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An herbal supplement containing Ma Huang-Guarana
for weight loss: a randomized, double-blind trial

CN Boozer1*, JA Nasser1, SB Heyms®eld1, V Wang1, G Chen1 and JL Solomon1

1Obesity Research Center, St Luke's-Roosevelt Hospital Center and Department of Medicine, Columbia University College of
Physicians and Surgeons, New York, USA

OBJECTIVE: To examine in overweight humans the short-term safety and ef®cacy for weight loss of an herbal supplement
containing Ma Huang, Guarana and other ingredients.
DESIGN: An 8 week randomized, double-blind placebo controlled study of a herbal dietary supplement (72 mg=day ephedrine
alkaloids and 240 mg=day caffeine).
SUBJECTS: Overweight men and women (body mass index, �29 and �35 kg=m2).
MEASUREMENTS: The primary outcome variable was body weight change. Secondary variables included anthropometric,
metabolic and cardiovascular changes.
RESULTS: Sixty-seven subjects were randomized to either placebo (n�32) or active Ma Huang=Guarana (n� 35). Twenty-four
subjects in each group completed the study. Active treatment produced signi®cantly (P<0.006) greater loss of weight
( �X� s.d.,74.0�3.4 kg) and fat (72.1�3.0% fat) over the 8-week treatment period than did placebo (70.8�2.4 kg and
0.2�2.3% fat). Active treatment also produced greater reductions in hip circumference and serum triglyceride levels. Eight of
the 35 actively treated subjects (23%) and none of the 32 placebo-treated control subjects withdrew from the protocol because
of potential treatment-related effects. Dry mouth, insomnia and headache were the adverse symptoms reported most frequently
by the herbal vs placebo group at the ®nal evaluation visit.
CONCLUSIONS: This herbal mixture of Ma Huang and Guarana effectively promoted short-term weight and fat loss. Safety with
long-term use requires further investigation.
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Introduction
Ma Huang has been used in China for over 5000 y as a

treatment for asthma and other ailments.1,2 The primary

active ingredients of Ma Huang (ephedra), are ephedrine

alkaloids, sympathomimetic agents. Recently, herbal mix-

tures of Ma Huang, in combination with Guarana, a source

of caffeine, have been marketed in the USA as weight loss

agents and many people are now using these products for

that purpose.

Factors contributing to the increasing use of such alter-

native methods for weight control include: the rising pre-

valence of obesity;3 recognition that excessive adiposity

increases risk of morbidity and mortality;4 and the limited

ef®cacy of conventional weight loss treatments.5 Among

these alternative methods, preparations that include Ma

Huang are among the most popular.2

The Ma Huang=Guarana combination is the herbal coun-

terpart of the well-researched weight loss treatment of ephe-

drine plus caffeine.6 ± 8 Although combinations of ephedrine

and caffeine produce weight loss in animals and humans,9 ± 14

the ef®cacy of the herbal combinations for weight loss, to

our knowledge, has not been previously evaluated in clinical

trials. The issue of adverse effects is also a central question

when any agent is used for human weight control manage-

ment and particularly for herbal preparations that are con-

sidered dietary supplements and thereby sold with less

regulatory oversight.

The main aim of the present study was to examine the

short-term safety and weight-loss promoting effects of an
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herbal supplement containing Ma Huang and Guarana. This

investigation is the ®rst reported double-blind placebo-

controlled trial of a widely used over-the-counter Ma

Huang=Guarana preparation.

Methods
Study design

The study hypothesis was that over an 8 week treatment

period a herbal dietary supplement containing Ma Huang

and Guarana (ie ephedrine alkaloids and caffeine) promotes

signi®cantly greater weight loss than placebo. The primary

study outcome was body weight change. Sample size calcula-

tions were based on information provided in the National

Task Force on the Prevention and Treatment of Obesity

report.15 More than 80% power, at the two-tailed a level of

0.05, would be provided to test the signi®cance of a between-

group weight change of 2 kg with a minimum of 30 subjects

per group.

After a baseline medical evaluation, subjects were block

randomized at visit 0 to active or placebo groups with equal

numbers assigned to each group using a random number

table and block sizes varying between 2 and 8. Subjects who

left the study prior to the ®rst post-randomization visit were

replaced with subjects assigned to the same treatment con-

dition by a statistician who was not otherwise involved in

the study. All study investigators were blinded. Active or

placebo tablets and instruction to exercise moderately and

limit intake of dietary fat were provided at visit 0 and at bi-

weekly follow-up visits that included measurements of body

weight, waist and hip circumference, blood pressure and

heart rate. The 0 and 8 week visits also included completion

of a symptom questionnaire.

The active preparation was a commercial herbal mixture

(Metabolife-3561, Metabolife Inc., San Diego, CA) contain-

ing Ma Huang and Guarana as the main active ingredients. A

list of all ingredients with amounts indicated, where this

information is not proprietary, is included in the Appendix.

Each tablet is labeled as containing 12 mg of total ephedrine

alkaloids and 40 mg of caffeine. The total daily amount of

ephedrine and caffeine provided in this study were 72 and

240 mg, respectively. The placebo was an identical appearing

tablet containing carboxymethylcellulose, micronized silica

and alfalfa. An independent laboratory (San Rafael Chemical

Services, Salt Lake City, UT) analyzed samples of active and

placebo tablets by high pressure liquid chromatography

(HPLC) for ephedrine, total ephedrine alkaloids and caffeine.

The study was approved by the Institutional Review Board

of St Luke's-Roosevelt Hospital Center and all subjects gave

written consent prior to participation.

Subjects

Subjects, recruited by advertisements in local newspapers

and ¯yers, were required to be between 25 and 55 y of age,

with body mass index (BMI) �29 and �35 kg=m2 and to

have been weight stable (�2.5 kg) for at least 3 months prior

to evaluation. Exclusions were pregnancy or nursing within

the previous year, diabetes, thyroid, kidney, liver or

heart disease, cancer, anemia, high blood pressure, or

use of medication other than contraceptives, hormone

replacement therapy, or speci®c allergy preparations.

Treatment

All subjects were advised to limit intake of dietary fat to 30%

of calories and to exercise moderately (eg walking 30 min=

day, three times a week). Handouts on good eating habits

and a progressive walking=exercise program were provided.

Active and placebo tablets were supplied in opaque white

plastic bottles containing 90 pills=bottle. Subjects were direc-

ted to take two tablets, 30 min before each meal, three times

a day (6 tablets=day), and to return unused pills, which were

counted to determine compliance.

Measurements

Baseline evaluation included medical and nutrition history, a

physical examination, blood and urine studies, an electro-

cardiogram (ECG), and body composition measurements.

Blood and urine studies included serum lipids (cholesterol

and triglycerides), liver tests, thyroid hormones, glucose,

standard electrolytes, ALT, AST and GGT, a complete blood

count, and urine analysis (Quest Diagnostic Laboratory,

Teterboro, NJ). ECG's were evaluated for four intervals (R-R,

P-R, QTc, QRS), QRS amplitude and cardiac rhythm. Body

weight and height were measured to the nearest 0.1 kg and

0.5 cm, using a digital scale (Weight Tronix, New York, NY)

and stadiometer (Holtain, Crosswell, Wales). Waist and hip

circumferences, measured by trained observers at standard

anatomical locations,16 were used as estimates of adipose

tissue distribution and cardiovascular risk.17

Total body fat was assessed by air displacement plethys-

mography (BodPod1 Body Composition System, Life Mea-

surement Instruments, Concord, CA) with an error of 0.1%

fat.18 Siri's two-compartment model was used to convert

measured body density to percentage fat.19

Statistical methods

Values are presented in the text as means� standard devia-

tion (s.d.) and in the ®gures as means� standard errors (s.e.).

All analyses were conducted at the two-tailed 0.05 a-level.

Analysis of study outcomes focused on subjects who

completed the study. However, to test for bias due to drop-

outs, data was also analyzed by intent-to-treat (ITT) analysis

of all randomized subjects, using last observation carried

forward (LOCF),20 which conservatively assumes that treat-

ment would not affect variables after the last point of

measurement. One placebo subject's ®nal serum triglyceride

value, greater than 3 s.d. above the mean, was omitted from

the completer analyses. Two-way repeated measures ANOVA
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(treatment� time) was used to compare the pattern of

change over time for the herbal treatment vs placebo group

for continuous variables, while paired samples, t-test was

used to examine changes over time within groups, both by

SPSS 7.5 (SPSS Inc., Chicago, II). All data undergoing ANOVA

were tested for assumptions of multivariate normality,

homogeneity of covariance matrices, and sphericity. Log

transformations were applied to data where necessary to

meet the ®rst two assumptions while a Greenhouse-Geisser

adjustment was used to correct for violations of sphericity.

Results
Baseline subject characteristics

Of 75 subjects evaluated at baseline, eight were disquali®ed

for medical reasons and 67 were randomized, 32 to the

placebo group and 35 to the active treatment group (Figure

1). Baseline characteristics did not differ between groups

(Table 1). Forty-eight subjects (72%) completed the study

with 92�6% and 94�5% (P>0.3) pill compliance in the

placebo and active treatment subjects respectively.

Herbal analysis

Independent laboratory HPLC analyses detected 1.1 mg caf-

feine and 0.46 mg total ephedrine alkaloids per placebo

tablet and an average of 50.0 (47.0 ± 55.1) mg caffeine (vs

40 mg as labeled), 10.5 (9.7 ± 11.7) mg ephedrine and 12.9

(12.2 ± 13.4) mg total ephedrine alkaloids (vs 12 mg as

labeled) per herbal tablet.

Treatment effects

Body weight. The mean changes from baseline body

weight for all subjects with data at each time point are

shown in Figure 2. Comparison of the log transformed

weight data showed a signi®cant treatment� time interac-

tion using a repeated-measures ANOVA (Greenhouse ±

Geisser adjusted P�0.001). Using weight at baseline as a

covariate, the treatment� time interaction was still signi®-

cant (Greenhouse ± Geisser adjusted P�0.002). Of subjects

completing the study, there was a signi®cant decrease in

weight in the herbal treatment group (74.0�3.4 kg or 3.5 %

of baseline, Greenhouse ± Geisser adjusted P<0.001) but not

in the placebo group (70.8�2.4 kg or 0.09% of baseline,

Greenhouse ± Geisser adjusted P� 0.07, Table 2).

Figure 1 Disposition of subjects enrolled in the study.

Table 1 Baseline demographic characteristics of all randomized subjects

Characteristic Placebo (n� 32) Active (n� 35)

Gender

Men (n) 4 6

Women (n) 28 29

Race n (%)

White 15 (47%) 18 (51.4%)

African American 10 (31%) 12 (34.3%)

Hispanic 7 (22%) 5 (14.3%)

( �X� s.d.) ( �X� s.d.)

Age (y) 40.0�9.4 42.2�8.1

Weight (kg) 88.0�10.3 90.7�10.3

Body mass index (kg=m2) 32.6�2.9 32.7�2.7
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Body fat. Changes were signi®cantly greater for body fat

and percentage body fat in the active group (73.5�3.3 kg,

P<0.001 and72.1�3.0%, P�0.002) than in the placebo

group (70.7�2.9 kg, P�0.282 and 0.2�2.3%, P�0.725,

Table 2).

Anthropometric dimensions. There were signi®cantly

greater reductions in waist and hip circumferences

(P�0.050, P<0.001, respectively) in the herbal group

(73.4�5.0 cm, P� 0.003 and 74.7�4.2 cm, P<0.001)

than the placebo group (70.8�3.8 cm, P�0.300

and70.4�2.4 cm, P�0.397; Table 2).

Cardiovascular end-points. The only statistically signi®-

cant effect on serum lipids was the decrease in serum trigly-

ceride levels, which was greater (P�0.007) in the active

(70.2�0.4 mmol=l, P�0.057), vs the placebo group

(0.1�0.3 mmol=l, P�0.056; Table 3).

The small mean increase in serum glucose levels in the

active treatment group (0.2�0.4 mmol=l (P�0.029) was sig-

ni®cantly (P�0.006) larger than the change in the control

group (70.1�0.4 mmol=l, P�0.095; Table 3). No subject in

either group had end-of-study serum glucose levels in the

clinically abnormal range.

Mean systolic and diastolic blood pressure did not differ

between groups at any time point nor were they different

from baseline in either group at the end of the study (Table

2). When the rise over baseline was compared for all subjects

at each time point, mean systolic blood pressure was sig-

ni®cantly (P�0.025) greater only at week 6 in the active

treatment group (4.1�12.3 mmHg) than the control group

(72.6�8.3 mmHg), Figure 3). Repeated measures analysis of

completers, however, showed that the variability of the

change in blood pressure was constant within subjects over

groups and the between-group effect was not signi®cant

(P�0.090) unless weight loss was used as a covariate

(P�0.022). The changes from baseline in diastolic blood

Figure 2 Change in body weight (kg) over the 8 week study period for
all subjects in active treatment and placebo groups. The plotted values
represent the mean� s.e. (n) at each time point. Triangles with solid lines
depict the placebo group and circles with dashed lines depict the
treatment group.

Table 2 Physical values for subjects who completed the 8 week study protocola

Group

Measure Study period Placebo X� s.d. (P-value)* Active X� s.d. (P-value)b Pc

Body weight (kg) Baseline 87.1�10.1 91.6�11.1

Final 86.3�10.4 87.6�10.5

Change 70.8�2.4 (0.07) 74.0�3.4 (< 0.001) < 0.001

Body fat mass (%) Baseline 41.2�5.1 40.4�8.0

Final 41.4�5.4 38.3�8.8

Change 0.2�2.3 (0.725) 72.1�3.0(0.002) 0.006

Waist circumference (cm) Baseline 98.4�8.9 99.1�8.2

Final 97.6�8.8 95.7�7.1

Change 70.8�3.8 (0.300) 73.4�5.0 (0.003) 0.050

Hip circumference (cm) Baseline 114.0�5.1 115.9�8.2

Final 113.5�5.6 111.1�7.8

Change 70.4�2.4 (0.397) 74.7�4.2 (< 0.001) < 0.001

Systolic blood pressure (mmHg) Baseline 115.5�9.2 113.2�8.3

Final 112.6�8.9 113.3�9.0

Change 73.0�9.7 (0.150) 0.1�10 (0.952) 0.284

Diastolic blood pressure (mmHg) Baseline 76.4�8.4 75.0�7.9

Final 75.2�7.3 74.1�9.0

Change 71.2�8.1 (0.471) 70.9�8.6 (0.605) 0.904

Heart rate (beats=min) Baseline 73.4�8.9 67.2�4.9

Final 71.7�8.0 74.1�7.5

Change 71.7�6.3 (0.211) 6.9�6.9 (< 0.001) < 0.001

aTreatment was an herbal supplement containing 72 mg ephedra and 240 mg caffeine=day.
bP-values for within-group change from baseline compared by paired samples t-test (Greenhouse ± Geisser adjusted where appropriate).
cMean changes of subjects in treatment (n�24) vs placebo (n�24) groups who completed the study compared by independent samples

t-test (Greenhouse ± Geisser adjusted where appropriate).
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pressure were not signi®cant in either group over time or

between groups at each time point, even after controlling for

weight loss.

Heart rate at week 8 was signi®cantly (P<0.001) increased

over baseline in the active treatment group (6.9�6.9

beats=min) compared with the control group (71.7�6.3

beats=min; Table 2). The within-group changes in heart

rate were also signi®cant for the herbal treatment group

(P<0.001) but not the placebo group (P� 0.211).

All measured group mean amplitudes and intervals were

within their respective normal ranges at baseline and there

were no signi®cant within or between-group ECG changes

over the treatment period except for the R-R interval. The

R-R interval (lead 2) decreased signi®cantly (P�0.027) in

length (70.057�0.11 s) in the active treatment group and

this was also signi®cantly different (P�0.047) from the

change in the placebo group (�0.007�0.10 s, P�0.724).

No ectopic beats or arrhythmias were observed either at

baseline or at week 8 on the standard ECG.

Blood chemistries. There were no signi®cant within-group

changes from baseline for electrolytes, ALT, AST or GGT in

the placebo group. In the active treatment group, both ALT

and AST decreased signi®cantly from baseline (74.2�10 IU=l,

P�0.050 and72.2�5.2 IU=l, P�0.051, respectively) while

GGT and electrolytes remained unchanged.

ITT analysis of treatment outcomes. To avoid possible

bias due to subjects who were lost to follow-up, ITT analysis

was performed with all missing data imputed by carrying

forward the last previous measurement to the ®nal observa-

tion. This very conservative treatment of the data resulted in

changes in the magnitude of differences between groups, but

did not change the statistical signi®cance of any of the

treatment outcomes (Table 4).

Adverse effects. Adverse effects are presented in Figure 1

and Table 5. Five of the 35 subjects (14%) taking the active

preparation left the study prior to the ®rst follow-up visit due

to potentially treatment-related adverse effects (Figure 1).

One of these subjects was found to have elevated blood

pressure (140=90 mmHg, systolic=diastolic). The other four

reported palpitations with (n�1) or without (n�3) chest

pain within a few days of beginning treatment. Follow-up

Table 3 Serum values for subjects who completed the 8 week study protocola

Serum levelsa

Placebo Active

Mean� s.d. (P-value)b Mean� s.d. (P-value)b

Study period (mmol=l) (mg=dl) (mmol=l) (mg=dl) Pc

Cholesterol Baseline 5.3�1.2 203.5� 45.2 4.7� 0.9 181.3� 36.0

Final 5.3�1.3 205.5� 51.4 4.6� 1.0 176.9� 37.9

Change 0.0�0.7 (0.713) 2.0� 26.3 70.1� 0.5 (0.254) 74.4� 18.3 0.335

HDL-Cholesterol Baseline 1.3�0.3 49.8� 13.1 1.3� 0.4 51.1� 14.9

Final 1.4�0.4 52.6� 15.2 1.4� 0.4 53.8� 13.9

Change 0.1�0.2 (0.160) 2.9� 9.7 0.1� 0.2 (0.100) 2.7� 7.9 0.957

LDL-Cholesterol Baseline 3.4�0.9 132.4� 36.8 2.9� 0.7 111.4� 26.4

Final 3.4�1.1 129.5� 44.2 2.8� 0.8 107.3� 32.8

Change 0.1�0.6 (0.545) 72.9� 23.1 70.1� 0.4 (0.261) 74.0� 17.2 0.845

Triglycerides Baseline 1.0�0.6 92.6� 53.3 1.0� 0.6 93.6� 52.8

Final 1.1�0.5 101.1� 45.8 0.8� 0.4 77.9� 35.2

Change 0.1�0.3 (0.056) 8.5� 29.2 70.2� 0.4 (0.057) 715.7� 38.3 0.007

Glucose Baseline 4.9�0.5 88.6� 8.4 4.6� 0.04 83.4� 6.7

Final 4.7�0.5 86.1� 8.5 4.8� 0.03 87.2� 6.4

Change 70.1�0.4 (0.095) 72.4� 6.9 0.2� 0.4 (0.029) 3.8� 8.1 0.006

aTwenty-four subjects group completed the study. Treatment was a herbal supplement containing 72 mg ephedra and 240 mg caffeine=day.
bP-value for within-group change from baseline compared by paired samples t-test.
cMean changes in treatment vs placebo groups for subjects who completed the 8 week study compared by independent samples t-test.

Figure 3 Change in systolic blood pressure (BP, mmHg) over the 8
week study period for all subjects in active treatment and placebo
groups. The plotted values represent the mean� s.e. (n) at each time
point. Triangles with solid lines depict the placebo group and circles with
dashed lines depict the treatment group.
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ECGs showed no signi®cant abnormalities in any of these

subjects. After week 2, six additional subjects (17%) in the

active treatment group withdrew from the study, one due to

increased blood pressure, one reporting increased palpita-

tions, one reporting extreme irritability and two for personal

reasons.

Eight subjects, of 32 enrolled (25%), withdrew from the

placebo group, all for reasons unrelated to the study protocol

(two quit, one moved away, two other commitments, one

missed 2 weeks of medication due to travel, one recurring

urinary tract infection, one recurring menopausal symp-

toms). Altogether, there were eight (two physician-removed,

six self-removed) potentially treatment-related dropouts

(23%) in the active group and none in the placebo group.

Symptoms reported by subjects at the ®nal evaluation are

grouped in Table 5 into four categories: central nervous

system (CNS), cardiovascular, gastrointestinal and other.

The CNS category had the greatest difference between

active and placebo treatment groups while individual symp-

toms with greatest differences were dry mouth (11 vs 4),

insomnia (13 vs 9) and headache (7 vs 4) for active and

placebo groups, respectively.

Discussion
The principal ®nding of this study was that an herbal pre-

paration with Ma Huang and Guarana as the main active

ingredients, administered with diet and exercise counseling,

promoted signi®cant loss of body weight and fat in over-

weight subjects beyond that observed in similarly counseled

placebo-treated subjects. The weight loss and additional

bene®cial responses observed in actively treated subjects

were accompanied by stimulatory effects characteristic of

ephedrine and caffeine.21,22 However, the possibility that

some of the other ingredients contained in the product

contributed to these and other effects cannot be excluded.

Eight of the 35 subjects in the herbal treatment group with-

drew from the study for symptoms such as palpitations and

those remaining reported a higher rate of side effects than

did subjects in the placebo group, although no subject had

any serious or lasting negative side effects.

Body weight effects

Results from the present study of a herbal preparation extend

parallel ®ndings observed in humans and animals treated

Table 4 Physical and serum values for all randomized subjectsa

Placebo Active

Mean� s.d. (P-value)b Mean� s.d. (P-value)b Pc

Body weight (kg) 70.7� 2.2 (0.074) 72.7�3.4 (< 0.001) 0.007

Fat mass (%) 0.2�2.0 (0.581) 71.5�2.7 (0.003) 0.006

Waist circumference (cm) 70.4� 3.6 (0.519) 72.2�4.7 (0.008) 0.079

Hip circumference (cm) 70.3� 2.3 (0.497) 73.6�4.0 (0.007) < 0.001

Systolic blood pressure (mmHg) 71.8� 9.9 (0.316) 2.1� 11.3 (0.298) 0.149

Diastolic blood pressure (mmHg) 71.5� 8.1 (0.312) 0.1� 8.2 (0.930) 0.418

Heart rate (beats=min) 70.9� 5.8 (0.372) 4.7�6.8 (<0.001) < 0.001

Serum levels mmol=l mg=dl mmol=l mg=dl

Cholesterol 0.0� 0.7 (0.711) 2.0�26.3 70.1� 0.4 (0.252) 73.0�15.2 0.343

HDL-cholesterol 0.0� 0.2 (0.159) 2.2� 8.6 0.0� 0.2 (0.100) 1.9�6.6 0.853

LDL-cholesterol 70.1� 0.5 (0.543) 72.2�20.3 70.1� 0.3 (0.259) 72.8�14.3 0.901

Triglycerides 0.2� 0.5 (0.057) 16.2�45.4 70.1� 0.3 (0.058) 710.7�32.4 0.007

Glucose 70.1� 0.3 (0.095) 71.9�6.1 0.1� 0.4 (0.030) 2.6�6.9 0.007

aIntent-to-treat analysis. Treatment was a herbal supplement containing 72 mg ephedra and 240 mg caffeine=day.
bP-value for within-group change from baseline compared by paired samples t-test.
cMean changes in treatment vs placebo groups compared by independent samples t-test.

Table 5 Symptoms reported by subjects at the 8 week ®nal evaluation
visit

Placebo Active

Number of subjects 24 24

Symptom

Central nervous system

Irritability 3 5

Dizziness 1 3

Insomnia 9 13

Anxiety 6 6

Headache 4 7

Blurred vision 2 1

Poor concentration 3 2

Total 28 37

Cardiovascular

Palpitations 1 1

Total 1 1

Gastrointestinal

Constipation 4 2

Diarrhea 1 2

Upset stomach 2 0

Heart burn 2 4

Nausea 0 2

Total 9 10

Other

Dry mouth 4 11

Chest pain 1 1
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with synthetic ephedrine ± caffeine combinations. Malchow-

Moller and colleagues in 198114 demonstrated that obese

subjects assigned to a hypocaloric diet for 12 weeks had

4.0 kg greater weight-loss when given ephedrine

(180 mg=day) and caffeine (300 mg=day) than with placebo.

A subsequent 24-week trial of ephedrine (60 mg=day) and

caffeine (600 mg=day) along with an assigned low-energy

(4.2 MJ=day) diet produced a 3.8 kg greater weight loss in

obese subjects than did placebo.13 In the only study that did

not include energy restriction, Daly and colleagues observed

signi®cantly greater weight loss over 8 weeks (2.2 kg) in

obese subjects treated with ephedrine (75 ± 150 mg=day),

caffeine (150 mg=day), and aspirin (330 mg=day) than those

given placebo (0.7 kg).22 The weight loss due to treatment

observed in the present study (4 kg) is consistent with these

earlier reports.

Ephedrine ± caffeine combinations promote weight loss by

reducing food intake11,23 as well as by increasing thermo-

genesis.10,12,23,24 Ephedrine's thermogenic activity has also

been observed in isolated rat brown adipocytes where it

mimics norepinephrine b-adrenergic effects.9

The effect of methylxantines, such as caffeine, to potenti-

ate the thermogenic effect of ephedrine is thought to be due

to reduced negative feedback inhibition mechanisms that

suppress catecholamine release.25 These include activation of

presynaptic a-2 adrenoceptors, release of prostaglandins and

adenosine into synaptic junctions, and increased activity of

cellular phosphodiesterase enzyme activity, which would

increase degradation of cyclic AMP. Astrup and colleagues

have also shown that the effects of speci®c doses of ephe-

drine and caffeine (60 and 600 mg=day, respectively) produce

synergistic thermogenic effects compared to the effects of

either agent alone.23 The increased weight loss of subjects

taking a Ma Huang=Guarana combination containing ephe-

drine and caffeine may thus be a consequence of both

increased energy expenditure and decreased energy intake.

In the present study, there were signi®cant reductions in

percentage body fat, waist and hip circumferences and serum

triglycerides that paralleled weight loss in the treatment

group. Additional between-group differences in serum lipid

levels might be expected in a longer term study.

Cardiovascular effects

The small and transitory increase in systolic blood pressure

in the herbal treatment group here is consistent with the

acute23 and transitory22 increases previously described with

ephedrine=caffeine treatment. Astrup and colleagues

reported increases of 5 ± 7 mmHg more than placebo, 3 h

after administration of each of three combinations of ephe-

drine=caffeine (10=200, 20=100 and 20=200 mg) to healthy,

lean subjects.23 Acute effects of Ma Huang (19.4 ephedrine)

were found to be variable in normotensive, healthy adults,

with 2=12 having signi®cantly increased (5 ± 7 mmHg) and

2=12 having signi®cantly decreased (4 ± 9 mmHg) mean 12 h

systolic blood pressures.6

Longer term studies (6 weeks to 6 months) of ephedrine ±

caffeine mixtures that produced weight losses report either

no change14,22 in blood pressure or decrease from base-

line.23,27 ± 29 Astrup's study of 180 obese subjects showed

that during 24 weeks of treatment with ephedrine and caf-

feine (60=600 mg=day) plus a hypoenergetic diet, both sys-

tolic and diastolic blood pressures declined more slowly than

those of subjects treated with diet alone. By week 12, how-

ever, both were signi®cantly lower than baseline and at no

point were they statistically different from those of the group

treated with diet alone.7 Breum's 15-week study27 of 50 obese

subjects treated with ephedrine=caffeine (60=600 mg=day)

and Greenway's 6 month study29 of 25 obese subjects treated

with ephedrine=caffeine (75=600 mg=day) also showed

improvements in blood pressure with weight loss. Greenway

and colleagues calculated that, per 1% of weight loss with

ephedrine=caffeine treatment, blood pressure decreased by

0.65=0.18 mmHg (systolic=diastolic).29 If results from

chronic Ma Huang=Guarana treatment are similar to those

for ephedrine=caffeine, bene®cial effects on blood pressure

with greater weight loss would be expected. Withdrawal of

two subjects from our study due to acutely increased blood

pressures (140=90 mmHg), however, suggests that indivi-

duals should be aware of this possibility prior to potential

decreases secondary to weight loss.

Increases in heart rate following acute23 treatment with

ephedrine=caffeine are consistent with the known stimula-

tory effects of this combination on energy expenditure.10,23

In a study of acute effects of Ma Huang (19.4 mg ephedrine,

4.9 mg pseudoephedrine, and 1.2 mg methylephedrine),

White and colleagues, using ambulatory monitors, found

that six of 12 participants had statistically, but nonclinically

signi®cant increases in mean 12 h heart rate.6 Chronic treat-

ments with ephedrine=caffeine have reported either no sig-

ni®cant effect on heart rate22 or a slower rate of decrease

with weight loss than placebo-treated subjects.7

Maximal cardiovascular effects of ephedrine and caffeine

are usually observed within several hours of ingestion23 and

during the early phase of treatment.13,23,26,27 Dulloo and

Stock have suggested that tachyphylaxis limits the undesir-

able side-effects of ephedrine=caffeine treatment, while the

weight loss effects are persistent with chronic treatment.29

The present study protocol was designed to initiate and

maintain subjects on a relatively high intake of Ma Huang-

Guarana. A more gradual transition from lower to higher

treatment dose might have resulted in fewer cardiovascular

side effects by allowing time for development of tachyphy-

laxis.22 Additional Ma Huang-Guarana studies are required to

fully characterize the short and long-term cardiovascular

effects of these widely available preparations.

The small, but statistically signi®cant, increase in fasting

serum glucose that occurred in the active treatment group of

this study does not agree with the lack of effect seen in

previous 8 week studies of ephedrine=caffeine combinations

in humans22 and monkeys.4 Serum glucose levels have been

reported, however, to be elevated 30 min after ingestion of
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10, 20 or 40 mg of synthetic ephedrine with return to base-

line within 3 h.21 These reports suggest that the elevation in

serum glucose in the present study could be an acute

response to ingestion of tablets by some subjects prior to

blood sampling. Future studies should ensure that fasting

blood samples are taken prior to ingestion of the herbal

preparation to answer this question. Alternatively, the Guar-

ana component or other ingredients, might have contribu-

ted to elevated plasma glucose levels. Guarana extracts have

been shown to increase serum glucose levels and decrease

liver glycogen content of mice.31 While the serum glucose

effects were relatively small in magnitude in our nondiabetic

patients, the response of obese diabetic patients to this and

to similar products needs to be established.

Adverse effects

Use of Ma Huang is controversial. Some authors have

described it as `unsafe'2,32 and numerous anecdotal reports

of adverse effects attributed to its consumption33 led the

Federal Drug Administration (FDA) to propose a rule that

would de®ne a level of ephedrine alkaloids in supplements

and require warning statements on product labels to restrict

use to no more than 7 days.34 Subsequent review of that

proposal, however, led the Government Accounting Of®ce to

declare that the evidence for the FDA recommendation was

inadequate, citing the need for additional information.35

No subject had any serious or lasting adverse event in this

relatively short-term and small-scale study. The measured

(ie heart rate, systolic blood pressure and serum glucose

elevations) and self-reported (ie palpitations, dry mouth

and insomnia) adverse or undesirable effects observed in

the present study could be anticipated based on earlier

ephedrine=caffeine studies and are consistent with the

sympathomimetic action of Ma Huang.

It is useful to compare the results observed in the present

study of a Ma Huang=Guarana combination with those

reported for sibutramine, a widely used prescription drug

currently approved by the Federal Drug Administration

(FDA) for the treatment of obesity. Sibutramine, described

as `well tolerated' by Bray et al,36 promotes comparable

weight loss,36 ± 38 increases heart rate to a similar

extent36,37,39 and acutely increases plasma glucose.40 As

with Ma Huang=Guarana, commonly reported side effects

of sibutramine, other than effects on appetite, include dry

mouth and insomnia, postulated to result from stimulation

of sympathetic nervous system activity.36 One potentially

important difference, however, is that while the statistically

signi®cant increase in systolic blood pressure was only

transitory in the present study of Ma Huang=Guarana,

increased blood pressure persists throughout treatment

with sibutramine.36

The present carefully conducted double-blind, rando-

mized, placebo-controlled study identi®ed clear bene®ts

(weight loss, fat loss, reduction of waist and hip circumfer-

ences and lowered triglyceride levels) as well as potential

risks (self-reported palpitations, increased serum glucose and

transitory increases in systolic blood pressure) from con-

sumption of Ma Huang=Guarana. The critical question for

any treatment is what risks are tolerable for the associated

bene®ts. An additional question for herbal supplements is

whether the risk=bene®t ratio should be greater for an over-

the-counter treatment that can be purchased by medically

unsupervised individuals vs a medication that is provided for

use only under physician supervision. Additional long-term

randomized, placebo-controlled clinical studies to address

the safety and ef®cacy of these and other herbal supplements

are clearly needed to provide the basis for answers to these

questions. One long-term trial is currently in progress.

Conclusion
The present study demonstrated a signi®cant weight and fat

loss effect of an herbal Ma Huang-Guarana mixture in

healthy overweight subjects. The tested product also pro-

duced several untoward side effects, leading some actively

treated subjects to withdraw from the study. Additional

long-term studies are needed to elucidate effects of chronic

treatment.
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Appendix
Reported composition of Metabolife-356 (Metabolife Inc.,

San Diego, CA): Vitamin E, 6 IU; magnesium protein chelate,

75 mg; zinc chelate, 5 mg; chromium picolinate, 75 mg; pro-

prietary blend, 728 mg; Guarana, 40 mg; Ma Huang, 12 mg;

bee pollen; ginseng (root); ginger (root); damiana (leaf);

sarsaparilla (root); goldenseal (aerial part); nettles (leaf);

bovine complex; gotu kola; lecithin; spirulina algae; royal

jelly; and other ingredients (binders, etc), methacel, silica,

croscarmellose sodium and magnesium stearate.
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