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Abstract

GODARD, MICHAEL P., BRAD A. JOHNSON, AND
SCOTT R. RICHMOND. Body composition and hormonal
adaptations associated with forskolin consumption in
overweight and obese men. Obes Res. 2005;13:1335-1343.
Objective: This study examined the effect of forskolin on
body composition, testosterone, metabolic rate, and blood
pressure in overweight and obese (BMI = 26 kg/m?) men.
Research Methods and Procedure: Thirty subjects (forsko-
lin, n = 15; placebo, n = 15) were studied in a randomized,
double-blind, placebo-controlled study for 12 weeks.
Results: Forskolin was shown to elicit favorable changes in
body composition by significantly decreasing body fat per-
centage (BF%) and fat mass (FM) as determined by DXA
compared with the placebo group (p = 0.05). Additionally,
forskolin administration resulted in a change in bone mass
for the 12-week trial compared with the placebo group (p =
0.05). There was a trend toward a significant increase for
lean body mass in the forskolin group compared with the
placebo group (p = 0.097). Serum free testosterone levels
were significantly increased in the forskolin group com-
pared with the placebo group (p = 0.05). The actual change
in serum total testosterone concentration was not signifi-
cantly different among groups, but it increased 16.77 =
33.77% in the forskolin group compared with a decrease of
1.08 = 18.35% in the placebo group.

Discussion: Oral ingestion of forskolin (250 mg of 10%
forskolin extract twice a day) for a 12-week period was
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shown to favorably alter body composition while concur-
rently increasing bone mass and serum free testosterone
levels in overweight and obese men. The results indicate
that forskolin is a possible therapeutic agent for the man-
agement and treatment of obesity.
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Introduction

Obesity results from consuming more energy than is
expended or from placing the body in a positive energy
balance (1). Causes of obesity are extremely complex and
multifaceted; different influences include genetic and envi-
ronmental elements. Increasingly, obesity is becoming
highly resistant to treatment in most individuals because of
this myriad of contributing factors. While this concept of
energy balance to maintain weight is easy to understand and
correct in theory, the application of this in an uncontrolled
environment for most individuals, especially those who are
already obese, is extremely difficult, if not impossible. Also,
because of advances in technology, physical activity of any
kind, if not during leisure time, is almost nonexistent. Poor
or no adherence to proper diet and decreased physical
activity levels can be expected, especially in chronically
sedentary individuals. Because of this, some form of phar-
macological or supplemental treatment to aid in weight loss
and/or positively alter body composition is desperately
needed.

Men with hypogonadism have alterations in body com-
position, including increases in percentage body fat,
changes in adipose tissue distribution, and reduction in
muscle mass (2,3). Additionally, BMI, fat mass, waist cir-
cumference, and insulin resistance are all negatively corre-
lated with sexual hormone levels in both men and women
(2).

A potential supplemental aid for obesity and the afore-
mentioned hormonal deficiencies is a compound containing
the herbal extract forskolin. Forskolin is an extract from the
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roots of the Coleus forskohlii plant. C. forskohlii is a pe-
rennial herb with fleshy fibrous roots and is a member of the
mint family of plants. It grows in the wild in warm subtrop-
ical temperate areas such as India, Burma, and Thailand.
Research into the medicinal value of extracted forskolin
began in the early- to mid-1980s and was primarily used as
an agent to help a number of cardiovascular disease condi-
tions, mainly through a vasodilatory effect (4—8). This
effect was accomplished by increasing adenylate cyclase
activity within the body.

Most of the research done with forskolin has looked at its
effects either in animals in vitro or in vivo or preclinical
studies with human tissue. Clinical research data are limited
and are usually from an intravenous form of forskolin
administered for short periods of time (9-12). However,
there are several preliminary technical reports and published
abstracts that have examined the effects of forskolin on
body composition, primarily in women, although some men
were also examined (85% of the subjects examined have
been women) (13—16). Three of the four preliminary studies
indicate that forskolin can have a positive effect on body
composition, resulting in a significant reduction of body fat
(13,14,16). The fourth study shows a significant reduction
in body mass (15). No change in lean body mass is shown
in any of the preliminary studies.

As a cyclic adenosine monophosphate (cAMP)' stimula-
tor, forskolin leads to the production of the active form of
hormone-sensitive lipase (HSL). HSL is directly involved in
the mobilization of triglyceride stores that release free fatty
acids to be used for fuel within the body. Because forskolin
has a potentially favorable effect on body composition, it is
important to examine its efficacy. Therefore, a study into
the effects of forskolin on body compositional changes,
endogenous testosterone, and any changes with regard to
resting metabolic rate (RMR) is warranted.

Before forskolin, most weight loss aids used some form
of adrenergic a- and B-receptor agonists, such as ephedrine.
However, compared with ephedrine and even more selec-
tive adrenergic receptor agonists, forskolin does not interact
with adrenergic receptors (al, o2, 81, and (32 receptors)
and, thus, does not result in excessive stimulation of cardiac
tissue and does not raise blood pressure (5,17). Therefore,
forskolin is not a sympathomimetic drug; it exhibits a va-
sodilatory effect, and a decrease in blood pressure is ex-
pected (18). Also as a postreceptor agent, adrenergic recep-
tors should not down-regulate over time; thus, a diminished
lipolytic effect should not occur. Therefore, forskolin could

! Nonstandard abbreviations: cAMP, cyclic adenosine monophosphate; RMR, resting met-
abolic rate; HSL, hormone-sensitive lipase; LBM, lean body mass; LH, leuteinizing hor-
mone; FSH, follicle-stimulating hormone; ELISA, enzyme-linked immunosorbent assay.
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potentially be used for long periods of time with no dimin-
ished lipolytic effects.

When evaluating body composition, it is also important
to focus on ways to increase lean body mass (LBM) and not
just reduction in fat mass. A critical component of LBM
maintenance is having a sufficient supply of endogenous
testosterone. Testosterone is the end product of a number of
hormonal reactions. Gonadotropin-releasing hormone is se-
creted by the hypothalamus and controls the pulsatile secre-
tion of luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) by the anterior pituitary (19,20). LH regu-
lates the production and secretion of testosterone by the
Leydig cells of the testes, and FSH stimulates spermatogen-
esis (19).

Forskolin may have a favorable effect on enhancing
serum testosterone levels through the theorized potential
influence on cAMP. Because LH exerts its effects on Ley-
dig cells of the testicles (stimulating production of testos-
terone) through cAMP, one may expect an increased level
of endogenous testosterone with the use of this compound
as well (21,22). Through enhanced natural testosterone pro-
duction caused by cAMP accumulation, the preservation of
LBM along with concurrent reductions in body fat could be
expected (23). The predominately female preliminary stud-
ies have shown that LBM can be preserved (13-16). There-
fore, one of the hypotheses in our study, which only con-
sisted of men, was that LBM would increase significantly in
the forskolin compared with the placebo group because of
significant increases in endogenous testosterone levels.

Forskolin has been shown to have a positive inotropic and
vasodilatory effect in clinical human studies. However, no
research has been conducted on forskolin’s effect on endog-
enous testosterone levels or potential effect on RMR in
human clinical studies conducted exclusively in men. It is
important to determine whether a relationship exists be-
tween positive changes in body composition through
changes in RMR and changes in endogenous testosterone
levels through oral supplementation of a capsule containing
forskolin. The primary objectives of this study were to
determine whether 1) forskolin administration (250 mg of
10% forskolin extract twice a day) results in fat loss and
muscle gain; 2) forskolin administration results in higher
endogenous testosterone levels; 3) forskolin has a positive
effect on increasing RMR; and 4) forskolin administration
results in lower systemic blood pressure.

Research Methods and Procedures

Subjects were assessed for any potential physiological
changes associated with forskolin supplementation a total of
three times (pre, mid, post) during a 12-week trial period.
This study was a double-blind, placebo-controlled clinical
trial. Baseline values consisted of a blood draw for enzyme-
linked immunosorbent assay (ELISA) analysis of total tes-
tosterone and free testosterone concentration in serum,
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Table 1. Body composition values including body weight, LBM, and fat mass at each time-point
Change Percent change
Pre Mid Post (pre — post) (pre — post)
Forskolin
Body weight (kg) 103.98 = 14.89 104.23 = 15.04 103.91 = 15.06 —0.07 £2.39 —0.08 = 2.44
LBM (kg) 63.61 = 5.94 67.32 = 8.297 3.71 = 4.07 5.65 + 6.32
Fat mass (kg) 37.43 + 12.65 3291 + 11.297 —4.52 + 5.74% —11.23 = 13.20%*
Bone mass (kg) 341 =043 3.68 = 0.437 0.27 £ 0.31* 8.63 = 10.46
Placebo
Bodyweight (kg) 100.95 = 9.30 102.09 = 9.75 102.15 = 9.65 1.20 = 2.33 1.20 = 2.35
LBM (kg) 61.82 + 6.44 63.39 = 7.07° 1.57 = 2.56 2.56 = 4.39
Fat mass (kg) 35.65 = 9.99 35.14 = 10.56 —0.51 £ 1.91 —1.73 = 5.64
Bone mass (kg) 341 = 0.55 3.60 = 0.51 0.20 = 0.53 7.46 * 18.78

The actual change from pre- to post-measurement and the percent change are also included.

All values are presented as means * SD.

* Significant difference between groups and T significant difference within groups across time (p = 0.05).

RMR measurement, body composition assessment through
DXA, body circumference measurements, blood pressure
assessment, and dietary recall. At the midpoint of the trial (6
weeks), a blood draw, blood pressure assessment, and di-
etary recall were completed again. Finally, at the end of the
12-week trial period, values were recorded using the same
procedures as those used for baseline assessment.

Subjects

The subject population consisted of 30 men who were
overweight/obese (BMI = 26 kg/m?). Of the 30 individuals
recruited, 15 were randomly assigned to receive forskolin
supplementation for the 12-week trial period (n = 15),
whereas the other 15 subjects were assigned a placebo (n =
15). The average age, BMI, and body fat percent were
24.4 = 5.9 years, 32.5 = 4.1 kg/mz, and 35.2 = 8.3% for
the forskolin group and 28.7 + 8.6 years, 32.6 = 3.8 kg/m?,
and 35.0 = 7.3% for the placebo group, respectively (other
subject demographics are presented in Table 1). To meet the
eligibility requirements for this study, individuals had to be
overweight/obese (BMI = 26 kg/m?), be non-active seden-
tary individuals, taking no antihypertensive and/or antiasth-
matic medication, and must not have asthma, low blood
pressure, or gastric ulcers. Before participating in the study,
participants were informed of all potential risks and proce-
dures involved with the study. Subjects signed an informed
consent in concordance with the requirements of the Uni-
versity of Kansas Human Subjects Committee Review
Board.

Determining Body Composition
DXA Body Fat Percent Evaluation. Body composition
was evaluated using DXA scans (Lunar Prodigy; GE Lunar,

Madison, WI). Subjects laid motionless for ~30 minutes
while the DXA machine emitted alternating high and low
energy X-rays over their entire bodies. DXA data acquisi-
tion is based on the differences between bone and soft tissue
attenuation at the high and low X-ray levels. The raw scan
data, which includes tissue and bone, were captured and
sent to a computer. An algorithm interpreted each pixel and
created an image and quantitative measurement of mass for
both bone and other body tissues. Fat mass, LBM, and bone
mass were collected directly from DXA.

Body Circumference Measurement. Body composition
was determined by measuring two sites on the subject using
an anthropometric tape measure. These measurements were
done at the neck and abdomen and were repeated three
times to increase reliability. These numbers were evaluated,
along with the subject’s height, using a known equation
[percent body fat = (0.771 X abdominal —neck circumfer-
ence in cm) —(0.132 X height) + 4.29] to determine body
fat percentage.

Blood Pressure Determination

Blood pressure was determined using a stethoscope, a
manometer, and inflatable cuff. All readings were taken on
the subject’s left arm after the subject had remained seating
for at least 5 minutes.

Blood Draw

Five milliliters of whole blood was collected from a vein
in the forearm of each subject and was used to measure
serum total and free testosterone levels. This blood was
collected in a 5-mL glass Vacutainer tube. Serum was
separated from blood using a centrifuge. Serum was placed
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in a cryotube and stored at a temperature of —80 °C until the
samples underwent ELISA analysis.

Determining Endogenous Testosterone Levels

Total Testosterone ELISA. Total testosterone levels were
quantified using an ELISA procedure developed by ALPCO
Diagnostics (catalog 020-DR-1559; Windham, NH). Ap-
proximately 25 L of standards and serum samples were
placed into each of the 96 antibody-coated wells (all values
were measured in triplicate). Next, 200 uL of enzyme-
conjugate solution was placed into each well. The plate was
mixed thoroughly for 10 seconds and allowed to incubate
for 60 minutes at room temperature uncovered. The contents
of the well were briefly shaken out and washed three times
with diluted wash solution (400 wL/well) using an auto-
mated plate washer (EL X405 Automated Plate Washer;
Bio-Tek Instruments, Winooski, VT). Then, 200 wL of
substrate solution was placed into each well. After that was
completed, the plate was allowed to incubate at room tem-
perature for 15 minutes. Then, 100 wL of stop solution was
placed into each well. Finally, absorbency was measured at
450 nm using a 96-well spectrophotometer microplate
reader (uQuant Universal Microplate Spectrophotometer;
Bio-Tek Instruments).

Free Testosterone ELISA. Free-testosterone levels were
quantified using an ELISA procedure developed by ALPCO
Diagnostics (020-DR-2924). First, 50 uL free testosterone
standards, controls, and samples were dispensed into appro-
priate wells. Then, 50 uL of enzyme conjugate was dis-
pensed into each well and mixed thoroughly for 10 seconds.
The plate was incubated for 60 minutes at 37 °C. After
incubation, the contents of the wells were shaken out and
rinsed five times using an automated plate washer (EL
X405 Automated Plate Washer; Bio-Tek Instruments).
Next, 100 uL of substrate solution was added to each well
and allowed to incubate for 15 minutes at room temperature
while covered. Then, 100 wL of stop solution was added to
each well, and absorbance was measured at 450 nm using
a 96-well spectrophotometer microplate reader (wQuant
Universal Microplate Spectrophotometer; Bio-Tek Instru-
ments).

RMR Testing

For RMR testing, subjects were required to report to the
laboratory between 6:00 aM and 10:00 aM after a 12-hour
fast and a 48-hour abstention from physical activity. Sub-
jects rested quietly for 30 minutes in a darkened room.
Subsequently, they were connected to a metabolic measure-
ment system (CardioO@/CP/Max System; MedGraphics,
Minneapolis, MN) using a mask for 30 minutes. Expired air
was collected by the metabolic measurement system and
analyzed for oxygen and carbon dioxide concentrations.
Carbon dioxide and oxygen concentrations were analyzed to
determine calories burned and estimate overall caloric ex-
penditure at rest (RMR).
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Forskolin Administration

Subjects reported to the laboratory on a weekly basis to
receive the forskolin (Forslean; Sabina Corp., Piscataway,
NJ) supplement (n = 15; 250 mg of 10% forskolin extract
twice a day) or placebo (n = 15).

Statistical Analysis

The differences between body composition, RMR, blood
pressure, and total and free testosterone concentrations in
serum associated with subjects ingesting the forskolin and
those taking a placebo were tested with ANOVA. A re-
peated measures ANOVA was conducted to determine any
significant interactions between group and time. A one-way
ANOVA was used to assess changes across time. Follow-up
analysis was performed to determine differences among
groups at each time-point. Means and SDs were calculated
for all variables (body composition, total and free testoster-
one levels, blood pressure, and RMR). The overall signifi-
cance level was set at 5% (o = 0.05). The SPSS software
program version 11.0 (SPSS, Chicago, IL) was used to
perform the statistical analysis.

Results

Body Composition Analysis

The reproducibility of measurements was determined
through the quality control measurements obtained from the
phantom calibration standard provided by GE Medical
(Madison, WI). Over the course of the study, the coefficient
of variation trend summary for the quality assurance mea-
surements was 0.07%.

DXA Body Fat Percent. The forskolin group had a sig-
nificant decrease in body fat percent from baseline (35.17 =
8.03%) to final measurement (31.03 = 7.96%). The placebo
group showed no significant difference in body fat percent
from baseline to final measurement. The actual change in
body fat percent from before to after the study (—4.14 =
4.47% vs. —0.96 £ 1.66% for forskolin vs. placebo, re-
spectively) was shown to be significantly different among
groups (p = 0.05).

Fat Mass. After the 12-week trial period, fat mass de-
creased significantly in the forskolin group (p = 0.05) with
no change occurring in the placebo group. Additionally, the
actual change in fat mass from before to after showed a
significant difference among groups (p = 0.05; Table 1).

LBM. After the 12-week trial period, LBM increased
significantly in both groups (p = 0.05). No significant
differences were shown among groups at either pre— or
post—time-points. However, the actual change in LBM from
baseline to final measurements revealed a trend toward
significance among groups (p = 0.097; Table 1).

Bone Mass. No significant differences were shown
among groups at either pre— or post—time-points. Follow-up
analysis showed a significant increase from pre- to post-
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Table 2. Total testosterone and free testosterone values at each time-point

Change Percent change
Pre Mid Post (pre — post) (pre — post)
Forskolin
Total testosterone (ng/mL) 5.06 £ 1.21% 5.27 + 1.03* 5.75 £ 1.50%* 0.69 += 1.26 16.77 = 33.77
Free testosterone (pg/mL) 1590 £ 13.39  15.67 = 13.68 16.36 £ 13.32 0.46 = 0.86* 347 = 8.10
Placebo
Total testosterone (ng/mL) 4.12 £ 0.82 3.97 £ 0.85 4.00 £ 0.89 —=0.11 = 0.95 —1.08 = 18.35
Free testosterone (pg/mL) 13.28 £ 7.26 12.28 £7.44 12.77 £ 7.30 —0.51 = 1.04 —4.11 = 11.48

The actual change from pre- to post-measurement and the percent change are also included.

All values are presented as means * SD.
* Significance between groups (p = 0.05).

values for total BM in the forskolin group (p = 0.05). The
actual change in BM from baseline to final measurements
was significantly different among groups (p = 0.05; Table
1).

Body Circumference Analysis of Body Fat Percent. There
was a trend toward a significant interaction across time
among groups (p = 0.089). Follow-up analysis revealed no
significant difference within groups across time, but a trend
toward significance existed from pre— and post—time-points
within the forskolin group for a decrease in percentage body
fat (p = 0.061). The coefficient of variation was 1% for
test-retest reliability values.

Body Weight. No significant differences were found for
the actual change in body weight from pre- to post-mea-
surements. Overall, the forskolin group lost 0.07 * 2.39 kg
of body weight compared with the placebo group, which
actually gained 1.20 *= 2.33 kg (Table 1).

Endogenous Testosterone

Total Testosterone. There was a significant difference
among groups at pre—, mid—, and post-time-points for total
testosterone (p = 0.05). A trend toward a significant in-
crease in total testosterone existed within the forskolin
group from pre- and post-time periods (p = 0.051). The
percentage change for total testosterone for all time-points
can be seen in Table 2. Finally, a trend toward a significant
increase for the forskolin group existed in regard to the
actual change in total testosterone from pre— to post—time-
points (p = 0.057). The coefficient of variations was 7% for
intra-assay and 3% for inter-assay.

Free Testosterone. There was a significant change across
time for free testosterone in the forskolin group (p = 0.05).
There was no significant difference among groups for free
testosterone for all time-points. When the actual change in
free testosterone was examined, there was a significant
increase in the forskolin group from pre— to post—time-

points (p = 0.05). The coefficient of variations was 9% for
intra-assay and 8% for inter-assay.

RMR

The mean RMR at baseline for the forskolin group was
2167.40 = 681.64 vs. 1680.13 = 330.72 kcal/d for the
placebo group. The final values for RMR increased to
2182.13 = 610.50 kcal/d for forskolin and increased to
1789.07 = 402.40 kcal/d for placebo. No significant differ-
ence was observed among groups or across time within each
group. The coefficient of variation was 9% for test-retest
reliability values.

Blood Pressure

Systolic Blood Pressure. Systolic blood pressure changes
were not shown to be statistically significant across time,
and there were no significant differences among groups at
either pre-, mid-, or post-measurements. All systolic blood
pressure values are shown in Table 3. The coefficient of
variation was 2% for test—retest reliability values.

Diastolic Blood Pressure. Mean diastolic blood pressure
values obtained during the 12-week trial period are shown
in Table 3. No significant differences or trends toward
significance were observed for diastolic blood pressure or in
the actual change in diastolic blood pressure over the 12-
week period. The coefficient of variation was 2% for test—
retest reliability values.

Dietary Recall

The mean daily caloric intake, obtained through dietary
recall, was 2353.87 = 500.12 kcal/d for forskolin vs.
2461.43 = 471.29 kcal/d for placebo. The post-values for
daily caloric intake were 2386.92 *= 483.69 kcal/d for
forskolin vs. 2558.09 = 579.83 kcal/d for placebo. There
were no significant differences across time or among groups
for daily caloric intake as obtained with the dietary recall.
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Table 3. Systolic and diastolic blood pressure values at each time-point

Change
Pre Mid Post (pre — post)

Forskolin

Systolic (mm Hg) 132.73 = 13.83 125.87 = 7.99 12647 = 5.25 —6.27 = 12.83

Diastolic (mm Hg) 82.47 + 6.33 83.40 + 5.25 84.07 = 4.25 1.60 = 7.60
Placebo

Systolic (mm Hg) 129.87 = 11.69 123.60 = 11.61 125.20 = 9.48 —4.67 = 9.47

Diastolic (mm Hg) 83.33 £ 6.94 83.33 £ 6.26 84.27 £ 791 0.93 =792

The actual change from pre- to post-measurement is included.
All values are presented as means * SD.

Discussion

The purpose of this study was to examine the effects of
oral forskolin consumption on body composition, serum
testosterone concentration, RMR, and blood pressure in an
overweight/obese male population. The results of this study
show that forskolin promotes favorable changes in body
composition by significantly decreasing percentage body fat
and fat mass and increasing bone mass, as determined by
DXA (p = 0.05). The forskolin group lost 4.52 * 5.74 kg
of fat mass while concurrently gaining 3.71 % 4.07 kg of
LBM. The placebo group lost 0.51 = 1.91 kg of fat mass
and gained 1.57 = 2.56 kg of LBM. The increase in bone
mass was significantly different among groups for forskolin
(0.27 = 0.31 kg forskolin vs. 0.20 = 0.53 kg placebo).
Forskolin also evoked a significant increase with regard to
the change in free testosterone concentration among groups
over the 12-week trial period (p = 0.05). A significant
difference also existed among groups for total testosterone
at baseline, mid—, and final time-points (p = 0.05).

Body Fat

This is the first study into forskolin’s direct effect on
body composition in vivo exclusively in men (other studies
have looked primarily at women); however, forskolin has
been studied for its lipolytic effect in vitro. Litosch et al.
(17) showed that forskolin stimulated lipolysis in adipose
tissue to a maximum of 30.01 = 3.42 (expressed as micro-
moles of glycerol per 107 cells per 2 hours) in obese men
and 50.50 = 6.85 in obese women before weight loss was
induced using a surgical gastric binding technique. After
weight loss, forskolin increased lipolysis in adipose tissue to
28.43 £ 4.49 and 26.44 = 3.25 in obese men and women,
respectively. As noted before, this study was in vitro, mak-
ing comparisons with the current study limited. The current
study revealed that forskolin induced fat loss as measured
by DXA. The decrease in body fat percent that occurred
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across the 12-week trial period was shown to be significant
in the forskolin group. These findings are important because
they show that forskolin can induce whole body reductions
in body fat percent. Previous research, such as that done by
Litosch et al., focused on lipolysis at a subcellular level.
This study shows that forskolin’s lipolytic effect can be
generated within the whole organism as well. The change in
fat mass for the forskolin group could be explained by the
lipolytic effects shown by Litosch et al. (17). Also, work
done by Ho and Shi (24) and Lichey et al. (25) showed that
forskolin could induce lipolysis and free fatty acid release
from stored triglycerides in rat adipose tissue. In both of
these studies, the primary mechanism for lipolysis was the
ability of forskolin to dramatically increase cAMP levels
within adipose tissue in vitro. More specifically, as cAMP
accumulated within the tissue, protein kinase A was acti-
vated. This in turn activates HSL, which breaks down stored
triglycerides for energy and increases free fatty acid release.
Therefore, the change in fat mass as shown by the forskolin
group (—4.52 £ 5.74 kg) could be induced by direct free
fatty acid release within adipose tissue through cAMP ac-
cumulation and directly induce fat loss.

When evaluating body composition, it is critical to ex-
plore the actual change in fat mass and LBM that comprises
any change in body fat percent. The average change in
weight for the subjects treated with forskolin was —0.07 =
2.39 kg. However, the forskolin group lost 4.52 * 5.74 kg
of fat mass (p = 0.05) while concurrently gaining a non-
significant 3.71 * 4.07 kg of LBM. There was no change in
the subjects’ diet as indicated by dietary recall analysis of
caloric intake. In contrast to the forskolin group, the placebo
group showed an average weight gain of 1.20 = 2.33 kg
when the actual change across the 12-week trial period was
evaluated (Table 1). The placebo group gained an average
of 1.57 = 2.56 kg of LBM but only lost 0.51 = 1.91 kg of
fat mass (both non-significant changes). The change in body
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fat percent and fat mass was significantly different among
groups during the 12-week trial (p = 0.05).

Results of the RMR testing would suggest that forskolin
directly activated free fatty acid release, and there was a
minimal non-significant increase in RMR through increased
thyroid hormone activity. Follow-up tests revealed no sig-
nificant changes in RMR within either group, and there was
no significant interaction seen across time among groups.
This would refute the claims that forskolin can increase
metabolic rate through increased thyroid hormone levels or
at least not to the point where a significant increase in
metabolic rate could be quantified (26). Therefore, the re-
ductions in fat mass as shown in the forskolin group may be
attributed more toward forskolin’s ability to directly acti-
vate adenylate cyclase within adipose tissue, resulting in a
greater release of free fatty acids.

Bone Mass

In this study, forskolin was shown to increase bone mass.
A significant interaction existed for bone mass across time
among groups (p = 0.05). Follow-up analysis showed a
significant increase from pre- to post-values for total bone
mass in the forskolin group (p = 0.05). Finally, the actual
change in bone mass from baseline to final measurements
was significantly different among groups (p = 0.05).

Direct comparative literature is nonexistent regarding for-
skolin’s effect on bone mass; this study is the first to explore
forskolin’s effect on bone mass with humans in vivo. How-
ever, it is known that parathyroid hormone increases cAMP
and calcium levels in bone cells, which can be used by
osteoclasts in bone restoration and bone formation through
osteoblast activation (27). The drug teriparatide has been
shown to directly activate adenylate cyclase and increase
cAMP and calcium similar to parathyroid hormone. In fact,
a clinical study conducted by Neer et al. (28) showed that
teriparatide increased bone mineral density in the lumbar
spine and hip by 9.7% and 2.6%, respectively. Therefore,
because of forskolin’s ability to stimulate adenylate cyclase
in a variety of tissues, the increase in bone mass that
occurred during this study shows that forskolin can improve
bone mass in overweight and obese men.

Testosterone and LBM

Testosterone, as a hormone, is involved in the promotion
of muscle mass and reducing fat mass (3,8). Men with
hypogonadism have negative alterations in body composi-
tion, such as decreased muscle mass, increased percent body
fat, and alterations in body fat distribution (8). Both groups
significantly increased LBM over the course of the study
(» < 0.05); however, there was no significant difference
(» = 0.097) between the forskolin group (3.71 * 4.07 kg
increase) and the placebo group (1.57 = 2.56 kg increase;
Table 1). This is the first study to examine forskolin’s effect
on serum total testosterone levels in vivo. Serum total

testosterone levels were shown to be significantly different
among groups for measurements taken before, during, and
after the trial (p = 0.05). Because the forskolin group had
significantly higher serum total testosterone levels at base-
line (p = 0.05), it is critical to examine the percent differ-
ence that occurred between initial and final measurements
for both groups to account for this difference in initial
values. The percentage difference among groups that oc-
curred between the initial and final measurements for total
testosterone was 16.77 = 33.77% for forskolin vs. —1.08 =
18.35% for placebo (Table 2).

When evaluating testosterone levels, it is also important
to measure free testosterone levels. Free testosterone is the
component of total testosterone that is not bound to either
albumin or sex hormone bound globulin. Of the two, albu-
min bound testosterone may dissociate from albumin and,
thus, be able to elicit a physiological effect at a cellular level
within tissue such as muscle (29). Testosterone bound to sex
hormone bound globulin cannot dissociate, and, thus, its
active properties are nullified (30). Free testosterone is the
most potent or most readily active component of total tes-
tosterone, and, therefore, quantifying it within serum is
critically important to show the physiological active com-
ponent on the hormone testosterone. In this study, the
change in free testosterone that occurred across the 12-week
trial period was shown to be significantly different among
groups (p = 0.05; Table 2). It is important to understand
that an increase in testosterone can elicit reductions in fat
mass (3,8). In this study, the increase shown for serum total
testosterone and free testosterone may be another and/or a
contributing factor for the reductions in body fat percent and
fat mass seen in the forskolin-treated group.

Blood Pressure

Systolic blood pressure changes were not shown to be
statistically significant across time, and there were no sig-
nificant differences among groups at either initial, mid-, or
final measurements. In fact, within both groups, a trend
toward a significant reduction in systolic blood pressure was
shown (p = 0.079 for forskolin vs. p = 0.077 for placebo).
No significant difference or trends toward significance were
observed for diastolic blood pressure or in the actual change
in diastolic blood pressure at any time-point.

The findings of this study are in contrast to early work
examining forskolin’s effect on the cardiovascular system,
and more specifically, its potential hypotensive effects.
Lindner et al. (7) showed that forskolin could increase the
force of heart contraction and could lower blood pressure in
animal models. Studies conducted by Dubey et al. (31)
showed that coleonol (a diterpene isolated from the extract
C. forskohlii) produced a well-marked and sustained hypo-
tension in anesthetized cats in the dose range of 0.1 to 1.0
mg/kg. It is important to note that all of these hypotensive
effects occurred within animal models. This study did not
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show a significant difference among groups for reductions
in either systolic or diastolic blood pressure within humans.
This could be caused by any number of variables such as
physiological variations within animal models compared
with humans, differences in the dose of forskolin, and
differences in the form of forskolin used (i.e., colforsin
daropate vs. pure c. forskohlii extract).

In summary, this study shows that forskolin causes pos-
itive changes in body composition in overweight and obese
adult men. One of the potential explanations for the de-
crease in fat mass and body fat percentage may have oc-
curred through adenylate cyclase activation and, thus,
cAMP accumulation within adipose tissue, which stimu-
lated free fatty acid release and lipolysis. RMR did not
significantly change across time during this study, implying
that, in a 12-week study, forskolin did not increase meta-
bolic rate.

These findings are extremely important because of fors-
kolin’s mechanism of action. The majority of previous
weight loss aids worked through adrenergic receptor acti-
vation. Adrenergic receptor activation can down-regulate
over time and result in diminished lipolytic effects. Forsko-
lin bypasses the adrenergic activation step and increases
cAMP levels by either stimulating adenylate cyclase or by
increasing the cAMP accumulating properties of cat-
echolamines (32,33). Therefore, forskolin could possibly be
used for long periods of time without diminished lipolytic
effects in conjunction with increasing LBM. Further re-
search into the long-term effects of forskolin is needed to
accurately asses this theory.
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