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A Bean a-Amylase Inhibitor Formulation 
(Starch Blocker) Is Ineffective in Man 

Abstract. A commercial a-amylase inhibitor with potent inhibitory activity in vitro 
was used in a randomized double-blind, cross-over clinical trial in six nonobese, 
healthy adult males. In these subjects, this inhibitor had no effect on the response of 
blood glucose, insulin, or breath hydrogen to a standardized starch meal. It is 
concluded that this formulation has no effect on starch digestion in Izurnans. 

A large number of a-amylase inhibitor 
formulations (starch blockers) derived 
from kidney bean have recently become 
available to  the general public as  dietary 
supplements. Advertisements for these 
products claim that they decrease starch 
digestion and absorption, resulting in 
weight loss. In June 1982, consumption 
of these starch blockers in the United 
States was estimated to be 10 million 
tablets per week (1 ). We have studied the 
effects of one of several apparently simi- 
lar commercial inhibitor formulations on 
starch digestion and absorption in hu- 
mans. 

In vitro, a-amylase inhibitors prevent 
hydrolysis of the a-1,4-glycosidic link- 
ages of starch by noncompetitive binding 
to the enzyme; however, their effect in 
humans is unknown (2). Marshall and 
Lauda isolated and characterized the in- 
hibitor derived from kidney beans and 
developed an in vitro assay for inhibitor 
activity (3). Other reports have de- 
scribed similar inhibitors derived from 
other plant sources (4). These inhibitors 
appear to  be glycoproteins specific for 
mammalian amylase of either salivary or  
pancreatic origin. They appear to have 
no other physiologic activity, for exam- 
ple, trypsin inhibition or hemagglutina- 
tion. 

Effective inhibition of starch digestion 
in vivo would diminish glucose forma- 
tion and absorption by the small intestine 
and increase the amount of undigested 
starch reaching the colon. We tested the 
effect of the inhibitor on glucose forma- 
tion and absorption by measuring 
changes in the concentrations of glucose 
and insulin in the serum of human volun- 
teers after they had consumed a starch 
meal. We simultaneously measured 
breath hydrogen levels that would rise if 
greater than 6 to 10 g of unabsorbed 
carbohydrate reached the colon (5). If a- 
amylase inhibitors were effective, we 
would expect a reduced increase in glu- 
cose and insulin and elevated breath 
hydrogen production. 

We obtained a-amylase inhibitors 
from four commercial sources. The in- 
hibitors were assayed (6) for inhibitory 
activity in vitro by the method of Mar- 
shall and Lauda (3). We selected the 
most active of these commercially avail- 
able inhibitors for study and used two 
tablets containing 16,666 units of total 
activity. This dose was compared to a 
calcium phosphate placebo which exhib- 
ited less than 5 percent of the inhibitor's 
activity and was physically indistinguish- 
able from the inhibitor (7). 

We studied six, healthy, nonsmoking 
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Table 1. Areas under the curves (12, 13) for serum glucose, insulin, and breath hydrogen. N.S.,  
nonsignificant. 

blood glucose and insulin against time 
for each individual and compared the 
respective areas under the curves thus 
obtained (12) for inhibitor and placebo. 

Glucose Insulin Breath hydrogen 
(mgldl-min) (U-min) (mm-min) 

Subject 
Pla- Inhib- Pla- Inhib- Pla- Inhib- 
cebo itor cebo itor cebo itor 

We found no significant differences using 
the paired t-test (Table I). Comparison 
of the means for each corresponding 
time point also showed no significant 
differences between inhibitor and place- 
bo (Fig. 1). Breath hydrogen results were 
similarly analyzed (13) and revealed no 
significant inhibitory effect (Fig. 1 and 
Table I),  suggesting that the inhibitor did 

I 22406 2077 1 7578 443 1 2320 730 
2 25804 23355 3696 2850 1360 1735 
3 23243 23 183 365 1 4125 5825 5500 
4 19721 25020 2840 3713 790 4700 
5 21431 23936 2615 4763 775 6490 
6 21311 21660 2396 2519 1370 1415 
Paired r-test P > .50 N.S. P > .90 N.S. P > .20 N.S. 

not result in detectable amounts of undi- 
gested starch reaching the colon. This is 
consistent with the absence of increased 

males (age range, 23 to 32 years) who 
were within 15 percent of their ideal 
body weight and currently taking no 

consumed a test meal, representing a flatus and diarrhea in our subjects. 
The discrepancy between the in vivo 

and in vitro activity of the inhibitor sug- 
high starch dietary intake, consisting of 
270 g of baked potato (pulp only) and 230 
ml of Libby's tomato juice (for flavor- 
ing). The a-amylase inhibitor or placebo 
was crushed to a powder and homoge- 

medication. They had no history of gas- 
trointestinal problems, food allergies, or 
unusual dietary habits and had not varied 

gests the persistence of intraluminal am- 
ylase activity despite administration of 
twice the commercially recommended 

more than 10 percent in their body 
weight within the last year. Oral glucose 
tolerance and thyroid (triiodothyronine 
and thyroxine concentrations) tests were 

nized with the meal in a Waring blender dose of an inhibitor with potent in vitro 
just prior to consumption (10). Each 
meal contained 6.2 g of protein, 0.5 g of 
fat, and 57.7 g of carbohydrate (predomi- 

activity. The absence of an effect in vivo 
might be the result of inactivation of the 
protein inhibitor by gastric acid and pep- 

normal in all the subjects. Informed con- 
sent was obtained from all the subjects 
before the study. 

Blood glucose concentrations were de- 
termined by the glucose oxidase method 
(8 ) ,  immunoreactive insulin concentra- 
tions by a radioimmunoassay kit from 
Corning Medical and Scientific (9), and 
breath hydrogen by gas chromatography 
with a Quintron Microlyzer (model 12; 
Quintron Instrument Co.), standardized 
with a known H2 concentration every 30 
minutes. 

The study was initiated between 7 and 
8 a.m. after a 10-hour overnight fast. 
Baseline breath hydrogen samples and 

nantly starch, 41.2 g, and oligosaccha- 
ride glucose equivalents, 8.0 g) and was 
generally consumed within 15 minutes 
(11). Postprandial blood samples were 
taken at 15, 30, 60,90, 120, 150, 180, and 
240 minutes. Breath hydrogen samples 

sin or pancreatic proteases. Also, intra- 
luminal conditions are clearly not favor- 
able for optimal inhibition; for example, 
in vitro the pH optimum for inhibition is 
5.5 and an incubation period of 20 min- 
utes is required (3). Finally, because 

were taken every 15 minutes for 6 hours 
after meal consumption. If hydrogen lev- 
els appeared to rise during the last hour, 

amylase is secreted in such great excess 
to that required, persistence of only 4 
percent of normal levels is adequate to 

samples were taken for an additional 
hour in order to detect any late peak. 

Each subject consumed two test 

hydrolyze a starch meal (14). 
We conclude that formulations of the 

kidney bean-derived a-amylase inhibitor 
meals, 7 days apart. Random use of 
placebo or active inhibitor allowed each 
subject to serve as his own control. N o  
gastrointestinal complaints were noted, 

that are now available d o  not alter the 
digestion of cooked starch in humans. 

Note added in proof: Since this manu- 
script was submitted, Bo-Linn et al. (15) 

blood samples for determination of glu- 
cose and insulin concentrations were 
taken prior to the meal. Each subject 

except for a minor case of heartburn. All 
six subjects completed the study. 

We plotted the concentrations of 

reached a similar conclusion by demon- 
strating that fecal calorie excretion was 
not increased in normal subjects given 
starch-blocker tablets with a high starch 
meal. 
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Fig. 1. Serum glucose and breath hydrogen levels after a starch meal. Points represent the 
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Chromosome Localization of Highly Repetitive Human DNA's 
and Amplified Ribosomal DNA with Restriction Enzymes 

Abstract. Restriction endonucleases cut and partially removed DNA throughout 
jxed air-dried human metaphase chromosomes. Some enzymes produced a G- 
banding pattern; some revealed the presence of multiple chromosome-specijic 
classes of highly repetitive DNA in C-band heterochromatin. Enzymes that produced 
the informative C-band patterns had recognition sequences that were four or jive, 
but not six, base pairs long and did not contain a cytosine-guanine doublet. In both 
rat and human chromosomes, regions containing amplijied ribosomal RNA genes 
were specijically removed by the restriction endonuclease Msp I .  

The DNA in metaphase chromosomes 
fixed in methanol and acetic acid and 
immobilized on glass slides is susceptible 
to  attack by nucleases. Deoxyribonucle- 
ase I and micrococcal nuclease cleaved 
such DNA into fragments just a few base 
pairs (bp) long (1); this extracted the 
DNA and abolished Giemsa staining (2). 
If the chromosomes were exposed to the 
GC-specific (G, guanine; C, cytosine) 
ligand chromomycin A3 prior to and 
during deoxyribonuclease digestion, the 
GC-rich DNA was protected while the 
remaining DNA was cut into tiny frag- 
ments and extracted, leaving an R-band 
pattern (3). Type I1 restriction endonu- 
cleases should provide more interesting 
probes because each enzyme cuts only 
within a specific recognition sequence 4 
to 6 bp long, or longer, and produces 
longer fragments of DNA (4). Restriction 
endonuclease Hae  111, which cuts a t  
GGCC, produced a chromomere pattern 
of Giemsa staining on muntjac chromo- 
somes fixed in methanol and acetic acid; 
Eco RI, which cuts in the much less 
abundant GAATTC (A, adenine; T ,  thy- 
mine) sequence, had no detectable effect 
on these chromosomes (5). 

The present study was undertaken to 
characterize the effects of various re- 
striction endonucleases on human chro- 
mosomes, especially on the highly repet- 
itive, but complex and heterogeneous, 
human satellite DNA's ( 6 ) ,  which are 
concentrated in the heterochromatic C- 
band regions (7, 8) .  In addition, we ex- 
amined the effect of Msp I on the some- 
what less repetitive amplified 18s  plus 
28s  ribosomal RNA genes @DNA), 
which contain abundant Msp I sites (9). 

Digestion with Alu I,  Hae 111, or 
Mbo I,  enzymes with recognition se- 
quences 4 bp long, led to a marked 
decrease in Giemsa staining in localized 
regions of human chromosomes, produc- 
ing G-band or modified C-band patterns 
(10) (Fig. 1). Four other enzymes that 
recognize 4-bp sequences, namely, 
Cfo I,  Hha  I, Hpa  11, and Msp I, had no 
effect, probably because each contains in 
its recognition sequence the CG dinucle- 
otide (11). Three enzymes with recogni- 

tion sequences 5 bp long, Dde I,  
Eco RII, and Hinf I, also produced 
marked diminution of Giemsa staining 
and modified C-band patterns, whereas 
Ava 11 had no detectable effect. En- 
zymes with recognition sequences 6 bp 
long, o r  longer (12), generally produced 
very little effect beyond the G-band-like 
pattern sometimes present in the con- 
trols exposed to the reaction mixture 
minus the enzyme. 

The chromosome banding patterns ob- 
served after restriction endonuclease di- 
gestion were highly specific for each 
enzyme (Fig. 1). Treatment with Alu I 
(Fig. la),  Dde I,  o r  Eco RII left intact 
the major C bands (those on chromo- 
somes 1 , 9 ,  16, and, in male cells, the Y). 
Treatment with Mbo I (Fig. lb) removed 
most of the C bands on chromosomes 1, 
16, and the Y (not illustrated), but not 
that on chromosome 9. These enzymes 
also had different effects on the minor C 
bands present on other chromosomes, 
which could be identified by the pale G 
bands that remained on most of them 
after enzyme treatment. For  example, 
Eco RII had no effect on the C bands on 
chromosomes 11 and 12; Mbo I (Fig. lb)  
removed the C band from 11 but not 12, 
and Alu I (Fig. la) o r  Dde I removed the 
C bands from both 11 and 12. Hae I11 
abolished staining of the GC-rich R 
bands, producing a more pronounced G- 
band pattern than the other enzymes; it 
had no effect on the major C bands (Fig. 
lc).  Hinf I diminished staining of every 
chromosome region (Fig. Id). It abol- 
ished Giemsa staining of all C bands 
except those on chromosomes 3 and 4 
(identified by faint residual G-band pat- 
terns) and left large gaps in place of the 
major C bands. DNA in the entire human 
chromosome complement was available 
for reaction with restriction endonucle- 
ases, since Giemsa staining could be 
eliminated from every region of every 
chromosome. N o  variation in effect was 
observed between individuals in this 
small sample; differences between ho- 
mologs (for example, the chromosomes 9 
in Fig. 1, a to c) reflected differences in 
the amount of C-band material. 
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