conducted a new round of
studies and on May 10, 2012, another FDA Advisory
Panel was convened. This time they voted to
recommend lorcaserin for marketing. A trial combining
lorcaserin, a serotonergic drug, with phentermine,
enhanced weight loss somewhat but did not mimic the
dramatic results with Fen-Phen (151).

Even though lorcaserin had been engineered to be
selective for the 5-HTac receptor rather than the 5-
HT2g receptor, which is located on heart values and
mediates the valvulopathy associated with
fenfluramine and other serotonin medications, a post-
marketing cardiovascular outcomes trial was
commissioned. This trial, called CAMELLIA-TIMI,
enrolled 12,000 patients who were at high risk for
cardiovascular events. After a median of 3.3 years of
treatment with Lorcaserin or placebo, the authors
concluded that: “In a high-risk population of
overweight or obese patients, lorcaserin facilitated
sustained weight loss without a higher rate of major
cardiovascular events than that in the placebo”,
termed non-inferiority (152). In the original publication
of this trial, the overall incidence of cancer was slightly
greater but not statistically different between the
lorcaserin (7.7%) and placebo (7.1%) groups over the
3.3 years of follow-up. However, during post marketing
monitoring, the FDA found that the point estimates for
cancer rate ratios were consistently greater than 1.0 in
the lorcaserin group compared to placebo, and finally
became significant 2.5 years after study completion
(153). The main cancers were skin, prostate, Gl, and
respiratory. Based on this significant increase in
cancer risk, the FDA requested Eisai, the
manufacturer of Lorcaserin (Belvig), to withdraw the
drug on Feb 13, 2020 and the company complied.

Although there were signals in the initial submission
that might have been a warning for this risk, it was not
until well after completion of the trial and several years
into general use that a potentially latent severe
adverse event became apparent.

Histamine and Histamine Antagonists

Histamine is a naturally occurring monoamine
produced by decarboxylation of the amino acid,
histidine. Histamine is located in neurons in the brain,
in mast cells scattered around the body, and in the
gastrointestinal track. There are four histamine
receptors that mediate its effects, mainly located in the
brain, the gut, and the immune system. The H-1
receptors in the brain are involved in wakefulness,
appetite regulation, and endocrine function. In the
periphery, H-1 receptors are in smooth muscles and
endothelium where they are involved in
bronchoconstriction, vasodilatation, and the sensation
of itching. The H-2 receptors are in the stomach where
they mediate gastric acid secretion, as well as in the
brain, although their function in the brain is less clear.
Injection of histamine into the brains of animals
reduced food intake (154). Conversely, blocking
histamine receptors with alpha-fluormethylhistidine,
which irreversibly inhibits histidine decarboxylase,
increases food intake. Similarly blocking histamine
breakdown with metoprine, an inhibitor of histamine N-
methyltransferase, also suppresses food intake in
animals (155). Another piece of evidence suggesting
a role for histamine receptors in food intake comes
from data showing antipsychotic drugs that produce
weight gain bind to histamine H-1 receptors with
higher affinity than with any other monoamine receptor
(156). Finally, the use of H-1 containing products to
relive allergy is associated with weight gain (157).

The H-3 histamine receptor differs from the other two
by being an autoreceptor which inhibits the action of
other histamine receptors. There have been several
studies examining histamine-related drugs as
potential candidates for management of obesity.
Betahistine is a weak, orally active agonist of the
histamine H-1 but a potent antagonist of the histamine
H-3 auto-receptor, which raises the ambient levels of
histamine and has been approved to treat vertigo. In a
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randomized, placebo-controlled 12-week clinical trial,
281 people with obesity were given 8, 16 or 24 mg/d
of betahistine or placebo twice daily. The overall
weight loss was not significantly different between
treatment groups, but the subgroup of white women
under age 50 lost -4.24+3.87 kg compared to -
1.65+2.96 kg (P<0.005) (158).

The histamine H-2 receptor antagonist, cimetidine was
reported to reduce body weight in experimental
animals (159) and in patients with type 2 diabetes
(160), prompting one of the authors to conduct a trial
in patients with obesity (161). In this small randomized
clinical trial by a single author, a general practitioner
from Norway, 60 participants (five females) received
200 mg of cimetidine or a matching placebo 3 times a
day before meals along with a high fiber diet. The
treatment group lost 9.5 kg, which was significantly
more weight than the 2.2 kg lost by placebo-treated
controls. The editors of the British Medical Journal
who were reviewing this paper received another
manuscript from Rasmussen and colleagues in
Denmark attempting to replicate the Norwegian Study
(162). These investigators also included 60 patients
(nine female) in the same age range as in the
Norwegian study. In the first eight weeks participants
were randomized to either cimetidine or placebo. In
this trial weight loss was almost identical with the
cimetidine-treated group losing 5.7 kg compared to 5.9
kg in the placebo-group. When this second paper was
received by the British Medical Journal, the editor was
concerned by the contradictory results of the two
group and possibility of scientific misconduct. Dr.
Richard Smith, editor of BMJ, sent both papers to Dr.
John Garrow, MD, PhD, one of the leading British
scientists in obesity research (163). In his published
response Garrow noted that a weight loss of 9.5 kg in
8 weeks is a remarkably good result in this period, so
good in fact that it might not be a measured outcome,
but rather a manufactured one. There was also no
attrition in either group, which is again remarkable.
The similarity of weight loss from week to week and

the fact that both the heavier and lighter patients lost
the same amount of weight was also surprising and
unexpected. Garrow was “baffled” at why there should
be such a large difference in weight loss between
these two studies (7.4 kg in the Norwegian Study and
0.2 kg in the Danish Study) both having been
conducted in nearby Nordic nations. The editor of
BMJ, Dr. Richard Smith was also concerned as he
noted in a paper about scientific misconduct that he
published after he left his role as editor of the British
Medical Journal (164). The case was referred to the
University of Oslo, and to the faculty in Tromsd where
Dr. Stoa-Birketvedt was a general practitioner. No
evidence of misconduct was identified after reviewing
the records and she was exonerated. As Dr.
Florholmen, one of Stoa-Birketvedt's collaborators on
several studies and Dr. Leeds note in a comment on
the Scientific Misconduct, “...scientific journals have
an equally strong moral obligation to make a clear
statement when a suspect investigator has been found
not guilty” (165). This was not done in this case, but
Stoa-Berketvedt and her colleagues went on to report
a 42-month follow-up of her initial study. Twenty-two
of the original patients continued in a cimetidine
intervention group and received cimetidine for eight
weeks, twice a year along with behavioral strategies
and a diet. The 33 subjects in the non-intervention
group received neither the cimetidine nor the
behavior/diet treatment. After 42 months, body weight
was stable in those in the cimetidine group compared
to a gain of 7.5 kg in the other group (166).

Ranitidine, another histamine H-2 antagonist was
tested for its potential to slow weight gain in patients
receiving anti-psychotic drugs. In a meta-analysis,
patients receiving ranitidine along with their anti-
psychotic medication, gained less weight than their
controls (167), suggesting a role for the H2 receptor in
modulating energy balance under selected
circumstances.

Fluoxetine for Weight Loss
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Fluoxetine is a selective serotonin reuptake inhibitor
(SSRI) approved by the U.S. FDA to treat depression
and several other conditions including obsessive—
compulsive disorder (OCD), bulimia nervosa, panic
disorder, and premenstrual dysphoric disorder.
Fluoxetine was discovered by Eli Lilly & Company in
1972 and it began widespread use in 1986 (168). The
World Health Organization's List of Essential
Medicines includes fluoxetine, and in 2016 there were
more than 23 million prescriptions for this drug,
making it the 29th most prescribed medication in the
United States. Fluoxetine at a dose of 60 mg per day
(3 times the usual dose for treatment of depression)
produced dose-related weight loss in overweight
patients, which initiated studies into whether this drug,
at this higher dose, could be developed as an anti-
obesity medication. Initial studies up to 6 months in
duration were promising, but with longer duration of
treatment two unexpected outcomes occurred. First,
there were substantial differences in weight loss
between studies. In a meta-analysis of 6 studies, one
study reported a loss of —14.5 kg and another reported
a weight gain of + 0.40 kg (169). Another meta-
analysis showed no significant weight loss difference
between fluoxetine and placebo (170). The mean
difference in weight loss at 12 months of -0.33 kg
(95%CI —1.49 to 0.82 kg) favoring fluoxetine.

The second problem for fluoxetine was that after 16 to
24 weeks of treatment, patients began to regain
weight, even while continuing the drug. Darga et al.
were the first to note the rebound in weight with
continued treatment (171). After a weight loss of
11.7% during 29 weeks of treatment, weight began to
rebound and was only 7.8% at 12 months which was
not significantly different from placebo. In a review of
6 studies with 719 patients randomized to fluoxetine
and 722 randomized to placebo, weight loss at 6
months in the placebo group was 2.2 kg versus 4.8 kg
in the fluoxetine-treated group (172). At one year,
however the weight losses were no longer statistically

different at 1.8 kg in the placebo group and 2.4 kg in
the fluoxetine-treated group. Regaining 50% of the lost
weight during the second six months of treatment on
fluoxetine terminated clinical trials by Eli Lilly of
fluoxetine as a weight loss agent. Similar results were
true for another SSRI, sertraline (172, 173).

This weight “rebound” after six months of treatment
with these SSRI's was part of the reason that the US
Food and Drug Administration moved to require trials
lasting up to a year for new weight loss medications
(172, 174).

Bupropion as a Single Agent for Weight Loss

Bupropion (Wellbutrin®; Others) was first synthesized
in 1969 by Nariman Mehta and patented by
Burroughs-Wellcome Company in 1974. It is a
norepinephrine- and dopamine-reuptake inhibitor
approved by the US Food and Drug Administration for
the treatment of depression and as an aid in smoking
cessation. It was the 28th most prescribed medication
in 2016 and the fourth most prescribed antidepressant
in the U.S. with more than 23 million prescriptions.
Two multi-center clinical trials have examined the
effect of bupropion, as a single agent, on weight loss
in patients with obesity, in patients with depressive
symptoms, and in patients with uncomplicated obesity.
In one study, 421 overweight patients with depressive
symptom were randomized with 213 receiving the 400
mg/d dose of bupropion and 209 receiving the placebo
for 24 weeks. The 121 subjects in the bupropion group
who completed the trial lost 6.0 £ 0.5 % of initial body
weight compared to 2.8 + 0.5 % in the 108 subjects in
the placebo group (p<0.001) (175). Another study in
patients with uncomplicated overweight randomized
327 subjects in equal proportions to bupropion 300
mg/d, bupropion 400 mg/d, or placebo (176). Of the
69% who remained in the study after 24 weeks, weight
losses were 5 £ 1% in the placebo group, 7.2 + 1% in
the 300 mg/d dose, and 10.1 = 1% in the group
receiving 400 mg/d (p<0.001). At 24 weeks, the
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placebo group was further randomized to either the
300mg or 400mg group and the trial was extended to
week 48. In this trial, non-depressed subjects
responded better to bupropion than those with
depressive symptoms.

Even though the combination of bupropion and
naltrexone is currently approved for management of
complicated overweight and obesity, bupropion alone
is a reasonable choice for people with depression and
problems with weight control.

Topiramate as a Single Agent for Weight Loss

Topiramate is a substituted fructose molecule that was
discovered by Bruce E. Maryanoff and Joseph F.
Gardocki working at the McNeil Pharmaceuticals
Laboratories in 1979. It was approved by the US FDA
in 1996 to treat epilepsy with generalized or focal
seizures and subsequently to prevent migraine
headaches. It has also been used to treat alcohol
dependence. The drug acts on several systems. Itis a
carbonic anhydrase inhibitor that can produce a mild
metabolic acidosis and altered taste for carbonated
beverages. It acts as a voltage-gated modular of
sodium and calcium channels. It also activates both
the GABA-A receptors and AMPA/kainite receptors.

In the 1990s, Johnson & Johnson, the parent company
of McNeil Pharmaceuticals, noted that topiramate use
was associated with significant weight loss and
initiated trials to evaluate its effectiveness as a stand-
alone medication for overweight and obesity. The
magnitude of the weight loss at the higher doses of
192 and 256 mg/d rivals that of the Fen/Phen
combination discussed earlier (177-179). Reaching a
weight-loss plateau at the two highest doses did not
occur until nearly one year of treatment. After the initial
studies, further clinical development was abandoned
because of the negative effects of this drug on mental
function, including memory loss and difficulties with
concentration and attention. For patients with these

side effects, the clinical efficacy for weight loss did not
counterbalance the side effects and its development
as a single agent was suspended.

Zonisamide as a Single Agent for Weight Loss

Zonisamide is chemically a sulfonamide that is
approved by the US FDA for use in Parkinson’s
Disease and as an antiepileptic drug. It has
serotonergic and dopaminergic activity, as well as
being an inhibitor of carbonic anhydrase (like
topiramate) and is an inhibitor of sodium and calcium
channels. Weight loss was noted in the clinical trials
for the treatment of epilepsy. To evaluate its potential
use in management of obesity, Gadde et al conducted
in a 16-week randomized controlled trial in 60 obese
subjects (180) who were prescribed a calorie-
restricted diet and a placebo or doses of zonisamide
100 mg/d and increasing to 400 mg/d. The zonisamide
group lost 6.6% of initial body weight at 16 weeks
compared to 1% in the placebo group. In a second
randomized placebo-controlled trial, 225 patients with
obesity received either placebo or zonisamide 200
mg/d or 400 mg/d. Neurological, psychiatric, and
gastrointestinal adverse events occurred in the
zonisamide-treated groups, but weight loss in the
placebo-treated group was 4.0 kg after 1 year, 4.4 kg
in the group receiving zonisamide 200 mg/d and 7.3
kg in the group receiving zonisamide 400 mg/d (181).
Similar to topiramate, for patients with these side
effects, the clinical efficacy does not outrank them
enough to use as an anti-obesity medication.

Naltrexone as a Single Agent for Weight Loss

Both exogenous and endogenous opioids can
stimulate food intake (182), effects that can be blocked
by antagonists to opioid receptors. Naloxone, a short-
term antagonist to opioid receptors, reduces fat intake
in experimental animals (183). This suggested that
naloxone might be a potential treatment for obesity. To
test this idea Atkinson et al, in1982, gave single doses
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of naloxone to both lean individuals and individuals
with obesity and found a reduction of food intake only
in those with obesity (184). The problem for naloxone
as a treatment for obesity is its short duration of action.

Naltrexone in contrast, is a longer-lasting derivative
that has been tested in several clinical trials (185-190).
These trials were disappointing, and naltrexone has
not been tried at the higher doses that might be
required to produce a reduction in weight because of
its potential for hepatic toxicity. In 1992 de Zwaan and
Mitchell concluded in a review of naloxone and
naltrexone (191) that “studies do not justify the routine
use of naloxone and naltrexone in patients with
Prader-Willi syndrome, obesity, bulimia nervosa, or
anorexia nervosa because of their unprofitable
risk/benefit ratios, although further work, particularly
focused on some of the newer antagonists, should be
undertaken.” Limited duration of action, limited
efficacy, and toxicity at higher doses (192) were the
downfall of opioid receptor antagonists as single anti-
obesity agents.

Ecopipam and Dopamine D1/D5 Receptor
Modulators for Weight Loss

Dopamine in the dorsal striatum of the brain is involved
with the behavioral restraint of eating and the
emotional components regulating eating behavior in
human beings (193). This suggests that blockade of
dopamine receptors might be a strategy for
management patients with obesity. At least five
dopamine receptors have been identified (194). The
D1 and D5 receptors are very similar to each other, as
are D2, D3, and D4 receptors. Agonists to the D1/D5
receptors reduce the duration of feeding primarily by
decreasing the frequency of eating. On the other hand,
D2 agonists reduce the rate of eating. A role for D1-
like receptors in modulation of food intake has been
established in animal models (195), suggesting that
such a drug might have clinical use.

Ecopipam is a selective dopamine D1/D5 antagonist
that was evaluated in four randomized, double-blind,
multicenter trials that compared ecopipam (n=1667) to
placebo (n=1118) in individuals with obesity, with or
without type 2 diabetes (196). In dose-ranging Phase
2 studies, subjects received 10, 30, or 100 mg daily for
12 weeks. In a 52-week Phase 3 study, individuals
received a single 50 mg or 100 mg daily dose of
ecopipam combined with a weight loss program.
Primary efficacy variables were the proportion of
subjects losing more than 5% of their weight from
baseline at 12 weeks (Phase 2) or the distribution of
percentage weight loss from baseline at 52 weeks
(Phase 3). After 12 weeks in the Phase 2 study, 26%
of subjects administered 100 mg/d of ecopipam lost
more than 5% of their weight vs. 6% of placebo-treated
subjects (P<0.01). In the Phase 3 studies, ecopipam
100 mg produced a 3.1% to 4.3% greater weight loss
than placebo at 52 weeks. More subjects administered
ecopipam vs. placebo achieved a 5% to 10% or >10%
weight loss in two phase 3 studies in the patients
without diabetes.

These clinical trials were stopped prematurely
because of unexpected psychiatric adverse events
which occurred in 31% of those receiving ecopipam
compared to 15% in those receiving placebo. These
events included depression, anxiety, and suicidal
ideation. Although ecopipam was effective for
achieving and maintaining modest weight loss in
subjects with obesity, the adverse effects on mood
terminated its development as a drug for the
management of weight loss (196). As is apparent in
several non-selective centrally-acting medications, off
target effects in the brain (in this case depression and
suicidal ideation) can derail development or
proceeding to approval.

Dopamine D2 Agonists as Single Weight Loss
Agents
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Prolactinomas are tumors of the pituitary gland that
produce prolactin, and they are associated with weight
gain. These tumors can be treated medically with
dopamine D2 agonists such as cabergoline or
bromocriptine. Bromocriptine, a specific D2 agonist,
has been reported to decrease body weight in patients
with obesity (197), but in a systematic analysis of this
drug and cabergoline in the treatment of
prolactinomas, there was no significant effect on body
weight, although there was a significant reduction in
hemoglobin A1c in patients with diabetes (198). A
form of this drug (bromocriptine) is available for the
treatment of diabetes (199), but it does not affect body
weight.

Cannabinoid Receptor Antagonists

The rimonabant story is one of a “near-miss” with
promising beginnings but a sad, and possibly
inappropriate, ending. Tetrahydrocannabinol is the
active ingredient of Marihuana-Cannabis and was
shown to stimulate food intake in 1984. There are two
endogenous cannabinoid receptors CB-1 (470 amino
acids in length) and CB-2 (360 amino acids in length)
that were identified six years later. The CB-1 receptor
has almost all the amino acids that comprise the CB-2
receptor with additional amino acids at both ends. CB-
1 receptors are distributed throughout the brain in the
areas related to feeding. They are also found on fat
cells and in the gastrointestinal track. The CB-2
receptors are primarily on immune cells. There are two
well-characterized endogenous endocannabinoids
called anandamide and 2-arachidonyl glycerol. When
injected into the brain, these endocannabinoids
increase food intake. The rewarding properties of
cannabinoid agonists are mediated through the
mesolimbic dopaminergic system (200-203).

Rimonabant was the first specific antagonist of the
CB-1 receptor. It inhibits intake of sweet foods by
marmosets and reduces intake of high-fat foods in
rats. Whereas intake of standard rat chow is not

affected by rimonabant. In addition to inhibiting the
intake of highly palatable foods, pair-feeding
experiments in diet-induced obese rats showed that
the rimonabant-treated animals lost 21% of their body
weight compared with 14% in the pair-fed controls
(202-205).

With this background and the safety of the drug, a
clinical program testing rimonabant as a potential
weight loss drug was initiated and four phase 3 trials
of rimonabant for the treatment of patients with obesity
have been published. The first trial, called Rimonabant
in Obesity (RIO)-Europe (206), was intended to be
conducted only in Europe, but slow recruitment led to
inclusion of 276 subjects from the United States. In this
2-year trial, a total of 1507 patients with a BMI > 30
kg/m? without comorbidities or a BMI >27 kg/m? with
hypertension or dyslipidemia were stratified on
whether they lost more or less than 2 kg during a run-
in period. They were then randomized in a ratio of
1:2:2 to receive placebo, 5 mg/day or 20 mg/day of
rimonabant. A diet with 600 kcal/day below energy
requirements was prescribed. There was a 4-week
run-in period followed by 52 weeks of drug treatment.
Of those who started, 61% (920) completed the 1st
year. From baseline at the end of the run-in period,
those in the placebo group who completed the trial lost
2.3 kg, those on the low-dose of rimonabant lost 3.6
kg, and those receiving the high-dose group lost 8.6
kg. After this and other extensive trials, Rimonabant
was approved in Europe, but was not approved by the
FDA because of concerns about suicidality. As this
concern grew, marketing of rimonabant was
suspended in Europe on Oct 23, 2008 just over 2
years after its approval because of these psychiatric
problems.

Against the problem of depression and suicidal
ideation, were benefits on blood pressure, lipid profile,
and the cardiovascular risk profile. At the time of its
removal from the market, several trials were on-going.
In the SERENADE Trial (207), rimonabant significantly
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improved control and body weight in patients with
diabetes. In the ARPEGGIO trial, also in patients with
diabetes, rimonabant proved to be beneficial for
control of diabetes and for the loss of weight (208).
Progression of arterial thickening over 30 months was
not slowed by rimonabant, compared to placebo (209).
This and several other studies suggest that a 5% loss
of body weight over a 30-month period with
rimonabant is not sufficient to modify the progression
of atherosclerosis in the carotid artery in obese
patients with metabolic syndrome. In another
cardiovascular outcome trial 18 months of treatment
failed to show an effect for rimonabant on disease
progression with the primary end point of percent
atheroma volume (PAV) but, tantalizingly, there was a
favorable effect on the secondary end point of total
atheroma volume (TAV) (210). Ultimately, the
CRESCENDO trial to examine cardiovascular
outcomes in a total 18,695 patients randomized to
rimonabant or placebo was stopped prematurely due
to concerns about increased suicide rates in
individuals receiving rimonabant (211). This led to
termination of all the rimonabant studies along with
studies of other cannabinoid antagonists. Whether the
benefits would have outweighed the risks is something
we will never know.

In a recurring theme for centrally acting agents,
specificity for both receptor type and brain location are
important in avoiding off-target behavioral effects that
can doom an anti-obesity medication.

The two cannabinoid receptors are also widely
distributed and include the liver and fat cells, which
raises the possibility that drugs acting only on the
peripheral CB-1 receptors might be effective
treatments for obesity. Experimental data in animals
shows that this is indeed possible, and we will have to
await further developments in this area (212).

Yohimbine

Yohimbine is an alpa-2 adrenergic antagonist that
modulates lipolytic response to epinephrine. It is
an indole alkaloid derived from the bark of
the Pausinystalia johimbe tree in Africa as well as from
an unrelated tree in South America (Aspidosperma
quebracho-blanco). Yohimbine is a plant extract sold
as a dietary supplement that has had a number of
claims for beneficial responses, including as an
aphrodisiac, weight control, and erectile dysfunction,
but data supporting any of these claims is scant or
absent (213).

Drugs That Increase Energy Expenditure

As unwanted weight gain leading to overweight and
obesity results from a prolonged positive imbalance
between energy intake and energy expenditure, it
would be ideal for an anti-obesity medicine (or
combination of medicines) to impact both. Energy
expenditure can be partitioned into several
components (214). The first is basal or resting energy
expenditure, which is the energy needed to maintain
body temperature, brain activity, cellular gradients for
sodium and potassium, cardiac function, respiration,
and other “basal” functions. This so-called “basal” or
“resting” energy expenditure accounts for about 2/3 of
total daily energy expenditure in most people and can
be modified with exposure to cold or heat. The second
component is the energy needed to move the body
(activity), which is also the most variable component
since it depends on the amount and intensity of the
activity performed. Some very active people can
increase total energy expenditure by 50% or more
above basal levels, whereas in others with low levels
of physical activity, this will account for less than 25%
of daily energy use. The final component of energy
expenditure is that involved with the ingestion,
digestion, and absorption of food. This is the so-called
“thermic effect of food,” or in earlier times, “specific
dynamic action.”
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The regulatory model of body weight would point to
development of anti-obesity drugs that increase
energy expenditure through promotion of negative
energy balance. Thyroid hormone is the prototypical
thermogenic agent and has already been discussed in
detail. Other drugs in several categories are
considered below based on their mechanisms of
action (215). The first are agents that are
sympathomimetic amines with ephedrine at the top of
the list. Next are the drugs acting on the adrenergic
receptors that affect thermogenesis. The third group
are the catechins, which occur naturally in tea. Finally,
we discuss capsaicin that produces the feelings of
“heat” on the tongue when eating hot peppers.

EPHEDRA AND EPHEDRINE

The story of ephedra and ephedrine, one of its active
components, is mixed with good science, commercial
exploitation, and governmental inadequacies. There
were several key players in this story. The first is Arne
Astrup, MD a professor of Medicine in Copenhagen
who was a key figure in demonstrating the efficacy of
using the combination of ephedrine and caffeine in the
management of obesity. The second are two US
Senators, Senator Orin Hatch representing the State
of Utah and Senator Tom Harkin representing the
State of lowa. Finally, there is Michael Ellis, CEO of
Metabolife, the largest purveyor of ephedra
compounds and who is also representative of the
entrepreneurs who marked their products directly to
the consumer.

Ephedrine with and without caffeine

Ephedrine has been used to treat asthma for more
than 75 years. As a sympathomimetic amine, it also
stimulates thermogenesis in animals and human
beings (216). In 1971 Dr. Eriksen, a Danish general
practitioner in the town of Elsinore, Denmark noted
that his asthmatic patients receiving ephedrine,
caffeine, and phenobarbital often lost weight. Word of

his “discovery” spread and by 1977 over 70,000
people were taking this compound called,
appropriately, the ‘Elsinore Pill’ (217). One side effect
of the Elsinore Pill was skin rashes, which were
thought to be related to the phenobarbital. To
understand the Elsinore pill better, Malchow-Moller et
al. conducted a trial comparing ephedrine and caffeine
without phenobarbital against diethylpropion, a known
anorectic drug (217). Over the 12 weeks of treatment
both active medications produced a similar weight loss
of just over 8 kg, which was much more than placebo.

Following-up on this lead, Astrup and his colleagues
explored ephedrine alone and in combination with
caffeine as a potential treatment for obesity (218). The
duration of the thermogenic effect of ephedrine is
amplified by theophylline or caffeine, which slows the
degradation of cyclic-cAMP. Caffeine and other
xanthines appear to prevent the body from becoming
resistant to the effects of ephedrine by inhibiting
phosphodiesterase and the adenosine receptor (219).
The response to ephedrine was dose-related and
persisted during chronic treatment. The mechanism by
which ephedrine affects body weight is, in part, due to
its effect upon thermogenesis, but it also clearly
reduces food intake.

Several clinical trials with ephedrine and ephedrine
plus caffeine have been reported (220). In a 6-month
trial, Astrup et al. compared placebo, caffeine 600
mg/day, ephedrine 60 mg/day, and the combination of
caffeine 600 mg/day with ephedrine 60 mg/day in 180
subjects with obesity (221). Withdrawals were equal in
all groups with 141 subjects completing the trial.
Weight loss was significantly greater in the group
receiving the combination of caffeine and ephedrine
(16.6 kg vs. 13.2 kg, P = 0.0015). Weight loss in the
caffeine-only group and the ephedrine-only group was
not different from that in the placebo group. Side
effects of tremor, insomnia, and dizziness were
transient and by eight weeks were no different than the
placebo group. Blood pressure fell equally in all four
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groups. After six months the medication was stopped
for two weeks to assess withdrawal symptoms. One
hundred twenty-seven subjects then entered a 6-
month open-label study of caffeine 600 mg/day with
ephedrine 60 mg/day (221). The 99 subjects who
completed the study lost an additional 1.1 kg, and no
clinically significant withdrawal symptoms were
observed.

The combination of caffeine and ephedrine, like the
combination of phentermine and fenfluramine
produced 16% weight loss during the initial six months
that was maintained over the ensuing six months. In a
15-wk trial, patients with obesity lost significantly more
weight when receiving ephedrine 20 mg and caffeine
200 mg daily compared to patients receiving
dexfenfluramine 30 mg a day (222). Based on these
and other data, the Danish Health Authority approved
the use of ephedrine and caffeine as a combination
drug for the management of obesity. After problems
with ephedra, the plant-based source of ephedrine
surfaced in this United States in the 1990s, marketing
authority was withdrawn in Denmark.

Ephedra: An Herbal Medication

Ephedra has its historical roots going back several
thousand years in Chinese medicine. Ephedrine is
one of the principal alkaloids in the ephedra plant and
was originally isolated by Nagai in 1885 and then
rediscovered by Chen and Schmidt in the 1920s (223,
224). During the middle of the 20" century, ephedrine
was a major drug used to treat asthma, only falling out
of favor when newer and better drugs, such as
amphetamine, were developed.

Ephedra sinica, also known by its Chinese name Ma
huang, has been used medicinally to treat asthma, hay
fever, and common colds. It is a source of six principal
components, including ephedrine and
pseudoephedrine, which are sympathomimetic
amines that provide the stimulant and decongestant

properties of this plant. Dietary supplements
containing ephedra alkaloids were widely marketed
over the counter for treatment of obesity in the 1990s.
This direct marketing to the public without having to go
through the Food and Drug Administration to prove
their safety and efficacy was made possible when the
US Congress passed the Dietary Supplements and
Health Education Act in 1994 (DSHEA) (225). This law
effectively put dietary supplements out of the reach of
regulation by the US Food and Drug Administration.
The work described above on ephedrine by Astrup
and his colleagues in the 1980s and 1990s provided
the rationale for the mass marketing of ephedra to the
public in the United States since there were no
regulatory barriers in the way. Under the DSHEA act,
products could be marketed if a health claim was not
raised in the marketing materials. However, weight
loss was an obvious market for these products.
Metabolife became one of the leading distributors of
ephedra products and amassed sales that surpassed
a billion dollars a year. Although they were not
regulated by the FDA, they needed to protect
themselves from US Federal Trade Commission,
which could go after them for false advertising. Based
on the work of Astrup et al (221), Metabolife
commissioned a study of their product compared to
placebo, hopeful that the outcome would support their
claims. Indeed, a scientific paper by Boozer C, et. al.
did just that (226).

However, complaints that ephedra alkaloids, such as
those marketed by Metabolife, were unsafe began to
reach the US Food and Drug Administration, including
serious side effects and deaths. Unknown to the FDA
at the time, Metabolife had received over 14,000
complaints of adverse events associated with its
product that were not initially made public. In response
to accumulating evidence of adverse effects and
deaths related to ephedra, in 1997 the US Food and
Drug Administration (FDA) reviewed the data and then
finally banned the sale of supplements containing
ephedra in 2004. This ban was challenged in court by
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the manufacturers of ephedra products, but it was
ultimately upheld by the US Court of Appeals of the
Tenth Circuit in 2006. Documentation of adverse
events that could be attributed to unregulated ephedra
supplements published in a report in JAMA (227).
These effects include severe skin reactions, irritability,
nervousness, dizziness, trembling, insomnia,
headache, dehydration, profuse perspiration, itchy
scalp and skin, vomiting, and hyperthermia.
Cardiovascular effects including irregular heartbeat,
heart attack, stroke and death were the most serious.

Michael Ellis, co-founder of Metabolife, was sentenced
to six months in federal prison in 2008 for his failure to
report adverse effects from his company's products to
the US FDA. In the midst of this, the Dietary
Supplement Industry created a public relations group
called the Ephedra Education Council, to oppose the
changes to the marketing of products containing
ephedra, and commissioned a scientific review by a
private consulting firm, which, as might be expected,
reported that ephedra was safe. The Ephedra
Education Council also attempted to block publication
of a study confirming wide discrepancies between the
labeled potency of supplements and the actual
amount of ephedra in the product. Both Senators Orrin
Hatch (R. Utah) and Tom Harkin (D. lowa), authors of
the Dietary Supplements Health and Education Act,
questioned the scientific basis for the US FDA's
proposed labeling changes and suggested that the
number of problems reported were insufficient to
warrant regulatory action. At the time, Senator Hatch's
son was working for a firm hired to lobby Congress and
the US FDA on behalf of ephedra manufacturers—a
potential conflict of interest.

BETA-AGONISTS

Broadly, adipose tissue is divided into “white” fat,
“‘beige” fat and “brown” fat. Beige and brown
adipocytes are progressively enriched with iron-
containing mitochondria, resulting in progressively

darker brownish hues. Animal studies reported that
heat production by brown fat in mammals could be
increased by diet. The thermogenic response to a
meal was mediated, in part, by release of
norepinephrine from the rich supply of sympathetic
nerves that supply brown adipose tissue and could
thus be blocked by severing the sympathetic nerves to
this tissue. The adrenergic receptor mediating this
response was different from the previously defined
beta-1 and beta-2 adrenergic receptors and was
subsequently named the beta-3 receptor (228).
Activation of the beta-3 receptor increased the activity
of a mitochondrial uncoupling protein, allowing for free
passage of proteins across the inner membrane,
thereby short-circuiting the production of high energy
phosphate bonds in ATP during metabolism and
“‘wasting” the energy instead as heat. Stock and
Rothwell (229) showed that brown adipose tissue
plays a key role in dissipating additional calories rather
than storing them as fat. In the animal that has
overeaten a highly palatable diet, there is a
thermogenic response to norepinephrine that is
blocked by propranolol, a B-adrenergic blocking drug,
confirming the importance of B-adrenergic receptors in
this response.

Cloning of the beta-3 adrenergic receptor by Strosberg
(230) opened up the way to develop drugs that could
increase energy expenditure (231, 232). The first
generation of beta-3 agonists were developed against
the rodent receptor and highlight the problems
associated with cross-species differences. A few of
these compounds were tested in human beings, and
the data are summarized in Table 4. Four drugs
demonstrated an increase in energy expenditure and
an increase in heart rate (BRL 26830A; BRL35135;
Ro16-8714; Ro40-2148). The only first generation
atypical B-adrenergic agonist to have a long-term
clinical trial is BRL 26830A (R*,R*)-(6)-methyl-4-[2-[(2-
hydroxy-2-phenylethyl)amino]propyl]-benzoate, (E)-2-
butenedioate (2:1) (220, 233). This compound
stimulates oxygen consumption even in the leptin
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deficient genetically obese (ob/ob) mouse and causes
weight loss and a decrease in body fat, while at the
same time conserving or increasing lean body mass
(231). In human studies, it increases oxygen
consumption for up to six weeks (234).

In an 18-wk double-blind randomized trial in 40
patients with obesity prescribed

an 800-kcal, low-fat, high-fiber diet, Connacher et al
(235) reported that the treated group lost a mean + SD
of 15.4 £ 6.6 kg over 18 weeks compared with 10.0 £
5.9 kg in the placebo group (P=0.02). The metabolic
rate decreased less in the experimental group (5.35 to
5.11 kd/min) than in the placebo-treated group (5.22 to
4,98 kJ/min) (P = 0.08). An increase in tremor,
probably due to activation of B-2-adrenergic receptors,
was the principal drawback (236). There were no
effects on hunger or satiety (237).

A second drug from Beecham Research Laboratories
(BRL-35135) was structurally similar to the previous
drug (BRL 26830A) and also produced an increase in
RMR and an improvement in glucose tolerance. The
mild tremor noted with the previous drug was also
seen with this compound (238). Another compound
from the Imperial Chemical Industries (ICI-D7114)
developed against the rodent receptor was nearly
devoid of thermogenic activity (239). A pair of
compounds developed by Hoffmann LaRoche (Nutley,
NJ) (Ro 16-8714 and Ro 40-2148) were thermogenic
in lean and obese subjects (240) but caused
significant increases in heart rate. The final compound
from the rodent receptor assays (CL-316, -243, or
BTA-243) was not thermogenic but in a short-term
clinical trial improved glucose disposal (241).

The question then became would the thermogenic
responses be sufficient to produce weight loss without
untoward side effects. Several compounds have
reached clinical evaluation, but the therapeutic
response with the most specific drugs developed
against the human beta-3 receptor have been

disappointing too (242, 243). TAK-677 is a novel beta-
3 agonist that was tested over four weeks in 65 healthy
younger men and women with obesity and a BMI of
33.9 £ 2.1 (mean £ SD). Subjects were randomized to
3 groups and after 28 days of treatment with placebo,
0.2 mg or 1 mg in two divided doses daily, the 24-hour
energy expenditure in a whole room calorimeter fell by
39 kcal/d in the placebo group and rose by 13 kcal/d
with the higher dose of TAK-677. Heart rate
increased significantly by 8 beats/min in the higher
dose group. This drug was not developed further
because of the concerns for potential CV toxicity
(242). The recent identification of brown adipose
tissue by positron emission tomography in human
beings may reawaken interest in the idea of enhancing
thermogenesis.

Studies on the beta-3
demonstrate several things:

First, drugs developed based on biology of other
species may not work in humans.

Second, predicting the in vivo effects of agonist drugs
from in vitro data can be hazardous.

And third, the action on other (off target) receptors, the
heart in this case, may vitiate the targeted biology, in
this case energy expenditure (244).

adrenergic  receptor

Despite these disappointing results, thermogenic
drugs for the treatment of obesity are still under
investigation, including peroxisome proliferator-
activated receptor (PPAR)-a and -y agonists and
retinoids. Although much of this research is still in the
early stages, the [B-3 adrenergic receptor agonist
(ARA) mirabegron, approved for the treatment of
overactive bladder, has been studied in humans.
Preclinical results suggest that -3 ARAs could also
improve obesity-associated metabolic diseases by
increasing thermogenesis in BAT, lipolysis in white
adipose tissue, or insulin sensitivity. A small study of
14 women receiving 100 mg/d of mirabegron XR for 4
weeks demonstrated increased activity in BAT as well
as improved insulin sensitivity (245).

www.EndoText.org 39



&/ Endotext

Table 4. Clinical Studies with B-3 Adrenergic Agonists

Author Year | Subjects | Length | Diet Energy Heart Rate Weight Loss Comments
(Ref No) Expend
Placebo | Drug | Placebo | Drug
Beecham Research Laboratories (BRL) 26836A
Zed 1985 | Obese 6 wk Restricte -- -- -6.56 kg | -9.34 | Abstract; RCT;
(246) (14F/2M) d -7.3% kg Initial weight
- 92.7 kg drug
10.1% | grp; 89.8 kg
placebo grp.
Abraham | 1987 | Obese 6 wk Restricte -- -- -232 g/d | -291 Abstract;
(247) d g/d Protein loss
17.1 g/d
placebo; 8.9
g/d for BRL
Smith 1987 | Lean 1d Ad-lib +0.3 kg -0.2 RCT; fasting
(248) (12M) kg insulin
decreased
Chapma | 1988 | Obese 6 wk 1000 No No RCT; 50 mg/d;
n (249) (43F#) kcal/d Change Chang Tremor noted
e
Connach | 1988 | Obese 18 wk 800 REE up No No 10.0 kg 15.4 RCT; 200
er (235) (32F/8M) kcal/d 11.6% Change Chang kg mg/d 2 week
e then 400 mg/d
for 16 wks.
Connach | 1990 | 18 (Sex Single Ad-lib Tremor
er (236) Not given) | dose increased
Connach | 1992 | Obese 3 wk Ad-lib No AVO:2 | No No 100 mg tid
er (233) (12F) or RQ Change Chang improved
e insulin
sensitivity and
down-
regulated
adrenergic
receptors.
Beecham Research Laboratories (BRL) 35135
Mitchell 1989 | Obese 10d Wt No No AUC for
(238) (6F/4M) Maintaini Change Chang | glucose and
ng e insulin
reduced
Glucose
Thermogenesi
s unchanged
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Smith 1990 | T2D Mild Tremor
(250)
Cawthorn | 1992 | Lean M Single Up 16% Thermogenic
e (234) vs 4% response to
placebo glucose
Obese 10d Wt increased
(6F/4M) Maintaini from 10.1% to
ng 16.0% by BRL
Imperial Chemical Industries (ICl) D7114
Toubro 1993 | Lean 14d No Abstract- No
(251) Change effect on
glucose
disposal
Goldberg | 1995 | Lean 14d No No RCT Parallel
(239) (16M) Change Chang | arm
in SEE e
Hoffmann-LaRoche Ro 16-8714 (Ro 40-2148)
Henny 1987 | Lean M Acute REE Up Up by 3 doses; REE,
(240) with dose 2% HR and SBP
8% & increased with
49% dose
Henny 1988 | Lean 6M Acute REE up HR, Single dose
(252) Obese 6 in both SBP & comparison L
groups FFA vs Ob. Both
Up up’d REE, HR,
SBP & FFA
Jequier 1992 Compared
(228) acute Epi,
Dopamine and
Ro16-8714.
Haesler 1994 | Obese 14d REE Not Ro-2148.
(253) 12F increase Parallel
d Group; 400
mg bid.
Glucose
thermogenesis
up.
Lederle Laboratories CL 316,243 (BIA-243)
Wheeldo | 1994 | Lean (8M) | Acute Salbutamol &
n (254) CL35135 with
nadolol and
Bispropol; Sal
& CL has
chronotropic
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and inotropic
effects

Weyer
(241)

1998

Lean
(14M)

56d

Ad-lib

24h EE
not
changed

No
Change

No
Chang

Parallel arm; 4
placebo, 10
CL; Insulin
action
increased

Lederle Laboratories L-796568

Van
Baak
(243)

2002

OW-OB
(12M)

Acute

Ad-Lib

Increase
d 8%
high
dose

No
Change

No
Chang

2 Center
cross-over
study;
placebo, 250
& 1000 mg
doses; SBP,
glycerol & FFA
increased; No
change Temp,
leptin, NE,
DBP

Larsen
(255)

2002

OW-OB
(20M)

28d

Ad-lib

24h EE
not
changed

No
Change

No
Chang

Parallel arm, 2
center RCT;
RQ
unchanged;
GTT not
changed; TG
decreased

Takeda (TAK) 647

Redman
(242)

2007

Obese

28d

Isocaloric

RCT; placebo
& 2 doses

F=Female; M=Male; #= Post-menopausal; REE = Resting energy expenditure; RQ=respiratory quotient;

tid=three times a day; bid=twice daily; RCT=randomized control trial; wk=week; d=day; A=change

CAPSINOIDS

Capsinoids are non-pungent compounds with
molecular structures similar to capsaicin, which comes
from red papers and gives them that “hot” taste. For
this reason, capsinoids were thought to have
thermogenic properties that could be harnessed in the
management of obesity. This concept was tested in a
clinical trial including 13 healthy subjects who received
four doses of the capsinoids (1, 3, 6 and 12 mg) and
placebo using a crossover, randomized, double-blind
design. To test the thermogenic effect, resting

metabolic rate was measured by indirect calorimetry
for 45 min before and 120 min after ingesting each of
the capsinoids or placebo. There were no significant
effects of any dose on energy expenditure compared
to placebo, and there was no effect on blood pressure
or axillary temperature (256). Further development of
these compounds was halted due to clinical
ineffectiveness.

Peptides, Metabolic Inhibitors & Gastrointestinal
Drugs (1994-)
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The possibility that peptides might provide the basis
for developing drugs to control food intake began well
before 1994, but | have selected 1994 as the
beginning of this period because it was the year that
leptin was discovered—a discovery that made obesity
a scientifically respectable field (6). Leptin became
foundational for our current understanding of the
physiological regulation of body weight and helped to
unravel the genetic and molecular basis for the
neurocircuitry implicated in the pathophysiologic
changes that lead to unwanted weight gain and
obesity. Following the discovery of leptin and
advancement of the weight regulation model, obesity
wasn’t “your fault” anymore. In this section we will
discuss  several peptide  drugs, including
cholecystokinin, human growth hormone, inhibitors of
insulin release, human chorionic gonadotrophin,
leptin, and ciliary neurotrophic factor.

CHOLECYSTOKININ

Cholecystokinin (CCK), also called pancreozymin, is a
gastrointestinal peptide produced in and secreted from
enteroendocrine “I” cells in the duodenum. CCK, along
with gastrin, which is secreted from the “G” cells in the
stomach, share five C-terminal amino acids. The
cholecystokinin group of peptides are produced as a
150-amino  acid  precursor called pre-pro-
cholecystokinin with several forms identified by the
number of amino acids they contain, e.g., CCK58,
CCK33, CCK22 and CCK8 with 58, 33, 22 or 8 amino
acids respectively. Most CCK peptides have a sulfate
group attached to a tyrosine located seven residues
from the C-terminal end of the molecule. This
modification is crucial for the ability of CCK to activate
the cholecystokinin-1 receptor as the non-sulfated
CCK peptides are inactive. When injected
parenterally, CCK-8 produces a dose-related
reduction in food intake in lean experimental animals
and human beings with obesity (257-259). There are
two CCK receptors: CCK1 (CCKA) and CCK2
(CCKB). The former is located primarily in the

gastrointestinal track and the latter in the brain.
Peptide analogs of CCK provide one avenue for
developing drugs that could reduce food intake (260,
261). Another approach to manipulating CCK is with
benzodiazepines that act as CCK agonists (262). A
third approach is to use antagonists to proteolytic
degradation of CCK and CCK-releasing factors in the
Gl track.

CCK releases digestive enzymes from the pancreas
and stimulates the release of bile from the gall bladder.
Fatty acids and certain amino acids are the major
stimulators of CCK release. CCK suppresses hunger
by decreasing the rate of gastric emptying. It also
stimulates the vagus nerve, an effect which is blocked
by capsaicin. Vagotomy prevents the reduction in food
intake produced by the peripheral injection of CCK,
suggesting that afferent messages generated in the
gastroduodenal/hepatic circuit are relayed to the brain
by the vagus nerve (220). These vagal messages
initiated by CCK activate several neuronal complexes
in the brain including the nucleus of the tractus
solitarius (NTS), the lateral parabrachial nucleus, and
the central nucleus of the amygdala, as assessed by
expression of the early gene product c-fos (263). The
production of early satiety by CCK does not require an
intact medial hypothalamus because it occurs in
human beings with hypothalamic injury and obesity
(264). In human studies CCK reduces food intake by
6—63% (average 27%) in lean subjects and 13-33%
(average 21%) in individuals with obesity, with a small
number of studies reporting Gl side effects (220).
However, animal studies suggest that suppressed
food intake returns to baseline quickly (a true form of
tolerance) and any initial weight loss is not sustained.
Currently, no drugs appear to be in development using
this pathway, suggesting limited effectiveness or
potential side effects.

HUMAN GROWTH HORMONE
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Individuals who are obese secrete less human growth
hormone (hGH) (265). This is important in relation to
unwanted weight gain because this hormone
enhances lipolysis (266), increases metabolic rate
(267), and leads to changes in fat patterning in
children with hypopituitarism treated with growth
hormone (268). Early studies with hGH showed that it
would lead to reduced protein loss in people with
obesity (269). In adults with growth hormone
deficiency, treatment with hGH reduces body fat (270),
whereas effective treatment of patients with
acromegaly who secrete excessive amounts of growth
hormone reduces circulating growth hormone levels
and is associated with an increase in body fat (271).

Most trials of human growth hormone in patients with
obesity have been short term, lasting from 21 days to
five weeks (272), but a few have lasted up to 39 weeks
(273). Most of the subjects were women. Metabolic
rate was increased in those patients when measured,
and respiratory exchange rate was reduced, indicating
that more fat was being burned (oxidized). Insulin-like
growth factor |, the liver-derived hormone released by
hGH, increased FFA levels, and the rate of fat loss
relative to protein loss (272). However, a number of
side effects were also noted (273) that reduce the
enthusiasm for long-term treatment with hGH. In a
long-term, randomized placebo-controlled trial lasting
nine months, 15 men were treated with hGH daily and
15 with placebo injection (274). In these men, GH
enhanced fat loss with a larger percentage of this loss
coming from visceral fat than from the subcutaneous
fat. In a review in 2008, Rixhon et al noted that
treatment with growth hormone affects fat distribution,
may or may not improve metabolic profile, but does
not lead to much actual weight loss (275).

Human growth hormone is thus important for growth
and maintaining a healthy body composition
(increased lean mass, less visceral fat), but its value
is obesity is limited by the fact that it does not produce
weight loss.

MANIPULATION OF INSULIN SECRETION BY
DIAZOXIDE OR OCTREOTIDE

Treatment with peripheral insulin in patients with type
1 diabetes with the goal of near normalization of
glucose control is well known to produce weight gain
(276). One hypothesis for the development of obesity
is that dietary carbohydrate (glucose) stimulates
insulin release, which in turn promotes obesity (277),
although this hypothesis is thought by many to be
overly simplistic (278). Even though insulin has been
clearly established to be an important mediator of
normal weight regulation through its central actions
and that insulin resistance or deficiency leads to
hyperphagia and weight gain (279, 280), a few studies
with experimental animals and in small numbers of
patients with obesity following hypothalamic injury
have implicated hyperinsulinemia as a potential driver
of weight gain, and that lowering insulin can reduce
food intake and body fat (281, 282). There are at least
two ways of reducing insulin  secretion
pharmacologically: the administration of diazoxide or
the use of octreotide. Diazoxide lowers insulin
secretion from the pancreatic beta cell and increases
glucose release from the liver. Octreotide is an
octapeptide that mimics the naturally occurring
somatostatin, also called growth hormone inhibiting
hormone. Its effects are mediated by SSTR2 and
SSTRS5 receptors, which inhibit the release of several
hormones, including growth hormone, insulin and
glucagon, and thus is non-specific in its effect.

The hypothesis that inhibiting insulin release could
treat obesity was tested by Lustig et al. who treated
patients with hypothalamic obesity using octreotide. In
a randomized clinical trial of 18 patients, Lustig and
colleagues demonstrated that octreotide could indeed
suppress insulin levels, and at the same time resulted
in stabilized body weight and BMI in this difficult to
manage population with obesity (283). In a follow-up
study, Lustig et al treated 172 (28M/144F) patients
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with evidence of insulin hypersecretion for six months
with one of three doses of octreotide or placebo (284).
The higher doses produced small but statistically
significant weight loss, which appeared to be greater
in those with higher insulin levels. The data were
mixed, but those with the greatest decrease in insulin
did show the largest reductions in weight (283, 284).
A third study tested octreotide in 20 women with
polycystic ovary syndrome who received a low-calorie
diet for one month followed by 6 months of diet and
either octreotide or placebo. There was no difference
in weight loss, but there were improvements in
hyperandrogenism and the insulin-IGF-I system (285).
Because of its non-specific inhibition of hormonal
secretion, poor efficacy in weight loss, and intolerable
side effects in many patients (nausea, vomiting, and
induction of type 2 diabetes due to inhibition of insulin
secretion), octreotide has not been pursued further as
a clinical therapy for weight management and cannot
truly be considered a test of the “insulin as obesogenic
hormone” hypothesis.

On the other hand, diazoxide has more specificity as
an inhibitor of insulin secretion and has also been
tested in patients with obesity. In a meta-analysis of
seven studies, four with diazoxide and three with
octreotide, Huang et al reported that suppression of
insulin secretion in patients with obesity led to reduced
body weight and fat mass and unchanged lean mass
at the cost of slightly increased blood glucose (286).
While this concept merits further development, like
many complex physiological systems, insulin has
several recognized roles in governing fat mass. In
addition to its capacity to enhance peripheral fat
storage, preclinical models have demonstrated that
insulin acts as both a satiety factor and feed-back
hormonal signal reflecting adipose tissue stores that
inhibits appetite and enhances energy expenditure
(279, 280). These functions of insulin, which have
strong support in animal studies, plus the increased
risk for causing type 2 diabetes when insulin secretion

is pharmacologically suppressed, has dampened
enthusiasm for this line of investigation.

HUMAN CHORIONIC GONADOTROPIN: 1954-
2011

The story of the use of human Chorionic Gonadotropin
(HCG) in the treatment of obesity involves several
groups of actors. The first was Dr. Simeons who
described the HCG protocols in 1954 and 1956. The
second were the clinics that have used this hormone
as a treatment for obesity. The third were the
investigators who conducted clinical trials to test the
effectiveness of HCG treatment plan. And the final
actors were the US Government and its regulatory
apparatus.

Human chorionic gonadotropin (HCG) is a peptide that
comes from the placenta after implantation of a fetus.
Its role is to maintain hormonal activity during part of
pregnancy. Concentrations of HCG in the blood and
urine provide the basis for pregnancy tests. The
biological function of HCG and its chemical
composition is similar to that of luteinizing hormone
produced in the pituitary. HCG maintains hormonal
secretion from the corpus luteum during pregnancy.
Some early experimental studies with HCG suggested
it may have metabolic effects on adipose tissue, but
these remain to be confirmed (287, 288).

The clinical use of human chorionic gonadotropin
(HCG) in the treatment of obesity can be dated to a
paper published in the prestigious medical journal The
Lancet in 1954. A British Endocrinologist, A.T.
Simeon’s (289, 290) described studies in India on
pregnant women and on “fat boys” with pituitary
problems (Fréhlich’s Syndrome) who were eating a
calorie-deficient diet. He noted that when treated with
HCG, both groups lost weight and had a reduction in
appetite. His clinical method subsequently appeared
in a small booklet called Pounds and Inches that
outlined his program in detail (291). This program
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involved a 500 total kcal per day diet along with daily
injections of human chorionic gonadotrophin (hCG)
lasting between 20 and 40 days.

There is little doubt that adhering to a 500 kcal/d diet
will produce significant weight loss in a short period of
time. The question was, however, whether the
injections of HCG contributed pharmacologically to the
effect or whether they were simply a placebo. In an
early study, Carne compared 20 patients prescribed
the 500 kcal/d diet half of whom received injections of
saline and half HCG (292). They also compared a
second group eating the same diet with half receiving
shots of HCG and the other half receiving no injection.
The authors concluded that patients receiving
injections lost more weight than those not receiving
injections, but that injections of HCG were not better
than injections of saline. Other studies subsequently
published came to the same conclusion: treatment
with HCG was not significantly different from treatment
with placebo. A young physician, Frank Greenway,
MD working with me carried out one of these studies
(293). We randomly assigned patients to receive
“placebo injections” or injections of HCG. All patients
were instructed in a 500 kcal/d diet. As expected on
such a severe caloric restriction, all patients rapidly
lost weight, but there was no difference in weight loss
between those receiving HCG and those receiving
placebo injections in this study.

Based on this and other studies, the US FDA ordered
the following disclaimer in advertisements for HCG
clinics.

“These weight reduction treatments include the
injection of HCG, a drug which has not been approved
by the Food and Drug Administration as safe and
effective in the treatment of obesity or weight control.
There is no substantial evidence that HCG increases
weight loss beyond that resulting from caloric
restriction, that it causes a more attractive or "normal”
distribution of fat, or that it decreases the hunger and
discomfort associated with calorie-restrictive diets.”

Despite this negative clinical trial data, the popularity
of treatment with HCG was so great that it became the
basis for a group of clinics dispensing it along with the
500 kcal/d diet. Ten years after the FDA made its
pronouncement, there is still no evidence that HCG
increases weight loss. To investigate the use of this
treatment, a Los Angeles Times reporter, Robert
Steinbrook, wrote a story titled “Doctors Use of
Obesity Treatment Debunked by FDA” (294). For this
story, Steinbrook “randomly telephoned 40 medical
weight-loss programs that advertised in Los Angeles
yellow pages [and] found 19 that offered HCG shots,
including the Lindora Medical Clinic, one of Southern
California’s largest chains of weight-loss clinics.” In his
article he said: “At Lindora medical clinics, the patient
information booklet states that HCG works by
“mobilizing your abnormal fat into the blood stream as
nutrients. This permits you to accept a very low caloric
intake so that you can lose weight rapidly and feel well
and not be overly hungry.” Steinbrook went on to say:
“The FDA’s warning directly contradicts those
assertions.” In a telephone interview with Dr. Marshall
Stamper, Lindora’s founder and owner Stamper said
that “Most of the patients that come through the clinic
use [HCG].” However, as Steinbrook noted in his
story, “HCG shots have been condemned by the
American Medical Association, the California Medical
Association, and the Federal Trade Commission on
the basis of studies in the Journal of the American
Medical Association and elsewhere in the mid-1970s
that concluded the shots were no more effective than
salt-water placebo injections or diet alone.” In his
phone interview Dr. Stamper went on to say “They
[patients] prefer it [HCG] to other methods,” “adding
that he uses the shots himself on occasion for arthritis
of his fingers, another condition for which the FDA has
not approved HCG. We tell the patients point-blank
that it doesn’t cause weight loss, but that they will do
better on it. | feel the patients have definitely benefited.
| feel it goes beyond the placebo effect,” Stamper said.
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In 1995, a full ten years after Steinbrook’s story, HCG
was still in use. A meta-analysis of studies with HCG
published in 1995 (295) found that studies of HCG
were generally of poor quality and the authors of this
review concluded that "there is no scientific evidence
that HCG is effective in the treatment of obesity; it
does not bring about weight-loss or fat-redistribution,
nor does it reduce hunger or induce a feeling of well-
being.” (295)

Nonetheless, interest in the "HCG diet" continues into
the 21% century as told in the story by Kevin Mark
Trudeau published April 2007 and called The Weight
Loss Cure "They" Don't Want You to Know About. The
book describes a weight loss plan using HCG similar
to the one published by Simeons in 1954 using human
chorionic gonadotrophin (296).

Wikipedia describes Kevin Mark Trudeau as:

“....an American fraudster, author, salesman, and pool
enthusiast, known for promotion of his books and
resulting legal cases involving the Federal Trade
commission (FTC). His ubiquitous late-night
infomercials, which promoted unsubstantiated health,
diet, and financial advice, earned him a fortune but
eventually resulted in civil and criminal penalties for
fraud, larceny, and contempt of court. In the early
1990s, Trudeau was convicted of larceny and credit
card fraud. In 1998, he was accused of grossly
misrepresenting the contents of his book, The Weight-
Loss Cure “They” Don’t Want You to Know About. [The
book uses the Simeon’s approach]. In a 2004
settlement, Trudeau agreed to pay a $500,000 fine
and cease marketing of all products except his books,
which are protected under the First Amendment.
However, in 2011, he was fined $37.6 million for
violating the 2004 settlement, and ordered to post a $2
million bond before engaging in any future infomercial
advertising. In 2013, facing further prosecution for
violations of the 2011 agreement and non-payment of
the $37-million judgment, Trudeau filed for bankruptcy
protection. His claims of insolvency were challenged

by FTC lawyers, who maintained that he was hiding
money in shell companies, and cited examples of
continued lavish spending, such as $359 for a haircut.
In November 2013, Trudeau was convicted of criminal
contempt, and was sentenced to 10 years in federal
prison. He will be eligible for release in 2022.
Infomercials starring Trudeau and promoting his
books — under the auspices of a private California
corporation of undisclosed ownership — continue to
air regularly on United States television stations.”
(297)

Finally, on December 6, 2011, the United States Food
and Drug Administration (FDA) prohibited the sale of
over-the-counter diet products like HCG and indicated
that they were fraudulent. Even later, on November
15, 2016, the American Medical Association (AMA)
passed a policy statement saying that "The use of
human chorionic gonadotropin (HCG) for weight loss
is inappropriate." There is no scientific evidence that
HCG is effective in the treatment of obesity. The
authors stated “...the use of HCG should be regarded
as an inappropriate therapy for weight reduction...”
Yet, to this day, the internet still contains information
about the HCG Diet, HCG Diet Cookbooks, and
products claiming to contain HCG.

LEPTIN

The ‘obese’ mouse is a recessively inherited form of
obesity that provided a major breakthrough in
understanding the basic biology of food intake and
regulation of body weight. This animal is obese
because it lacks leptin, a hormone produced almost
entirely in adipose tissue that was discovered in 1994
by positional cloning of the “ob” gene from the ‘obese’
mouse (6). This discovery revolutionized the field of
obesity research by making it clear that obesity, in at
least some cases, was a biochemical problem and not
a problem of “will power.”
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The principal site of action for leptin is in the brain,
where activation of leptin receptors reduces food
intake and increases energy expenditure, in part by
increasing activity of the sympathetic nervous system.
Several variants of the leptin receptor have been
identified and cloned. Leptin inhibits hunger by
reducing the production and release of neuropeptide
Y (NPY) and agouti-related protein (AGRP), both
potent stimulators of hunger, and by promoting
satiety through  synthesis of alpha melanocyte
stimulating hormone (a-MSH), a hormone that
suppresses food intake (298-300). Genetic deficiency
in the leptin receptor, like the absence of leptin itself,
is associated with a marked increase in food intake
and massive obesity in both animals and humans
(301, 302). Since leptin secretion is proportional to
adipocyte cell size and number, as one might
anticipate, circulating levels of leptin are highly
correlated with the amount of body fat. In the cases of
leptin deficient human beings and animals, leptin
replacement cures their obesity by restoring normal
appetite regulation and food intake and increasing the
activity of the sympathetic nervous system (303).

Excitement following the discovery of leptin led to the
hope that it might also cure “simple” (or polygenic)
obesity once and for all. To test this, a randomized,
double-blind clinical trial with leptin was performed.
The results were a great disappointment when
published in 1999 (304). There were 54 lean
individuals with a mean weight of 72 kg and 73
subjects with obesity weighing on average 90 kg who
were assigned to treatment with daily injections of
leptin (r-met Hu Leptin) at doses of 0.01 mg/kg, 0.03
mg/kg, 0.1 mg/kg, or 0.3 mg/kg or placebo. The lean
individuals maintained a eucaloric diet whereas the
patients with obesity ate diets reduced by 500kcal/d
below maintenance energy needs. All participants
were treated for four weeks, and the subjects with
obesity for an additional 20 weeks. There was a
significant dose-related weight loss in the lean
subjects at 4 weeks and in the individuals with obesity

at 24 weeks. At the end of four weeks, 60 of the 70
patients with obesity who remained in the study
elected to continue for an additional 20 weeks. Among
the subjects who completed the study (n = 53 lean at
4 weeks and n = 47 obese at the end of 20 weeks),
the authors found a significant dose-response effect
for weight loss from baseline at 4 weeks and from
baseline in the obese subjects treated for 24 weeks,
but the differences were relatively small (weight
changes for obese subjects at 24 weeks were 21.7 kg
for placebo; 20.7 kg at 0.01 mg/kg; 21.4 kg at 0.03
mg/kg; 22.4 kg at 0.10 mg/kg; and 27.1 kg at 0.3
mg/kg). Reactions at the site of injection were the most
common adverse event, but only two subjects
withdrew for this reason. Glycemic control was
unchanged during the study.

In a second human study, daily injections of leptin at
doses of 0, 0.01 mg/kg, 0.05 mg/kg, 0.1 mg/kg and 0.3
mg/kg daily were relatively ineffective in the treatment
of obesity (305). This limited response to leptin in
subjects with obesity and higher levels of circulating
leptin, contrasted sharply to the dramatic weight loss
when leptin was used in the rare individuals with leptin
deficiency (303), in whom leptin was much more
effective. These studies showed that human leptin
could produce weight loss in human beings with
obesity, but the weight loss was disappointingly small.
This fact, along with the side effects and route of
injection, as well as the probability that antibodies
against native leptin would develop led to
discontinuation of this drug for commercial uses in
obesity. On the other hand, these findings opened the
door to exploration of “downstream” neuronal
pathways from the leptin receptor, where it is now
thought that the basis for leptin resistance resides.

Although leptin failed as an agent for treatment of the
patient with obesity, it did find a role in ameliorating
many of the symptoms of lipodystrophy (306-309).
During 4 months of therapy with leptin in patients with
lipodystrophy, triglyceride levels decreased by 60%,

www.EndoText.org 48



liver volume was reduced by an average of 28%, and
resting metabolic rate decreased significantly (306).

Leptin treatment has been shown to ameliorate many
of the adaptive effects associated with calorie
restriction, including attenuating the decreased 24-
hour energy expenditure, and thyroid hormone levels
(310, 311). Leptin also reversed many of the changes
in the brain as assessed by functional magnetic
resonance (fMRI) associated with hunger in subjects
stabilized at 10% below their usual weight (312).
Leptin has been shown to help restore normal gonadal
pulsatility and menses in women with leptin deficiency
(313) and hypothalamic amenorrhea, typically due to
extreme exercise or anorexia nervosa (314). While
considered a failure as a single agent, the possibility
that leptin may resurface in combination with some
other peptide or oral agent remains open for the future.

CILIARY NEUROTROPHIC FACTOR

The receptor subunits for leptin share sequence
similarities with the hypothalamic receptor for ciliary
neurotrophic factor (CNTF), a neurocytokine that
promotes neurotransmitter synthesis and neurite
outgrowth in selected populations of brain cells (315).
Leptin and CNTF both produce similar patterns of
activation in brain cells. Treatment with CNTF in either
ob/ob mice, which lack circulating leptin protein, or in
db/db mice, which lack the leptin receptor, reduced the
adiposity, hyperphagia, and hyperinsulinemia. CNTF
was similarly effective in mice with diet-induced
obesity. These findings suggest that this system may
be a valuable target for drugs to manage obesity.
Further support for this idea came from a published
trial showing that CNTF produced weight loss in
patients with amyotrophic lateral sclerosis (316).

A modified version of CNTF with a 15 amino-acid
truncation of the C-terminal end and two amino acid
substitutions was developed and tested in human
beings with obesity (317). Phase 3 clinical trials for this

modified ciliary neurotrophic factor were conducted in
2003 and demonstrated a small positive effect in
some, but not all patients. A major problem was that
nearly 70% of the participants developed antibodies
against the recombinant CNTF after approximately
three months of treatment. In the minority of subjects
who did not develop the antibodies, weight loss
averaged 12.5 pounds (5.7 kg) in one year, versus 4.5
pounds (2.0 kg) for the placebo-treated group.
Development of neutralizing antibodies to peptide
agents such as leptin and CNTF are pitfalls to this
class of drugs (peptides) as they blunt the therapeutic
responses.

Neuropeptide Y

Regulation of food intake in the brain involves a series
of pathways located at the base of the brain in the
arcuate and adjacent nuclei (298). This network
involves secretion of peptides that increase food
intake, including neuropeptide Y (NPY) and agouti-
related peptide (AGRP) as well as the release of
peptides that inhibit food intake, including a-MSH
(derived from cleavage of pro-opiomelanocortin or
POMC) and cocaine-amphetamine related peptide
(CART). The effects of NPY are transmitted through 5
widely distributed receptors, Y-1, Y-2, Y-4, Y-5 and Y-
6. Activation of NPY receptors Y-1 or Y-5 dramatically
increases food intake in animals, and continued
stimulation of the NPY receptor produces obesity,
making an antagonist to these NPY receptors an
attractive target for an anti-obesity drug.

Seeing this opportunity, Merck and Company
developed MK-0557 which is a highly selective NPY-5
receptor antagonist with 98% receptor occupancy at
1.25 mg dose vs 3% for placebo using positron
emission tomography. In the initial 12-week dose-
ranging study weight losses were 0.7, 1.6, 2.2, 2.1 &
2.3 kg for placebo, 0.2, 1, 5 & 25 mg dose respectively
(p=0.041) (318). Despite these small weight losses, a
subsequent trial lasting 52-weeks was undertaken to
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evaluate it use in the prevention of weight regain. The
placebo group had -1.1kg weight loss compared -2.2
kg in the group treated with 1 mg/d (319). This small,
but statistically significant difference was not
substantial enough for further drug development.
While this study demonstrated that the NPY-5 receptor
was involved in modulating food intake and body
weight in human beings, the magnitude of weight loss
was too small for further commercial development of
this drug.

Melanocortin-4 Receptor Agonists

The melanocortin-4 receptor (MC4R) plays a central
role in the regulation of food intake (320, 321).
Individuals with genetic defects in this receptor are
obese and disabling this receptor in experimental
animals produces obesity (322). This receptor thus
appeared to be a good target for pharmaceutical
intervention prompting Merck and Company to pursue
it (323). Their target drug, MK-0493, went into clinical
trials as a selective and novel melanocortin-4 receptor
agonist. However single doses of 200 mg and 500 mg
were disappointing, producing only a marginally
significant effect on 24-hr food intake compared to
placebo. Nonetheless in two subsequent weight loss
trials (one following stepped titration), MK-0493
produced a small, but not statistically significant
weight loss relative to baseline. These clinical studies
suggest that an MC4R agonist alone may not be an
easy clinical target. While this limited clinical response
to this agonist led to a termination of the clinical
development program at Merck, recent reports led the
FDA to approve another agonist to the MC4 receptor,
setmelanotide, which was shown to be effective in the
treatment for 3 rare genetic forms of obesity
representing neuro signaling defects upstream from
the MC4R: leptin deficiency, dysfunction in the PCSK1
(encoding for prohormone convertase 1/3), and
deficiency of POMC (324, 325).

Testosterone and Anabolic Steroids

Testosterone is the principal product of the male testis
and is responsible for changes which occur in males
during puberty, including masculinization, voice
changes, and changes in distribution of fat and
muscle. Testosterone can also be produced by the
adrenal gland, the ovary, and by conversion of
androstenedione in peripheral tissues with 25% of
testosterone in women coming from the ovary, 25%
from the adrenal gland, and 50% from peripheral
conversion. Levels of testosterone are associated with
masculine dominance and these levels decline slowly
after their peak in mid-life.

Reports of disordered reproductive function in men
with obesity appeared in the mid-1970s as abstracts.
In one study of 10 men with massive obesity, total
serum testosterone and free testosterone correlated
negatively with body weight but did not correlate
significantly with sex-hormone-binding-globulin (326).
The effects of obesity are probably due to reduced
release of gonadotrophins from the pituitary since
there was a normal response of testosterone to
injections of human chorionic gonadotropin (HCG)
acting directly on the testis (326). When clomiphene,
a drug which enhances the release of the pituitary
gonadotrophins was given, it also produced an
increased release of testosterone by enhancing
release of gonadotrophins from the pituitary (326). In
a recent review, low total testosterone and low serum
sex hormone-binding globulin were noted to be highly
prevalent in men with obesity (327). However, it was
only those with low levels of free testosterone along
with signs and/or symptoms of hypogonadism that
should be considered androgen deficient and thus
merit treatment (327). These alterations are reversible
upon weight loss as summarized in pooled data from
9 analyses in which Grossmann showed a linear
relationship between weight loss and the increase in
total testosterone (328, 329). Whether Ilow
testosterone is a biomarker or a true risk factor for
metabolic disturbances remains unclear (330).
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Testosterone levels are positively related to the
amount of visceral fat in women and negatively
correlated with visceral fat in men (331, 332). This
inverse relationship between testosterone and visceral
fat suggested that visceral fat might be reduced by
treatment with testosterone. This hypothesis was
tested using men with low-normal levels of circulating
testosterone (< 0.20 nmol/liter) and a BMI greater than
25 kg/m? (333). In the first study, testosterone was
given orally twice daily for 8 months in doses of 80 mg.
The 11 men who received testosterone had a
significant decrease in the amount of visceral fat as
measured by computed tomography compared to the
12 men who received placebo. There were no
changes in body weight, subcutaneous fat, or lean
body mass, but insulin sensitivity was improved.

In a second study, 31 men were randomly allocated to
three groups receiving either placebo, testosterone, or
dihydrotestosterone (334). In this study, testosterone
and dihydrotestosterone were given as a gel applied
to the arms daily for 9 months. The placebo group
received only the gel. The testosterone-treated group
had a significant decrease in waist circumference and
visceral fat. On the other hand, the group treated with
dihydrotestosterone had an increase in visceral fat
compared to placebo. Insulin sensitivity was also
improved by treatment with testosterone.

These intriguing results with testosterone, led to two
additional studies examining the effects of anabolic
steroids in both men and women (335, 336). The idea
was to emphasize the effects on muscle and fat and
reduce the masculinizing effects of testosterone. The
first study lasted 9-months and included 30 healthy
men who were overweight with mean BMI values
between 33.8 —34.5 kg/m2 and testosterone values
between 2 and 5 ng/ml (336). During the first 3 months
when oxandrolone, an oral anabolic steroid was given,
there was a significantly greater decrease in
subcutaneous fat and a greater fall in visceral fat than

in the groups treated with placebo or testosterone
enanthate injected every 2 wk. There was also a
significant drop in HDL cholesterol levels, which is a
known side effect of orally administered anabolic
steroids. The anabolic steroid group was thus
changed from an oral to an injectable drug,
nandrolone decanoate. Surprisingly, the group treated
with bi-weekly injections of testosterone did not
replicate the earlier data with testosterone published
by the Swedish investigators (333, 334). Moreover,
the biweekly injections of nandrolone failed to maintain
the difference seen during daily oral treatment with
oxandrolone. This suggests that frequent, if not daily,
administration of steroid may be needed to obtain the
effects on visceral fat.

In a second trial 30 post-menopausal women with
obesity were treated for 9 months with the anabolic
steroid nandrolone (335). During this time, they lost
more fat and gained more lean mass than the
comparison groups. Treatment with the anabolic
steroid also produced a gain in visceral fat and a
relatively greater loss of SC abdominal fat. The
conclusion from the four studies is that visceral and
total body fat can be manipulated separately, and that
testosterone plays an important role in differential fat
distribution in both men and women.

In older, obese hypogonadal men, adding
testosterone for 6 months to lifestyle therapy does not
further improve overall physical function. However,
testosterone may attenuate the weight loss—induced
reduction in muscle mass and hip bone mineral
density (BMD) and may further improve aerobic
capacity (337).

In summary, testosterone in men is related to their
level of body fat and exogenous testosterone can
influence both fat and muscle mass. Oral
administration of testosterone or other steroids may
have significant effects on circulating levels of lipids.
The effects of obesity on testosterone may be related
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to changes in the central mechanisms that modulate
the feedback of testosterone and luteinizing hormone
levels, in which case weight loss benefits testosterone
levels rather than vice versa. Ongoing studies are
being conducted to determine if testosterone
supplementation and the benefits on body
composition are outweighed by increased risk for
adverse cardiovascular events.

Dehydroepiandrosterone

Dehydroepiandrosterone [DHEA (33-Hydroxyandrost-
5-en-17-one)] and its sulfated derivate, DHEA-S are
the most abundant steroid products of the human
adrenal gland. At high levels of BMI, in the range of
40-60 kg/m?, there is a significant negative correlation
of DHEA with BMI. Interestingly, the levels of DHEA
and testosterone decline with age in both men and in
women. Despite the high circulating levels of this
steroid, no major function has been identified for it,
although it can act as a weak androgen, a weak
estrogen, and has effects in the central nervous
system.

In contrast to human beings, most other animals have
low levels of DHEA (338). When mice, rats, cats, and
dogs are given DHEA in their diet they lost weight. This
suggests that DHEA might be useful in treating
patients with obesity (339-342). As a result, several
clinical trials of DHEA have been completed in human
beings. In a 28-day study with 10 volunteers of normal
weight there was no effect on body weight or on insulin
sensitivity as assessed by the euglycemic-
hyperinsulinemic clamp even when the volunteers
were given 1,600 mg/d of DHEA, a dose that is near
the limit where hepatic toxicity becomes a risk (343).
Another clinical study showed that DHEA had no effect
on energy expenditure, body composition, or protein
turnover (344). A third 28-day study in men with
obesity also showed no improvement in body fat or
insulin sensitivity (342). In women with obesity, there
was likewise no change in body fat, but there was a

decrease in insulin sensitivity (345). In one
provocative trial, etiocholanedione, a metabolite of
DHEA was tested in a 20 week double-blind cross-
over study (346). Weight loss during treatment with
etiocholandione was 2.8 kg compared to a weight loss
of 0.21 kg (P<0.05) in the placebo group. This study
has not been followed up and these compounds
appear not to be under further study. All in all, a review
of the subject by Clore (339) concluded that “a
significant role for DHEA in the pharmacologic
treatment of human obesity is unlikely.”

Conjugated Linoleic Acid

Dietary supplements containing ‘conjugated’ linoleic
acid (CLA) have been widely promoted as weight loss
agents. In this context, the word “conjugated” refers to
the position of the double-bond between carbons 9-11
or 10-12 in the fatty acid chain of linoleic acid. In a
meta-analysis of 13 randomized, controlled trials
lasting up to 6 months, Larsen et al reported that there
was little evidence that conjugated linoleic acid
produced weight loss in human beings (347). One
report suggests it may lower body fat without having
an effect on body weight (348). Liver toxicity is one
concern with the use of CLA with the trans-10, cis-12
isomeric form. One review said that this CLA isomer
may adversely affect health by producing
lipodystrophy and insulin resistance and by
decreasing milk fat production in lactating women
(347). Ultimately, Dwyer et al concluded that there is
little evidence of benefit and there is a potential for
harm when using CLA for weight reduction (349).

Hydroxycitrate

Hydroxycitric acid is a derivative of citric acid and is a
component of some tropical plants including Garcia
cambogia. One form of hydroxycitrate is a potent
inhibitor of a final step in the tricarboxylic acid cycle
(Krebs Cycle) involving the conversion of citrate to
acetyl CoA and oxaloacetate. Studies in animals

www.EndoText.org 52



suggested that hydroxycitrate modulated lipid
metabolism and thus might be useful in treating
obesity (350). Garcinia cambogia is a significant plant
source of hydroxycitrate. Two clinical trials with
Garcinia cambogia have been published, but the
results are not promising. In one randomized clinical
trial there was no significant effect on body weight or
fat mass (357). A more recent report suggests that
either alone or with Green Tea Garcinia cambogia
may cause liver damage (352) Clinically trivial
differences in weight loss and potential liver toxicity
made this drug a bad bet for weight loss (353).

Drugs Acting on the Gastrointestinal Track

DRUGS THAT MODIFY DIGESTION OR
ABSORPTION OF NUTRIENTS

Reducing absorption of ingested nutrients is one
potential strategy for lowering body weight. Drugs
affecting metabolism and absorption of fat and
carbohydrate have both been investigated to test this
hypothesis. Orlistat is a drug approved around the
world that uses this strategy by blocking intestinal
lipases, thus leaving some “undigested” triglyceride in
the Gl tract. Because it is currently marketed, it will not
be discussed further. Cetilostat is a second drug that
blocks intestinal lipases. It has been tested in clinical
trials and is approved for clinical use in Japan. Two
other drugs, cholestyramine and neomycin have also
been tested, but abandoned.

Cetilstat A Blocker of Fat Digestion

Cetilistat, (ATL-962), like orlistat, is a gastrointestinal
lipase inhibitor. A 5-day trial of cetilistat in 90 normal
volunteers showed a three to seven-fold increase in
fecal fat loss that was dose-dependent, but only 11%
of subjects had more than one oily stool (354). This
data suggested that cetilistat might have fewer
gastrointestinal  side-effects than orlistat. A
subsequent 12-week study with 372 patients

compared placebo with doses of 60, 120 or 240 mg of
cetilistat given three times a day (355). Weight loss
ranged between 3.5 and 4 kg compared with a 2 kg
loss in the placebo-treated group. In a second phase
Il study, doses of 40, 80 and 120 mg three times a day
were given to patients with type 2 diabetes (356) with
a dose-related reduction in body weight and in
hemoglobin A1c. Side-effects have reduced the
enthusiasm for this drug. However, it proved effective
in vitro against the SARS-COVID-19 virus in a drug
screen, which may give it a new life (357).

Cholestyramine a Binder of Sterols and Fatty Acids

Cholestyramine is a sequestrant that binds bile acids
in the gastrointestinal track to prevent their
reabsorption. As a strong ion exchange resin it can
exchange its chloride anions with anionic bile acids
and bind them strongly in the resin matrix,
subsequently excreting the cholestyramine and
adherent fat in the stool (358). Although originally
developed for lowering cholesterol (Questran,
Questran Light, Cholybar, and Olestyr), the idea that
this drug could be used to enhance fat loss in the
stools of patients with obesity as a strategy for weight
loss was tested in two clinical studies. In the first, two
patients with marked obesity received 36 g/d of
cholestyramine for 9 days along with a 1200 kcal/d diet
with 80% of the calories coming from fat. Although
there was a statistically significant increase in fecal fat
loss, it was disappointingly (287). A second study was
conducted by Campbell et al in six patients with
obesity using 30 g/d of cholestyramine (359). These
results  were also  disappointing. Finally,
cholestyramine was tried in an out-patient obesity
clinic, where patients with obesity failed to lose
significant amounts of weight (Bray Unpublished
data). Thus, increasing fecal loss of fatty acids by
binding them to resins produced clinically insignificant
weight loss.

Neomycin as an Inhibitor of Fat Absorption
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Neomycin is an antibiotic found in many topical
medications, including creams, ointments, and eye
drops. It was discovered in 1949 and approved for
medical use in 1952. Like cholestyramine, it increases
the loss of fat in the stools (358). In doses of 6-12 g/d
it consistently produces steatorrhea (360), and in
doses of 3 g/d it impaired fat absorption in 5 of 10
patients (361). Its use in obesity was limited by the fact
that it alters the intestinal mucosa and is not safe in a
chronic disease such as obesity (362), making it
unsuitable for long-term use.

Olestra (Sucrose Polyester): An Indigestible Fat
Replacement

Sucrose polyester (Olestra) is formed from sucrose by
adding five or more fatty acids to a molecule of
sucrose to produce a compound that has the physical
characteristics of triglyceride, but which cannot be
digested by pancreatic lipase. Short-term studies
replacing dietary triglycerides with olestra showed two
patterns of adaptation. Substitution of fat with sucrose
polyester (olestra) in a single breakfast meal was
followed by energy compensation over the next 24—-36
hours in healthy young males (363). In contrast,
substitution of dietary fat with sucrose polyester
(olestra) in the noon or evening meal to lower
digestible fat from 40% of intake to 30% of intake, was
not followed by energy or nutrient compensation over
the next 24 hours (364). Further lowering of digestible
fat intake from 30% of intake to nearly 20% of energy
intake over three meals in healthy subjects led them to
feel less satiated at the end of the study and they
compensated for nearly 75% of the energy deficit over
the next day (365). In longer term studies lasting
either 2 or 10 weeks, substitution of sucrose polyester
(olestra) for one-third of the dietary fat in a diet with
40% fat reduced energy intake by about 15% (366).

In each of the short-term experiments there was only
partial compensation for the energy deficit, suggesting

that when the energy density of the diet is changed
surreptitiously, individuals continued to eat for the
same mass of food, even though it provided less
metabolizable energy. Weight loss in the two-week
experiment was 1.5 kg and in the 10-week experiment
it was more than 5 kg, a weight loss that was
significantly greater than in the control group. In a third
study lasting nine months, 45 healthy men who were
overweight were randomly assigned to one of three
diets: a control diet with 33% of energy from fat, a fat-
reduced diet containing 25% of energy from fat, and a
diet where one-third of the dietary fat was replaced by
olestra to achieve a diet containing 25% metabolizable
energy from fat (367). Among the 36 men who
completed the 9-month study, the sub-group receiving
the sucrose polyester (olestra) as a replacement for
regular dietary fat lost 6.27 £1.66kg of body weight and
5.85 +1.34 kg of body fat over the 9-month trial. This
contrasted with the sub-group eating the control 33%
fat diet who lost only half as much at 3.8 £ 1.34 kg of
body weight and 3.45 +1.0 kg of body fat. The sub-
group eating the 25% low fat diet lost even less body
weight (1.79 + 0.81 kg) and body fat (1.68+0.75 kg).
After 9 months it was clear that the men assigned to
the fat-substituted diet had lost significantly more
weight and fat than the men in the other two groups.
In addition, the men eating the two regular fat diets
(33% fat and 25% fat) asked for significantly more food
than the men assigned to the olestra fat-substituted
group, indicating higher levels of hunger (P < 0.05). In
contrast, the men eating the olestra substituted fat-
reduced diet asked for almost no extra foods
suggesting that they were more satiated. The authors
concluded that replacement of dietary fat with olestra
reduces body weight and total body fat when
compared with a 25% fat diet or a control diet
containing 33% fat (367). Subjects eating the olestra-
containing diet had substantial decreases in serum
carotene, lycopene, lutein and zeaxanthin, which
occurred by 12 weeks. Replacement with a multi-
vitamin was sufficient to overcome these changes
(368). Weight loss and the loss of fat also impacted
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cardiovascular risk factors with a significant effect of
diet mainly on total cholesterol, low-density lipoprotein
cholesterol, and ftriglyceride levels, all of which
decreased in the olestra-substituted group but not the
other two groups by 9 months (369). After adjustment
for the percentage of fat loss during the trial, only the
changes in triglycerides remained statistically
significant (369).

Olestra was approved by the FDA as a food additive
in 1996 and soon appeared in chips sold under the
brand name “WOW.” Because of perceived or real
side-effects, the use of olestra containing products
declined and in 2002 Proctor-Gamble, the originator of
olestra, sold its manufacturing facility in Cincinnati.
Some products with olestra may still be available. In
the end, while this food product produced beneficial
effects, it never caught on with the public.

Fat emulsion: Olibra™

Food and its digested products act on the intestine at
various levels to secrete hormones that modulate food
intake. One of these signals is the entry of fats and
fatty acids into the ileum which activates both neural
and humoral factors that inhibit gastric emptying,
prolong gastric transit time, and can produce satiety.
This mechanism is referred to as the “ileal brake.”
Longer chain fatty acids (> 12 carbons) and free fatty
acids, rather than triglycerides, are the most effective
stimuli for the ileal brake. Olibra™ is a fat emulsion
composed of fractionated palm and oat oil in the
proportion of 95:5. The palm oil is emulsified by
hydrophilic galactolipids derived from oat oil (Lipid
Technologies Provider AB, Karishamn, Sweden). This
product increases satiety and reduces food intake in
some studies (370), but not in others (371). To test the
clinical effectiveness of this fat emulsion, a phase-2
randomized double-blind controlled trial of 12 weeks
duration was conducted in 74 men and women with
obesity (372). In this study, “Olibra” had no significant
effect on food intake, appetite or ratings of satiety and

did not differentially affect, body weight, or body
composition.

Amylase Blockers of Carbohydrate Digestion

Amylase is an enzyme found in the saliva and intestine
that hydrolyzes dietary starch into simple sugars.
Salivary a-amylase is encoded by a gene called
AMY1. In epidemiological studies, low AMY1 gene
expression was associated with obesity (373).
Moreover, low serum concentrations of amylase have
been associated with elevated BMI (374). In a weight
loss study, individuals who were overweight or obese
and carried the AMY1-AMY2 (rs11185098) genotype,
which is associated with higher amylase activity, had
greater weight loss during the 2-year POUNDS Lost
dietary intervention study (375), suggesting that
medications modifying starch digestion might be of
potential value in the management of obesity.

To test the effect of blocking starch digestion on body
weight, a clinical trial with 59 people was designed to
give some participants an  amylase-starch
(glucosidase) inhibitor called BAY e 4609 (Acarbose)
or a placebo (376). Although insulin and glucose
tolerance improved, the drug did not produce weight
loss. A somewhat different conclusion was reached by
William-Olsson et al (377) who treated 24 women with
acarbose after they had already lost weight and found
that it helped prevent weight regain. In a third study,
Wolever et al. reported that after one-year, 354
individuals with type 2 diabetes who received
acarbose lost 0.46 kg compared to a weight gain of
0.33 kg among those in the placebo group. Although
statistically significant, this result was clinically small
(378). In this case, despite the relation of the AMY-1
gene expression to weight change, a-amylase
blockers produce either no effect or a clinically trivial
effect on body weight.

Enterostatin A Peptide That Affects Fat Intake
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Enterostatin is a penta-peptide produced by trypsin
cleavage of pancreatic procolipase in the intestine.
Procolipase is secreted from the pancreas in response
to dietary fat. Enterostatin, is highly conserved across
a number of species (379, 380) and selectively
reduces fat intake in the rat by nearly 50% (381). The
dose-response curve for enterostatin is U-shaped with
an optimal inhibitory effect on feeding at 1 nmol.
Higher and lower doses are less effective, and at high
doses enterostatin actually stimulates food intake.
Chronic infusion of enterostatin reduced body weight
in animals (382), but parenteral enterostatin did not
reduce food intake in human beings (383). In the end,
limited effectiveness terminated development of this
product.

SUMMARY AND PERSPECTIVE

This chapter provides a historical perspective on
earnest but often misguided approaches advocated by
providers in the treatment of obesity, as well as the
scientific challenges and adverse patient outcomes
that have plagued development of effective weight
loss drugs. Besides the typical toxicities associated
with any drug development program, including rashes,
gastrointestinal distress, hepatic metabolism, and the
development of antibodies against some peptides, a
number of other specific toxicities have been
particularly vexing. One example is off-target effects.
This can occur when receptor activation (or inhibition)
impacts more than one intra-cellular signaling system,
such as when changes in blood pressure occur in
response to sibutramine and tesofensine. Off-target
effects can also occur when receptor specificity is low
and more than one receptor within a drug class are
affected. For example, drugs that either raise systemic
levels of serotonin, or lack specificity for the serotonin
receptor such as fenfluramine, will activate both the
5HT2c and 5HT2b receptors. Activation of the 5SHT2¢
receptors lowered food intake whereas simultaneous
activation of the 5HT2b receptor produces cardiac
valvulopathy. Or an endocannaboid receptor

antagonist may inhibit food intake and cause weight
loss but may also affect mood centers and increase
risk for suicidality. Finally, drugs that modulate brain
neurotransmitters can result in different behaviors
depending on where the drug is acting. For example,
modulators of GABA activity, like topiramate, can
simultaneously impact appetite and alter mood. Or
dual or triple amine uptake inhibitors that can, on the
one hand, reduce schizophrenic symptoms while
increasing hunger signals and food intake. Food
intake can be a pleasurable experience through
activation of hedonic/pleasure circuitry involving
dopamine, which has similarities to many addictive
substances, including amphetamine. Many anorectic
drugs have had to thread a small therapeutic window
between improved appetite control and similar
adverse behavioral effects.

The patient is equally as important in the management
of obesity as the medication. Beside the biological
effects alluded to above, patients often have
unrealistic expectations about how much weight loss
drugs can produce. When the treatment doesn’t meet
their expectations, they can become frustrated and
discontinue therapy even when health benefits from
even modest weight loss occur. The second reality
that often, and mistakenly, leads patients and
providers to stop anti-obesity medication use is the
weight plateau that usually occurs after 3-4 months (or
up to one year in the case of GLP-1 receptor agonists)
of continuous treatment. Ultimately a new weight
plateau is to be expected since the body weight set
point will still defend its fat stores. This does not
indicate tolerance to the drug or that it stopped
working, but more the limit of the therapeutic
effectiveness expected for that drug. This is similar to
the management of any chronic disease. An example
would be initiating an angiotensin converting enzyme
(ACE) inhibitor for hypertension. It is not expected that
this one drug will result in normalization of BP in every
patient or that, in taking the ACE inhibitor, the patient
will be able to set and achieve a target blood pressure
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of their choosing. Instead, the medication is started
and after appropriate follow-up, the physiological
response is assessed and if deemed inadequate,
adjustments are made in dose or combination therapy
is initiated. Similar examples can be made for first line
therapies for type 2 diabetes (metformin) and
hyperlipidemia (statins).

Besides off-target effects and inter-individual
variability in weight loss response, another barrier to
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