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ABSTRACT

This study investigates the possible utilisation of Glyphaea brevis Spreng. (Monach.), a Tiliaceae family member, as a novel source of a-
amylase inhibitors or “starch blockers”. Aqueous (AE) and hydroalcoholic (HAE) extracts were prepared from the leaves and their effects
on pancreatic a-amylase activity were assessed in vitro using starch and 4,6-ethylidene-(G7)-p-nitrophenyl-(G1)-o,D-maltoheptaoside
(ethylidene-G,PNP) as substrates. Both extracts were administered at doses of 250 and 500 mg/kg to male albino Wistar rats over a 4-
week period and their effects on oral starch tolerance (OST), weight gain and faecal output were evaluated and compared to a control
group. Both extracts showed an inhibitory effect on a-amylase in vitro (AE: starch: 43.09%; ethylidene-G;PNP: 94.59%; HAE: starch:
52.05%; ethylidene-G,PNP: 98.31%). They also improved OST, increased fresh and dry faecal weight (»<0.05), and significantly reduced
weight gain (p<0.001) in rats over the experimental period. All these effects appeared to be dose-dependent for each extract. These results
suggest that G brevis can constitute a source of a-amylase inhibitors reducing dietary starch digestibility, glucose bioavailability and,

therefore, endogenous lipogenesis. This finding may find applications in the areas of human obesity management and weight loss.
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INTRODUCTION

Obesity has become a major public health concern as it

nowadays affects about 400 million adults around the world.

Also among children and adolescents the prevalence of obe-
sity is increasing (Ogden et al. 2006; Bovet et al. 2008).
The World Health Organization has classified this as a glo-
bal epidemic of obesity (globesity) and emphasised that it is
not restricted to industrialised countries (World Health Or-
ganization 1997). It is anticipated that by the year 2015, 2.3
billion adults will be overweight and 700 million will suffer
from obesity (World Health Organization 2006). The medi-
care cost burden of obesity is considerable, and increasing
along with the epidemic. As a matter of fact, for American
young adults in the obese I class, this cost range from
$5,340 for black women to $21,550 for white women. In
the obese II/III class, black men have the lowest lifetime
cost estimates, $14,580, and white women again have the
highest lifetime cost estimates, $29,460. For men, the costs
of obese II/III are similar to those of obese I (Finkelstein et
al. 2008). Unfortunately, current strategies for prevention
and treatment have failed to reverse the progression of obe-
sity and therefore, a search for modifiable causes remains
imperative.

The development of obesity is determined by both
genetic and environmental factors. The increase of carbo-
hydrates in Western diets has a considerable input on the
onset of obesity since carbohydrates (glucose and fructose)
are substrates for the hepatic synthesis of body fat, also
known as lipogenesis (Hudgins er al. 2000; Foufelle and
Ferré 2004). Therefore, inhibition of lipogenesis has
emerged as an opportune strategy in the pharmacological
treatment of obesity and has been achieved through the
reduction of glucose availability in the bloodstream. Dietary
fibers, especially of soluble type, have been effective in the

reduction of postprandial glycemia through the inhibition of
dietary glucose absorption (Jenkins et al 1978; Dakam et al.
2007). Alternately, inhibition of the release of glucose from
starchy foods through a-amylase inhibition has been the
focus of several human and animal studies (Garrow et al.
1983; Umoren and Kies 1992; Thom 2000). This inhibition
has been reported in some cases to be of competitive type
through the binding of inhibiting molecules to substrate or
to a-amylase itself, thus reducing starch digestion (Alam et
al. 2001). Interestingly, most of the molecules effective in
a-amylase inhibition, like phenolics, peptides and glyco-
sides were derived from plant products like beans (Mar-
shall and Lauda 1975), olive leaves (Komaki ef al. 2003),
wheat (Choudhury ef al. 1996), some fruits (McDougall et
al. 2005), pears, lentils and coca (Queseda et al. 1995).
These facts suggest the opportunity to investigate further
plant sources of a-amylase inhibitors in order to obtain a
low-cost and easily-available treatment of obesity.

Glyphaea brevis Spreng. (Monach.), of the Tiliaceae
family, is widely distributed in Africa and South America.
It is valued as a vegetable and as a medicinal plant. Many of
its pharmacological uses and activities have been reported.
For instance, it is used in Cameroon for the treatment of
palpitations, hepatitis and poisoning (Adjanohoun et al.
1996). Some authors reported the use of G. brevis in Nige-
ria in the relief of sleepiness, bacterial infections, convul-
sions, sexual impotency and some age-related brain dis-
orders (Bhat et al. 1990; Fatumbi 1995; Ogbonnia et al.
2003). In the Democratic Republic of Congo, the plant is
used to treat cough, heart and tooth diseases (Terashima and
Ichikawa 2003). Although G. brevis appears to be a useful
medicinal plant, no study has been done so far on its pos-
sibility as a source of a-amylase inhibitors (“starch block-
ers”) that may find applications in the areas of human obe-
sity and weight loss.
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The aim of this study is therefore to assess the possible
inhibitory effects of extracts of G. brevis on the activity of
a-amylase in vitro, using different methods, and in vivo in
rats. We also evaluate the relationship between these inhib-
itory effects, weight gain and faecal output.

MATERIALS AND METHODS
Experimental animals

Male Wistar rats bred in our laboratory, 24-weeks old and weigh-
ing 240-270 g, were maintained in cages under controlled condi-
tions (25°C, 12: 12-h dark/light cycle) with free access to food and
water. Investigations using experimental animals were conducted
in accordance with the internationally accepted principles for labo-
ratory animal use and care as found in the United States guidelines
(United States National Institutes for Health publication no. 85-23,
revised in 1985).

Harvesting and processing

Green adult leaves from the aerial part of several 6 m-high plants
of G brevis were collected between March and May, 2007 in the
city of Douala, Cameroon. The taxonomy was confirmed by Mr.
Nana, Cameroon National Herbarium, Yaounde, Cameroon (vou-
cher specimen no.10781/SRF/Cam). The leaves were dried under
shade at 40°C and ground into a fine powder using a FFC-37 mill
(Agro-Mac, Douala, Cameroon).

Aqueous extraction

150 g of dry leaf powder were introduced in 2 L of distilled water
and the mixture was boiled for 15 min. After cooling, this was fil-
tered and the resulting filtrate was smoothly evaporated at 50°C.
This process led to a powder referred as aqueous extract (AE) that
was kept in a sealed flask at 2°C. The yield of the extraction was
18.8% (w/w).

Hydroethanolic extraction

150 g of dry leaf powder were introduced in 2 L of a hydroethano-
lic solvent (1: 1). The mixture was then hermetically covered and
allowed to macerate at room temperature for 48 h. After this, the
mixture was filtered and the resulting filtrate (Filtrate 1) was kept
at 2°C. The remaining wet powder was once again extracted for 48
h under the same conditions as for the first extraction. This yielded
a second filtrate (Filtrate 2). The two filtrates (1 and 2) were then
mixed and smoothly evaporated at 50°C. This process led to a
powder referred as hydroethanolic extract (HE) that was kept in a
sealed flask at 2°C. The yield of the extraction was 21% (w/w).

In vitro measurement of pancreatic a-amylase
activity

Pancreatic a-amylase (EC 3.2.1.1) activity was measured
according to the kinetic method of Kruse-Jarres ef al. (1989) using
4,6-ethylidene-(G7)-p-nitrophenyl-(G1)-o,D-maltoheptaoside
(ethylidene-G,PNP) as substrate. a-amylase-EPS reagents were
obtained from Chronolab (Zug, Switzerland). Pancreatic o-amy-
lase was obtained from Sigma-Aldrich (St. Louis, MO, USA) and
prepared at a concentration of 15 mg/mL. Aliquots (30 puL) of
water (control) or extract (test) were added to 20 pL of enzyme
and 1 mL of the reconstituted substrate solution, gently mixed and
incubated for 3 min at 25°C. The recorded rate of increase of
absorbance at 405 nm due to the release of p-nitrophenol was used
to determine the pancreatic a-amylase activity in the samples. The
inhibition percentage was determined through the formula: Inhib-
ition (%) = [AA4ps/min (control) — AA4ys/min (test)] X 100/ AA4gs/
min (control). a-amylase activity was also measured through an
endpoint iodine-starch assay (Komaki et al. 2003). In brief, 80 puL
of water (control) or extract (test) were added to 20 pL of enzyme
(30 pg/mL) and 1.3 mL of a Tris-HCI pH 6.8 buffer and gently
mixed. The resulting mixture was preincubated at 30°C for 20 min.
100 pL of 15-min boiled potato starch (Sigma-Aldrich) at a con-
centration of 0.1% (w/v) were then added and the reaction was

allowed to occur at 30°C for 20 min. The reaction was finally
stopped by adding 2 mL of an acidic iodine/potassium iodide solu-
tion. Optical densities were read at 580 nm against a blank. This
assay was done in triplicate and a starch standard corresponding to
the initial quantity of starch present in the medium before the en-
zyme reaction was also assessed. Inhibition percentages of a-
amylase activity were determined through the following formula:
Inhibition (%) = [Asgg (test) — Asgg (control)] x 100/ [Asgo (stan-
dard) — Asg (control)].

Animal study

Cooked starch was prepared by dissolving 10 g of cornstarch
(Sigma-Aldrich) in 100 mL of distilled water. The mixture was
then boiled for 15 min with constant stirring and cooled at room
temperature.

Thirty rats were fasted for 18 h prior to the experiment and
were divided into six groups of five animals each in order to assess
the oral starch tolerance (OST). The first group served as a ref-
erence and received glucose (0.2 g/100 g body weight (bw)) while
the second group (control) received distilled water. The other four
groups received the G brevis extracts at doses of 250 and 500
mg/kg bw, respectively (test groups). 30 min later, cooked starch
(0.1 g/100 g bw) was administered to all animals. All the products
were given to rats through oral intubation. Blood samples were
collected from the tail tip into tubes prewashed with heparin (400
U/mL) and sodium fluoride (0.1 mM) before centrifugation. Blood
samples were withdrawn from each rat prior to starch loading and
at 30, 60, 90 and 180 min following starch intubation.

After this experiment, control and test groups continued to
receive distilled water and extracts respectively on a daily basis
over a 4-week period in metabolic cages. The rats were provided
with food and water ad libitum. Changes in body weight were
monitored throughout the study on a weekly basis. Faeces was
collected once a week over a 24-h period, weighed and dried to
constant weight in an oven at 60°C.

Analytical techniques

Extract concentrations that inhibit the enzyme activity (ICsy) by
50% were determined through logarithmic regression (0.92<R’<1).
Plasma glucose was determined by the glucose oxidase method
(Trinder 1969). The plasma total incremental glucose (TIG) was
calculated as the sum of changes in plasma glucose after cor-
rection for the baseline (time zero) following starch intubation
(Madar 1989). The glycaemic index (GI) was calculated as the
ratio of TIG in a given group to the TIG in the reference group
multiplied by 100. The faecal water content was determined
through the difference between fresh weight and dry weight.
Results are expressed as means + SD. Statistical analysis was car-
ried out by Student’s 7-test (STT) and one-way analysis of variance
(ANOVA) followed by Duncan’s Multiple Range Test (DMRT).
The software SPSS for Windows (SPSS Inc., Chicago, IL, USA)
version 10.1 was used for the analysis. P-values less than 0.05
were considered as significant.

RESULTS

Effect of Glyphaea brevis on the in vitro activity of
pancreatic a-amylase

Fig. 1 represents the in vitro inhibition profile of pancreatic
a-amylase by the extracts of G brevis. It appears that both
aqueous (AE) and hydroalcoholic (HAE) extracts presented
inhibitory effects toward the enzyme. These inhibitory
effects were increasing along with the extract concentration
in the different assays and the aqueous extract was the most
effective in that way with an ICsy of 6.71 ng/mL (vs. 7.85
pg/mL for HAE) for the kinetic method using ethylidene-
G7PNP as substrate (Fig. 1A) and an 1Cs, of 0.74 mg/mL
(vs. 2.43 mg/mL for HAE) for the endpoint method using
starch as substrate (Fig. 1B). Enzyme inhibition was quite
total with the first method while it did not exceed 60% in
the iodine-starch assay.
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Fig. 1 Inhibition profile of pancreatic a-amylase by aqueous (AE) and
hydroalcoholic (HAE) extracts of Glyphaea brevis. The substrates used
are: (A) ethylidene-G;PNP and (B) potato starch. Values sharing a com-
mon superscript letter differ significantly at P<0.05 (STT). (Means + SD,
n=>5).

Effect of Glyphaea brevis on oral starch tolerance
(OST) in rats

Fig. 2 shows the changes (as a function of time) in post-
prandial plasma glucose after intubation of cooked starch to
rats. There was no significant difference between the fasting
plasma glucose levels in all the groups. A significant gly-
caemic peak was observed 30 min after the starch load in
both reference (+237.88%, p<0.005) and control (+82.88%,
p<0.05) groups. That peak was rather observed at time 60
min and reduced in groups treated with Glyphaea brevis ex-
tracts (AE 250 mg/kg: +51.85%, p<0.05; AE 500 mg/kg:
+30.81%, p<0.01; HAE 250 mg/kg: +55.96%, p<0.01;
HAE 500 mg/kg: +36.14%, p<0.005).

Table 1 compares the plasma total incremental glucose
(TIG) and the glycaemic index (GI) of the cooked starch in
rats from the different groups. Rats treated with the extracts
at the dose of 500 mg/kg showed a significantly (p<0.001)
lower TIG than that of reference and control groups, and,
subsequently, a decrease in the GI of cooked starch. The
aqueous extract was the most effective in inhibiting the

postprandial rise of plasma glucose with the maximum
inhibition (42.17%) observed with the dose of 500 mg/kg.
However, from a statistical point of view, the results were
similar for both extracts.

Effect of Glyphaea brevis on body weight increase
in rats

Fig. 3 presents the body weight increase of the rats from the
different groups over a 4-week period. This body weight
increase was significantly (p<0.01) lowered in the groups
treated with the extracts by comparison with the control
group. The difference in weight gain was visible in all the
test groups from the first week until the end of the study.
The lowest weight gain (5.0 + 1.2 g) over four week was
observed in the group receiving the hydroalcoholic extract
at the dose of 500 mg/kg. For each extract, the weight con-
trol effect appeared to be dose-dependent.

Effect of Glyphaea brevis on faecal weight in rats

Table 2 is comparing the faecal weight (fresh and dry) of
the animals from all the groups. Both fresh and dry faecal
weight were significantly (»p<0.05) higher in the test groups
than in the control group while there were minor changes in
the faecal water content.

DISCUSSION

Both aqueous and hydroalcoholic extract of Glyphaea bre-
vis had inhibitory effects on the activity of a-amylase (Fig.
1). Comparison of 1Cs values showed that the aqueous ex-
tract was the most effective in that enzyme inhibition. This
differential reactivity could be the result of the different
proportions of the compounds present in each extract. The
inhibition percentage of a-amylase by Glyphaea brevis ex-
tracts was higher with ethylidene-G;,PNP than with starch.
This difference could be due to structural differences exis-
ting between both substrates as suggested by Al-Dabbas et
al. (2006). However, it is interesting to note that the kinetic
assay using ethylidene-G,PNP as substrate also involves o-
(1,6)-glucosidase to release p-nitrophenol that is measured
spectrophotometrically (Kruse-Jarres ef al. 1989). Therefore,
the possibility of an inhibition of this enzyme should not be
excluded.

One of the metabolic effects of a-amylase inhibitors is
the reduction of the peak postprandial blood glucose, as ob-
served with the well-known wheat and Phaseolus vulgaris
amylase inhibitors (Lankisch et al. 1998; Obiro ef al. 2008).
Therefore, the delay and the decrease in postprandial plasma
glucose observed in the extract treated groups during the
OST study would not merely be the fact of a delayed and/or
reduced glucose absorption since the enzyme-inhibiting
activity of the extracts has been established in vitro. This
inhibition led to a decrease of the glycaemic index of corn-
starch as confirmed by the TIG values in all groups (Table
1).

Limiting glucose availability is of interest for obese
patients. In fact, glucose has been identified a substrate for
endogenous lipogenesis (Foufelle and Ferré 2004) and the
rate of lipogenesis has been reported to be increased in the

Table 1 Comparison of the plasma total incremental glucose (TIG) and the glycaemic index (GI) of cornstarch in rats treated with aqueous (AE) and

hydroalcoholic (HAE) extracts of Glyphaea brevis. (Means + SD, n =5).

Group Dose (mg/kg) TIG (mg/dL) GI (%) Inhibition (%)
Without treatment
Reference - 256.25+19.60 a 100 -
Control - 13433 £21.87b 52.42+501a -
Treated
AE 250 116.00 £ 18.93 b 4527+7.29a 13.65+0.05a
500 77.67 +14.08 ¢ 30.31+5.86b 42.17+1.28b
HAE 250 112.67 £19.44 b 4371 £7.69 a 16.12+£097 ¢
500 86.33+12.88 ¢ 33.69+4.65b 35.73+1.04d

In a column, values not sharing the same superscript letter differ significantly at p<0.05 (DMRT).
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Fig. 2 Comparison of changes in postprandial plasma glucose after intubation of cornstarch to rats treated with aqueous (AE) and hydroalcoholic
(HAE) extracts of Glyphaea brevis. Reference animals were intubated with glucose at 2 g/kg body weight. (Means + SD, » = 5). Compared to the
control, values were significantly different as mentioned above.

Table 2 Comparison of faecal weight (fresh and dry) and faecal water content (FWC) of rats treated with aqueous (AE) and hydroalcoholic (HAE)
extracts of Glyphaea brevis over 4 weeks. (Means + SD, n=5)

Time point Group FFW (g/24 h/rat) DFW (g/24 h/rat) FWC (%)
Baseline Control 24+02a 14+0.6a 4536+ 16.74 a
AE 250 mg/kg 2.8+05a 1.6+£02a 42.48+3.18a
AE 500 mg/kg 23+02a 1.3+£0.1a 43.05+842a
HAE 250 mg/kg 25+04a 14+02a 4339+942a
HAE 500 mg/kg 28+0.6a 1.6+£03a 42.63+1.61a
Week 1 Control 3.1+03a 1.6+0.1a 4827+1.78 a
AE 250 mg/kg 46+04b 27+0.1b 41.13+£2.96 b
AE 500 mg/kg 62+05¢ 38+0.1c¢ 38.53+3.36b
HAE 250 mg/kg 42+02b 27+0.0b 36.62+3.07b
HAE 500 mg/kg 47+06b 29+02b 37.98+3.69b
Week 2 Control 32+03a 22+0.1a 31.04+335a
AE 250 mg/kg 43+05b 24+0.3ac 43.13+£13.68 ab
AE 500 mg/kg 75+£0.6¢ 38+02b 4897+6.77b
HAE 250 mg/kg 34+04a 20+0.1a 40.86 =4.04 b
HAE 500 mg/kg 44+£02b 26+0.1c¢ 40.75+497b
Week 3 Control 57+02a 3.0+02a 4724 +536a
AE 250 mg/kg 47+0.1b 26+0.1b 44.63 +£3.30 ab
AE 500 mg/kg 63+04c 35+02¢ 44.16 £ 6.73 ab
HAE 250 mg/kg 48+02d 31+0.1a 3528 +4.78b
HAE 500 mg/kg 5.1 +£0.7 abd 3.1+03ac 38.67+8.12 ab
Week 4 Control 38+04a 22+03a 41.92+746a
AE 250 mg/kg 5.1+04b 31+02b 39.06+4.62a
AE 500 mg/kg 69+0.6¢ 38+0.5b 45.07+248a
HAE 250 mg/kg 53+04b 32+04b 39.77+3.01a
HAE 500 mg/kg 5.8+0.5b 34+02b 41.18+4.72 a

In a column and for each time point, values not sharing the same superscript letter differ significantly at p<0.05 (DMRT).
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Fig. 3 Comparison of the body weight increase of rats treated with aqueous (AE) and hydroalcoholic (HAE) extracts of Glyphaea brevis over 4
weeks. (Means = SD, n = 5). Compared to the control, values were significantly different as mentioned above.

adipose tissue of obese patients (Diraison et al. 2002).
Therefore, inhibition of starch digestion may be assimilated
to an upstream inhibition of lipogenesis and as a strategy to
prevent and/or control obesity. The lower weight gain noted
in groups treated with the extracts is an illustration of the
weight loss/weight control properties of “starch blockers”
(Thom 2000). Standard chow diets for rodents are mainly
made of carbohydrates represented by starches. Therefore,
the weight control in our study would be assured through
the reduction of glucose availability from dietary starch.
This seems to be confirmed by the results drawn from fae-
cal weight monitoring where the dry faecal weight was sig-
nificantly increased in groups receiving the extracts by
comparison with the control group (Table 2). Moreover, no
significant difference was noted in the food intake in all
groups (data not shown). Thus, inhibition of starch diges-
tion would trigger a greater faecal excretion of nutrients that
would result in a higher faccal weight as noted by some
authors (Folch et al. 1981).

Another potential use for these amylase inhibitors is the
control of blood sugar levels. In fact, a-amylase inhibitors
reduce the glucose peaks that can occur after a meal, slow-
ing the speed with which a-amylase can convert starch to
simple sugars until the body can deal with it. This is of par-
ticular importance in people with diabetes, where low insu-
lin levels prevent extracellular glucose from being cleared
quickly from the blood. Several amylase-inhibiting drugs
(e.g., acarbose, miglitol) are in use to reduce postprandial
glucose in diabetic patients, often in conjunction with insu-
lin (Madar 1989).

Thus, our study shows that Glyphaea brevis Spreng.
(Monach.) could be effective in the control of both body
weight and postprandial blood glucose due to its pancreatic
a-amylase inhibitory properties coupled to its ability to in-
crease stool weight. This finding may find applications in
the areas of human obesity management and weight loss.
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