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Introduction
This study investigated the impact Forskolin supplementation has on testosterone and body composition (fat,
lean mass, etc.) changes.

Conclusions

Forskolin has a mild testosterone boosting effect in free and total testosterone, but that
effect may not be clinically/real world significant for most individuals.

Forskolin does promote fat loss in overweight men.

Amendments

Study Design & Additional Information

Recruited 15 overweight men for each condition (placebo or forskolin) and
had them consume their supplement over 12 weeks. Metabolic rate,
consumption, body measurements were all the same at the beginning of the
study (except testosterone). Tests were done before supplementation, at the
6 week mark (in some measures), and the 12 week mark.
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(hjective: This stdy examined the effect of forskelin on
body composition, testosterone, metabolic rate, and blood
pressune in overweight and obese (BMI = 26 kg/m®) men,
Research Methods and Procedure: Thinty subjects (forsko
lin, m = 15; placelo, n = 15) were studied in a randomized,
double-blind. placeho-controlled swdy for 12 weeks.
Resuls: Forskolin was shown to ¢ favornble changes in
body compao: gnificantly decreasing body fal per-
s (FM o determined by DXA
compared with the placebo group (p = 0.05). Additionally,
Torskolin adminisration resulted in a change in bone mass
for the 12-week ial compared with the placebo group (p =
0.05). There was o trend wward a significant increase for
body mass in the forskolin group compared with the
placebo prowp (p = 0097), Serum free estosterone 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 1677 =
33.77% in the forskolin group compared with a decrease of
1.08 = 18.35% in the placebo group.

Divension: Oral imgestion of Torskolin (250 myg ol 109
forskolin extract twice & day) for a |2-week period was
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shown 1o favorbly alter body composition while concur-
fently bicrs bone s and serum free leslosterons
levels in overweight and obese men. The results indicate
that forskolin is a possible therapewtic agent for the man-
agerment and treatment of obesity,

Key words: testosterone, DXA, fat mass, lean body mass

Introduction
Ohesity resulls 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-
rommental elements, Increasingly, obesity is becoming
highly 1L Lo ireatment in most individuals becase of
this myriad of contributing Factors. While this concept of
energy balance 1o maintain weight is casy 10 understand and
eorrect in theory, the application of this in an uncontrolled
environment for most individuals, especially those who are
already obese, is extremely difficult, if not impos: Also,
: amces in technology, physical activity of any
kind. if not during leisure tme. 5 almost nonexistent. Poor
or no adherence 1o proper diet and decreased phy:
activity levels o i, especially in chroni
sedentary i duals, He ol this, some fomm of phar.
macological or supplemental rreatment 10 aid in weight loss
andior positively alter body composition is desperately
needed
Men with hypogonadism have alierstions in body com-
position.  including increases in percentage body  fat
changes in adipose tissue distribution, and reduction in
musche mass (2,3), Addinonally, BMI, far mass, waist cir-
cumference, and insulin resistance are all negarively corre-
lated with sexual hormone levels in both men and women
12
A potential sepplemental axd for obesity and the al
ioned hormonal deficiencies is a compound containi
the herbal extract forskolin. Forskolin is an extract from the
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roots of the Colews forskohlil plant. C forskohilii is a pe-
renmial herb with fleshy fiboous roots and is a member of the
mint Farily of plants. 1 grows in the wild in wasm subtrop-
ical temperate arens such os Indin. Burma, and Thailand,
Research into the medicinal valve of extracted forskolin
began in the sarly- w mid- 19805 and was primarily used as
an agent 1o help a aumber of cardiovascular disease condi-
tioms, mainly through o vasodilitory effect {4-8), This
effect was accomplished by increasing adenylale cyclose
activity within the body.

Mast of the research done with forskelin has looked at its
effects either i animals in vitro or s vivo or preclinical
stuclies with human tissue, Clinical research data are limited
and are wswally from an intravenous form of forskolin
administered for shom periods of time (9-12). However,
there are several preliminary technical reports and published
abstracts that have examined the effects of forskelin on
body compasition. primarily in women, although some men
were ulso examined (85% of the subjects ined have

ption, Godard, Johnson, and Richmaond

potentially be used for long periods of time with no dimin-
ished lipolytic effects.

When evaluating body compaosition, it is also impartant
10 Facus on ways 1o increase bean body mass {LEM) and not
just reduction in fat mass. A critical component of LEM
maintenance is having a sufficient supply of endogenous
testnsterone. Testosterone 14 the end product of a number of
hormonal reactions. Gonadotropin-releasing hormone is se-
ereted by the hypothalomus and controls the pulsatile secre-
fion of luteinizing hormane (LH) and Follicle-stimulating
hesmone (FSH) by the antesior pituitary (19,200, LH regu-
lates the production and secretion of testwosterone 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 exents its effects on Ley-
dig cells of the westicles (stimulating production of estos-
terone ) through cAMP, one may expect an increased level

been women) (13-16). Three of the four preliminary studies
indicate that forskolin can have a positive effect on body
composition, fesulting in a significant reduction of body fat
(13,14,16), The fourth study shows a significant reduction
in body mass (151 No change in lean body moss is shown
in any of the preliminary studies.

As a cyelie adenosine monophosphate {cAMP)' stimula-
vor, forskolin lesds o the production of the active form of
hormone-sensitive Tipase (H L i directly involved in
the mobilization of triglyceride stores that release free faty
acids ti be used for fuel within the body. Because forskolin
has a potentially favorable effect on body composition, it is
important 1o examine its efficacy. Therefore, a study imo
the effects of forskolin on body compositional changes,
endogenous lestosterone, and any changes with regard 1o
resting metabolic rate (RMR) is warranted.

Before forskolin, most weight loss aids used some form
of i - and f-receptor agonists, such as ephedri
However, compared with ephedrine and even more selece
tive adrenergic receptor agonists, forskolin does not interct
with adrenergic receptors {xl, a2, Bl and B2 receptors)
and. thus. does not result in excessive stimulation of cardiae
tissue and does not raise blood pressure (5.17). Thesefore,
forskalin is not a sympathomimetic drig; it exhibi
sodfilutory effect, and o decrense in hlood pressure is ex-
pected (18). Also as a postreceptor agent, adrenergic recep-
tors should not down-regulate over tin us, a diminished
lipodytic effect should no occer. Therefore, forskolin could

a v
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of with the use of this compound
as well (21,220 Through enhanced natural testostenone pro-
duction caused by ¢ AMP 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 stady, which oaly con-
sisted of men, was that LEM would increase significantly in
the forskolin compared with the placebo group because of
significant increases in endogenous estosterone levels.

Forskolin hus been shown to hive o positive inotropic and
varsind ory effect in climcal human studies, However, no
research has been conducted on forskolin's effect on endog-
enous testosterone levels or potential effect on RME in
human clinical stdies conducted exclusively in men, It is
imponant o determing whether a relarionship exisis be-
tween positive changes in body  composition through
changes in RMR and changes in endogenous testosterone
levels through ol supy iom of a capsule i
forskolin, The primary objectives of this sdy were
determine whether 1) forskolin administration (250 mg of
1% forskolin extract twice o day) results in fal loss
musele gaing 2) forskolin adminisiration results in
endogenous testosterone levels; 3h forskolin has a positive
effect on incressing RME; and 4} forskolin administrtion
results in bower systemic hlood pressure.

Research Methods and Procedures

Subjects were assessed for any potential physivlogical
changes 1 with forskolin I! o a potal of
three times (pre, mid. posty during a 12-week trial pericd.
This study was a double-blind. placebo-controlled clinical
trial. Baseline values consisted of a blood deaw for enzyme-
linked immunosorbent assay (ELISA) analysis of wotal tes-
tosterone and free testosterone concentration in serum.
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Table 1. Body composition values including body weight, LBEM. and fut mass at each time-point

Change Percent chanpe
Pre Mid Post ipre — paost) ipre — post)
Forskolin
Body weight ikg) 103,98 = 1489 .23 = 1504 10391 = 1506 =007 = 239 =008 = 244
LEM (kg} 6361 =504 67.32 = 8.29° 371 407 565 £ 632
Fat muss (kgh 3743 + 1165 3291 = 11.29° —451* 574 —1123 £ 13.20%
Bone mass (kg) 341 2043 365 = 043" 027 2 031% LGRS (1R
Placebo
Bodyweight (kg) 100,55 = 9.30 10209 =975 102,15 = 9.65 120+ 233 120 £ 235
LEM ikgh 6182 = 644 a3 = 70" 1.57 + 256 256+ 430
Fat mass (kg) 3565 £ 999 3514 = 1056 —051 = 191 —1L73 £ 564
Bone mass (kg) 341 £ 055 360 = 051 .20 * 0.53 TAG = IETE

The actual change from pre- & past-messurement and the percent change are alsa included.

All values are presented as means * S0,

* Significant difference berween groups and + significan difference within groups across time (p = 0.03),

Table 1
This shows the bodyweight, lean body mass (LBM), fat, and bone mass difference between the
Forskolin consuming group and the placebo group after 12 weeks.

Primary Results:
- Forskolin group decreased fat mass and increased bone mass.

Forskolin supplementation leads to reduction in body fat and increased bone
mass, if consumed every day for 12 weeks.

RMR body it through
DXA, body circumference measurements, hlood pressure
assessment, and dietary recall. Anthe 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
1Z-week trial perind, values were recorded using the sume
procedures as those used Tor haseline ssessment.

Subjects

The subject population consisted of 30 men who were
averweightiobese (BMI = 26 ky/m®), OF the 30 individuals
recruited, 15 were randomly assigned 1o receive forskolin
supplementation for the |2-week wrial peried (¢ = 15),
wherens the other 15 subjects were assigned a placebo (n =
15). The average age, BML and body fal percent were
244 = 5.9 years, 325 * 4l kgim', and 352 © 8.3% for
the forskolin group and 8.7 + 8.6 vears, 32.6 + 3.8 kgim®,
and 35,00+ T.3% for the placebo group, respectively (other
subject demographics are presented in Table 1) To meet the
eligibility requirements for study, individuals had w0 be
overweightiobess (BMI = 26 kgim®), be non-active seden-
tary individual i

ang ne andior antizsh-
matic medication, and must not have asthima, low blood
pressure, or gastric ulcers. Before participating in the study,
purticipants were informed of all potential risks and proce-
dures invelved with the study. Subjects signed an informed
consent in concordance with the requirements of the Uni-
versity of Kansus Human Subjects Committee Review
Boand.

Determining Body Composition
DXA Body Far Perceny Evaluarion. Body composition
wis evaluated using DXA scans (Lunar Prodigy: GE Lunar,
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Madison, WI). Subjects laid motionless for — 20 minutes
while the DXA machine emitted wlternating high and fow
energy Xerays over their entire bodies, DXA data acquisi-
tion is based on the differences between bore and soft tissue
attenuation at the high and low X-my levels. The raw scan
data, which includes tissue and bome, were captured and
sl Lo computer. An algosithm imterpreted esch pixel and
created an image and guan ve measurement of mass for
toth bone and other body tissses, Fat mass, LBM., and bone
miss were eollected direcily from DXA,
Body Circ Mo . Body

was determined by measuring twio sites on the subject using
an anthropometric tape measure, These measurements were
done #t the neck and abdomen and were repeated three
times to increase reliability. These numbers were evaluated.
aleng with the subject’s height, using o known equation
|percent body Tat = (0771 = abdominal -peck circurmnfer-
ence in em) —(0.132 = height) + 4.29) o determine body
fat percentage.

Blood Pressure Determination

Blood pressure was determined using a stethoscope, a
manameter, and inflatable cuff. All readings were taken on
he subject™s left arm after the subject had remained seating
Tor wt least 5 manutes,

Blood Draw

Five milliliters of whole blood was collected from a vein
in the forearm of each subject and was used 10 measure
serum tolal and free testosterone levels. This blood was
collected in a 5-mL glass Vacuainer twhe. Serum was
separated from blood using o centrifuge. Serum was placed
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in g cryotube and stored at a temperature of - 80 °C until the
samples underwent ELISA analysis.

i) Levels

Total Testasterone ELISA, Total levels were
guantified using an ELISA procedure developed by ALPCOH
Diagnostics (catalog 020-DR-155% Windham., NH). Ap-
proximately 25 pl. of standards and serum samples were
placed inte each of the 96 antibody-coated wells (all values
were measured in triplicate). Mext, 200 pl of eneyme-
conjugate solution was placed into each well. The plate was
mixed thoroughly for 10 seconds and allowed 1o incubite
foe i L oo d. The comtents
of the well were briefly shaken out and washed three times
with diluted wash solution (400 pliwell) using an auto-
mated plate washer (EL %405 Automated Plase Washer;
Bio-Tek Instruments, Winooski, ¥Th Then, 200 pl of
substrate solution was placed into each well. After that was
completed, the plate was allowed 10 incubate al room fem-
perature for 15 minutes. Then, 100 gl of stop solution was
placed into each well. Finally, ahsorbency was measured at
450 nm using n %ewell spectophotometer microplate
reader (uQuart Universal Microplate Spectroplaiometer;
Bio-Tek Instruments).

Free Te ELISA. Fr levels were
quantified using an ELISA procedure developed by ALPCO

ption, Godard, Johnson, and Richmaond

Forskolin Administration

Subjects reported 1o the laboratory on a weekly basis to
receive the forskolin (Forslean; Sabina Corp.. Piscatawiy.
NIy supplement (n = 15; 250 mg of 10% forskolin extract
twice o day) or placebo (n = 15).

Statistical Analysis

The d between body composition, RME, blood
pressure. and wtal and free westosterone concentrations in
serum associated with subjects ingesting the forskolin and
those 1aking a placebo were tested with ANOVA, A re-
peated measures ANOVA was conducted 1o determine any
significant interactions between group and time. A one-way
AROVA was used 1o assess chunges across time. Follow-up
analysis was performed to delermine differsnces among
groups at each time-point. Means and SDs were calcolated
for all variables ibody composition, total and free testoster-
ome levels, blood pressure, and RMR). The overall signi
cance bevel was set at 5% (o = 0.03). The SPSS software
program version 110 (SPSS, Chicago. L) was used to
perform the stutistical analysis,

Results
Bodv Composition Analysis
The: ibility of wis

Diagnostics (120-DR-2924). First. 30 ul free
standards, controls, and samples were dispensed ino appro-
printe wells. Then, 50 pl. of enzyme conjugate wis dis-
pensed into each well and mived 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 fimes using an awtomated plate washer (EL
#4035 Auomated Plae Washer; Bio-Tek Instruments).
Mexr, 100wl of substrate solution was added o each well
amel aillovwed b incubate for 15 mimstes af room femperiture
while coversd. Then, 10 pl of stop solution was added 10
each well, and absorbance was measured at 430 nm using
a 96-well spectrophotometer microplate reader {pQuant
Universal Microplate Spectrophotometer; Bio-Tek Instru-
el

RMR Testing

For RMR testing. subjects wene required 1o report 1o the
lahorutory hetween G0 4 and 1000 am afler a 12-hour
st and a d8-hour abstention from physical activity. Sub-
Jeots rested quietly for 30 minwtes in a darkened room.
Subscquently, they were connected 1o 2 metabolic measure-
ment system (CandioOD@/CPMax System: MedGraphics,
Minncapolis, MN) using a mask for 30 minutes. Expired air
was collected by the metabolic measurement system and
amalyzed for oxypen and carbon diogide concentrations,
Carbon dioxide and oxygen concentrations were analyzed 10
determine calories burned and estimate overall calorie ex-
penditure ot rest (RMR).
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through the quality control measurements obtsined from the
phamtom calibration standard  provided by GE Medical
{Madison, W1y Over the course of the study, the coefficient
of varistion trend summary for the quality assemnce mea-
surements was 0.07%.

XA Body Far Percens. The forskolin group had a sig-
nificant decrease in body fat percent from haseline 7=
B3 10 final measurement (31,03 £ 7.96%), The placebo
eroup showed no significam difference in body far percent
from baseling to final measurement. The actoal change in
bady fat percent from before o after the study (—4,14 =
AATH ve, =096 * L66% for forskolin va. placebo, re-
spectivelyh was shown 1o be significantly different among
groups (p = 005),

Fat Mass. After the 1 2oweek tral period, fat mass de-
ereased significantly in the forskolin group {p = 005) with
no change occurring in the placcho group. Additionally, the
actunl change in fut mass from before 0 after showed a
significant difference among groups (p = (L05; Table 1)

LEM. After the |2-week trial period. LBM increased
significantly in both groups (p = 005, Noo significant
differences were shown among groups al either pre- or
posi—time-points. However, the actual change in LBM from
baseline o final measurements revealed o trend toward
significance among growps (p = (0875 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- 0 post-




Body G ition and Forskolin C ption, Godard, Johnson, and Richmond

Table 2. Total and free values ut each time-point
Change Percent change
Pre Mid Pust ipre — post) ipre — pst)
Forskolin
Teaal testosterone (ngiml.) S06 = 1.21% 527 = 1.03* 575 = 1L50= 069 =+ 126 1677 £ 3377
Free testosterone (pafmly 1590 = 1339 1567 = 1368 1636 £ 13.32 0.46 = 086" 34T =810
Placebo
Teaal estosterone (ngiml.) 412 2 082 197 L 085 400 = 089 =011 2 095 =108 = 1835
Free testosterone (pafmly 1328 = 7.26 1228 = 744 1277 £ 7.30 —0.5] = 1M =41l = 1148

The actual change from pre- t0 past-measurement and the percent change are also includsd.

All values are presented s means + SD,
* Significance between groaps (p = 1.05).

Table 2

group and the placebo group after 12 weeks.

Primary Results

values for wotal BM in the forskolin group ip = 0.05). The

peints (p == 0.05). The cocfficient of variations was 9% for

actual change in BM from baseline to final
was significantly different among groups (p = 005,
1.

oty Circumiference Analvsis of Body Far Percenr. There
wis a0 trend toward o significant interaction across time
among groups (p = (URS), Follow-up analysis revealed no
significant difference within groups across time. but & trend
toward significance existed from pre— and post—time-points
within the forskelin group for a desrease in percentige body
fat {p = 0.061). The coefficient of vanation was 1% for
test—retest reliahility values.

Body Weight, No significant differences were found for
the actual change in body weight from pre- o post
surements. Overall, the forskoli
of body weight compared
actually guined 1.20 = 2,33 kg (Table 1).

e

Endogenous Testosterone

Total Testosterone. There was a significant difference
among groups at pre—, mid-, and post-time-points for wodal
testosterone (p = 005), A trend toward a significant in-
crease in tolal testosterone existed within the forskolin
group from pre- and post-time periods (p = 00511 The
percentage change for wtal testosterone for all time-points
can be seen in Tahle 2, Finally, a trend toward o significan
increase for the forskolin group existed in regasd o the
actual change in wotal testosterone from pre— 10 post—time-
points ip = 0057} The coefficient of variations was 7% for
intraassiy and 3% for inter-assay,

Free Testosrerone. There was a significant change across
time for free testosterone in the forskolin group (p = 0L05),
There was no significant difference among groups for free
testosserone for all hme-points, When the actual change in
free testosterone was examined, there was a significant
increase in the forskolin group from pre— boo post—time-
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v and 8% for inter-assay

RMR

The mean RMR at baseline for the forskolin group was
216740 = 6RLA4 v, 168013 = 330072 kealfd for the
placebo group. The final values for RMR increased w
2182.13 * 610.50 kealid for forskelin and increased to
1789.07 + 402,40 kealdd for placebo. No significant differ-
ence was nhserved among groups or across time within each
group. The coefficient of variation was 9% for test-retest
reliahility values,

Blood Pressure

Systolic Blopd Pressure. Systolic blood pressure changes
were not shown 1o be stutistically significant across time,
and there were no sagnificant differences among groups al
either pre-, mid-, or post-measurements. All s
pressure values are shown in Table 3, The coefficient of
variation was 2% for lesi-retest reliabiliy values,

Digsredie Blood Pressure. Mean diastolic blood pressure
values obtained during the | 2-week trial period are shown
in Table 3. Mo significant differences or trends toward
sagnificance were observed for dinstolic 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 calorc e, obtwined through dietary
recall. was A7 £ 30012 kealld for forskolin vs.
2461.43 = 471.29 keald for placebo. The post-values for
daily culoric intike were 238692 = 48369 kealld for
Forskolin vs. 2558.00 + STOR3 kealld for placebo. There
were no significant differences across time or among groups
for daily caloric intake as obtained with the dictary recall.

)
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Resting metabolic rate did not change for either group.

No difference in energy intake between groups.

This shows the testosterone and free testosterone difference between the Forskolin consuming

- Free testosterone increased in the forskolin group.
- Trend toward significance in total testosterone (p=0.051) vs pre-measures.

Take/AWayd Forskolin mildly increases free testosterone and total testosterone.
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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) 13273 2 1383 12587 = 700 12647 = 525 =627 = 1283

Diastolic (mm Hg) 8247+ 633 B340 £ 525 40T =425 L60 = 760
Placebo

Systolic (mm Hg) 12987 2+ 11,69 12360 2 1161 12520 = 948 =467 = 047

Diastolic (mm Hg) 8333+ 694 8333 £ 626 8427 = 791 093 =792

The actual change from pre- to post-measurement is included.
All values are presented s means + SD,

Table 3

This shows the blood pressure difference between the Forskolin consuming group and the
placebo group after 12 weeks.

Primary Results
- No significant changes in blood pressures, statistically speaking.

TaKeAWay: Forskolin has no affect on blood pressure.

Discussion

The purpose of this study was to examine the effects of
oral forskolin consumption on body composition, serem
testosterone concentration, RMR. and blood pressure in an
overweight'obess male population, The results of this study
show tht forskolin promotes favorable changes in body
ition by significantly decreasi body Fat
and fat mass and increasing bone mass, s determined by
DXA ip = 0.05). The forskolin group lost 4,52 + 5.74 kg
of far mass while concurrently gaining 3.71 = 4.07 kg of
LEM. The placebo group lost 051 = 191 kg of far mass
and gained 157 + 2,56 kg of LEM. The increase in bone
mass wis significantly different among groups for forskolin
(027 = 031 kg forskolin ve, 0030 = 053 kg placebo).
Forskolin also evoked a significant increase with regard 10
the chunge in free lestosterone concentnstion among groups
over the 12-week wal period (p = 0050 A significan
difference also existed among groups for total testosterone

at baseline, mid-, and final time-points (p = 005),

Body Fat

This is the first study into forskolin's direct effect on
body compasition in vivo exclusively in men (other studies
bave looked primarily at women): however, forskolin has
been studied for its lipolytic effect in vitro, Litosch et al.
017} showed that forskolin stimuluted lipolysis in adipose
tissue o a maximam of 3000 = 342 (expressed as micro-
moles of glveerol per 107 cells per 2 hours) in obese men
and 50050 = 6,85 in obese women before weight loss was
induced using # surgical gastric binding technique, Aller
weight loss, forskolin increased lipolysis in adipose tissoe 10
2843 + 4.4% and 2644 = 1.25 in obese men and women,
respestively. As noted before, this study was in vitro, mak-
ing comparisons with the corrent study limited. The current
study revealed thar forskolin induced fat loss as measured
by DXA. The decrease in body fat percent thar 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 boddy fat percent, Previous research, such as that done by
Litosch et al., focused on hipolysis ot a subcellular level.
This study shows that Forskelin®s lipolytic effect can be
generated within the whole organism as well. The change in
Tar mass for the forskolin group could be explained by the
lipolytic effects shown by Litosch et al. (170 Also, work
dene by Ho and Shi (24) and Lichey et al. (25) showed that
forskolin could induce lipolysis and free futty ucid release
from stored trighycerides in il adipose tissue, In bath of
these studies, the primary mechanism for lipelysis was the
ahility of forskolin 1o dramatically inerease cAMP levels
within adipose tssue in vitro, More specifically. as cAMP
accumulated wi the tissue, protein Kinase A was acti-
vated. This in tum activates HSL, which breaks down stored
riglycerides for energy and increases free fatty acid relense.
Therefore, the change in fat mass as shown by the forskolin
group (—4.52 * 5.74 kgl could be induced by direct free
Fatty acid release within adipose tissoe through cAMP ac-
cumulation and directly induce Tan loss.

When evaluating body composition, it is critical © 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 =
239 kg, However, the forskolin group lost 452 = 5.74 kg
of fat muss {p = (L05) while concurrently gaining a non-
sagnificant 3,71 = 4,07 kg of LEM. There was no change in
the subjects’ diet as indicated by dietary recall analysis of
calorie intake. In contrast o the forskolin growp, the placebo
group showed an average weight gain of 1200+ 233 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 = 191 kg of
fat mass (both non-significant changes), The change in body
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fat percent and fat mass was significantly differem among
groups during the |2-week trial {p = 005).

Results of the RMR testing weuld supgest that forskolin
directly activated free famy acid release, and there was a
minimal non-significant increase in RMR through increased
thyroid hormone activity, Follow-up tests revealed no sig-
nificant clanges in RME within either growp, and there was
no significant interaction scen across GmMe AMONg Zroups.
This would refute the claims that forskolin can increase
metabolic rate through mereased thyroid bormone levels or
at least nod o 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
antributed more wward Torskolin's ability o direcily acti-
wvate adenylate cyclase within adipose tissue, resulting in a
greater release of free farty acids.

Bone Mass

Irs this study, Forskolin was shown 1o increase bone mass,
A significant interaction cxisted for bone mass across time
among groups (p = (005), Follow-up analysis showed o
sigmificant increase from pre- o post-values for total bone
mass in the forskolin greap (p = 005, Finally, the actual
changy bone mass from baseline to fingl measurements
wis significantly different among groups ip = (003,

Direct comparative literaiu monexistent regarding for-
skolin’s effect on bone mass; study is the first to explore
forskolin®s effect on bone mass with humans in vivo, How-
ever, il is known that parathymoid hormone increases cAMEP
and calcium bevels in bone cells, which can be used by
nsteoglasts in bone restoration and bone formation through
osteohlast actividion (27). The drug teriparatide has been
shown 1o directly sctivate adenylate cyclase and increase
cAMP and calcium similar w parathyroid hormone. In fact,
a ¢linical study conducted by Meer et al, (28) showed that
teriparaticde increased bone mineral density in the lumbar
spine and hip by 9.7% and 2.6%. respectively. Thesefore,
because of forskolin's ability to stimulate adenylate cyelase
in o ovarety of lssues, the increase in bone mass that
occurred during this study shows that forskolin can improve
bone mass in overweight and obese men.

hi

Testosierone and LBM
Testosterone, a5 2 hormone, is involved in the promation
of muscle mass and reducing far mass (381 Men with
ism have negative i in body composi-
tion. such as decreased muscle mass., increased percent body
T, and alterations in body [ distribution (8), Both groups
significanly increased LBM over the course of the sudy
i <= 0031 however, there was no significant difference
i = 0STh between the forskelin group (3,71 £ 407 kg
ncrease) and the placebo group (1.57 = 256 kg increase;
Table 1. This is the first study to examine forskolin's effect
on serum iotal festosierone levels in vivo. Serum todal
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testosterone bevels were shown o be significantly different
among groups for megsurements taken before, during, and
after the trial (p = 0.05). Because the forskolin group had
significantly higher serum total resosterone levels an base-
ling {p = 0LOS), it is critical 1o examine the percent differ-
ence that occurred between initial and final measurements
for both groups o account for this difference in indtial
values. The percentage difference among groups thar oc-
curred between the initial and final measurements for total
testosterone was 16,77 = 33,77% for forskolin vs, =108 =
18.35% for placebo (Table 2).

When evaluating testosterone levels, it is also important
1o measure free testosterome levels, Free testosterone is the
companent of otal wesosterone that is mod bound 1o either
albumin or sex hormone bound globulin, OF the two. albu-
min bound testosterone may dissociate from albumin and.
Thus, be able w0 elicit o physiological effect at a cellular level
within tissue such as muscle {29). Testosterone bound o sex
hormone bound globulin cannot dissociate, and, thos, its
awtive properties are nullified (30). Free testosterone is the
most potent or most readily active component of waal 1es-
tosterone, and. therefore, quantifving it within serum is
eritically important 10 show the physiological active com-
ponent on the hormone lestosterone. In this study, the
change in free testosterone that occurred across the 12-week
trial period was shown 1o be significamly different among
groups (p = 005; Table 2 It is important 1o understand
that an increase in testosterone can elicht reductions i fat
mass (381 In this study, the increase shown for serum wotal
testosterone and free festosterone may be another andfor a
contributing Factor for the reductions in bady fat percent and
Tar mass seen in the forskolin-reasted group.

Bilood Pressure

Systolic blood pressure changes were not shown o be
sxatistically significant across time. and there were no sig-
nificant differences among groups o either initial, mid-, or
fnal measurements. In Fact, within both groups, a tend
toward a significant reduction in systolic blood pressure was
shown (p = 0079 for forskolin vs, p = 0.077 for placeho).
No significant difference or trends loward significance wens
observed for diastolic blood pressure or in the scmal change
in diastolic blood pressure at any time-point.

The: findings of this study are in contrast o early work
examining forskolin's effect on the cardiovascular system,
and more specifically, its pote hypotensive effects.
Lindner et al. (7} showed that forskolin could increase the
Foree of heart contraction and could lewer Blood pressure in
animal madels. Stedies conducted by Dubey et al. (31)
showed that coleonol (a diterpene isolated from the extract
C, farskohlii) produced o well-marked and sustained hypo-
tension in anesthetized cars in the dose range of 001w 10
mgfkg. It is imponant w0 note that all of these hypotensive
effects occurred within animal models, This stdy did not
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show a significant difference among groups for reductions
i either systolic or diastolic blood pressure within humans.
Thiz could be cavsed by any number of variables such as
physiokogical variations within animal models compared
with humans, differences in the dose of forskolin, and
differences in the form of forskolin wsed (e, colforsin
duropate vs. pure . forskehlii 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 far mass and body far percentage may have oc-
curred through sdenylale cyclase activation and, thus,
cAMP accumulation within adipose fissue, which stimu-
Iutcd free futty acid release and lipolysis,. RMR did not
icamtly change across time during this study, implying
that in a 12-weck study, forskolin did not increase meta-
bolic rase.

These findings are extremely imporant becanse of fors-
kolin's mechanism of action. The majorty of previous

weight loss aids worked through adrenergic receptor acti-
vittion, Adrenergic receplor activation can downeregulite
over time and result in diminished lipolytic effects. Forsko-
lin bypasses the adrenergic activation step and increnses
cAMP levels by cither stimulating adenylate cyclase or by
increasing the cAMP accumulating  progertics of cat-
echolamines (32.33). Therefore, forskolin could possibly be
used for Jong periods of tme without diminished lipolytic
effects in conjunction with increasing LEM. Further re-
search into the long-term effects of forskelin i needed 10
aceuritely asses this theory,
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