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Abstract

Experiments were carried outvitro with three viscous polysaccha- Key words

rides (guar gum, pectin, and carboxymethylcellulose (CMC)) of simi-Viscosity of dietary fiber
lar initial viscosity submitted to conditions that mimic events occur-Glucose tolerance test
ring in the stomach and duodenum, and their viscosity in thes@sulin

situations was compared to their actions on postprandial hyperglyc&|ar um

mia in normal human subjects. Guar gum showed greater viscoéi&"rb_‘”‘ymethylce”UIOSe
than the other gums during acidification and/or alkalinization and alsoct"

showed larger effects on plasma glucose levels (35% reduction in T
maximum rise in plasma glucose) and on the total area under the curve

of plasma glucose (control: 20,314 + 1007 mg tB0 min' vs guar

gum: 18,277 + 699 mg dI180 mint, P<0.01). Pectin, which showed

a marked reduction in viscosity at°®87and after events mimicking

those that occur in the stomach and duodenum, did not have a

significant effect on postprandial hyperglycemia. The performance of

viscosity and the glycemia response to CMC were at an intermediate

level between guar gum and pectin. In conclusion, these data suggest

that temperature, the process of acidification, alkalinization and expo-

sure to intestinal ions induce different viscosity changes in gums

having similar initial viscosity, establishing a direct relationship be-

tween a minor decrease of gum viscosityitro and a reduction of

postprandial hyperglycemia.

It is well established that the addition ofviscosity of the gastrointestinal contents fol-
viscous polysaccharides to carbohydrate-riclowing ingestion of diets containing soluble
meals or oral glucose loads reduces postibers were not predictive of the postprandial
prandial hyperglycemia in normal and dia-glycemic responses. In these studies (8,11)
betic humans (1-5). The action of the polythe solutions of various polysaccharides were
saccharides in reducing postprandial hypemadministered at the same concentration for
glycemia is thought to be related to theithe evaluation of the effects of this rheologi-
viscosity, determinedn vitro before inges- cal property in reducing postprandial hyper-
tion (6-10). However, using different fiber glycemia. One way of studying the real effect
preparations, Edwards et al. (8) were unablef gum viscosity in reducing postprandial
to demonstrate a correlation between viscoglycemic responses is to use different gums
ity measuredin vitro and the glycemic re- with similar initial viscosity.
sponse to a meal. In rats, Cameron-Smith et We carried out experimenits vitro with
al. (11) showed that the large differences ithree viscous polysaccharides of similar ini-
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tial viscosity which have been submitted to To mimic events occurring in the stom-
conditions that mimic events occurring inach and duodenum, the viscosity of the gum
the stomach and duodenum and we consolutions was also measured after they had
pared their viscosity in these situations tdeen acidified to pH 2.0 for 1 h with a
their actions on postprandial hyperglycemiamixture of 200 ml 0.1 M HCI and 54 mM

in normal human subjects.

NacCl (step 3), after a second hour of acidifi-

The following commercially available vis- cation with 400 ml (step 4) and a third hour
cous polysaccharides were studied: guar guof acidification with 600 ml of this mixture
(G), pectin (P) and carboxymethylcelluloseg(step 5). The acidified gums were then
(CMC). For each type of experiment, bath reneutralized for 1 h with a solution contain-
vitro andin vivo, the gums were dissolved bying 120 mM NaHCQ@ 5 mM KCI and 30

stirring the solution vigorously at #2.

mM NaCl (step 6). Gums diluted with equiva-

The viscosity of the polysaccharides inlent volumes of 154 mM NaCl served as
20% glucose solutions was measured with eontrols (C). The viscosities were measured
Brookfield cone viscometer (Brookfield En- with a Brookfield viscometer with numbers
gineering Lab, Inc., Stoughton, MA) at sheab and 7 spindles at shear rates of 1, 2.5, 5, 10,
rates of 1.0, 2.5, 5.0, 10, 20, 50, and 100 rp20, 50 and 100 rpm.

at pH 4.5 by citric acid addition at 22 (step

Studies were performed on a total of 16

1) and then at 3T (step 2). We varied the healthy volunteers (14 men and 2 women)
concentrations of the polysaccharides so thaged 21 to 39 years, after obtaining their
all of them would have identical viscosity atwritten informed consent. The study was
a shear rate of 10 rpm. The concentratiorspproved by the Ethics Committee of the
(v/v) were 2.5% guar, 2.91% CMC and 7.5%Jniversity Hospital, UNICAMP. Female

pectin.
10° 5
3 104 o
o E
2 3
’E -
5 ]
) i
=
‘% 10° 5
Q =
O 3
L 5
= ]
7| @ Guar gum (2.5%)
102 < | A Carboxymethylcellulose (2.9%)
3 [ W Pectin (7.5%) D
0

1 2 3 4 B 6
Steps

Figure 1 - Effect of temperature, hydration, acidification and
reneutralization at a shear rate of 10 rpm on the viscosity
measurements of the viscous polysaccharides guar gum,
carboxymethylcellulose and pectin. Step 1: 220C; step 2:
370C; step 3: one hour acidification with 200 ml of a 0.1 M
HCI, 54 mM KClI solution; step 4: second hour acidification
with 400 ml of a 0.1 M HCI, 54 mM KClI solution; step 5:
third hour acidification with 600 ml of a 0.1 M HCI, 54 mM
KCI solution; step 6: one hour reneutralization with a 120
mM NaHCO3 + 5 mM KCI + 30 mM NaCl solution. *P<0.01
and **P<0.001 compared to guar gum (t-test for unpaired
samples).

subjects were studied only if they were in the
first 10 days of the menstrual cycle. All
subjects took part in two or more experi-
ments, one of which was a control, per-
formed in a randomized order at least two
days apart. The meals were taken over an 8-
min period in the morning after an overnight
fast, with the basic meal consisting of 75 g
glucose in 400 ml water. In the test experi-
ments, 10 g guar gum (10 subjects), 40 g
pectin (10 subjects) or 11.65 g methylcellu-
lose (11 subjects) was added to the basic
meal.

Venous blood samples were taken under
fasting conditions and 15, 30, 45, 60, 90, 120
and 180 min after the beginning of the meal for
analysis of plasma glucose and serum insulin
as previously described (12). The area under
the curve for the insulin and glucose profiles
was calculated by planimetry.

The viscosity of each gum was inversely
related to the shear rate, although the slopes
of the relationships varied with each prepa-
ration at 22C (Figure 1). All preparations
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were less viscous at &7, but pectin showed mg df* 180 mint vs G: 18,277 + 699 mg 4l
the most pronounced fall. The effects ofLl80 mint, P<0.01). Guar gum decreased the
diluting the gums with acidic and neutraliz-percentage maximum rise in plasma glucose
ing solutions to mimic the actions of theby 35%, CMC decreased this percentage by
gastrointestinal tract are shown in Figure 120% while no reduction was observed with
In all stages guar gum showed a higher vigpectin.
cosity than CMC, which in turn showed The serum insulin levels were reduced at
higher viscosity than pectin. 60 min (C: 93 + 13 pU/msG: 58 + 9 pu/
Plasma glucose levels were significantlyml, P<0.002) and 120 min (C: 75+ 13 pU/ml
lower than controls at 30 (P<0.001), 45/sG: 39+ 6 pU/ml, P<0.005) after guar gum,
(P<0.001), 60 (P<0.001), 90 (P<0.01) an@t 30 min (C: 70 £ 10 pU/mkCMC: 45+ 5
120 (P<0.05) min after guar gum ingestionpU/ml, P<0.005), at 60 min (C: 80 + 16 pU/
at 30 (P<0.01), 45 (P<0.02) and 60 (P<0.002)nl vsCMC: 42 + 10 pU/ml, P<0.002) and at
min after methylcellulose ingestion, and atLl20 min (C: 57 £ 9 pU/misCMC: 36 + 5
30 (P<0.05) min after pectin ingestion. It capuU/ml, P<0.05) after CMC, and at 60 min
be seen from Figure 2 that guar gum wa€C: 84 + 11 pU/mlvs P: 52 + 10 pU/ml,
more effective than CMC as a modifier 0ofP<0.002) after pectin ingestion.
plasma glucose levels, and CMC was more The ability of the gastrointestinal tract to
effective than pectin. All the gums reducediramatically alter the viscosities of ingested
the area under the 3-h glucose profiles, bwoluble fibers may be mediated either by
only in the case of guar gum was this resutlilution by secretions entering the gastrointes-
statistically significant (C: 20,314 + 1007tinal tract or by pH, when solutions approxi-
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Figure 2 - Effect of a fiber-containing test meal on plasma glucose and serum insulin concentrations of volunteers after taking 75 g glucose (test meal)
and fiber-containing test meals. *P<0.01, *P<0.05 and #P<0.001 compared to control (ttest for paired samples).
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mating the pH of gastric and duodenal secresemia. The performance of viscosity and the
tions are used (13). We investigated the inglycemic response to CMC were at interme-
fluence of these processes on the viscosity diate levels between guar gum and pectin.
the gums (ingested at similar viscosity) us- The mechanism responsible for this

ing an HCI-NaCl mixture and an NaHG@O vivo action possibly involves the effects of
KCI-NaCl mixture to simulate gastric andgums on convection in the small intestine. A
duodenal secretions. Guar gum had the higlmore viscous solution (guar gum) may mark-
est viscosity in each of these steps, followeddly reduce the access of nutrients to the
by CMC and pectin, respectively. It is inter-epithelium by inhibiting convective solute
esting that guar gum also had the greatestovement within the intestinal lumen (14).
effect in reducing the postprandial glycemic These data suggest that, starting from
responsen vivo, as demonstrated by thesimilar initial viscosity of three gums before
ability to decrease the percentage of maxingestion, the temperature, the process of
mum rise in plasma glucose and/or reductioacidification, alkalinization and exposure to
in the area under the plasma glucose levelgnic intestinal constituents induce changes
On the other hand, pectin, which showed & gum viscosity in vitro and fibers that
marked reduction in viscosity at 7 and maintain higher viscosity during these steps
after events mimicking those that occur irhave more important effects on the reduc-
the stomach and duodenum, did not have aion of postprandial plasma glucose and se-

important action on postprandial hypergly+um insulin levels in human subjects.
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