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Quercetin alleviates activities of intestinal and renal
disaccharidases in streptozotocin-induced diabetic
rats
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Specific activities of both intestinal and renal dissacharidases, such as sucrase, maltase, and lactase,
were altered in diabetic rats. Our study was focused to evaluate the effect of feeding quercetin – a
bioflavanoid on intestinal and renal dissacharidases in streptozotocin-induced diabetic rats. The rats
were fed with 0.1% quercetin in diet. A reduction in intestinal maltase and sucrase, activities in quer-
cetin-fed diabetic rats was observed in contrast to the increased activities in the starch-fed diabetic
rats. A significant amelioration in renal dissacharidase activities in quercetin-fed diabetic rats was
observed when compared to decreased activity in starch-fed diabetic rats.
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1 Introduction

Diabetes mellitus is a metabolic disorder characterized by
hyperglycemia and insufficient synthesis of endogenous
insulin. Prolonged uncontrolled hyperglycemic state leads
to complications of diabetes, viz., retinopathy, neuropathy,
and nephropathy [1]. Prevention of complications is a key
issue due to high premature morbidity and mortality asso-
ciated with diabetes [2]. Diabetes mellitus is a state of nutri-
ent starvation that frequently results in severe metabolic
imbalances and pathological changes in many tissues. In
the small intestine this causes significant changes in the
morphology and functions of mucosa [3]. During diabetes
there is increased glucose absorption in the small intestine
[4]. This may be attributed to the increase in intestinal dis-
accharidase activities. These disaccharidases are essential
for terminal absorption of carbohydrate digestion especially
in the conversion of disaccharides to readily soluble mono-
saccharides. Studies have shown that hyperglycemia alters
the activities of intestinal disacharidases, such as maltase,
sucrase, lactase, etc., in rats and humans [5, 6]. Similar
changes to some extent were also seen in renal cortex [5].
Luminal membrane upregulation and larger segment of
intestinal villus appears to be responsible for alterations in

glucose uptake and transport in streptozotocin-induced dia-
betic rats [7].

Although exogenous insulin and other medications can con-
trol many aspects of diabetes, the management of diabetes
is well-established to play a key role in longevity and qual-
ity of life. In this aspect, the roles of many traditional prac-
tices involving medicinal plants are known to have preven-
tive and therapeutic value in diabetes management. The
bioactive principles of medicinal plants and foods of medic-
inal value are receiving much scientific attention in recent
years. In this direction, antioxidants are of considerable
interest [8]. Higher oxidative stress is one of the factors
implicated in the development and progression of diabetic
complications resulting in increased levels of free radicals
[9] or impaired antioxidant defense mechanisms [10]. It is
also shown that pancreatic b-cells have a lower level of free
radical-scavenging potential [11]. Epidemiological evi-
dence has suggested that antioxidant-rich dietary flavanoids
have potential health-beneficial effects [12]. Quercetin is a
well-documented bioflavonoid occurring in many foods
and is known to be present in higher concentrations in
onions, apples, broccoli, green tea, and red wine [13, 14].
Hence, the polyphenolic compounds constitute an integral
part of human diet though they are considered as non-nutri-
ents. Many studies have focused towards the beneficial
properties of quercetin, namely, antiproliferative, antibac-
terial, antioxidant, antiinflammatory, and anticarcinogenic
properties [14]. It is also shown that quercetin modulates
key regulatory enzymes like alkaline phosphatase, lens
aldose reductase [15, 16], etc. Dihydroquercetin is used as
an effective antioxidant and as a commercial food additive

Correspondence: Dr. Paramahans V. Salimath, Department of Bio-
chemistry and Nutrition, Central Food Technological Research Insti-
tute, Mysore 570 020, India
E-mail: paramahans1954@yahoo.com
Fax: +91-821-2517233

Abbreviations: QFC, quercetin-fed control; QFD, quercetin-fed dia-
betic; SFC, starch-fed control; SFD, starch-fed diabetic



R. Ramachandra et al. Mol. Nutr. Food Res. 2005, 49, 355–360

[14]. The physiological significance of dietary flavanoids
depends upon their bioavailability and their subsequent
interaction with target tissues [17]. However, quercetin is
absorbed or transported in the intestine as glycosides, agly-
cones, or glucuronides by the hexose pathway involving
sodium glucose transporter (SGLT) and glucose transpor-
ter-5 (GLUT 5) and its conjugation involving intestinal
enzymes is a prerequisite for its absorption and metabolism
[18, 19]. But the antidiabetic property of quercetin is still an
unexplored field, though some work has been done on anti-
oxidant defense in diabetic rats [20]. Earlier we have
reported the antidiabetic effect of quercetin in streptozoto-
cin-induced diabetic rats [21]. Although the antioxidant
activity and its uptake in the intestinal mucosa have been
reported earlier, its potential effect on intestinal and renal
disaccharidases is not yet investigated. Our present study is
focused mainly on the effect of feeding quercetin (0.1%) on
intestinal and renal disaccharidases in streptozotocin-
induced diabetic rats.

2 Materials andmethods

2.1 Materials and animals

Streptozotocin, quercetin, maltose, sucrose, and lactose
were purchased from Sigma-Aldrich (St. Louis, MO, USA),
the GOD/POD kit was from Span Diagnostics Ltd (Surat,
India). All other chemicals used were of analytical grade.
The study had the consensus of the Institutional Animal
Ethical Committee. Six-week-old male Wistar rats (OUTB-
Wistar IND cftri), weighing around 110–120 g, were taken
for the study from the institute animal house facility. Dia-
betes was induced in fed rats by a single intraperitoneal
injection of streptozotocin (55 mg/kg body weight) in
freshly prepared citrate buffer (0.1 M, pH 4.5). The control
rats were injected with citrate buffer (0.1 M, pH 4.5) only.
To streptozotocin-injected rats, glucose water (5%) was
given for two days, while control rats injected with citrate
buffer received only water [22]. The rats were divided into
control groups, each consisting of six rats (SFC-6; QFC-6)
and diabetic groups, with 14 rats each (SFD-14; QFD-14).
The experimental groups contained starch-fed controls and
diabetic rats (SFC/SFD) and quercetin-fed control and dia-
betic rats (QFC/QFD). The rats were maintained on AIN-76
diet (Table 1) [23]. Water and diet were given ad libitum.
The starch-fed groups received a starch-based diet. Querce-
tin was given at 0.1% level in AIN-76-based diet. Fresh diet
was given every day.

2.2 Collection of urine and blood

Urine was collected (at around 11 o’clock) under a layer of
toluene for a period of 24 h by keeping the rats in metabolic

cages. At the end of the experiment eight rats were surviv-
ing in each of the diabetic groups (SFD/QFD). Both control
and diabetic rats were fasted overnight, and the blood was
drawn by the retro-orbital plexus during the experiment or
from the heart at the time of sacrificing the rats, both at
around 9 o’clock in the morning, and collected in tubes con-
taining heparin (20 U/mL blood) to measure the fasting
blood glucose. Plasma was separated from the blood and
used for the analysis.

2.3 Measurement of urine sugar and fasting blood
glucose

The reducing sugar present in the urine was measured by
the dinitrosalicylic acid method [24]. The blood glucose
level in rats fasted over night was measured by the glucose
oxidase method [25] in the plasma using a commercially
available kit.

2.4 Intestinal and kidney homogenate

The intestinal lumen was cut open after a prior wash with
ice-cold saline to remove food particles. The mucosa from
the whole intestine was scraped using a glass slide and
homogenized in 0.9% saline. Similarly the kidney was
homogenized in 0.9% saline and centrifuged at 3000 rpm
for 10 min at 48C. The supernatant obtained was used for
the disacharidase assay.

2.5 Disaccharidase assay

The amount of glucose released from sucrose, maltose, and
lactose was determined by measuring specific activities of
sucrase, maltase, and lactase, respectively at 378C in mal-
eate buffer (0.2 M, pH 6.0) for different time intervals as
described by Dahlquist [26]. The amount of protein in the
samples was determined by Lowry’s method [27].
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Table 1. Composition of the basal diet

Components SFC/SFD QFC/QFD

(g/kg diet)

Casein 200 200
AIN-76 vitamin mixture 10 10
AIN-76 mineral mixture 35 35
Choline chloride 2 2
Fat 100 100
Corn starch 653 652
Quercetin – 1
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2.6 Statistical analysis

The results are represented as mean l SEM. Student’s t-test
was used for comparison between control, diabetic, and
treated groups [28]. p-Values of less then 0.05 were consid-
ered significant.

3 Results

Type 1 diabetes mellitus was induced in male Wistar rats by
intraperitoneal injection of streptozotocin. The rats were
sacrificed under ether anesthesia when mortality was set in
about 6 weeks after injection of streptozotocin which was
initially in the starch-fed diabetic group. The diabetic status
was assessed by fasting blood glucose (Fig. 1) and urine
sugar (Table 2). Quercetin (0.1%) feeding significantly
reduced the fasting blood glucose to l25% compared to
starch feeding in diabetic rats (SFD). Quercetin supplemen-
tation to the diet showed amelioration in urine excretion of
l42%. Both the control groups (SFC and QFC) gained
weight (around 130–140 g) during the course of the experi-
ment. The starch-fed diabetic rats (SFD) lost weight

(Fig. 2), around l19 g over a period of time when com-
pared to their initial weight, while quercetin-fed diabetic
rats (QFD) did not loose weight compared to the starch-fed
diabetic group [21].

Disaccharidase activity was tested in the intestine where a
twofold increase in maltase activity was observed in starch-
fed diabetic rats (SFD) when compared to control rats
(SFC). Quercetin in the diet proved to be beneficial in
decreasing the maltase activity when compared to starch-
fed diabetic rats (SFD). There was a significant increase in
sucrase activity in SFD rats compared to the control rats.
An effective reduction in the intestinal sucrase activity with
quercetin feeding was observed indicating a beneficial role
of quercetin in the diet. Our studies did not show significant
alteration in lactase activity. Hence, in the intestine, querce-
tin feeding at 0.1% concentration showed a significant
improvement of l33% and 18% in maltase and sucrase
activity, respectively, while lactase activity did not change
to a lesser extent (Table 3).

The kidney also showed significant disaccharidase activity
in diabetic rats. Renal disaccharidases showed a consider-
able amelioratory effect in their activities by feeding of
quercetin during diabetes (Table 4). A significant decrease
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Table 2. Effect of quercetin on urine sugar and urine output
in control and diabetic rats

Group Urine sugar
(g /day)

Urine output
(mL/day)

SFC 0.08 l 0.04 16.89 l 3.6
SFD 6.35 l 1.31a) 86.83 l 14.4a)

QFC 0.16 l 0.007 14.66 l 2.7
QFD 2.94 l 0.34b) 55.00 l 4.0b)

Abbreviations as in Table 1. Values are mean l SEM of six rats in
the control groups and eight rats in diabetic groups.
a) Statistically significant when compared to SFC at p a 0.05.
b) Statistically significant when compared to SFD at p a 0.05.

Figure 1. Effect of quercetin on fasting blood sugar (mg/dL) in
control and diabetic rats.

Figure 2. Effect of quercetin on body weight (g) in control and
diabetic rats. Left column: initial body weight of control and
diabetic rats; right column: final body weight of control and dia-
betic rats.

Table 3. Effect of quercetin on activities of intestinal maltase,
sucrase, and lactase in control and diabetic rats

Groups Maltase Sucrase Lactase

nmol of product formed/mg protein/min

SFC 437.66 l 17.99 68.24 l 10.32 32.14 l 4.17
SFD 1004.16 l 72.75a) 93.37 l 8.29a) 24.17 l 1.35
QFC 407.16 l 52.00 64.64 l 6.97 29.67 l 1.80
QFD 754.16 l 38.11b) 78.63 l 5.11b) 27.57 l 1.45

Abbreviations and footnotes as in Tables 1 and 2.
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during diabetes in all three enzymatic activities is observed
when compared to their controls. Quercetin was effective in
controlling this decrement. The renal maltase activity in
starch-fed diabetic rats (SFD) was decreased when com-
pared to the control. An increase in the maltase activity was
observed by quercetin feeding in the diabetic rats (QFD)
when compared to the control diabetic rats (SFD). The spe-
cific activities of renal sucrase and lactase were decreased
during diabetes compared to their control. The decrement
in sucrase activity was significantly alleviated in diabetic
rats by quercetin feeding. These results showed ameliora-
tion in renal disacharidase activities of l21% in maltase,
33% in sucrase, and 17% in lactase in quercetin-fed diabetic
rats (QFD) when compared to the starch-fed diabetic rats
(SFD).

4 Discussion

The diabetic status was assessed by measuring fasting blood
glucose and urine sugar. The blood sugar level in diabetic
rats was higher when compared to control rats. Our studies
clearly demonstrated an improvement in blood sugar level
in quercetin-fed diabetic rats (Fig. 1) [21]. Diabetes is char-
acterized by polyurea. During diabetes sugar is excreted in
urine. Our earlier studies showed a substantial decrease in
sugar excretion in the quercetin-fed diabetic groups when
compared to starch-fed diabetic groups over a period of
time, hence showing a two fold improvement [21]. Body
weight is an important parameter under diabetic condition.
Diabetic rats showed a decrease in body weight. The starch-
fed diabetic group lost weight over a period of time, while
quercetin-fed rats did not loose weight [21].

Diabetes mellitus is a state of nutrient starvation that fre-
quently results in severe metabolic imbalances and patholo-
gical changes in many tissues. During diabetes, metabolic
changes in digestion and enhanced sugar transport have
been reported [29]. Therefore, studies on alteration in the
activities of disacharidases during diabetes and their modu-
lation by feeding quercetin play a key role in understanding
the mechanism regulating the progression of the diabetic

status. Our present experimental studies showed significant
changes in the intestinal and renal disaccharidases, viz.,
maltase, sucrase, and lactase in streptozotocin-induced dia-
betic rats fed with quercetin at 0.1% concentration in the
AIN-76 diet.

Management of diabetes by dietary treatment is receiving
much attention in recent years. Several studies on the effect
of diets on intestinal and renal disaccharidases have been
reported. Enhanced sugar transport in high-carbohydrate
diet and effect of phlorizin and other phenolic glycosides
during diabetes has been studied [29, 30]. Insulin has been
shown to suppress the intestinal sucrase-isomaltase activity
in diabetic rats [31]. Modulatory effects of dietary fiber and
butyric acid on intestinal and renal disaccharidases in con-
trol and diabetic rats have been reported [32, 33]. Earlier
studies have shown that the restriction of food intake
increases the total and specific activities of intestinal disac-
charidases [34].

Many studies have shown effects of different dietary consti-
tuents on intestinal disaccharidases activity during diabetes.
Dietary spices or their active principles have been shown to
have a positive influence on activities of intestinal disac-
charidases [35]. Maltose and sucrose in diets showed
increased intestinal maltase and sucrase activities in rats
[36]. Our studies have shown a significant improvement in
intestinal disaccharidases, viz., maltase and sucrase activity
in quercetin-fed diabetic groups (QFD) when compared to
starch fed-diabetic groups (SFD), which is in accordance
with the studies reported. It has been observed that
increased lactase activity in insulin-dependent diabetes
mellitus (IDDM) was suppressed by insulin administration
[37]. Lactase activity did not change significantly by quer-
cetin feeding during diabetes. This supports the hypothesis
that lactose feeding did not show significant alteration in
lactase activity in rats [38].

The presence of disaccharidase activities in subcellular
fractions of the kidney cortex, their association with lyso-
somes [39], and the distribution of lactase activity has been
reported [40]. However, during diabetes the significance of
other disaccharidase activities in renal tissue remains unde-
fined. Our studies on renal tissue showed an effective
reduction in disaccharidase activity in starch-fed diabetic
rats (SFD) compared to their controls (Table 4). Previous
reports have shown decrease in renal disaccharidase activity
during diabetes [41]. Our studies have demonstrated that
quercetin in the diet is beneficial in improving activities of
dissacharidases in the renal tissue in diabetic rats when
compared to starch-fed diabetic rats (SFD). The renoprotec-
tive potential of quercetin has been reported in ischemic
reperfusion injury [42]. Absorption of dietary flavanols and
their appearance in plasma and urine correlate to its uptake
[43].
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Table 4. Effect of quercetin on activities of renal maltase,
sucrase, and lactase in control and diabetic rats

Groups Maltase Sucrase Lactase

nmol of product formed/mg protein/min

SFC 151.16 l 6.07 1.32 l 0.08 2.48 l 0.11
SFD 96.71 l 5.39a) 0.70 l 0.03a) 1.45 l 0.02a)

QFC 165.00 l 8.72 1.42 l 0.10 2.40 l 0.16
QFD 117.83 l 2.46b) 0.93 l 0.02b) 1.71 l 0.06b)

Abbreviations and footnotes as in Tables 1 and 2.
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We have reported earlier that quercetin feeding (0.1%) ame-
liorates the diabetic status [21], but its role on intestinal and
renal disacharidases was not evalated. Our present study
clearly suggests that quercetin at 0.1% level in a diet is
effective in modulating disaccharidase activity and thereby
controlling further progression of diabetic complications.
The potent therapeutic effect of quercetin at 0.1% has been
shown to reverse diabetic oxidative stress, normalize the
glycemic level, and to reduce glycated hemoglobin and cho-
lesterol concentration [20, 44–46]. Hii and Howell [44]
reported that quercetin enhanced insulin release in isolated
islets of Langerhans in rats by altering the Ca2+ metabolism,
thus showing an antidiabetic activity. The above results
clearly provided experimental evidence that quercetin feed-
ing at 0.1% ameliorates disaccharidase activities both in
intestine and kidney. However, the molecular mechanism
underlying the modulation by quercetin in diabetic status
still remains undefined and work in this aspect is in pro-
gress in our laboratory.

In conclusion, the dietary bioflavanoid quercetin shows an
effective reduction in postprandial hyperglycemia reflect-
ing its ability of increasing the carbohydrate metabolism in
the small intestine. The reduction in glycemic conditions
may be attributed to its effective insulin-induced uptake of
glucose, galactose, and fructose by SGLT/GLUT5 or altera-
tions in the bioavailability. Our investigation clearly indi-
cated the modulatory effect of quercetin on intestinal and
renal disacharidases in diabetic rats. Hence, quercetin ame-
liorates the diabetic status by reducing the urine sugar and
fasting blood glucose, and also modulates intestinal and
renal disaccharidase activities, thus making diabetic ani-
mals more tolerant to hyperglycemia. A thorough under-
standing of the underlying mechanisms is a prerequisite for
prevention of chronic diseases, such as diabetes, and its
management by good dietary habits is essential.
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